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Summary 
This document provides detailed information about the natural 
and socioeconomic resources in the region that may be influ- 
enced by TVA's Energy Vision 2020 decisions about future 
energy resources. It helps provide a baseline for assessing the 
potential environmental consequences of alternative energy strate- 
gies for the future. 

The Energy Vision 2020 assessment is made at a macro, or 
regional, scale rather than at a micro, or site-specific, scale. 

The primary study area for Energy Viion 2020 indudes the 
WA power service area and the Tennessee River watershed. This 
area contains 201 counties within a 5 8  million acre area. It also 
covers appropriate areas of the Green and Ohio Rivers in 
Kentucky and the Cumberland and Mississippi Rivers in 
Tennessee because they contain TVA coal-fired plants and, in 
the case of the Cumberland River, one hydro-elecaic power plant 

Similarly, there are potential effects on other resources out- 
side the primary study area. As appropriate, the study contains 
information about them. 
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Energy Vision 2020 evaluates the affected environment to 
help provide a baseline for assessing the environmental con- 
sequences of alternative energy strategies. Because Energy 
Vision 2020 is also an environmental impact statement, special 
emphasis is being given to the environment. A rqonal perspective 
takes in both natural conditions and those resulting from 
human development. It considers socioeconomic, air, water, and 
land resources. 

air, land, and water resources. As a result, the affected environment 
also encompasses potentially impacted areas that may be 
remote from power plants. A fuel cycle consists of all the 
actions and outcomes of using any fuel for energy conversion, 
including both direct and indirect effects of the fuel cycle. 

Figure 77-3 shows the relationships between fuel cycles and 
their resulting environmental impacts. Fuel energy choices, 
conversion technology, and environmental controls determine 
potential environmental impacts. For most impacts, site selec- 
tion determines to what degree potential impacts are realized. 

The primary study area for Energy Vision 2020, shown in the maps 
in Figures TI-1 and TI-2, includes the TVA power service area 
and the Tennessee River watershed. This area contains 201 coun- 
lies within a 58-million acre area. This study also covers appre 
priate areas of the Green and Ohio Rivers in Kentucky and the 
Cumberland and Mississippi Rivers in Tennessee because they 
contain WA coal-fired plants and, in the case of the Cumberland 
River, one hydroelectric power plant. Similarly, there are poten- 
tial effects on other resources outside the primary study area. 
As appropriate, the study contains information about them. For 
example, the assessment region for air quality is not limited to 
the TVA service area because of pollutant emissions originating 
outside the region, pollutants leaving the region, and because 
of some air pollution effects such as haze and ozone. These are 
recognized as regional issues. 

Fuel Cycles 
Fuel cycles have a wide range of impacts in the environment. 
They include mining, drilling, fuel transportation, power gen- 
eration and waste assimilation or disposal impacts that involve 

Environmental Quality and Trends 
Natural resources include the air, water, and land resources of 
the region. This document, Techcal Document 1, discusses the 
present quality of these resources, as well as recent and current 
trends in environmental qual~ty. The socioeconomic environment, 
also discussed here, encompasses both the regional economy 
and the WA power system. 

Most direct land, water, and socioeconomic impam are local- 
ized and depend on site selection. Proper environmental 
screening and selection can avoid many potentially significant 
impacts such as: 

Loss of wetlands, habitats, prime farmland, and cultural and 
historic resources 
Alteration of sensitive aquatic habitats due to heat releases, 
wastewater discharge, water withdrawal, or stream flow alter- 
ation 
Danger to threatened or endangered species 
Aesthetics and noise 
Socioeconomic implications 

Although some air quality impacts are localzed, such as plume 
impacts on elevated terrain, most are not. Air pollutant uansport 
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and conversion processes are complex and depend greatly on 
meteorological conditions. TVA considers air quality impacts dis- 
tant from the site when selecting plant locations. Considerations 
include the "down wind" spatial distribution of sensitive recep- 
tors (humans, natural resources), prevailing ambient air quality, 
dominant meteorological conditions, and characteristics of the 
air pollutant emissions. Some air quality conditions, however, 
are regional in scale, and some level of direct impacts may occur 
regardless of the location of emissions in the TVA region. 
Viibility impgirment due to haze, ozone formation, and acid d e p  
sition are examples of potential regional effects. 

Some indmct impacts, such as those from fuel sourcing and 
transportation, function independently of site selection. For exam- 
ple, coal mining impacts are generally unaffected by a power 
plant's location. Most potential land and water impacts depend 
on site selection. These are assessed in a general manner, with 
emphasis on the range of impacts that may be encountered. Some 
strategies are inherently more likely than others to result in sig- 
nificant environmental impacts because of an emphasis on a par- 
ticular fuel or energy conversion technology. These inherent 
differences are discussed. Detailed environmental reviews will 
be conducted under National Environmental Policy Act guide- 
lines as specific sites are selected. 

SOCIOECONOMIC ENVIRONMENT 
The socioeconomic environment is an integral portion of the 
region's total environment. Potential socioeconomic effects 
include impacts to social services and the local or regional 
economies. Energy Vision 2020 focuses on the region's econ- 
omy and its components, since social services impacts are 
largely site-specific. 

AIR RESOURCES 
Air quality is important to the protection of human health and 
natural resources. Regional compliance with the Federal National 
Ambient Air Quality Standards (NAAQS) serves as a key indi- 
cator of how well human health is protected. This document pre- 
sents trends in qponal comphce and analyzes present air quahty. 
Federal standards are reviewed periodically by the U.S. 

Environmental Protection Agency to determine if changes in stan- 
dards are necessary to ensure continued adequate protection for 
human health and natural resources. Section 3, Air Resources, 
in this document examines the implications of stricter standards 
on compliance. 

Natural resources such as soils, forests, crops. other veg- 
etation, surface waters, aquatic ecosystems, and aquatic life may 
be sensitive to air quality'impacts of acidic deposition (includ- 
ing acid rain), ozone exposure, and heavy metals deposition. 
Concerns in these areas are b s s e d  in terms of present air qual- 
ity and regional emissions, including those emissions con- 
tributed by TVA. 

WATER RESOURCES 
Water quality is critical to protecting, preserving, and restoring 
finite water resources. These resources include aquatic ecosys- 
tems and aquatic life, recreation, and domestic and industrial water 
supplies. Section 4, Water Resources, in this document discusses 
in detail the water quality necessary to support these uses. The 
sources and reasons for impaired water quality are presented, 
including TVA operations. 

LAND RESOURCES 
A broad range of land uses takes in management of the natural 
ecosystem, agriculture, forestry, urban and industrial use, and 
recreational use. Factors such as soils, groundwater, wildlife, sen- 
sitive or threatened ecosystems, threatened and endangered speaes, 
cultural resources, and terrestrial environments, such as wetlands 
and forests, are critically important in supporting and preserv- 
ing these uses. 

?VA affects land resources through site selection for power 
plants, reservoirs, and transmission h e s ;  fuel procurement; air 
emissions; radioactive waste management; and solid waste 
management. Most land resource impacts are site-speafic in nature 
and thus are not addressed in detail in this document because 
Energy Vision 2020 is intended to serve as a broader program- 
level review. Appropriate National Environmental Policy Act envi- 
ronmental reviews will evaluate site-specific effects associated 
with the actual deployment of future energy resource options. 
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Fuel Sourcing and 
Transportation 

v 
- 

Power Generation 

- 

7 

Waste Disposal 

m Fuel Pmcesses 4% Systems: Indirect Impacts: 

Fuel Choice Sourcing: Mining. drilling, refin- Sourcing: Mining and drilling 
ing, collection (wood waste & wastes, mine drainage and runoff, 
RDF), silviculture (SRWC) material handling air emissions. 
Transportation: Truck, rail, ore wtue l  refining wastes, land 
pipeline, barge. use, cultural resources, aesthetics. 

Socioeconomic im~acts. 

I I I I Transoortation: ~ i i  oollution. I 
Energy Conversion Processes 

Combustion and/or Thermo- 
dynamic Cycles: Combustion 
Turbines KT), CT w/ Combined 

Y Cycle (CTCC); Integrated Coal I Generation Gasification (IG) wlCC (IGCC), 
Integrated Coal Gasification IIG) Technology 

Selection t 

Environmental 
ControVDisposal 

Technology Selection 

Acrowm 
AFBC 
ALWR 
CAES 
CT 
FGO 
I G  
IGCC 
LWR 
NEPA 
RDF 
PV 
SRWC 

Key: 
Atmospheric Fluidized Bed Combustion 
Advanced Light Water Reactor 
Compressed Air Energy Stonge 
Combustion Tunine 
Flue Gas Oesunuriition 
Integrated Gasification 
Integrated Gasification Combined Cycle 
bght Water Reactor 
National Environmental Policy Act 
Rduse Derived Fuel 
PhOtov~lbilu 
Short Rotation Woody Crops 

. , 
WICC wlCo-product (IGCCIC), 
CAES, PC Boiler, RDF Boiler, AFBC 
Boiler, Biomass Boiler. 
Chemical: Fuel cell. Fuel Refining 
Nuclear: Fission LWR, ALWR 
Hydm: Pumped Storage, 
Upgrades 
Solar: Wind Turbine. PV 

Environmental Processes & 
Systems: 

Siting AnalysislNEPA Review 
Combustion Technology 
Flue Gas Cleanup Technology 
Wastewater Treatment Technology 
Radioactive Waste Management 
Combustion Byproduct 
Management. 
Environmental Controls Waste 

Mgt. (wastewater sludges, FGD 
sludges, ash. resins) 

Thermal Rejection Systems 
Water Intake System 

road damage, noise, safety. L 
Direct Impacts: 

Land Resources: Land use for 
siting, waste storage and disposal, 
and power transmission. 
Aesthetics, noise, cultural 
resource impacts from generation 
and transmission. Loss of habitat. 
Air Resources: Air emission 
source strengths, release charac- 
teristics, primary and secondary 
pollutant formation and disper- 
sion, air emissions receptor expo- 
sure, dQSe, and response. 
Water Resources: Wastewater 
discharge and receptor impacts; 
groundwater impacts. Thermal 
rejection, receptor impacts, and 
water use impacts. Construction 
impacts. 
Socioeconomic Resources: Job 
creation, community infrastructure 
impacts, capital investment 
impacts. 
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The TVA region consists of the 170 counties in which TVA pro- 
vides electric power. It also includes 31 additional counties that 
are within the Tennessee River watershed, most of Tennessee. 
and parts of the surrounding states of Alabama, Georgia. 
Kentucky, Mississippi. North Carolina, and Virginia. to comprise 
a 20lcounty area. In terms of economic development impacts, 
the study area is the power service area, since this is the area 
that is directly affected by TVA plant locations. electric rates. and 
bills. In 1994, the power service area had an economy of $146 
billion in total personal income, 3.6 million people in total non- 
farm payroll employment. and $175 billion in gross product. The 
population was 7.7 d o n  in 1394. Per capita income in the power 
service area was about $19 thousand the same year. or about 
86 percent of the national average. 

The 201-county area constitutes an economy that is about 
13 percent larger than the power service area. In 1994. the 201- 
county region had an economy of $165 billion in total personal 
income and 4 million non-farm jobs. (Gross product is not avail- 
able for this area.) The population was 8.7 million. and per capita 
income was about the same as for the power ser- 
vice area. The general economic situation and 
trends are identical for the power service area and 
the 201-county region. 

The region is considerably more rural and the 
economy depends much more on manufacturing than 
the nation as a whole. Close to half of the region's 
population lives in non-metropolitan counties. com- 
pared to less than one-fourth in the nation. In 1994, 
about 26 percent of total non-farm payroll employ- 
ment in the region was in manufacturing. This com- 
pares to 16 percent for the entire United States 
Manufacturing's predominance in the region is due 
to several advantages that have previously benefited 
the area and should continue to do so in the future. 
They include: 

A location in the South. with good access to the 
markets of the Northeast, the Midwest, the 
Southwest, and Florida 

Good transportation for shipping commodities via interstate 
highway. rail, and barge 
A low-wage (for the U.S.) workforce with good work habits 
Abundant. relativelv lowcost resources including water. elec- 
tricity. and land. 

Economy 
A large manufacturing base has helped this area outperform 
the U.S. economy and is expected to continue to do so. 
Strong manufacturing gains since 1985. as evidenced in man- 
ufacturing employment shown in Figure TI-4, have stimulated 
the region's growth. Three critical factors hampered manu- 
facturing in the early to mid-1980s: exceptionally high oil and 
energy prices. high interest rates, and high foreign exchange 
rates. These have returned to relatively lower levels and are 
expected to remain there. setting up favorable conditions for 
growth in the region's manufacturing. 

Employment Index 

1.2 , 1 

Tennessee Valley 

= U.S. . I 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 

Year 
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AVERAGE ANNUAL GROWTH RATES 

Earnings (1994 dollars) 19791 985 1985-1994 
Total 1 .O% 3.4% 

Manufacturing 0.3% 2.5% 
Durables 1.1% 3.0% 
Non-Durables -0.6% 2.0% 

Service Sector 2.5% 4.4% 

Employment 
Total 0.9% 3.0% 

Manufacturing -0.4% 1.6Oh 
Durables 0.1% 2.2% 
Non-Durables -0.9% 1.1% 

Service Sector 2.8% 4.2% 

Product (1987 dollars) 
Total 2.1% 3.9% 

Manufacturing 2.4% 5.3% 
Durables 3.4% 6.5% 
Non-Durables 1.7% 4.2% 

Service Sector 3.1 % 4.0% 

The cost of electricity significantly affects production costs 
for many of the region's manufacturing industries. Manufacturing 
has been helped by relatively low, stable TVA electric rates since 
1988. In the future, TVA rates are expected to become wen more 
competitive with the U.S. average. This will aid the region in main- 
taining manufacturing's competitive edge. 

The region's manufacturing industry mix has been chang- 
ing. The manufacture of durable goods, those which generally 
last three or more years, has expanded rapidly in the region. 
This has been due to newer durables industries. such as 
motor vehicles, coming to the region. At the same time, non- 
durable goods industries, such as textiles and apparel. have been 
losing jobs to foreign markets despite outperforming the 
national market. 

Although manufacturing is the core of the region's economic 
base, non-manufacturing industries accounted for some twethirds 
of total regional product in 1994. The service sector, which makes 
up the bulk of the non-manufacturing side of the economy, has 
provided, and is expected to continue to provide, the great major- 
ity of all new jobs created in the region. This follows the 
national trend. However, the region does not have particular com- 
parative advantages in the service sector, as it does in manufacnuing. 
Thus, compared with the national service sector, the service sec- 
tor in the Energy Vision 2020 study area remains highly depen- 
dent on the income generated in manufacturing. 

T1.8 ENERGY VISION 2020 

tigure 77-5shows these historical trends for earnings, employ- 
ment, and product in the manufacturing and service sectors of 
the TVA power service area. 

For the balance of the decade, the q o n ' s  performance is expected 
to continue the uend of the 1985 to 1994 period. Relatively favor- 
able national conditions and TVA's favorable electric rates for 
regional manufacturing are both expeaed to continue. TVA expects 
the region's newer manufacturing industries to continue further 
expansion. However. worldwide economic competition is likely 
to become more intense as some trade barriers are removed and 
regions of the world favor trading blocs. For this reason, busi- 
nesses will continue to hold down labor costs as much as 
possible; downsizing and relatively slow wage growth in the TVA 
region will persist. Overall. manufacturing growth in the region 
is expected to exceed the national rate significantly. The 
strength in the region's service sector is expected to continue, 
following the growth in manufacturing. 

After the year 2000. Energy Vision 2020 expects the region's 
growth will slow considerably as the area's newer manufacturing 
industries reach maturity. Nevertheless, manufacturing's inten- 
siveness is expected to continue to plpvide enough impetus for 
the region to expand somewhat faster than the national rate. The 
region's service sector is expected to remain somewhat under- 
developed relative to the nation's. Thus, with the slowing of man- 
ufacturing growth, the whole regional economy is expected to 
proceed at a slower tempo. 

The TVA region is not a uniform economic area, however. 
Manufacturing accounts for about twice the share of non-farm 
employment in the region's non-metropolitan areas compared 
to the metropolitan areas (42 percent compared to only 20 per- 
cent). Further, the region's non-metropolitan areas have shown 
faster growth in manufacturing during expansionary periods than 
its metropolitan areas. Thus, the non-metropolitan areas have 
been, and are more likely to continue to be, more affected by 
the fortunes of manufacturing. 

Additional information on the economic forecast is avail- 
able in Volume 2. Techcal Document 5, "Load Forecast." Detailed 
information on the regional economic situation and trends is 
available from TVA in a report titled "Economic Outlook" 
(TVA 1994). 
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Agriculture duectly represents a very small percentage of the Wgis  
economy. The terms "agriculture" and "agriculturaln refer to indus- 
tries grouped in Division A of the Office of Management and 
Budget's (OMJ3) Standard Industrial Classification of Establishments. 
Division A industries include those involved in crop and live- 
stock production, agricultural services, forestry, fishing, hunting, 
and trapping. 

In 1989, only 2.7 percent of the area's population lived on 
farms. These farms generated only 1.8 percent of the region's 
total earnings, produced only 1.6 percent of its total product, and 
employed only 5.1 percent of its labor force. These small per- 
centages belie the importance of agriculture to the area, how- 
ever, since they do not account for the strong linkages between 
the agricultural sector and most other Valley industrial sectors. 
Once the economy's most important sector, agriculture has 
been declining in importance in terms of earnings. product. and 
employment, as shown in Figure TI-G It is expected to continue 
to wane in the future. 

The table in Figure Tl-Gshows that the Valley's farm p o p  
ulation in 1969 was almost three times larger than in 1989. Earnings. 
employment, and production also fell steeply over the period, 
both absolutely and relative to regional totals. By 2020, the Valley's 
agricultural sector is expected to account for only 0.5 percent 
of regional earnings, 0.9 percent of regional product, and 3.1 per- 
cent of regional employment. 

POpdaWan 
About 8.7 million people live in the 20lcounty TVA region (about 
7.7 million of these wirhin the TVA power service area), with almost 
half residing in the major metropolitan areas of Nashville, 
Memphis, Knoxville, Chattanooga, and Tri-Cities, Tennessee, and 
Huntsville, Alabama. These metropolitan areas are all mid- 
sized, without any one large dominating area in the region, and 
are distributed fairly evenly throughout the region. Surrounding 
these metropolitan areas are a few smaller metropolitan areas 
and numerous satellite cities, along with the surrounding rural 
communities connected by both economic and transportation 
links. Figure TI-7shows the distribution of population in the 
TVA region. Thus. the region, while largely rural. is generally well 
served by centers of commerce and government, and the work- 
force is evenly distributed across the region, rather than focused 
in any particular central area. 

Although only about 15 percent of the population is non- 
white, the distribution of the non-white population is very uneven 
across the region. There are greater concentrations in the cen- 
tral counties of metropolitan areas and in an area including 
most of the region's Mississippi counties, Memphis, and the coun- 
ties north and east of Memphis. The region's African American 
households had a m e b n  income of $15,705 in 1390. about two- 
thirds of the region's median. Most of the region's non-met- 
ropolitan counties also had low median income levels. 
S~rmlarly. regional poverty rates are generally much higher among 

the non-white population and in both rural and 

1969 1979 1989 
Farm Population 636.090 337,008 219.503 -- -- - - --- -- - - - - -- - -- - - . - - - -- -- 
Earnmgs (millions of 1994 dollars) $2,675 $2,176 $1,656 -- - - - - - ---- 
Employment - - 250.876 224,901 201,401 

Product (millions of 1987 dollars) $1,936 -. - -- $1,769 -- -- - -- - - . $1.865 - - -- -- 
SHARE OF REGIONAL TOTAL: - - ---- -- - - - -- -- -- - - 

Farm Population 9.5% 4.3% 2.7% -- - -- - - - - -- - -- - - - - - - - - - - - -- 
Earnings 5.0% 2.9% 1.8% --- - - -- -- - - - -- 
Employment 9.7% 6.8% 5.1% -- - - - - - - - 
!?duct - 3.3% --- -- - - 2.1% - 1.6% . 

1 Population torthe POI-County Valley Region from Me 1970.1980, and 1990 US. Censuses of Population. 

2 Earnings, employment. and product data are tor Me 170-County Power Se~ l ce  Area. 

inner city areas. (Poverty rates are 34 percent 
for African American persons compared with 
16 percent of the total population.) 
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Introduction 
This section describes the ambientfsurrounding) air quality of 
the TVA region, discusses TVA emission contributions to ambi- 
ent air quality, and identifies air quality impacts to human 
health and welfare. Volume 2, Technical Document 2, 
Environmental Consequences, describes how changes in TVA 
emissions could affect regional air quality, human health, envi- 
ronmental resources, and materials. 

The primary region of the affected environment is broadly 
defined as the state of Tennessee, as well as southwestern 
Kentucky, southwestern Virginia, western North Carolina, and 
northern Georgia, Alabama, and Mississippi. Thls area represents 
the watershed of the Tennessee River and the 201 counties of 
the greater TVA senice area, as shown in Figure 77-2. Emissions 
from outside the Tennessee Valley region contribute to air 
quality in the Valley. Also, TVA emissions are transported out- 
side the Valley and have some impact on air quality beyond the 
primary study area. Although the study area experiences a 
number of air quality problems, overall air quality is good. 

Weather and climate patterns of the Tennessee Valley affect sev- 
eral aspects of TVA's energy strategy. Smtegy considerations include: 

Ability to meet permitted thermal limits for cooling water dis  
charges and nuclear safety intakes 
Available energy supply from hydroelectric power generation 
(a function of reservoir water levels) 
Energy demand for heating and air conditioning 
Dispersion of air emissions from TVA facilities and their 
impact on regional air quality 

Much of the year the western extension of the Azores-Bermuda 
high pressure ridge dominates the TVA region. This circulation 
results in extended periods of fair weather and, at times, atmos- 
pheric stagnation. Its greatest ldluence is in the summer and fall. 
Warm. humid air masses dominate in the summer with occasional 
tropical disturbances from the Gulf or cold fronts from the north- 
west, north, or northeast. Light winds and considerable sunshine 
qpfy summer weather. often with afternoon cumulus clouds and 
scattered thunderstorms. The Bermuda high is much weaker in 
winter and spring. Stronger westerly flows dominate the weather 
pattern. bringmg alternately low and high pressure systems. Storms 
come primarily from the Southwest and the Gulf Coast or from 
the Plains and the Midwest. 

WIND SPEED 
MEAN TEMPERATURE MEAN DEWPOINT PRECIPITATION 2 Percent of Meters Miles 
Celsius Fahrenheit Celsius Fahrenheit Millimeters Inches Possible Sunshine Per Second Per Hour 

Annual 14.9 58.9 8.9 48.0 1.270 50.01 59 3.3 7.3 
Winter 4-5 40.1 --.-- -0.8 30.5 334 13.13 - _ -- -- 47 3.8 8.4 
Spring 14.9 58.8 7.9 46.2 360 14.19 _ 61 3.7 --- -8.3 -_ __ 
Summer 24.7 76.5 18.8 65.9 301 11.87 64 g6 24 -_-- 
Fall -- 15.7 60.3 95 49.3 275 10.82 !I 2.9 6.5 

Maximum 25.5 --- 77.9 19.7 67.4 135 5.32 66 4.2 9.3 - --- 

Minimums and Mon~hotO~cu~ten!  ----- 
Month .- JANUARY OCTOBER JANUARY AUGUST JAN?!!Y - - -- 
Minimum 3.0 - 37.4 -1.6 29.1 76 2.99 44 _ 2.5 ._ 5.5 

1 Cities include Asheville. North Carolina: Tri-Cities Aifp01-I. Knoxville Aimort. Chattanooga. Nashvtlk and Memphts. Tennessee: Birmingham and HuntWie. Alabama. 

2 1961 - 1990 normais. 

3 1951-1980 hourly data bases. 

4 Excluding Tri-Cities Airport and Huntsville: data periods forthe othersixvaryinp, but generally including 1951-1980 
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TEMPERATURE PRECIPITATION 
Celsius Fahrenheit Millimeters Inches 

Southwest Virginia. 12.0 53.6 1.268 49.9 
Western North Carolina ----- ---- 
Eastern Tennessee --- 13.7 56.7 - 1,271 50.0 
Central Tennessee & Kentucky 13.7 - 56.7 1,358 5 3 . 5  
Western Tennessee & Kentucky 14.5 58.0 1.302 51.3 
North Georgia 15.5 59.8 1,431 56.3 
& Northeast Alabam_a_ 
Northwest Alabama 16.3 61.3 1,435 56.5 
& North Mississippi - ------ - - -- 

Two charts paint a picture of climate conditions in the TVA 
region. Figure TI-8 gives 30-year average temperatures for the 
Tennessee Valley. Average summer temperatures are 24.70 C (76.i0 
F) and winter temperatures, 4. j0 C (40.1' F). Heat waves with 
daily maximum temperatures above 35' C (9j0 F) occur in some 
summers, and cold waves with temperatures falling below -ljO 

C (5' F): in some winters. The southern and western pans of 
the region are warmer than the northem and eastern parts (Figure 
TI-9). Figure TI-10 contrasts summer temperatures during 
1988 and 1989. These are examples of temperatures for unusu- 
ally dry and wet years. Summer 1988 was warmer than normal: 
summer 1989. cooler than normal. 

Figure TI-8 indicates that precipitation is abundant and nor- 
mally well distributed throughout the year, although winter and 
spring are somewhat wetter than summer and fall. Averages in 
this table are representative of lower elevations in the Tennessee 
Valley. Patterns of precipitation across the TVA region are 
indicated in Figure TI-9. Figure TI-12 indicates regional pat- 
terns during the abnormally dry summer of 1988 and wet sum- 
mer of 1989. The last in a series of five drier than normal years 
was 1988. The period from 1985 to 1988 marked the four dri- 
est consecutive years during the last 100 years in the Tennessee 
River Basin. This pattern is important in interpreting regional air 
quality impacts during the decade of the 1980s. 

Wind speed and direction significantly determine weather 
panems and dispersion of emissions. Figure TI-8shows that sur- 
face wind speeds are relatively light, with higher winds in win- 
ter and spring and lower winds in summer and fall. Wind 
speeds at higher elevations are generally stronger than averages 
shown in the table. The most frequent surface wind directions 
are from the south or southeast and from the north or northeast 
sectors. Figure TI-12 gives the surface wind roses (direction pat- 
terns) for airports in the TVA region. At higher levels in the atmos- 
phere, winds generally blow from the southwest, west, or 
northwest. as shomn on the same map by the Nashville winds- 

aloft wind rose for an altitude of 1,500 meters 
above ground level. A windrose is a dugram 
with spokes representing the sixteen cardi- 
nal directions (i.e., N, NNE, NE, ac.). The fre- 
quency with which the measured wind blows 
from a given direction is illustrated by the dis- 
tance between the point where a heavy line, 
or edge of the rose, crosses a spoke and the 
center of the diagram. In Figure TI-12, the 
wind direction frequencies in all windroses 
have been normalized (i.e., divided by a 
common factor) using the kquency of the 
most frequent wind direction. Thus. the 
heavy line in each windrose crosses the 

outer end of the spoke representing the most frequent wind direc- 
tion (a normalized frequency of one). A drection only half as fre- 
quent as the most frequent direction has a normalized frequency 
of 0.5, and the heavy line crosses the midpoint of the spoke. 

Figure T1-8 indicates that solar radiation (shown as percent 
of possible sunshine) and dewpoint are'higher in the summer 
than other seasons. 

Summer 1988 Summer 1989 
Fahrenheit Fahrenheit 

Southwest Vlrginla, 71.1 70.3 
Western North Carolina . - --- -- 
Eastern Tennessee - -- -- -- . --- --- --- - - - 73.6 74.8 - - -  
Central Tennessee & Kentucky 76.8 -- --- 74.2 - ----. 

78.5 76.3 Weste!_nJennesseeJtuc_! 
North Georgia & 77.5 75.8 
Northeast Alabama ---- 
Northwest Alabama 79.3 77.5 
& North Mississip&- 

Summer 1988 Summer 1989 
Inches Inches 

Southwest Virginia. 10.5 20.5 
Wes_re_m_Y!h_Carolln~ --- 
Eastern Tennessee - ----- 10.0 17.9 

10.1 Central Tennessee & Kentucky 18.3 -- 
Western - . - Tennessee -- - & Kentucky 9.3 15.9 -- 
North Georgia & 9.5 21.2 
Northeast Alabama --- - --- -- 
Northwest Alabama 7.8 21.2 
~NorthM!%!~!ppi--- - --. 
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Key to Wind Rose 

Djrection from which 
w~nd blows , 

NW 

q g : E  

SW 
/S 1.0 

Wind freauencv normalized by 
most frequent direction 
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LEGEND 

............................. D o e s  not m e e t  S e c o n d a r y  S t a n d a r d  - 
............ D o e s  n o t  m e e t  P r i m a r y  o r  S e c o n d a r y  S t a n d a r d  - 
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Does not meet Primary Standard (SERIOUS) ...................... , 
. Does not meet Primary Standard (MODERATE) ................... P ...-., ...- 

................... Does not meet Primary Standard (MARGINAL) = 
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BIRMINGHAM 
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LEGEND 

Does not meet Primary Standard .................................... 
............................. Does not meet Secondary Standard - 

Cannot be Classified ................................................. r 1 
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LEGEND 

1 ..... MlNGO NATIONAL WILDERNESS AREA 

2 ..... MAMMOTH CAVE NATIONAL PARK 

3 ..... SlPSFl NATIONAL WILDERNESS AREA 

4 ..... JOYCE KILMERISLICKROCK NATIONAL WILDERNESS AREA 

5 ..... SHINING ROCK NATIONAL WILDERNESS AREA 

6 ..... GREAT SMOKY MOUNTAINS NATIONAL PARK 

7 ..... COHUllA NATIONAL WILDERNESS AREA 

8 ..... LlNVlLLE GORGE NATIONAL WILDERNESS AREA 
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Sulfur Dioxide Nitrooen Oxides Volatile Organic Total Suspended 
Compounds Particulate Matter 
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Non-TVA Point . . Area 

TVA point Mobile 

Total emissions of sulfur dioxide, nitrogen oxides, and volatile organic compounds emissions from point, area, and mobile sources from the 
201-county TVA service area are derived from Environmental Protection Agency 1990 Interim Inventory. Total suspended particulate matter 
emissions are derived from the 1985 lnterim Inventory. 

In the 201 counties of the TVA seryice area, TVA accounts TVA's emissions are roughly one-fourth of total human-produced 
for threefourths of the total human-produced sulfur dioxide emis emissions. TVA sulfur dioxide emissions peaked in 1976 at 
sions as shown in Figure TI-21. In the greater source area that 2,376,000 tons and have been reduced by two-thirds over the 
contributes to sulfur dioxide loadings in the Tennessee Valley, past two decades through installation of emission controls, 

Sulfur Dioxide Emissions 
(Thousands of Tons Per Year) 

25 1 I I I I I I I I I 
1975 1980 1985 1990 19% 2000 2005 2010 2015 2020 

Year 

TVA emissions of sulfur dioxide have been reduced 60% since the1 970s and will 
be further reduced in compliance with the 1990 Clean Air Act Amendments. 

coal washing, or switching to coals with lower 
sulfur content, as shown in the graph in Figure 
77-22. Following full implementation of the 1990 
Clean Ax Act Amendments, TVA sulfur diox- 
ide emissions are estimated to remain below 
500,000 tons per year. 

Ambient Trends 
Figure TI-23 depicts emissions for each TVA 
coal-fired plant during fiscal year 1993. In 
1995 scrubbers were placed into operation at 
the Cumberland Plant. This reduced sulfur 
dioxide emissions by 95 percent. Of the seven 
Valley counties with sulfur dioxide nonattain- 
ment areas in 1979, five have been reclassified 
as attainment areas, and two are pending 
reclassification. (See Figure TI-14.) 

Future Regulations 
The current national standard designates Phour, 
24-hour, and annual average limits for ambi- 
ent sulfur dioxide exposures. On November 
15,1994, the Environmental Protection Agency 
proposed to confirm the existing standards as 
adequate. They also proposed three alterna- 
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tive standards to address the possible health risk associated with 
short-term (five-minute) exposures by exercising asthmatic indi- 
viduals. All three alternatives are likely to rely on increased mon- 
itoring in the vicinity of industrial sources to demonstrate 
compliance and could result in additional sulfur dioxide 
reductions. 

Briefly, the three alternatives are: 
Revise National Ambient Air Quality Standard to include a 5- 
minute standard of 0.60 parts per million. This concentration 
could not be exceeded more than once per year. 
Establish a new regulatory program under section 303 
(Emergency Powers) of the Clean Air Act. A five-minute 
standard of 0.60 parts per million would be used and action 
could be required after the first time concentrations are 
exceeded. 
Augment enforcement of existing standards through enhanced 
monitoring and by targeting sources that are most likely to 
produce high five-minute peak concentrations. 

Sulfur dioxide monitoring in the vicinity of TVA coal-fired 
power plants is routinely collected as hourly rather than 5-minute 
averages. Extrapolating from this data, five-minute levels might 
exceed 0.60 parts per million at some TVA coal-fired plants. 
Implementation of a five-minute standard 
as described could result in additional sulfur 
dioxide control requirements at these plants. 

NITROGEN DlOXlDElNlTROGEN OXIDES 
Health and Welfare Concerns 
Depending on concentration, nitrogen diox- 
ide can be a respiratory irritant At current arnbi- 
ent levels in the TVA region, nitrogen dioxide 
health-related impacts are negligible. Nitrogen 
dioxide levels in the Tennessee Valley are well 
below the annual standard. There are no nitro 
gen dioxide nonattainment areas in the TVA 
region. Nitrogen oxides emissions do. how- 
ever, contribute to regional acidic deposition 
and ozone formation. These are discussed in 
later sections. A very small amount (less 
than 5 percent) of the total nitrogen oxides 
emitted from a coal-fired power plant is 
nitrogen dioxide. Nitric oxide is the primary 
nitrogen species emitted and reacts rapidly 
with ozone in the atmosphere to form nitro- 
gen dioxide. 

Sources of Contribution 
Natural sources of nitrogen oxides indude micmbial activity, light- 
ning, and forest fires. Major human-produced sources include 
motor vehicles, fossil fuel power plants, industrial boilers, 
nitrogen fertilizers, and agricultural burning. The map in Figure 
TZ-24 @lays total nitrogen oxides emissions from human sources, 
point (utility and industry). area (urban and small point source), 
and mobile (vehicle) sources in the greater source area likely 
to contribute to ozone levels in the Tennessee Valley. based on 
the Environmental Protection Agency's Interim 1990 emissions 
inventory. Within the 201 counties of TVA's service area, TVA 
emissions accounted for 33 percent of total human-produced nitro- 
gen oxides. while mobile sources accounted for 31 percent. The 
map in Figure TI-25 shows biogenic or natural emissions of n i ~ e  
gen oxides estimated for the greater TVA source region. The 
Environmental Protection Agency's Biogenic Emissions Inventory, 
System I1 Model was used. Emissions of nitrogen oxides from 
fertilized soils on a hot. sunny summer afternoon can contribute 
up to 20 percent of dady nitrogen oxides emissions from all sources. 

The graph in Figure TI-26 illustrates TVA emissions of nitro- 
gen oxides since 1975. The decline and rise of emissions 
between 1975 and 1990 is tied to coal use which varies with 
power system sales and the level of power production by nuclear 

Nitrogen Oxides Emissions 
(Thousands of Tons Per Year) 

550 

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 

Year 

N A  nitrogen oxides emissions increased during the 1990s as coal-fired generation 
increased. Emissions will decrease as N A  complies with the 1990 Clean Air Act 
Amendments. 
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LEGEND 

SULFUR DIOXIDE EMISSIONS 

0 - 50,000 Tons per Year ................................................ @ 

50,000 - 100,000 Tons per Year ..................................... dB 

- ................................... 100,000 300,000 Tons per Year - 

300,000 - 325,000 Tons per Year ................................... 
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power plants. Emissions, which have recently been about 
N,000 tons per year, are projected to decline to approximately 

300,000 tons per year following implementation of the 1990 Clean 
Air Act Amendments. They are also expected to increase 
roughly 17 percent over the years 2000 to 2020 as generation 
inatases. Figure 77-27depicts fiscal year 1993 emissions of nitm 
gen oxides for each TVA coal-fired plant. 

Future Regulations 
In its 1994 review of the ambient air quality standard for nitro- 
gen dioxide, the Environmental Protection Agency concluded 
that the current standard is adequate to protect human health 
and welfare. Additional nitrogen oxides control requir.. @ments are 
scheduled to be promulgated in 1997 under provisions of the 
1990 Clean Air Act Amendments to address acid rain and 
ozone nonattainment areas. 

CARBON MONOXIDE 
Health and Welfare Concerns 
Carbon monoxide is a colorless, odorless gas formed as a 
byproduct of fossil-fuel combustion. Exposure to carbon monox- 
ide can reduce the oxygen-canymg capacity of the blood. At cur- 
rent ambient outdoor levels, carbon monoxide exposures are 
considered'a low risk to human health. 

Sources of Contribution 
Natural sources of carbon monoxide are minor. The principal 
human-produced source is incomplete combustion of gasoline 
in motor vehicles. Carbon monoxide air pollution is primarily 
an urban problem, with highest levels occurring during heavy 
traffic under congested conditions. There has been a gradual but 
persistent improvement in average carbon monoxide levels 
throughout the last decade. In 1979 there were four nonattain- 
ment counties in the Tennessee Valley. Ambient levels of car- 
bon monoxide in the Tennessee Valley are below the level of 
the National Ambient Air Quality Standards. Ambient concen- 
trations of carbon monoxide should continue to decline as newer, 
less polluting vehicles make up an increasing portion of all vehi- 
cles driven in the region. 

Future Regulations 
The Environmental Protection Agency is not currently consid- 
ering revisions to the carbon monoxide standard. TVA emissions 
account for less than 1 percent of total carbon monoxide ernis- 
sions in the TVA service region and therefore will not be used 
as a factor to differentiate among strategies in Energy Vision 2020. 

LEAD 
Health and Welfare Concerns 

The criteria pollutant lead is also one of a category of haz- 
ardous air pollutant that can be emitted from the combustion of 
coal. The Environmental Protection Agency established lead as 
a criteria pollutant because there was clear evidence of its 
sources and its impact on human health. Elevated exposures to 
lead can: 

Contribute to hypertension, heart attacks, and strokes in 
adults 
Increase the likelihood of birth defects and infant mortality 
Inhibit the growth and mental development of children 

However, risk assessment models demonstrate that current 
lead emissions pose very little risk to human health (ORNL 1994). 

Sources of Contribution 
Lead exposure can occur through inhalation or ingestion. 

Children are the mast vulnerable segment ofthe population because 
they ingest lead more often than do adults. Children swallow 
lead when they put toys or other objects bearing lead- 
contaminated dust in their mouths. Furthermore, a greater por- 
tion of ingested lead enters children's bodies than adults' bod- 
ies. Lead is now banned from use in gasolme, paints, solder, and 
metals that could contact drinking water, beverages, or foods. 
Concentrations of lead in the ambient environment have been 
reduced dramatically over the past two decades (ORNL 1994). 
Residual levels of lead in soils and flakes from lead-based 
paints remain a concern. Differences in lead emissions are not 
considered in evaluating TVA energy supply strategies. 

TOTAL SUSPENDED 
PARTICULATE MATTE WPM 10 
Health and Welfare Concerns 
Particulate matter is of concern because of the adverse effects it 
can have on visibility and on the respiratory function of sensi- 
tive individuals. Particulate matter was the focus of early air pol- 
lution control efforts because of the obvious wual impact of smoke 
and its association with acute air pollution episodes in England 
and the United States. Particulate matter consists of small aerosol 
particles in the atmosphere. Some particles are large enough to 
be seen with the naked eye, but the particulates of major con- 
cern for human health are less than 10 microns in size. Larger 
particles tend to be filtered out in the nose and throat and pose 
few health problems. 

Panicles emitted directly from a source are called primary 
particles. Those formed in the atmosphere from emitted gases 
are .called secondary particles. Primary panicles tend to be 
larger than 2. j microns in size and are likely to be deposited within 
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50 kilometers of the source. Formation of secondary particles 
from sulfur dioxide and nitrogen oxides occurs in the atmosphere 
as the pollutants are transported downwind from the points of 
origin. Sulfate and nitrate particles are typically smaller than 1 
rnim in dnmeter and may remain aloft for days at a time (Mason 
1971). Summer weather conditions favor the photochermstry that 
leads to sulfate and nitrate particle formation. Visibility is poor- 
est in the summer because sulfate particles provide the major 
source for regional haze. 

Sources of Contribution 
Many natural and human sources produce particulate matter. 
Natural sources include wind-blown soil, volcanoes, forest fires, 
and the ocean. Human-produced sources include agriculture, 
waste incineration, industrial processing, fossil-fuel combus- 
tion, construction, and mining. On a global scale, natural 
emissions far exceed human-produced, but human-produced 
emissions predominate in urban and industrial areas. TVA con- 
tributed j percent of the total suspended particulates emitted 
in the 201 counties of the Tennessee Valley, according to the 
1985 emissions inventory by the National Acid Precipitation 
Assessment Program (See Figure TI-21). TVA emissions are pri- 
manly from coal-fired boilers. Particulate collection devices such 
as fabric filters or electrostatic precipita- 

Future Regulations 
The National Ambient Air Quality Standard for particulate mat- 
ter initially targeted concentrations of total suspended particu- 
late matter. While this improved the visible particulate emissions 
problem, potential impacts to human health were still a prob- 
lem. The total suspended particulate standard was amended in 
1977 to address levels of particles smaller than 10 microns. 
Particulates of this size are respiratory imtants and pose greater 
risk to human health than the larger, more visible panicles. 

The Environmental Protection Agency is currently review- 
ing the adequacy of the particulate standard. A draft criteria doc- 
ument, which is the Environmental Protection Agency's state of 
science repon on particulate matter, was published in November 
1 W ,  and peer review workshops were conducted in spring 1995. 
The final criteria document is to be completed by October 1995; 
the Federal Register proposal is due by April 1996: and the p u b  
lication of final action is due not later than January 31,1997. The 
draft criteria document repons an association between daily par- 
ticulate matter concentrations and mortality rates, although the 
exact size fraction best predictive of health effects is not con- 
clusively determined. 

A comparative study of the health of individuals in six corn- 
munities. including Kingston-Harriman in Tennessee, suggests 

tors have been installed on all TVA-coal-fired 
boilers to remove particulates from the flue 
gases. Fugitive dust from TVA's operation of 
motor vehicles and from coal and other I 
material-handling processes (e.g., coal trans- 
port and washing) also contributes low lev- 
els of fine particles. 

Ambient Trends 
Particulate control has been very successful, 
with removal efficiencies exceeding 95 per- 
cent. In 1979, parts of 21 counties in the 
Tennessee Valley did not attain the ambient 
particulate standard; now only 4 nonattain- 
ment areas remain. Loadings of fine particles 
are greatest in summer months. Figure TI-28 
illustrates the trend in particulate matter 
smaller than 10 microns from July through 
September, during 1986 to 1993, at 5 cities in 
the Tennessee Valley. These five cities are typ 
ical of trends for other cities in the Valley. For 
the majority of the sites, ambient concentrations 
of particles smaller than 10 microns decreased 
over this period. 

Particulate Matter Concentration 
(Micrograms Per Cubic Meter) 
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50 

45 

40 

35 - Nashville 

30 n8mn1 Knoxville 
S ~ I  Huntsville 

I I I I I I 
1986 1987 1988 1989 1990 1991 1992 1993 

Year 

ENERGY VISION 2020 TI -41 



T E C H N I C A L  D O C U M E N T  1 :  C O M P R E H E N S , l V E  A F F E C T E D  E N V I R O N M E N T  

T1.42 ENERGY VISION 2020 



T E C H N I C A L  D O C U M E N T  1: C O M P R E H E N S I V E  A F F E C T E D  r r r v ~ n u l r m ~ n  I 

NITROGEN OXIDE EMISSIONS 

0 - 25.000 Tons per Year .............................................. 8 

25,000 - 50,000 Tons per Year ..................................... 0 

50,000 - 100,000 Tons per Year ................................... -- 

.................................... 100,000 or more Tons per Year 

I 
MAPS PREPARED BY TVA GEOGRAPHIC INFORMATION AND ENGINEERING 

ENERGY VISION 2020 T I  .43 



T E C H N I C A L  D O C U M E N T  1 :  COMPREHENSIVE AFFECTED E N V I R O N M E N T  

that increased paxticulate exposure increases health risk (Dodcery do not attain the current National Ambient Air Quality Standard 
et al. 1993). Characterizing the relationship between particulate (maximum one-hour average concentration not to exceed 0.12 
concentration and health impacts is complicated by contribu- parts per million more than three times in three years). The 
tions of weather, other cooccumng environmental pollutants, Environmental Protection Agency is considering revisions to the 
and a lack of extensive measurements of partide sizes other than current standard to address health impacts from extended 
10 microns. It has been difficult to identlfy a single causal fac- expaum and cumularive impam to crops and forests. The N a t i d  
tor when several air pollutants are elevated at the same time. Park Service has reported that ambient levels of ozone are adversely 

A fine-particulate standard is now 
- being considered for particles less than or 

equal to 2.5 microns. Available monitor- 
ing data suggests that large areas of the 
country would not be in attainment with 
such a standard. 

In addition to possible health effects, 
the Environmental Protection Agency's 
draft criteria document also addresses 
the contribution of secondary particles to 
regional haze. Title I of the 1990 Clean Air 
Act Amendments authorizes the devel- 
opment of control strategies to mitigate vis 
ibility impacts. The Environmental 
Protection Agency could use Title I pr@ 
visions to respond to the federal land 
managers' findings of visibility irnpair- 
ment in Class I areas. The Environmental 
Protection Agency could alternatively use 
the ambient standard process to set a 
visual range goal. 

If the ambient standard were revised 
to lunit fine particles (less than 2.5 microns 
in size), TVA would likely instal! higher effi- 
ciency electrostatic precipitators and add 
filters to coal-handling areas. Factors to dif- 
ferentiate among energy strategies do 
not include those to comply with uncer- 
tain future regulations of fine particles. 

TROPOSPHERIC OZONE 
Health and Welfare Concerns 
Ozone is a secondary air pollutant produced 
in the presence of sunlight from the pri- 
mary emissions bf nitrogen oxides and 
volatile organic compounds in the lower 
atmosphere (troposphere). In some areas 
of the southeastern United States, ambi- 
ent levels of ozone exceed levels demon- 
strated to impair human respiratory function 
and to impact crops, forests, and materi- 
als. Several urban areas in the Southea 

. Ozone Concentnf~on 
(Pa- Per Million) 

National Ambient kr r Giles County 
Qualrty Standard r Percy Risst 

0.14 m Volunteer 
888 Look Rod; 
ma Land Between 

The Lakes (LBL) 

0.12 

0.10 

0.08 

Year 
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impacting resources in park and 
wilderness areas protected as des- 
ignated Class I areas under the 
Clean Air Act (Shaver et al. 1994). 
For all these reasons, ozone is a 
major consideration for environ- 
mental consequences of energy 
strategies. 

Ozone Formation 
Sunlight is required for ozone for- 
mation. The rate of formation 
increases with increasing solar 
intensity and temperature. Thus, 
ozone levels are greater in the 
summer than in the winter and 
tend to be greater in drier years. The 
frequency and magnitude of ozone 
episodes is a function of meteoro- 
logic variables such as  wind speed 
and direction, solar radiation, and 
humidity. The southeastern United 
States is particuIarly susceptible to 
elevated ozone exposures, due to 
its warm, sunny chute; the high fre- 
quency of air stagnation episodes; 
and the large contribution of natural 
emissions sources. Figure TI-29 
illustrates the maximum ozone con- 
centration at five monitoring sites 
in the Tennessee Valley. Figure 
TI-30 illustrates the way in which 
ozone is formed. 

Sources of Contribution 
Human-produced and natural 
sources of nitrogen oxides were 
discussed previously. Human-pro- 
duced sources of volatile organic 
compounds include motor vehi- 
cles, petrochemical storage and 
transpor~ chemical and industrial pro- 
cessing, and smaller sources such as 
dry cleaners and bakeries. The map 

T E C H N I C A L  D O C U M E N T  1: COMPREHENSIVE A F F E C T E D  ENVIRONMENT 

OZONE FORMATION 
y s" 
4 -%- - $+...+. .' Ozone & Peroxide 

W i n  ~ d e s  Compounds 

ACID RAIN FORMATION 
Sulfate 

& Nitrate 
Formation 

in Figure TI-31 illusaates human-produced point, am, and mobile or exceed human-produced sources. Figure TI-33 illustrates that 
sources of volatile organic compounds. Vegetation, micmbd activ- TVA's emissions of volatile organic compounds are insignificant 
ity, and forest fires are natural sources of volatile organic corn- when compared to its emissions of other pollutants and to other 
pounds. Comparing Figures TI-31 and TI-32shows that in many sources of volatile organic compounds. 
areas of the southeastern United States, natural sources can equal 
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Volatile Organic 
Compound S o u m  

Nitropen Oxides Sources 

Natural 87% 

Ambient Trends 
Progress on ozone exposures has been mixed, despite the expen- 
diture of billions of dollars on emission reductions in the 
Southeast over the past decade and a half. In the Tennessee Valley, 
the cities of Chattanooga, Knoxville, Memphis, and Huntsville 
have attained the ozone standard. However, Nashville and other 
cities in the southeastern United States (Atlanta, Charlotte, 
and Birmingham) remain in nonattainment status. (See nonat- 
tainment map in Figure TI-15.) Other measures of ozone 
exposure have not shown an improvement that is discernible 
above the annual variability in trends due to weather patterns. 

Figure TI-34 shows trends during the ozone season (April 
to September) from 1980 to 1992 at five sites selected to represent 
urban and rural exposures in the Tennessee Valley. 

The maximum hourly ozone exposure shown in the 
graph in Figure TI-29 provides insight into the amual variability 
in ozone trends. There has not been a demonstrable improve- 
ment over the past decade in maximum hourly ozone at these 
sites except at the Volunteer site located near Chattanooga. 'Ihere 
can be annual variation in exposure that can occur simply as a 
function of weather patterns. The driest year on record in the 
T e ~ e s s e e  Valley was 19W1 1989 was the wettest (Figure Tl- 
11). While the maximum one-hour exposure at these sites 
was similar in 1988 and 1989, the frequency of hours of elevated 
ozone was much greater at all sites in 1988 than in 1989. 
During the 1988 ozone season: elevated exposures occurred much 
more frequently at urban sites (Volunteer site near Chattanooga, 
and Percy Priest site within Nashville) than at rural sites. 

Since ozone formation is dependent on.sunlight, the 
pattern for daily ozone exposure typically is lowest before 
dawn and builds over the day to peak in late afternoon and 
evening, as shown in the graph in Figure TI-35. In the presence 

of nitric oxide, ozone is consumed in 
the formation of nitrogen dicxide. Ozvrie 
consumed during evenings and night- 
time hours is not replaced by ozone for- 
mation. In areas where nitric oxide is 
plentiful, ozone levels are commonly 
depleted during evening and nighttime 
hours. Monitoring at 40 stations in rural 
areas of the Southeast indicates that ozone 
levels are similar in daily cycles and tim- 
ing of peaks as urban exposures (Lee 
and Ekles 1993). At high elevation (more 
than 2500 feet) or remote sites. absence 
of local sources of nitrogen oxide emis- 
sions can cause ozone levels to remain ele- 
vated throughout the evening. Exposures 
at remote sites can also exhibit peaks 

later in the afternoon, evening, and night hours than nearby urban 
areas. indicating regional transpon of ozone formed outside the 
remote areas (Mueller 1994; LeFohn 1994). Figure TI-35 illus- 
trates that ozone exposures can be greater at high elevation sites 
than at low elevation sites in the Valley. 

Current Regulatory Issues 
The National Ambient Air Quality Standard for ozone was ini- 
tially set at 0.08 rather than 0.12 parts per million for the max- 
imum one-hour standard. The level was raised in 1978 because 
the stricter standard was an unattainable goal for many urban 
areas in the country. Ozone nonattainment areas are classified 
as marginal, moderate, serious. severe, or extreme. Classifications 
are based on the frequency of episodes that exceed the stan- 
dard. Nashville is currently classified as moderate. If meteoro- 
logical conditions are mild in 1995. Nashville could achieve the 
requirement for three consecutive years without a violation of 
the 0.12 parts per million maximum one-hour standard. and would 
be designated as being in anainment with the ozone standard. 
If there is a violation of the standard this year, the current reg- 
ulation requires that the Nashville area be reclassified as seri- 
ous. A redesignation would require the State of Tennessee to 
consider additional emissions reductions to reduce ozone. 
Past emissions strategies have focused on reducing emissions 
of volatile organic compounds. Future strategies could consider 
sources of nitrogen oxides emissions, including TVA's Gallatin. 
Cu~i .~rland.  andlor Johnsonville Fossil Plants. TVA is partici- 
pawg in the Southern Oxidants Study to better understand sources 
contributing to ozone formation in the Nashville area and the 
southeastern United States. (See discussion in section on coop- 
erative research and assessment programs.) 
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Future Regulations 
The Environmental Protection Agency is currently reviewing the 
adequacy of the one-hour maximum standard of 0.12 paw per 
million ozone to protect human health and welfare. While the 
Environmental Protection Agency has indicated that it expects 
to complete its review in 1997. the American Lung Association 
has sued the Environmental Protection Agency to complete its 
review by the end of 1995. The Environmental Protection 
Agency could decide to make the ozone standard more strin- 

gent. An Environmental Protection Agency 
staff paper released for review in spring 1995 
(Environmental Protection Agency 1995a) 
summarized the human health risks and p r e  
posed alternative forms for a revised primary 
standard to protect human health. The revised 
primary standard could take the form of an eight- 
hour mean not to exceed 0.08 paw per mil- 
lion. An allowance of one to five exceedances 
per year are being considered. 

The Environmental Protection Agency is 
also considering a separate secondary ozone 
standard to better protect crops and forests. In 
the draft 1995 ozone criteria document 
(Environmental Protection Agency, 1995b), 
the Agency suggests a cumulative ozone e x p  
sure. calculated as the sum of all hours exceed- 
ing 0.06 parts per million (SUM06) during 
the maximum three-month p o d  between Apnl 
and October, that does not exceed 26.4 parts 
per mdlion-hours would protect 50 percent of 
agricultural crops from a 10 percent yield 
reduction. Because plants respond more 
severely to the peak exposures, the frequency 
of hours greater than 0.10 may also be con- 
sidered in the future in evaluating potential 
impacts of ozone exposures. This threshold is 
based on evidence from crop exposure stud- 
ies. The threshold for damage to trees may be 
lower than that suggested for crops because 
trees have longer lives than annual crops and 
are therefore exposed to ozone for a greater 
period of time. (See discussion under crop and 
forest impacts.) 

Further emissions reductions to reduce 
ambient ozone exposures in Class I areas of 
southern Appalachia are being recommended. 
The National Park Service has asked for ernis- 
sions offsets from existing sources as a condition 

for new source permits. The Southern Appalachian Mountain 
Initiative, discussed earlier in this section, is considering emis- 
sions management options and could make recommendations 
to the states for emissions reductions that would go beyond the 
1990 Clean Air Act Amendments. 

The State of New York has petitioned the Environmental 
Protection Agency to consider states outside the Northeast 
Ozone Transport Region in its efforts to attain the ozone stan- 
dard within New York. Research under the North American 
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Research Strategy on Tropospheric Ozone will help define 
sources contributing to ozone in the northeastem United States 
Results will assist development of regulatory policy. 

Ozone Trends Under Revised Standards 
The Environmental Protection Agency's proposed primary stan- 
dard for ozone is more rigorous than the current maximum one- 
hour standard. The horical(1980-1992) frequency of occurrence 
of &hour average ozone concentrations greater than 0.08 parts 
per million for five selected Valley sites are shown in Figure Tl- 
34. Depending on the number of occurrences above 0.08 paw 

per million allowed in one year, all five sites 
could be classified as nonattainment under a 
revised standard (currently only one of the sites, 
Percy Priest, is located in a nonattainment area). 
Notably, the Look Rock site, located on the west- 
em boundary of Great Smoky Mountains National 
Park, has a high frequency of 8-hour means 
greater than'0.08 parts per million. Data from 40 
rural and urban monitoring stations in 1992, the year 
with the greatest number of rural monitoring sta- 
tions, indicates that large areas of the southeastern 
United States would likely not be able to meet a 
revised standard of %hour mean not to exceed 0.08 
parts per million. (See figure Tl-36.) The year 1992 
was a comparatively mild ozone season. Sites where 
data is also available for 1990 and 1991 show 
that the number of days exceedmg the %hour mean 
of 0.08 pans per million were greater in the ear- 
lier years than in 1992. 

Most of the ozone monitoring in the United 
States has focused on esrablishmg exposures in urban 
areas. The available data base for examining 
ozone trends in rural areas in the Southeast where 
crops and forests occur most frequently is limited 
prior to 1990. In 1990 the Southern Oxidants 
Study integrated existing rural sites and estab- 
lished new sites in a network to provide spatially 
representative coverage of ozone exposure in the 
rural Southeast. Figure TI-37presents the maxi- 
mum three-month sum of hours exceedmg 0.06 parts 
per million (SUM06) in 1992 at 40 urban and rural 
monitoring stations. The SL'M06 ozone statistic was 
lowest in Middle Tennessee and highest in north- 
eastem and southwestern Tennessee. Higher val- 
ues in rural and high elevation areas reflect the higher 
evening and nighttime ozone exposures at sites 
removed from sources of nitric oxide. 

The number of hours greater than 0.10 pans 
per million is a useful measure to describe the severity of 
ozone exposure, since both humans and plants are sensitive to 
peak exposures. Because nighttime ozone levels can be greater 
in rural than in urban areas? the SUMO6 statistic may be equal 
to or greater at a rural site compared to an urban site, yet expe- 
rience fewer hours greater than 0.10 pans per million. Figure 
TI-38 illustrates that few areas in the Tennessee Valley experi- 
enced more than five hours greater than 0.10 parts per million 
of ozone during the period from April through September in 1332. 
The summer of 1992 was cooler than average. Analyss of Southern 
Oxidant Network data for 1990 and 1991 indicated these years 
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had higher cumulative exposures and greater numbers of hours 
exceeding 0.10 parts per Allion than occurred in 1990. 

Understanding Emissions 
Contributing to Ozone 
Ozone control strategies to date have focused on control of human- 
produced volatile organic compounds. Controls of volatile 
organic compounds have been less effective in reducing ozone 
levels than expected for several reasons: 

Natural organic compounds comprise more than half of total 
emissions of volatile organic compounds in the Southeast. 
Many human-produced sources were underestimated in early 
strategies. 
Vehicles and vehicular miles traveled have increased in num- 
ber over the past decades. 
Nitrogen oxides levels were not considered. 

The National Academy of Science in its 1991 review, 
"Rethinking the Ozone Problem in Urban and Regional Air 
Pollution." recommended reexamination of the strategy 
(National Research Council 1991). Past experience has demon- 
strated that the most effective strategy to reduce ozone 
depends on the relative concentrations of nitrogen oxides and 
volatile organic compounds in ambient air. In areas where nitre 
gen oxides concentrations exceed those of volatile organic com- 
pounds, ozone formation is limited by levels of volatile 
organic compounds. This means that reductions in volatile organic 
compound emissions will reduce ozone levels. These condi- 
tions occur most frequently in and downwind of large urban 
areas such as Nashville. 

In an area where volatile organic compound emissions 
exceed nitrogen oxides, ozone formation is limited by levels of 
nitrogen oxides. This means that nitrogen oxides reductions will 
likely result in decreases in ozone. Given the high levels of nat- 
ural volatile organic compounds, espeaally in forested areas, ozone 
production in much of the rural Southeast is limited by levels 
of nitrogen oxides (Fehsenfeld et al. 1994). 

Exposures in rural and urban areas are closely interde- 
pendent. Studies in 1992 indicated that a large portion of ozone 
measured in the Atlanta urban nonattainment area was h.ansported 
there from the surrounding region (Fehsenfeld et al. 1994). An 
extensive field study of rural and urban ozone formation was con- 
ducted in the Nashville area in summer 1995 by the Southern 
Oxidants Study. (See b s s i o n  of cooperative research and ass&+ 
ment programs on page TI-70.) Results will allow more accurate 
analysis of R A  emission contributions to regional ozone formation. 

Nitrogen oxide emissions from a coal-fired power plant can 
either decrease or increase ambient ozone levels: depending on 
the local atmospheric mix of nitrogen oxides and volatile 

organic compounds. Within the fust 20 kilometers of the source, 
nitric oxide emissions in a power plant plume will react with ozone 
to form nitrogen dioxide. Ambient ozone levels can be signif- 
icantly decreased in thls area. If the atmosphere is limited by con- 
centrations of nitrogen oxides, nitrogen dioxide in a power plant 
plume will react photochemically with volatile organic compounds 
to form ozone. Ozone formation begins roughly 20 kilometers 
downwind of the emissions source. 

Nashville is currently classified as a "moderate" nonat- 
tainment area for ozone. TVA's Gallatin coal-fired power plant 
is located 1 j kilometers east to northeast of the city. Depending 
on the prevailing weather pattern, nitrogen oxides emissions 
from Gallatin could reduce ozone in the metropolitan area to 
the southwest or contribute to ozone exposures in areas 
downwind. TVA's Johnsonville and Cumberland Fossil Plants 
are located west of Nashville and, depending on meteorology, 
could contribute to ozone exposures in the Nashville area. As 
pair of TVA's compliance with the acid rain provisions (Title 
IV) of the 1990 Clean Air Act Amendments, TVA has already 
reduced nitrogen oxides emissions from Gallatin and Johnsonville 
and may reduce nitrogen oxides emissions from Cumberland 
prior to 2000. 

Reliable assessment of source contributions requires 
detailed meteorological and atmospheric modeling that is 
beyond the scope of the current analysis. Simplifying assump- 
tions can be made to estimate the source area contributing to 
ozone exposures in the Tennessee Valley. Ozone formation gen- 
erally occurs within 12 hours after nitrogen oxides are emitted, 
depending on sunlight and levels of volatile organic com- 
pounds in the atmosphere. Once formed, ozone can be con- 
sumed in atmospheric reactions with other pollutants or 
transported hundreds of kilometers downwind. 

Ozone transport is controlled by wind patterns both near 
the ground and aloft. Elevated power plant stacks emit nitrogen 
oxides hundreds of feet above the ground. Winds at this level 
are predominantly from the west through west-southwest direc- 
tions in the Tennessee Valley (Figure TI-12). Point sources ernis- 
sions are generally elevated. Mobile and area source emissions 
and natural source emissions of nitrogen oxides occur near ground 
level. Surface winds that transport pollutants from near-ground 
sources usually flow from the south through southwest direc- 
tions (Figure TI-12). Winds from other directions also contribute 
to ozone transport. Average wind speeds and directions over the 
summer months would suggest that sources of nitrogen oxides 
200 to 400 kilometers away could contribute to ozone levels in 
the Tennessee Valley (Figure TI-24). During air stagnation 
episodes, local sources of nitrogen oxides and volatile organic 
compounds can predominate. Relative contributions of specific 
sources to specific receptors vary day to day as a function of 
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weather atmospheric mixing and tmport.  Similarly, TVA emis 
sions of nitrogen oxides can contribute to ozone exposures at 
distances 200 to 400 kilometers downwind of specific sources. 
Percentage contribution cannot be accurately predicted without 
atmospheric modeling. 

Based on prevailing wind speeds and direction, the 
source area for nitrogen oxide emissions contributing to 
ozone levels in the Great Smoky Mountains National Park is 
assumed to be a circle with a 300-kilometer radius and cen- 
tered 150 kilometers west of the park. Within this source 
area and on a seasonal average basis, TVA emissions are estt 
mated to be 18 percent of the total. Mobile, non-TVA point, 
area, and natural sources are estimated to contribute 30, 28, 
16. and 8 percent, respectively, to ozone levels in the park (ligure 
TI-33). Depending on the receptor and specific meteorologic 
conditions, TVA emissions may contribute 15 to 30 percent to 
ozone exposures in the WA region. 

ACID DEPOSITION 
Acid deposition, acid rain, and acid precipitation are all terms 
used to describe the atmospheric input of acidic molecules, par- 
ticularly sulfate and nitrate, to terrestrial and aquatic systems. Often 
this occurs as rainfall which is below natural pH levels. The term 
pH expresses the acidity or alkalinity of a concentration on a scale 
from 0 to 14, with 7 being neutral. Numbers less than 7 mean 
a concentration is acidic, while numbers greater than 7 mean 
the solution is alkaline. In the absence of human influence, pre- 
cipitation would still be acidic due to the contribution of natu- 
d y  occurring acids. Carbonic acid is formed when carbon dioxide 
is absorbed into cloud droplets. With other sources absent? pre- 
apitation would be weakly acidic with a pH of 5.2 to 5.6. Chloride, 
sulfate, and nitrate ions from natural sources such as sea salt, 
volcanic activity, and biological decay can further acidlfy pre- 
cipitation. Alkaline substances in the atmosphere, particularly 
soil particles containing calcium? can have a neutralizing effect 
on cloud and rain water acidity. Acid deposition is of concern 
because human-produced emissions of sulfate and nitrate can 
acidifi precipitation at levels well below that which would oth- 
erwise occur. 

Acid deposition occurs in three forms: wet, dry, and cloud 
water. 

Wet deposition is liquid or frozen precipitation. The concentration 
of acidic gases and particles in the atmosphere where clouds 
are formed determines the acidity of precipitation. Precipitation 
can deposit acidic pollutants hundreds of kilometers from the 
sources of origin. 
Dry deposition occurs when acidic aerosols such as sulfuric 
acid or acidic gases such as nitric and hydrochloric acids react 
with and deposit directly to surfaces without the presence of 
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precipitation. Dry deposition processes occur constantly. 
The rate - ' deposition at any given location depends on the 
air concer,:.dtions of acidic gases and particles, the type of 
surface to which the deposition occurs, and the relative tur- 
bulence of the atmosphere just above the ground. Dry d e p  
sition is often greater near major sources of acidic pollutants. 
Cloud water deposition occurs when cloud droplets directly 
deposit their contents on surfaces. This phenomenon occurs 
primarily over elevated topography where clouds are inter- 
cepted. Acidic species are more concentrated in cloud water 
droplets than in rainwater. Forest canopies are especially effi- 
cient surfaces for cloud water interception. In areas such as 
the southern Appalachian Mountains, h immersion in clouds 
occurs frequently, cioud water deposition can be the pre- 
dominant pathway for acidic deposition. 

Ambient Trends 
The relative importance of each deposition mechanism depends 
on site elevation, vegetation cover, and the location of a site rel- 
ative to major human sources. ~t sites in the eastem United States 
where cloud deposition is not important, wet and dry deposi- 
tions are about equal. In high elevation forests of the Appalachm 
Mountains, studies have found that cloud water can account for 
50 percent or more of the total sulfate and nitrate deposition 
(Figure TI-39j. Cloud water pH, which averages about 3.6 in 
many areas, is typically lower than that of rainwater, which aver- 
ages about 4.2 in the Appalachian region. Some sites may expe- 
rience cloud interception more than 30 percent of the year (Mueller 
and Weatherford 1988; Lindberg and Lovett 1992; Lovett and 
Lindberg 1993). At these same sites, precipitation is often 
enhanced by the effect of the mountainous terrain lifting and 
cooling the air above it. Thus both the volume of precipitation 
and the total wet, dry, and cloud deposition at high elevation 
sites in the southern Appalachian Mountains can be greater than 
that of other areas of the Valley. 

The trends for annual mean pH in precipitation for six low- 
elevation sites in the Tennessee Valley are presented in Figure 
27-40. Annual mean pH generally increased over the period. The 
most acidic (lowest pH) precipitation in the Tennessee Valley 
region occurs in portions of Kentucky and east Tennessee, with 
slightly lower acidity to the east and south. Lowest annual pH 
values are near 4.2. Ranges of measured sulfate and nitrate con- 
centrations at these sites are representative of all but the high- 
est elevations of the Tennessee Valley. Loadings of sulfate are 
roughly twice loadings of nitrate in the Tennessee Wey and nation- 
ally according to data collected under the National Acid 
Deposition Program. This is the basis for targeting greater 
reductions in sulfur dioxide than in nitrogen oxides in the 
1990 Clean Air Act Amendments. The Environmental Protection 



T E C H N I C A L  DOC.UMENT 1 :  C O M P R E H E N S I V E  A F F E C T E D  E N V I R O N M E N T  

Deposition 
(Kilogram Sulfur or Nitrogen Per Hectare Per Year) 

70 
sulfate Nitrate 

0 - 0 
- 

Whitetou ' Great Smokv Coweeta, Oak Ridne, Whitetop GreN Smoky COweeta, Oak Ridge, 
~ountain, ~ountains- North Carolha ~enne&ee ~ountain, Mountains- North Carolina Tennessee 
Virginia National Park Virginia National Park 

(Noland Divide) (Noland Divide) 
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Acidity 
(PHI 

Year 

Giles County 

Sand Mountain 

Agency is currently evaluating whether the reductions will be 
sufficient and is considering an acid deposition standard. 

Some of the highest acidic inputs in the country are found 
in mountaintop forests of the southern Appalachians (Mueller 
and Weatherford 1988; Lindberg and Lovett 1992; Loven and 
Lindberg 1993). Comparison of sulfate and nitrate deposition 
in 10 forest locations across the country indicates the highest 
loadings of sulfate and nitrate were measured at the Great Smoky 
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Mountains site. Measurements at Wlutetop 
Mountain and Mount Mitchell under the 
Mountain Cloud Chemistry Program 
Wmg 1990) support the same conclusions. 
However, because levels of cloud water 
deposited can vary twofold withm a sin- 
gle forest stand, results from these spe- 
cific sites cannot be generalized to be 
representative of all high elevation forests. 

Understanding Emissions 
Contributions to Acid Deposition 
The probable source region for nitrate in 
deposition is sunilar to that for ozone (200 
to 400 kilometers). (See Rgure TI-%> The 
probable source region for sulfate depo- 
sition is larger than for nitrate and ozone 
because the rate of sulfate formation is 
slower. Oxidants, particularly peroxides, 
are required for sulfate formation. 
Summertime conversion of sulfur diox- 
ide to sulfate occurs at a rate bf roughly 
1 percent per hour in the absence of 
clouds. Within clouds, conversion can 
reach 100 percent. In wintertime, oxidant 
levels, and thus rates of sulfate formation: 
are low. Assuming 24 to 48 hours for sum 
mertime formation and transport, sources 
400 to 800 kilometers away are likely con- 
tributing to sulfate deposition in the 
Te~essee  Valley (Figure TI-20). As with 
ozone, local sources could predominate 
under some meteorological conditions, 
such as air stagnation episodes or favor- 
able cloud chemistry. Sources within 
the assumed source area are not suggested 
to have equal contribution to deposition. 
Detailed atmospheric modeling would be 
required to determine conmbutiom of spe- 
cific sources to specific episodes. Based 
on the assumptions stated above, on a sea- 

sonal average basis, TVA sulfur dioxide emissions could con- 
tribute 18 percent to sulfate and 19 percent to nitrate deposited 
in the Great Smoky Mountains National Park. (See Figure Tl- 
41.) TVA emissions could be greater under specific meteoro- 
logical events. 

Modeling results specifically linking TVA emissions with 
sulfate or nitrate deposition do not exist. The only modeling 
that has been done has grouped sources w i t h  geographic areas. 
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SOURCE REGION FOR OZONE IMPACTS 

POLLUTANT EMISSIONS (w. 1990) 4.5 

Volatile Organic 
Carbon Monoxide Nitrogen Oxides Compounds 

Sources Tons/Day % of Total TonslDay % of Total Tonsmay % of Total 
Human Produced 14,574 100.0 2.659 92.0 3,441 13.0 
Natural 2 0 0.0 237 8.0 23,273 87.0 
Total 14.574 100.0 2,896 100.0 26,714 100.0 

TVA Portion of 24 0.2 512 18.0 3 0.0 
Human Produced -------- 

SOURCE REGION FOR ACID RAIN VlSlBlLlM IMPACTS 

POLLUTANT EMISSIONS (ca. 1990) 'e5 

Volatile Organic 
Nitrogen Oxides Sulfur Dioxide Compounds 

Sources Tonsmay % of Total Tonsmay % of Total Tonsmay % of Total 
Human Produced 5,841 87.0 15.177 100.0 6,767 10.0 -- 
Natural:! . . --- 873 13.0 . l o  0.1 63,234 90.0 

E!!--- 6,714 100.0 15,187 100.0 70,001 - 100.0 

TVA Portion of 598 9.0 2.736 18.0 4 0.0 
Human Produced 

1 Based on annual nlues In Environmental Protection Agency 1990 lntenm Inventory1365. 

2 For NOx and VOC: based on BEIS2 model. ROMlSUPROXA domam land use data and 'typical" ozone meteomlogy 
(mar temperature35 C and full sun). For egu~alent SO?: estimated from data presented In (Placet. 1990). 

3 Poltton of 1990 Inventory allocated to WA sources. 

4 All rates are In metric tons. 

5 N A  estimates mat ~ts  1990 emisslons in this region were wlthln 26% of the 1990 inventory values. 

6 Emissions expressed asequivalent NO. 

7 Natural SO2 emisslons are assumed to be negligible: estimates represent b~ogenic sulfur emissions expressed as equivaleni SO?. 

Thus, National Acid Precipitation Assessment Program mod- VlSlBlLlTY IMPAIRMENT 
eling results using the Regional Acid Deposition Model can- 
not distinguish between TVA emissions and those from other 
nearby sources. 

TVA emissions of sulfur dioxide will be reduced sigdicantly 
under Title IV requirements of the 1990 Amendments to the Clean 
Air Act. New emissions controls, such as the sulfur dioxide scrub 
bers recently installed on the two boilers at the TVA Cumberland 
power plant, further reduce TVA contributions to downwind sul- 
fur deposition. TVA's future energy options project further 
reductions in sulfur dioxide emissions that are &cussed in Volume 
2. Document 2, Environmental Consequences. 

Visibility impairment refers to atmospheric conditions in which 
the ability of an observer to discern form, color. or texture of 
a distant vista is reduced from that which would have existed 
under natural conditions, causing the scenic value of that vista 
to be diminished. An adverse impact on visibility is defined by 
40 CFR 51.301 federal regulation (Federal Register 1977) as ". . .I& 
ibility impairment which interferes with the management, pro- 
tection, preservation or enjoyment of the visitor's visual 
experience of the Federal Class I area." Figure TI -42 contains 
the pollutants causing visibility impairment, emissions, and 
control technologies. 

Visibility impairment can be considered in two categories: 
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Secondary Pollutant Primaly Emission Control Technology 
Primary Fine Primary Fine Particles Electrostatic Precipitator, 
Particulate Matter Baghouse, Venturi Scrubber, 

Cyclones 
Particulate Nitrates Nitrogen Oxides Low Nitrogen Oxides Burners 

Particulate Sulfates Sulfur Dioxide Low Sulfur Coal, Coal 
Washing. Scrubbers, 
fluidized Bed Combugon- 

Acid Mist ~u t f i i e  Ammonia Addition, 
Low S " l f r n  --- . 

Nitrogen Oxldes Nitrogen Dioxide, Low Nitrogen Oxides Burners, 
Nitrogen Oxide. Selective Catalytic Reduct~on 
Nitrous Oxide -- - - - - - - - - - - -- -- 

8 Regional haze that occurs over a wide geographical area and 
often persists for a few days 
Plume opaqueness that occurs when emissions from a spe- 
cific source are observable, usually .within 100 kilometers of 
the source and for shorter duration than a regional haze episode. 

In the TYA region, both types of visibility impairment may 
occur. 

Regional Haze 
Visibility is affected by the concentrations of gases and panicles 
in the air, the angle of the sun, the object being viewed, and the 
viewer. Gases that affect visibility include water vapor and 
nitrogen oxides. 
The light that contributes to our perception of an image can 
be altered by three mechanisms: 

Light is scattered out of the sight path between the viewer 
and the object (vista). 
Light is absorbed in the sight path. 
Ambient light is scattered into the sight path and competes 
with the image-forming light to reduce the clarity of the 
image. 

The sum of scattering and absorption of light is referred to as 
atmospheric light extinction. 

Atmospheric panicles that reduce visual contrast and 
visual range by absorbing and scattering light have their ori- 
gin in both natural and human-produced processes. Most of 
the soil components, such as silicates and other inorgamc oxides, 
are of natural origin. Organic aerosols result from photo- 
chemical processes involving both natural and human-produced 
sources. The bluish haze characteristic of southern Appalachia 
originates from organic aerosols emitted by vegetation. 
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Elemental carbon comes from combus- 
tion, including natural forest fires and 
human-made fires. Sulfates originate 
from human-produced sources of emis- 
.sions, such as fossil fuel combustion 
and industrial processes. Natural sources 
such as volcanoes and hydrothermal 
vents, sea salt, and biogenic activity in the 
oceans and wetlands contribute signifi- 
cantly to global sulfate loadings (30 to 40 
percent in the northern hemisphere). In 
the Tennessee Valley they are of minor 
importance. Formation of sulfate is sea- 
sonally dependent, with the rate of for- 
mation greater in the summer months. 
Compared to sulfate particulate matter, 
nitrate particulate matter is of secondary 

importance as a contributor to visibility impairment. 
Relative humidity has a significant effect on light extinction. 

and thus visibility, in the eastern United States. Water vapor in 
the air provides surfaces for particles, especially sulfate, to 
bond. These particles grow in size to the size fraction (0.6 microm- 
eters) that is most efficient in scattering light. Higher relative hurnid- 
ity in the eastern United States as well as higher emissions levels, 
explains why visibility is generally poorer in the eastern than west- 
em United States. Differences in relative humidity can also con- 
tribute to differences in average summer visibility trends 
between wetter and drier seasons. For example, visibility in cities 
in the Tennessee Valley was generally better in the dry summer 
of 1988 than the wet summer of 1989 (Figure 7743). Sulfate aerosd 
levels were 25 percent lower in the summer of 1988 than in the 
summer of 1989 (Eldred and Cahill1994). 

Ambient Trends 
Several methods have been used to measure visibility. The longest 
record available is from human observations of visual range 
at airports across the country. Fine-particulate matter and 
some atmospheric gases scatter light in a phenomenon referred 
to as light extinction. This scattering causes objects to appear 
fuzzy or to merge with the background. Light extinction val- 
ues are calculated from human observations. The measure of 
visual range is an inverse of the measure of light extinction: 
smaller extinction values represent clearer air and better 
visual range. Trends for light extinction at six urban airports 
in the Tennessee Valley from 1970 to 1992 during summer months 
(July to September) for the days with the worst 25 percent vis- 
ibility are presented in Figure TI-43. Despite improvements 
in ambient levels of sulfur dioxide (Figure TI-19) and panic- 
ulate matter less than 10 microns in size (Figure TI-28), vis- 
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LigM Extinction Coefficient for 
W o w  25% of Days 
(1IKilometer) 

I Memphis 
I Chattanooga - 
= Nashville 
11u8 Knoxville 

, r_ 88r11 Huntsville 

Year 

ibility has not improved in the Tennessee Valley over this time 
period. Based on alrport data, analyzes under the National Acid 
Precipitation Assessment Program concluded that visibility in 
the Southeast has decreased 60 percent since 1948 when 
measures were first made (Trijonis et al. 1990). Particulate mat- 
ter in the fraction less than 2.5 microns would likely be bet- 
ter correlated with visibility. but there is very limted data available 
in the Southeast for particulates of this size. 

Visibility has also been measured in Class I areas of south- 
em Appalachia. Malrn eta]. (1994) report summertime 1985 extjnc- 
tion coefficients for Great Smoky Mountains National Park 
between 0.22 and 0.26 per kilometer. These are similar to val- 
ues for Knoxville. (See Figure TI-43). Sulfate is the major 
contributor to the fine-particulate fraction that impairs visibility. 
In addition, soil dusts, elemental carbon, and organic aerosols 
also contribute to visibility impairment. Malm et al. (1994) esti- 
mated that sulfate was responsible for 48 percent of the mea- 
sured light extinction for the 10 percent best summertime days 
in 1985 in the Great Smoky Mountains, 64 percent of the 
median days, and 76 percent of the worst days. 

The Interagency Monitoring of Protected V i i  Environments 
(LbfPROVE) network began measuring visibility and particulate 
matter in Great Smoky Mountains National Park in 1984 and in 

Shenandoah National Park in 1982. 
IMPROVE sites have been established 
more recently at Mammoth Cave National 
Park and s e v d  national wilderness areas 
maintained by the U.S. Forest Service. 
Eldred and Cahill (1994) reported that 
sulfate concentrations at Great Smoky 
Mountain and Shenandoah National Parks 
increased from 1982 to 1993. 

In addition to the IMPROVE data, 
camera images from the Class I areas are 
available for a longer time frame than are 
the light extinction measures of visibility. 
Camera data for the U.S. Forest Service 
wilderness areas will be published w h  the 
final report of the Southern Appalachian 
Assessment. Based on camera images in 
six U.S. Forest Service Class I wilderness 
areas, the median standard visual range in 
July and August is 25-30 kilometers. In 
December and January, median standard 
visual range is between 106 and 244 kilo- 
meters (Scott Copeland, unpublished 
data). The Southern Appalachian Mountain 
Initiative is also evaluating visibility and 
is considering emission sources con- 

tributing to visibility impairment. TVA's final analysis of envi- 
ronmental consequences may incorporate results from the 
Southern Appalachian Assessment and Southern Appalachian 
Mountain Initiative reports. (See discussion under Current 
Research and Assessment programs section in this document on 
page T1.70.) 

Understanding Emissions Contributions to Regional Haze 
The source area discussed for sulfate in acid deposition is also 
applicable to sulfate aerosols that scatter light and impair visi- 
bility. The relationship between sulfate levels and light extinc- 
tion is not linear. This means that a reduction in sulfate levels 
may not lead to an equal improvement in light scattering due 
to sulfate. 

In regions with high aerosol loadmgs, a decrease in the con- 
centration particulate matter may lead to only a small improve- 
ment in visibility. The National Acid Precipitation Assessment 
Program (NAPAP) produced an early assessment of regional vis- 
ibility impacts expected to result from changes in sulfate emis- 
sions. Malm et al. (1994) modeled the expected change in 
visibility that would result from a 10 million ton per year reduc- 
tion in sulfur dioxide emission rates in the eastern United 
States as a result of the Clean Air Act Amendments of 1990. The 
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greates: improvement in visibility was 
projected to be in the Ohio River Valley. 
The emission reductions were projected 
to have an impact that, when averaged 
across the eastern United States, would 
result in a 5 percent (just perceptible) 
improvement in light extinction on the 15 
day in the year having the highest sulfate 
concentration. Malm et al. projected 
impacts for three Class I areas, with the 
Great Smokv Mountains National Park 
being the one most likely influenced by 
TVA emissions. The park had a projected 
deuease in sulfate concentrations of 44 per- 
cent, and a net decrease in light extinction 
of 35 to 45 percent due to implementation 
of the 1990 Clean Air Act Amendments. 

Based on the 1990 emissions inven- 
tory for the greater source area (Figure Z7- 
2G), and averaged over summer conditions, 
TVA emissions are estimated to be roughly 

Inorganics Organics 

Arsenic (As) Toluene 
Beryllium (Be) Formaldehyde [e.g., Benzo-a-Phrene (BAP)] - -- 
Cadmium Ed)  Dioxins/Furans 
ChlorineNydrogen Chloride (HCL) Polycyollo Organic Matter (POM) 

Fa. Benxo-a-Pwne (WI -- 
Chromium lCr1 
coban (CO) -- 
FluorineNydrogen Fluoride (HF) ---- 
Lead (Pb) 
Manoanese fMn) 
Nickel (Ni) --- 
M e r c u r y g  
S e l e n ' u ! !  2 -  
Radionuclides 

one quarter of total sources contributing to sulfate panicle 
. loadings in the W t  Smoky Mountains National Park. TVA emis- 

sions could be a e a t e r  contributor during specific episodes. 

Plume Blight and Opaqueness 
Plume blight is the visual perception of a plume from a large indus 
trial source located at a distance. Because large sources such as 
coal-fired power plants have elevated stacks, their emissions can 
sometimes uavel great dstances before they dqerse to the ground. 
Opacity (or visible emissions) is a measurement of the visibil- 
ity of a plume. Observations are made at the point of highest 
opacity in the plume, where condensed water vapor is not pre- 
sent. The visible emissions measure was origmlly a method for 
ensuring that the mass emissions from a facility were within the 
allowable limits. However, at coal-fired power plants, particu- 
larly those with flue gas desulfurization, the mass emission rate 
may be met while exceeding the allowable opacity. 

Coal-fired power plants emit fine particles. gases that form 
fine particles in the atmosphere, and gases that directly absorb 
light. Fine particles scatter light. Emission controls typically remove 
more than 95 percent of the mass of fine-particulate matter. Those 
that escape scatter light and are the primary cause of plume blight 
and opaaty. Secondary sulfate and nitrate parucks and add a& 
can also contribute to plume opacity. 

HAZARDOUS AIR POLLUTANTS 
Title 111 of the 1990 Clean Air Act Amendments identified 189 
substances as hazardous air pollutants. This greatly expanded 
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the number of chemicals subject to regulation. The Environmental 
Protection Agency is to develop regulations for each source cat- 
egory (i.e.. each type of industrial facility) that emits the listed 
air toxics. The Environmental Protection Agency was directed 
to evaluate the hazards to human health and the environment 
from hazardous air pollutants emitted by electric utilities and to 
recommend whether emission reductions were warranted for util- 
ity plants. The Environmental Protection Agency was given until 
November 1993 to complete this study, but it is currently 
behind schedule. The Environmental Protection Agency issued 
a draft repon for review in spring 1995. The final repon is expected 
in November 1995. If the Environmental Protection Agency con- 
cludes that emissions reductions are warranted, it must estab- 
h h  necessary and appropriate control requirements. At the earliest, 
any new regulations would be proposed in 1996 and finalized 
in 1997. Utilities would have until approximately the year 2000 
to bring their plants into compliance. 

The Electric Power Research Institute and the Department 
of Energy have characterized toxic emissions for nearly 100 U.S. 
utility boilers representing a range of fuels, boiler configurations. 
and control technologies. Based on these results, the Electric Power 
Research Institute has estimated emissions and risk to human health 
from emissions at over 600 utility plants. (EPRI 1994). The 
Electric Power Research Institute's assessment indicated that no 
TVA plants and only 3 of the 600 plants posed cancer risks greater 
than the one-in-one-million idenufied in the statute and used by 
the Environmental Protection Agency as an accepted level of rnin- 
lrnal risk. Calculated ambient exposures from all plants were below 
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Air Concenbation at Fort Loudwn,Tennessee Wic Slandard 
Metal Milligram per Cubic Meter Milligram per Cubic hleler Rabc M b S t m l a d  
Arsenic  O.COl5 0.3 I 1 :200 
Beryllium No Da ta2  0.01 3 (1:25) 
Cadmium 0.007 50 (1 :7000) --- 
Chromium 0.002 6 No Standard - 
Copper Not a Health Hazard by Inhalation Pathway 
M- - 0.001 6 - No Standard 

1 State of Washinpton standard - only apency to date to establish a standard. 

2 Survey of US. cmes indicate Me highest recorded level In any city was 0.OW or about 1 R5 of the current provis~onal Envlmnmental Protection Agency standard. 

3 Cumm standard n a prowsional Environmental Protechon Agency criterion for a 30-day avenge (US. Public Health Service. 1989) 

4 US. Public Health Service standard for occupation exposure: no standard has been established tor exposure of general public to ambient air 

5 No Environmental Protection Agency standard has been set slnce hexavalent chromium IS a carclnogen by inhahtion pathway. Cancer rsks have been identiled 
tor various exposuns to hexavalent chromium. 

6 PJA has data only on total chmmlum not hexavalenl chmmlum. a1 the Fort Loudoun slle Approx~mately 0 2% ot power plant etntmd chromlum IS In 
tne nexavalcnt sme I\Polvlna th~s  tanor to me measured value tor total cnromlum. and uslna Env~ronrnental Protect on Agency data on cancer nsk the cancer - .  
risk at this level iseni&.d k be 1 in 25,WO.OOO. 

known threshold levels for human toxicity, even when exposures 
from multiple sources were considered. TVA is estimating emis- 
sions of 19 hazardous air pollutants released from TVA coal-fired 
plants as part of its reporting requirement under Title V of the 
1990 Clean Air Act Amendment (Figure TI-44). 

Radionuclides are one of the hazardous air pollutants 
being evaluated by the Environmental Protection Agency in its 
study of utility industry hazardous air pollutant emissions. 
Coal-fired boilers emit trace amounts of radioactive elements 
(uranium, radium, thorium, and their decay products) found in 
the fuel. These radionuclides become incorporated into fly ash 
and are released to the air in the 
particulate matter emitted from the 
boilers. Particulate air pollution 
control equipment, such as elec- 
trostatic precipitators limit 
radionuclide emissions. 

Risks to human health 
due to air concentrations of 
arsenic, beryllium, cadmium. 
chromium, and copper in the 
Tennessee Valley are extremely 
low. (See dmtsion under human 
health impacts section.) (See 

concentrations are highest and organisms are often most sen- 
sitive. Figure TI 4 7  indicates that water concentrations in Fort 
Loudoun reservoir would have to increase at least a hundred- 
fold to approach thresholds for organism response to arsenic, 
beryllium, and chromium. Copper and cadmium concentrations 
measured at Fort Loudoun approach thresholds where some aquatic 
invertebrates may be affected. TVA is only one contributor to arnbi- 
ent levels of these metals in the Tennessee Valley. Nationally, 
electric utilities are estimated to contribute about 50 percent of 
the beryllium, 30-35 percent of the cadmium, 12-16 percent of 
the chromium, 2-5 percent of the copper, and less than 3 per- 

Water Concentration at 
Fort Loudoun Reservoir, Tennessee Public Standard Ratio: Ohewed 

Metal (MilligramsAiter) (MilligramslLiter) to Standard 
Arsenic  0.034 50 1:150 
Beryllium Not a Carcinogen b y  lngestion Pa thway  - - 
Cadmium 0 10 5 2  150 

Chromium 0.46 --- 50 2 

Copper Not a Health Hazard by lngestion Pathway 
Mercury 0.0058 No Standard 

~i~~~~ -45 and TI-46 , )  I 1 Interm Maxtrnum Contammat~on Level establtshed by both Env~ronmental Protectton Agency and World Health Orpanizat~on. 
" I 2 Environmental Protectton Agency dnnktng water standard. 

Environmental impacts from 3 Standard baKd on fish concentrationsfor human consumption ratherthan water concentration 

heacy metals are largely con- 
fined to aquatic ecosystems where 
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Water Concentration at 
Fort Loudoon Reservoir, Tennessee EPA Crfterion: Biotic Effects Ratio: Observed 

Metal (MillipramslL~r) (MillignmsRiter) to Standard 
Arsenic 0.34 40' 1:lOO 
Beryllium Not rneasure~O.(n*) 5.33 (1 :250) 
m u m  0.10 0.054 2: 1 
Chromium 0.46 1005 1:200 
Copper 0.8 (-3) 5.66 1 :I 

I 2 geryllium lewl ot lhe hiihly-polbM ~hine R i i .  demomating how low rivsr levels ol bwyUium generally are. I 
3 lhmshold for m s l a m n  chronic Idcity. 

4 llmhold for lawe and cmbryor of freshwater ffrh in water of hardness of 200 Millipnm per Liter. 
5 Thnshold for tnshmtar invertebmas 
6 U.S. Environmental w o n  Aqency criteria for aquatic Ute. 

cent of the arsenic emitted annually to the atmosphere by 
human sources (Neme 1990). 

Mercury 
Mercury is used in Energy Vision 2020 as an indicator of haz- 
ardous air pollutants. Depending on the degree of concentra- 
tion and length of exposure, mercury can have toxic effects on 
humans and wildlife. Orgatllc mercury compounds, such as methyl 
mercury, are among the most toxic. Mercury salts released into 
the environment may be converted by bacteria into organic mer- 
cury compounds. Mercury accumulates in the environment 
and is carried through the food chain with ultimate consump 
tion by humans. 

Worldwide, approximately 6,000 tons of mercury are 
released into the air every year. Human activities account for half 
of this. Estimates vary widely, but United States electric utilities 
emit about 80 tons per year (EPRI 1999, representing 1.3 per- 
cent of the global or 20 percent of United States human-produced 
emissions. Measurement of the chemical forms of mercury in stacks 
and in plumes from coal-fired power plants indicate that mer- 
cury occurs in both gaseous (elemental) and particulate (oxidmd 
salt) phases. 

The 1990 Clean Air Act Amendments require the 
Environmental Protection Agency to study and report on United 
States mercury emissions. The Environmental Protection Agency's 
draft mercury study was available for public review in January 
199 5 with parallel peer reviews and public meetings. 

TVA is cooperating in national studies with the Depamnent 
of Energy and the Electric Power Research Institute to evaluate 
the efficiency of mercury removal by different control technologes 

If the Environmental Protection Agency requires control of 
mercury emissions, likely controls include wet scrubbers, high 
efficiency electrostatic precipitators, fabric filters, and/or injec- 
tion of a sorbent such as activated carbon into the flue gzs. Human- 
produced emission sources are about equally divided among coal 
combustion. waste incineration. and other facilities. 

Globally. impacts of mercury are of concern for sensitive 
invertebrate and vertebrate species in aquatic ecosystems. 
Watershed characteristics determine whether atmospherically 
deposited mercury will accumulate in aquatic ecosystems. 
Dissolved organic carbon and sulfate ions facilitate mobiliza- 
tion and transport of mercury in aquatic systems. The Tennessee 
Valley has a higher land-to-surface water ratio and compara- 
tively lower levels of dissolved organic carbon and sulfate than 
those areas of the country that are experiencing impacts 
(Josh 1994). (See Figure TI&.) Impacts of WA's mercury emis- 
sions in the Tennessee Valley are likely to be minor, because 
the watersheds in the Valley are generally well buffered 
against mercury accumulation. 

TVA emissions could contribute a small percentage to 
overall mercury loading in watersheds in the upper Midwest and 
Florida that are sensitive to mercury accumulation. Uncertainty 
regarding the extent to which mercury is deposited locally, region- 
ally, or globally prevents more quantitative estimates of TVA's 
conuibutions to mercury loadings. TVA emissions of mercury are 
very small compared to its other emissions and compared to mer- 
cury emissions from other sources. Mercury emissions under TW's 
future energy alternatives are tracked in Volume 2, Document 
2, Environmental Consequences, as a surrogate for all toxic emis- 
sions from TVA's coal-fired power plants. 
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Total Menu y 
In Water (Milligram Per Liter) 
or In Air (Milligrams Per Cubic Meter) 

0.012 , 

Tennessee (Ft. Loudoun) - - 
2 Wisconsin 

Precipitation Lake Water Air 
Concentrations of total mercury in precipitation, lake water; and air at Ft. Loudoun Reservoir; Tennessee, compared to those in northern 
Wisconsin. 

Total Mercury In Whole Fish 
(Milligram Per Kilogram) 

::: ; EPA Threshold For Public Consumption 
(1.0 Milligram Per Kilogram) 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EPA Threshold For Consumption By Pregnant 
Women (0.5 Milligram Per Kilogram) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tennessee (Ft. Loudoun) Wisconsin (Max Lake) 

Methyl Mercury In Lake Water 
(Nanograms Per Liter) 

Tennessee (Ft. Loudoun) Wisconsin (Max Lake) 

Comparison of total mercury in whole fish and toxic methyl mercury in lake water in Ft. Loudoun Reservoir, Tennessee, and in Max 
Lake, Wisconsin. 
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GLOBAL CLIMATE CHAWGE 
The earth's climate is convolled by the radiative balance of the 
atmosphere. This refers to the radiant energy received from the 
sun and emitted by the earth back to space. Greenhouse gases 
include water vapor, h n  dioxide (CW, methane (W, nitrous 
oxide (N201, and chlorofluorocarbons (CFO. With the excep 
tion of chlorofluorocarbons, these gases occur naturally. 
However, human-produced emissions have contributed to the 
increases in their concentrations. These gases absorb infrared 
radiation as it passes through the atmosphere and re-emit this 
emgy. This results in a warming of the earth's he. lhe green- 
house effect is a natural phenomenon that makes the earth inhab 
itable. The earth would be cooler by approximately 30 degrees 
C without the effect of naturally occumng gases. A recent esti- 
mate of the contribution by different human-produced activities 
shows carbon dioxide emissions from energy use and produc- 
tion are the largest contributors to greenhouse gases. The corn- 
bined effect of the other trace gases presently is equal to that 
of carbon dioxide. 

Globally, atmospheric concentrations of greenhouse gases 
are believed to have increased dramatically from pre-industrial 
levels. Atmospheric &n dioxide has increased from 270 parts 
per million by volume prior to 1880 to 355 in 1990. The cur- 
rent rate of increase of carbon dioxide is 1.8 pans per million 
by volume per year or 0.5 percent per yea.. Fossil fuel combustion 
and global deforestation are the primary contributors to carbon 
dioxide buildup. The rate of global increase is projected to accel- 
erate in the next decade as underdeveloped nations, particu- 
larly China and India, significantly increase power generation 
using coal. 

Global circulation models predict an average global warm- 
ing between 1.5 and 4.5 degrees C (2.7 and 8.1 degrees F), changes 
in precipitation amounts, and distribution (Bretherton et al. 1990, 
Mitchell et al. 1990) by the middle of the next century. These 
changes in global precipitation and distribution are also predicted 
to result in regional changes in crop and forest productivity, land 
use, water quality and quantity, and possible loss of ecosystems 
that cannot adapt to these changes. While the general circula- 
tion models generally agree that average temperatures in North 
America will rise, there is a great deal of uncertainty about the 
magnitude of changes in temperature and whether rainfall will 
increase or decrease. Current models do not have sufficient spa- 
tial resolution to predict magnitude or direction of changes on 
regional scales. At the current spatial resolutions, the models do 
not distinguish the southern Appalachn mountains as unique 
topographic features. Changes in temperature and rainfall 
within a region such as the Tennessee Valley could have far-reach- 
ing impacts on various sectors such as energy, transportation. 
agriculture, forestry, and socioeconomic factors. However, the 
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science of global warming does not permit reasonable predic- 
tions of potential impacts. 

The magnitude and scope of the potential climate change 
impacts are of concern for three areas of TVA operations: 

Those related to power production, including both adjustments 
to power demand and to power supply operations such as 
water availabhty for hydroelectric power production, andwater 
temperature limits for nuclear and coal plant water usage 
Issues related to political or legislative constraints on emissions 
Impacts on the natural mouxes of the Valley, i.e., forests, water, 
and agriculture. 

Despite the sc iedc  uncertainties, TVA has already agreed, 
along with some 60 other utilities, to partidpate in the Depamnent 
of Energy's Climate Challenge initiative and to voluntarily 
reduce equivalent WA carbon dioxide emissions by the year 2000. 

Aside from its present activities which seek to reduce 
equivalent carbon dioxide emissions, TVA is also evaluating how 
different energy resource options affect greenhouse gas emis- 
sions. For example, coal-based technolo'gies emit over 200 
pounds of carbon dioxide per million Btu of heat input. Nuclear, 
wind, solar, and hydroelectric power production essentially emit 
no carbon dioxide. Biomass fuel options that include burning 
of wood or herbaceous crops that recycle carbon stored in the 
vegetation after converting carbon dioxide from the atmosphere 
have less carbon dioxide emissions than coal-fmd options. There 
may actually be a reduction of carbon dioxide since the root sys- 
tems of these crops act to store carbon in the soil even after the 
crop has been harvested for fuel. 

The carbon dioxide emissions level is one of the measures 
used to differentiate among TVA's energy strategies. 

and Assessment Prourams 
This document summarizes current scientific understanding. 
Uncertainties in current scientific understanding limit our abil- 
ity to assess: 

The specific contribution of TVA emissions to regional pollutant 
loadings 
The reladonships between pollutant levels and impacts to human 
health and the environment 
The expected benefits of specific emission reductions. 

WA is cooperating with several regional air pollution 
research and assessment programs to improve the scientific 
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understanding and to design regulatory policy that will be suc- 
cessful in the Tennessee Valley to mitigate present and pre- 
vent future impacts. Results of these regional programs will 
be available between 1995 and 1997. The programs are dis- 
cussed below. 

The Southern Appalachian Mountain Initiative (SAM0 and 
the Southern Appalachian Assessment (SAA) are two regional 
assessments being conducted under the public review process 
to evaluate air pollutant impacts in southern Appalachia. TVA 
is actively participating in both studies. The assessments sum- 
marize existing information on visibility impainnent, acid d e p  
sition, and ozone impacts in southern Appalachia. The Southern 
Appalachian Mountain Initiative work is ongoing and may 
provide information that can be used by TVA. A final report for 
the Southern Appalachian Assessment is expected early in 
1%. TV's anatysls may conuibute to the assessments being devel- 
oped by these groups and to their public information and pol- 
icy decision-making process. 

The Southern Appalachian Assessment considers both 
ecological and socioeconomic focuses. It is led by seven fed- 
eral agenaes in the southern Appalachian region. The Atmospheric 
Team of the Southern Appalachian Assessment will report by fall 
1995 on visibility impairment, acid deposition, and ozone in south- 
em Appalachia. 

The Southern Appalachian Mountain Initiative focuses 
on policy development and regulatory recommendations for air 
emissions management. it includes state and federal regulatory 
agencies, federal land managers, industry, academia, and pub- 
lic interest groups. The Southern Appalachian Mountain 
Initiative is evaluating emissions management options to mit- 
igate existing or prevent future air quality impacts in Class I areas 
of southern Appalachn. Existing dormation on air qual~ty impacts 
will be evaluated and delivered by the Southern Appalachian 
Mountain Initiative's Technical Oversight Committee in fall 1995. 
In its technical assessment of emissions management options, 
the Southern Appalachian Mountain Initiative's Integrated 
Assessment Committee is designing a framework to integrate 
current understanding of relationships among emissions, expo- 
sures, and impacts. The technical assessment and recommen- 
dations on emissions management options are anticipated to 
be complete by 1997. 

The Southern Oxidants Study is a research partnership 
between the pubic and private sector to better understand the 
processes and sources that contribute to regional ozone for- 
mation. Several federal agencies. state and local regulatory agen- 
cies, industries, and universities are participating in the 
partnership to study rural ozone exposures and source con- 
mbutions to urban nonattainment areas in the southeastern United 
States. In the summer of 1995, the Southern Oxidants Study con- 

ducted an extensive field study of rural and urban influences 
on ozone formation in the Nashville area. TVA is leading the 
design and implementation of dm multi-organizational field study. 
Results from this field study will allow better understanding of 
the total biogenic (natural) and human-produced sources 
contributing to regional ozone formation and the specific 
contributions of TVA nitrogen oxides emissions to ambient-ozone 
exposures. The North American Research Strategy on 
Tropospheric Ozone is a national effort to understand why emis- 
sion control strategies over the past two decades have not been 
effective in reducing ozone exposures. The Southern Oxidanrs 
Study is one component of the larger national program. 
Results of these studies were not available in time to be eval- 
uated in TVA's analysis of environmental consequences of its 
future energy supply alternatives. 

The Electric Power Research Institute is evaluating risks to 
human health and the environment due to ozone, fine-panic- 
ulate, and hazardous air pollutant impacts. The Institute deliv- 
ers results of its research and risk assessments to the Envimmenral 
Protection Agency and regulatory authorities to be considered 
in developing future emissions regulatory policies. TVA is 
cooperating with the Electric Power Research Institute, the 
National Park Service, and several southem utilities to measure 
visibility and particulate species 0.e. sulfates, nitrates, soil, 
primary particles, etc.) in the Great Smoky Mountains National 
Park during summer 1995. Results will not be available in time 
to be evaluated in TXA's final analisis of environmental con- 
sequences of TVA future energy strategies. TVA is also cooper- 
ating with the Electric Power Research Institute and the 
Department of Energy to characterize utility emissions of haz- 
ardous air pollutants, the efficiencies of different emissions 
control strategies, and mercury transport and deposition. The 
Institute's Air Toxic Risk Assessment will contribute to the 
Environmental Protection Agency's analysis of utility emissions 
of mercury and other hazardous air pollutants. 

Present Impacts 
HEALTH 
Introduction 
Potential impacts to human health are illustrated in Figure TI- 
61. There are potentially numerous health impacts from envi- 
ronmenral air pollutants. Impacts range from temporary eye and 
lung irritation and headaches to progressive damage to the res- 
piratory, cardiovascular, nervous: and immune systems. United 
States environmental and health policies are written to protect 
the general public from the unacceptable risk of adverse effects. 
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The National Ambient Air Quality Standards for criteria pollu- 
tants and the National Emission Standards for Hazardous Air 
Pollutants are set at levels for ambient outdoor exposure that are 
intended to protect the public health. These standards are 
periodically reviewed and wised. Evidence of impacts upon sen- 
sitive individuals at ambient levels of ozone and fine particulate 
matter is being reviewed in 1995 by the Environmental Protection 
Agency in a draft criteria document. 

Health impacts can also occur from air pollutant exposures 
in indoor environments. Currently, indoor air quality is not reg- 
ulated by national standards, but several of the same pollutants 
that occur in the ambient outdoor environment also occur 
indoors. The Environmental Protection Agency has developed 
guidelines for levels of other indoor pollutants such as radon. 

Risk-Exposure Relationships 
The health risk from exposure to pollutants requires an under- 
standing of the level and duration of exposure. Adverse health 
effects can come from exposures to high levels for short peri- 
ods of time and/or prolonged exposures to low levels. The graph 
in Figure TI-49 shows examples of theoretical exposure- 
response relationships. Line A shows a linear relationship with 
a threshold. For line A. there is no risk for 
exposures below the threshold. Line B 
shows a linear relationship without a 
threshold. For line B, there is some risk 
at all levels of exposure. Lines C and D 
are examples of nonlinear relationships. 
The shape and slope of the exposure- 
response relationship have substantial 
implications for assessing the risks from 
air pollutants and for defining levels suf- 
ficient to protect human health. Evaluation 
of available data has not yielded defini- 
tive answers as to which of these curves 
best fit criteria air pollutants. As a result, 
the decisions regarding appropriate lev- 
els for air quality standards are based in 
large part on most plausible evaluations 
and policy goals (Samet et al. 1391). As 
health effecrs are better quantified, this evi- 
dence is used in reviews and revisions of 
the National Ambient Air Quality Standards 
and National Emission Standards for 
Hazardous Air Pollutants. 

Sulfur Dioxide 
Dependmg on concentration, exposure to 
sulfur dioxide can irritate the eyes. cause 
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respiratory &tress, and possibly permanently damage lung tis 
sue. (Durenberger 1991) Under the current ambient standard 
for the 24-hour average sulfur dioxide concentration, only 
one group of people might suffer a direct health effect of gaseous 
sulfur dioxide: People with active asthma who are unrnedicated 
and exercising out of doors might experience an aggravation 
of asthma symptoms. This occurs infrequently and only in loca- 
tions near major sulfur dioxide sources (Graham 1!9901. At loca- 
tions near major sulfur dioxide sources, short-term sulfur 
dioxide exposures may be elevated and still meet the 24-hour 
average standard. These short-term elevated sulfur dioxide expo 
sures may aggravate asthmatics. The Environmental Protection 
Agency is considering whether a new five-minute sulfur diox- 
ide standard should be set to address this impairment. However, 
available research indicates that any resulting aggravation is 
reversible, short-term, and can be avoided with moderation. 

Sulfate aerosols that are formed as sulfur dioxide disperses 
and reacts in the atmosphere also raise concern for human health. 
The health effects from sulfate aerosols are included in the sec- 
tion that discusses fine-particulate matter. Some epidemiology 
studies show an association between 24-hour sulfur dioxide 
concentrations and respiratory illness that may be independent 

Response 

Exposure 

Line A = Linear Relationship With a Threshold 
Line B = Linear Relationship Without a Threshold 
Line C = Non-linear Relationship 
Line D = Non-linear Relationships 
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of particulate concentrations. However, there is uncertainty about 
whether this is due to sulfur dioxide or the result of another 
factor correlated with sulfur dioxide (Graham 1990). 

Nitrogen Oxides 
Depending on its concentration, nitrogen oxides can irritate the 
eyes, damage the lungs, and lower resistance to respiratory ill- 
ness and influenza. In its 1994 review of the ambient air qual- 
ity standard for nitrogen dioxide, the Environmental Protection 
Agency concluded that the current standard is adequate to 
pmect human health and welfare. The Environmental Protection 
Agency's annual average standard for nitrogen dioxide is 0.053 
parts per million concentration. Current ambient levels of nitro- 
gen dioxide in the Valley are 0.011 parts per hillion. Evidence 
from clinical studies suggests that short-term exposures to 
nitrogen dioxide in the 0.2 to 0.5 parts per million range may 
cause adverse symptoms for asthmatics. Evidence also suggests 
that nitrogen oxides from indoor sources such as gas-fired 
appliances may be associated with greater frequency of respi- 
ratory illness in children. This is consistent with some labora- 
tory evidence of reduced resistance to illness. It is difficult at this 
time to extrapolate health effects from the indoor studies to out- 
door levels of nitrogen oxides because the pattern of exposure 
is quite different. It is uncertain, for example, whether long-term 
cumulative exposures or peak-level exposures are most impor- 
tant. Some epidemiology studies using measures of outdoor nitro- 
gen oxides have found an association between nitrogen oxides 
concentrations and acute illness. Other researchers have found 
no sigruficant relationship (Environmental Protection Agency 1991). 

Nitrogen oxides contribute to the formation of two pollu- 
tants that are a concern with respect to human health: nitrate 
aerosols and ozone. Nitrate aerosols are a component of fine- 
particulate matter and are discussed in that section. Ozone is dis- 
cussed in the next section. 

Ozone 
Ozone exposure can cause respiratory tract problems such 
as difficulty breathing, reduced lung function, asthma, eye irri- 
tation, nasal congestion, reduced resistance to infection, 
and possibly premature aging of lung tissue. (Environmental 
Protection Agency 1995a.l Ozone levels present in the 
Tennessee Valley rarely exceed the 1 hour standard of 0.12 
parts per million. Epidemiology studies have shown that health 
effects associated with ozone exposure for the general pop- 
ulation include respiratory symptoms, such as acute cough, 
and minor, restricted activity days. Recent studies in Los Angeles 
and New York have found small but statistically significant 
evidence of risk of premature death associated with peak 
1-hour ozone exposure at concentrations above 0.20 parts per 

million (Kinney and Ozkagmak 1990). A study in St. Louis, 
Missouri, and in Kingston-Harriman, Tennessee, found no 
increased risk of death at ozone exposure concentrations up 
to 0.15 parts per million. Extensive evidence exists relating 
to short term respiratory responses to controlled exposures 
to ozone in clinical studies. Ozone is also suspected in 
causing greater susceptibility to chronic respiratory illness, but 
there is not currently sufficient evidence available to quan- 
tify the risk (Krupnik and Kurland 1988; Lippman 1989; U.S. 
Environmental Protection Agency 1988). 

Uncertainty is also associated with the threshold for human 
health impacts related to ozone. Some evidence indicates 
effects for certain individuals at levels below the current I-hour 
National Ambient Air Quality Standard of 0.12 parts per million. 
Symptoms have not been observed below I-hour averages of 
0.06 to 0.10 parts per million (Krupnik and Kurland 1988). 

Particulate Matter Smaller than 10 Microns 
Recent epidemiological studies demonstrate links between par- 
ticle exposure and respiratory disease in those over age 65 
(Fisher et al. 1989). The Environmental Protection Agency stan- 
dard for particles with diameters of 10 microns or less (PMIO), is 
a concentration of 150 micrograms per cubic meter for 24 hours 
and 50 micrograms per cubic meter for an annual avenge. In stud- 
ies conducted between 1972 and 1980, the Environmental 
Protection Agency conelated kmased &ah rates with c~~lcentrations 
of PMlO of 100 rnimgrarns per cubic meter. The Agency has also 
correlated an increase in hospitalizations for respiratory symptoms 
among people with chronic lung disease with concentrations at 
this level (Marwick 1991). Some investigators believe the thresh- 
old for health effects from particulate matter may be a concen- 
tration of 30 micrograms per cubic meter (DRNL 1994). 

Some studies have attempted to determine whether the asso- 
ciation between particle exposure and respiratory disease is due 
to sulfates and nitrates associated with fine particles (particles 
with dmneters of 2.5 micron or less), but results have been incon- 
clusive. These smaller particles remain airborne over longer times 
and distances. It is difficult to separate the potential impacts of 
sulfate versus acid aerosols because their day-to-day levels 
tend to be highly correlated. It appears that the association is 
strongest among the over-65 age group. Those who already suf- 
fer from chronic respiratory illness may be at greatest risk 
(Fisher et al. 1989). 

Some studies associate chronic cough and bronchitis symp- 
toms with the level of acidity of aerosols, rather than with sul- 
fate levels or total concentrations of particles. Controlled studies 
have established a strong relationship between the bionchitis 
effects on asthmatics and the presence of sulfur dioxide and acidic 
aerosols at concentrations approaching the ambient standard for 
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&r dioxide (Samet et a1.1991). Even so, the evidence to date 
is inconclusive as to whether acidic aerosols are any more harm- 
ful to human health than nonacidic aerosols of similar size (U.S. 
Environmental Protection Agency 1989). 

Epidemiologic studies are limited by the difficulty of mea- 
suring exposure and of singling out the effect of acidic aerosols 
from other factors, particularly for such non-specific health 
effects as increased symptoms and reduction of lung function. 
Controlled exposures of volunteer subjects provide information 
concerning short-term effects. However, thls approach cannot 
fully represent the exposures sustained in a community (Samet 
et al. 1991). 

On a five-year cycle, the Environmental Protection 
Agency re-evaluates the science on which the National 
Ambient Air Quality Standards are based. The goal is to 
either modify or support the current sulfur dioxide and par- 
ticulate matter standards. The Environmental Protection 
Agency is currently considering whether standards for acidic 
aerosols or fine-particulate matter are warranted. 

Carbon Monoxide 
Carbon monoxide impairs the ability of blood to carry oxygen. 
Carbon monoxide also affects the cardiovascular, nervous, 
and pulmonary systems. Carbon monoxide attacks the immune 
system, especially affecting anyone with heart disease, anemiar 
and emphysema and other lung diseases. Even at low con- 
centrations, carbon monoxide can affect mental function, 
vision, and alertness. 

Ambient levels of carbon monoxide in the Tennessee Valley 
are below the level of the National Ambient Air Quality 
Standards. The Environmental Protection Agency's limit for car- 
bon monoxide is 9 parts per miUion. At this level, carbon monox- 
ide binds 3 percent of the hemoglobin so that it cannot carry 
oxygen to body cells and tissues. Toll-booth workers exposed 
to a 10.8 parts per million level of carbon monoxide had a higher 
death rate due to heart disease than did toll-booth workers 
exposed to 6.2 parts per million. There is some question 
whether a threshold level exists for exposure to carbon 
monoxide (Marwick 1994). TVA emits less than 1 percent of 
the regional carbon monoxide emissions. 

Air Toxics or Hazardous Air Pollutants 
Dependmg on concentration and duration of exposure, hazardous 
or toxic air pollutants can increase the risk of cancer. The 
Environmental Protection Agency has listed 189 chemicals as air 
toxics. From this list, the air toxics of greatest concern related 
to coal-fired power plants are arsenic, beryllium, cadmium, 
chromium, copper, and mercury.  omp pounds of these toxics are 

released during combustion of fossil fuels and are ultimately 
deposited on land and water. 

As evidenced in the data outlined in Fgures Z745 and 7'2- 
46, the risks to human health appear to be extremely low from 
air inhalation or water ingestion of arsenic, beryllium, cadmium, 
chromium, copper, and mercury. Water concenuations of 
these metals as measured in and around Fort Loudoun, near 
Knoxville, Tennessee, are compared in Figure TI47 with 
standards set by the U.S. Environmental Protection Agency, the 
World Health Organization, and other agencies (Josh 1994). 
In general: concentrations of these metals would have to 
increase by at least fiftyfold before established thresholds 
would be reached. Risk from chromium exposures in the 
Valley is difficult LO evaluate because monitoring data are 
available only for total levels of chromium while only the hexa- 
valent form of chromium is carcinogenic. Cadmium levels in 
human diets are considezibly below health advisory levels, but 
levels in human diets have increased Uoslin 1994). 

The risk to human health from mercury in the Tennessee 
Valley is low if one assumes an individual's diet is based on mer- 
cury concentrations in local fish and dnnking water. High lev- 
els of mercury have been reported in fish in Canada, the 
northern United States. Scandinavia, and Florida. Recent surveys 
of the Tennessee River system found only one location where 
mercury in fish was elevated. That location is on the North Fork 
of the Holston River lIllIlKdiately dowrmwm h n  Saltville, V i  
The mercury level, which does not exceed the Environmental 
Protection Agency guidelines, is from an inactive industrial 
site unrelated to atmospheric deposition. 

Acid Deposition 
In addition to those health impacts associated with emissions 
of sulfur dioxide, nitrogen oxides, acidic aerosols, and fine-par- 
ticulate matter that have already been discussed, acid deposi- 
tion can i n u y  affect health. Acidic species deposited to surface 
waters can mobilize metals in the environment. Mercury accu-• 
mulation in the environment and biological food chains could 
be increased by acidic deposition under site-specific condtions: 
These include drinking water systems that use surface ponds or 
shallow wells and populations that obtain essentially all of their 
protein in the form of freshwater fish from acidified lakes. 
Even under these conditions, increased health risk due to 
increased mercury exposures is low (NAPAP 1991). 

Indoor Air Quality 
Indoor air quality also raises concerc tor human health. 
Exposure to air pollution is determined by the pollutant con- 
centrations and the time that individuals experience those lev- 
els. Since Americans spend the majority of their time indoors, 
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exposures to indoor air pollutant can be a significant compo- 
nent of total personal exposure. Depending on the presence of 
indoor sources and building ventilation, indoor air pollutant lev- 
els can be much higher than outdoor levels. Air pollution advi- 
sories, issued when outdoor pollution levels become unhealthy, 
recommend that sensitive individuals restrict physical activity and 
time spent outdoors. 

There are many kinds and sources of indoor air 
pollution: 

Combustion gases such as carbon monoxide, carbon dioxide, 
and nitrogen oxides from indoor combustion sources includ- 
ing wood heaters, unvented kerosene and natural gas space 
heaters, and other natural gas-fired appliances 
Small particles from smokmg, fireplaces, wood heaters, and 
cooking 
Volatile organic compounds from insecticides, cleaning sol- 
vents, stored fuels, paint, vinyl, plastics, adhesives, and fur- 
niture and carpet stain repellents 
Biological contaminants such as allergens from pets, insects, 
and plants; molds and fungi from damp surfaces; and viruses 
and microorganisms from people and pets 
Radioactive gas (radon) from the earth beneath a structure. 

Health complaints associated with poor indoor air quality 
are varied. They include dizziness, headache, nausea, irritation 
of the eyes and airways, impaired learning abiity, allergies, sleepi- 
ness, rashes, a b d o d  and chest pains, respiratory illness, and 
cancer. Impacts discussed previously for sulfur dioxide, nitro- 
gen oxides, carbon monoxide, fine-particulate matter, and 
hazardous air pollutants also apply if these pollutants are ele- 
vated in the indoor environment. 

Well-designed and maintained heating, ventilating, and 
air conditioning systems can provide healthy and energy-effi- 
cient living spaces. However, indoor air pollution problems can 
sometimes be aggravated by weatherization or other energy con- 
servation efforts. Reduced ventilation, the existing burden of indoor 
pollution, and the increased use of alternative heating sources, 
such as wood heaters and unvented natural gas or kerosene heaters, 
can lead to elevated indoor air pollutants. Indoor air pollutant 
levels can exceed regulatory standards for ambient outside air. 

Many simple methods may be used to minimize indoor air 
pollution exposures: 

Use and maintain all appliances according to manufacturers' 
specifications and recommendations. 
Read the labels on household products such as cleansers, pol- 
ishes, drain cleaners, and stove cleaners carefully to ensure 
proper use. Consider switching to "natural" cleaners and pol- 
ishes. 

Ventilate kitchens and bathrooms during use to remove 
cooking smoke and excess moisture. 
Store paints, household cleaning products, and fuels in 
approved containers in well-ventilated areas. 
Avoid smolung indoors. 
In areas with elevated soil radon levels, consider testing to deter- 
mine levels within the home or office. 

Energy Vision 2020 strategies that promote increased con- 
servation and weatherization methods could increase indoor air 
pollution exposures. It is assumed for this analysis that TVA will 
continue to provide guidance to minimite indoor pollutant con- 
centrations. Consequently, indoor air quality impacts are not a 
measure used to differentiate among future TVA strategies. 

VISIBILITY IMPAIRMENT 
Visibility impairment is of special importance under the 
Prevention of Signif~cant Deterioration provisions of the 1977 Clean 
Air Act Amendments. Impacts are discussed in the "Visibility 
Impairmentn section under "Air Quahty Concerns Since the 1977 
Clean Air Act Amendments" earlier in this section. 

CROPS AND FORESTS 
Summary 
Impacts of gaseous pollutants, including sulfur dioxide, nitrogen 
oxides, and ozone on crops and forests, have been described in 
scientific studies and reviewed in numerous reports. The 1990 
National Acid Precipitation Assessment Report and the En- 
Protection Agency's Ozone Criteria Document serve as the pri- 
mary references because they have undergone formal public review. 
Impacts from primary pollutant emissions (sulfur dioxide, nitro- 
gen oxides, particulate matter) rarely occur at current ambient 
levels. I-hstoricalty, acute impacts from gaseous pollutants are most 
dramatically illustrated by the deforestation and destruction of 
aquatic and t e r r e d  ecosystems in the Copper Hill, Tennessee, 
basin due to emissions from a chemical company. Prior to 
1980, incidents of agricultural crop damage have been documented 
that occurred when TVA coal-fired power plant plumes were inter- 
cepted at ground-level (Jones et al. 1988). There was no oppor- 
tunity for atmospheric mixing to dilute emissions below levels 
toxic to crops. Impacts of TVA emissions, particularly sulfur diox- 
ide, to crops in the immediate vicinity of TVA power plants were 
well documented (Jones et al. 1988). Since 1976, TVA sulfur diox- 
ide emissions have been reduced by two-thirds, as shown in the 
graph in Figure TI-22. Direct impacts of sulfur dioxide to crops 
and forests rarely occur now. 

At current ambient exposures, sulfate and nitrate anions in 
acid deposition and ozone are the pollutants most likely to cause 
impacts. Such impacts can be cumulative over long-term chronic 
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(lower level) mres. Episodes of high ozone exposures can 
injure foliagc loth crops and forest species. Depending on 
extent and se\ sty, exposure can lead to cumulative impacts to 
productivity. Impacts from short-term elevated loadings of sul- 
fate and nitrate anions are infrequent but could potentially occur 
in the undisturbed forests if acid anions in soil solutions mobi- 
lized aluminum from soils at levels toxic to plant roots. Forests 
susceptible to aluminum toxicity are most likely to be in higher 
elevations of southern Appalachia (Joslin et al. 1992). 

Sulfur Dioxide 
The effect of sulfur dioxide on crops and other vegetation varies 
by species and by length and frequenc .f exposure 
(Environmentd Protection Agency 1982; Shnner e-. 1990). Acute 
exposures and their associated visual symptoms were once fre- 
quently observed in the TVA region. They are very rarely 
observed today. The current National Ambient Air Quality 
Standards secondary standard is adequate to protect vegetation 
from significant negative impacts, based on the literature sum- 
marized in the sulfur dioxide criteria document (Environmental 
Protection Agency 1982) and in the subsequent National Acid 
Precipitation Assessment Program analysis (Shriner et al. 1990). 
There may also be a positive contribution of sulfur emissions 
to the sulfur requirements of agricultural crops (Noggle 1980). 
Concentrations of sulfur dioxide in most rural areas in the Valley 
are currently well below the standard and may drop further as 
the full effects of the 1990 Clean Air Act Amendments are felt. 

Nitrogen Oxides 
Nitrogen oxides refers to a family of atmospheric pollutants con- 
sisting of nitrogen oxide, nitrous oxide, nitrogen dioxide, nitric 
acid vapor, and various forms of nitrates (Shriner et al. 1990). 
In contrast to sulfur, which has decreased during the past two 
decades: the family of nitrogen oxides has increased. The most 
common phytotoxic (poisonous to plants) form of nitrogen is 
nitrogen dioxide, followed by the less frequent nitric acid 
vapor (Shriner et al. 1990). Within the Valley region, the poten- 
tial impacts of nitrogen dioxide are minimal. since its plant-poi- 
soning threshold concentration of 0.5 parts per million is well 
above current ambient levels. Nitrogen oxides in the atmosphere 
are currently a greater concern because they can contribute to 
acidic deposition'impacts or can be utilized in the formation of 
ozone. The lack of nitrogen frequently h t s  plant growth in both 
cultivated and native vegetation. Therefore, nitrogen oxides d e p  
sition in many forms has the potential to increase plant growth. 
This contribution is probably of much greater importance in nat- 
ural systems than in managed ones where fenher additions greatly 
outweigh other nitrogen sources. 

Acidic Deposition-Crops 
Impacts on crops attributable to acidic deposition were stud- 
ied extensively during the last decade. Shnner et al. (1990) sum- 
marized the results of most of that work. They concluded that 
acidic deposition does not cause a reduction in crop yields. 
Potential reductions in fertility or increases in acidity can be off- 
set by normal management practices. As discussed, the depo- 
sition of sulfur and nitrogen associated with acidic deposition 
in agricultural settings can be a potential benefit to most crop 
species. Atmospheric sulfur inputs e m  satisfy much of the crop 
suifur need, while nitrogen input is a very small portion of total 
crop requirements. 

Acidic Deposition-Forests 
The National Acid Precipitation Assessment Program conducted 
extensive research to determine the possible impacts of acidic 
deposition on forests in North America. The results of this 
research are summanted in the State ofthe Science Repow! SOSK- 
16 (Barnard and Lucier 1990) and SOS/T-18 (Shriner et al. 
19901, and in the 1990 National Acid Precipitation Assessment 
Program Integrated Assessment Report (N-VAP 1991). These stud- 
ies concluded that, in general, the vast majority of forests in east- 
em North America are not in decline, either from pollution or 
other sources. However, atmospheric deposition may be impli- 
cated in the premature mortality of high elevation red spruce (Rm 
mben sug.) in the Northeast. 

Evidence of red spruce decline and pollution involve- 
ment in the southern Appalachians is less substantial. The red 
spruce-Fraser fir ecosystem occupies approximately 103 square 
miles (268 square kilometers) in the southern Appalachian 
mountains of southwestern V i i ,  eastem Tennessee, and west- 
e m  North Carolina. The trees are generally confined to moun- 
tain peaks above 5,000 feet (1,525 meters) elevation, as shown 
in the map in Figure TI-50. National Acid Precipitation 
Assessment Program studies in the southern Appalachians have 
documented extensive mortality of Fraser fir and decreases in 
crown vigor and annual growth in red spruce. Fraser fir mor- 
tality, frequently pictured in popular publications, is the direct 
result of an insect, the balsam woolly adelgid. 

Although it has been suggested that air pollution may have 
rendered fir more susceptible to the adelgid, supporting evidence 
is incomplete. In mixed stands with dying fir, spruce decline 
can be panrally explained by increases in wind damage and soil 
temperatures (Nicholas et al. 1992). Symptoms of d&e in spruce- 
dominated stands, at elevations with a high frequency of 
cloud interception, have led scientists to consider impacts of 
atmospheric deposition. Acid deposition components of sulfate, 
nitrate. and hydrogen ions at high elevations greatly exceed those 
at lower elevations. This is primarily due to the increased vol- 
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urne of precipitation and hlgh ion concentrations in cloud water. 
Exposure to ambient cloud water with concentrated sulfate and 
nitrate anions (negatively charged ions) has also been shown 
to accelerate foliar leaching of essential cations (positively 
charged ions). In field studies, decreases in foliar calcium and 
magnesium have corresponded to decreases in foliar biomass. 
Field surveys and fertilization studies indicate that red spruce 
in the southern Appalachians are experiencing calcium and zinc 
deficiencies, while those in the Northeast are generally not. 

National Acid Precipitation Assessment Program research, 
(Barnard and Lucier 1990, Shriner et al. 1990) as well as ongo- 
ing studies, (Nodvin et al. In Press) have demonstrated that the 
high elevation forests appear to be nitrogen-saturated. Nitrogen 
inputs from rain, snow, and cloud water combined with inputs 
from natural biological process exceed the capacity of soils and 
vegetation to immobilize nitrogen. The leaching of excess 
nitrogen depletes essential base cations from the soil and 
acidifies soil water. In addition, there is evidence that aluminum 
is being mobilized into soil water at levels that interfere with 
plant uptake of calcium, magnesium, and zinc. Sods in the south- 
ern Appalachians generally have a large capacity to absorb sul- 
fate, but current sulfate loading rates will likely exceed soil sulfate 
absorption capacity within a few decades (Johnson and 
Lindberg 1992). ' 

Exposure to ambient cloud water can reduce the cold tol- 
erance of red spruce. Increases in winter damage to red spruce 
in the Northeast have contributed to crown damage and 
increased mortality in that region. This impact occurs ~nfrequently 
in the southern Appalachians, where temperatures seldom 
approach the cold tolerance limits for red spruce. 

National Acid Precipitation Assessment Program studies did 
not find a regional decline of southern pines (Barnard and Lucier 
1990, Shriner et al. 1990). The U.S.D.A. Forest Service had 
reported widespread reductions in average tree growth rates in 
natural pine stands in the Southeast. Similar growth rate reduc- 
tions have not been observed in tree plantations. Reduction in 
tree growth in natural pine stands is an anticipated conse- 
quence of historical land use patterns, increases in stand 
longevity and competition, and other natural factors. Available 
information is not adequate to determine whether the magni- 
tude of reported growth reductions is greater or less than 
would be expected in the absence of acidic deposition and asso- 
ciated pollutants. The maptude, extent, and timing of soil chem- 
ical changes due to acidic deposition and their long-term 
implications for forest health and productivity are uncertain. 
Available evidence does not support a hypothesis that acidic depo- 
sition has caused aluminum toxicity or nutrient deficiencies in 
southern pines. 

With the possible exception of the spruce-fu forests of south- 
em Appalachia, most Valley forests are receiving acid rain at doses 
that have not had a serious impact on forest health and produaivity. 
However, the cumulative effects of sulfate and nitrate deposi- 
tion over several decades could be adverse for some soils. Sulfate 
and nitrogen oxides deposition increases leachmg of nutrient catim 
from some forest soils and over the long term may reduce the 
fertility of soils with low buffering capacity or low mineral weath- 
ering rate. Nitrogen saturation, a concept currently under dis- 
cussion in the regulatory arena, could be a long-term impact if 
nitrogen deposition continues at current rates. Niuogen saturation 
is unlikely to occur in Valley forests outside of the high eleva- 
tion spruce-fir forests or unmanaged old growth wilderness areas. 

Impacts to forest soils and nutrient cycling are generally con- 
sidered to be reversible. Decreases in sulfate deposition would 
ultimately result in decreases in cation leaching once a new soil 
equilibrium was established. Decreases in nimte deposition would 
probably lead to equivalent decreases in cation leaching in high 
elevation forests thought to be at or near nitrogen saturation. The 
Nutrient Cycling Model (Liu et al. 1991) is one method to eval- 
uate the potential benefits to forests that could result from reduc- 
tions in sulfate and nitrate deposition. 

The Nutrient Cycling Model accounts for the exchange of 
essential nutrients from deposition, vegetation, the forest floor, 
soils, and soil solutions. The model was applied to project nutri- 
ent cycling over a 30-year period in a spmce-fir forest at 
Noland Divide in the Great Smoky Mountains National Park. Levels 
of sulfate and nitrate in deposition were varied to simulate alter- 
native reductions in sulfur dioxide and nitrogen dioxide emis- 
sions. The initial and no change projections reflect deposition 
levels monitored at Noland divide for the period 1985 to 1988. 
Reductions in sulfate and nitrate deposition of 20,30,40, or 50 
percent compared to the 1980s were projected to represent prob 
able benefits achieved from implementation of the 1990 Clean 
Air Act Amendments or future emissions reductions. 

Calcium is an essential plant nutrient that is susceptible to 
leaching by acid deposition. Aluminum in soil solutions may be 
toxic to plant roots and may interfere with plant uptake of cal- 
cium. The effects of alternative deposition levels on the distri- 
bution of calcium in vegetation, forest floor, and soils and on 
aluminum and calcium in soil solutions are illustrated in Figures 
TI-51 and TI-52? respectively (Dale Johnson unpublished 
data). Calcium is not deficient in this spruce-fir stand, and the 
model projected very small differences after 30 years in calcium 
in vegetation and the forest floor as a function of deposition lev- 
els. Calcium in the exchangeable soil pool is projected to be greater 
at lower levels of sulfate and nirrate deposition. Calcium and alu- 
minum in soil solutions (an indication of nutrients lost from the 
ecosystem) are projected to be lower at lower levels of sulfate 
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Calcium Levels 
(Kilomole Per Hedare) 

No Change 20% Reduction 30% Reduction 50% Reduction 50% Reduction 
in Sulfur in Sulfur in Sulfur in Sulfur 

MO/O Reduction 40% Reduction 30% Reduction 40% Reduction 
in N i i e n  in Nitrogen in Niimgen in Nitrogen 

and nitrate. The greatest improvements are projected for the case 
representing implementation of the 1990 Clean Air Act 
Amendments compared to the no change (pre-1990 Clean Air 
Act Amendments) conditions. Figure TI-52 illustrates that the 
ratio of aluminum to calcium would improve with reduced d e p  
sition levels, particularly during periods of high runoff. 

This model application illustrates a potential method to eval- 
uate forest response to reduce deposition levels. Assessments 
under the Southern appalachian Mountain Initiative will further 
address methods to evaluate benefits of emissions reductions. 

Impacts of ozone are a function of concenuation and duration 
of exposure (external to plants) and plant uptake (internal' 
dose). Ozone is cumently the most pervasive air pollutant in rural 
areas and the pollutant most likely to impact agricultural crops 
negatively. Impacts to crop productivity, physiology, reproduction, 
and economic yields have been well documented (Environmental 
Protection Agency 1995). 

Ozone enters plants through the leaf stomates and may dis- 
rupt cellular function. High short-term exposures can injure or 
lead to death of cells in the vicinity of the stomates. The degree 
of impact increases with the ozone dose received. Visible dis- 
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Present I After 30 Years 

i No Change 

1111 20% Redwtion in Sulfar, 2W. Reduction in Nilmgen 

1181 30% Reduction in Sulfur, 40% Reduction in Nitrogen 

- 1 50% Reduction in Sulfur, 30% Reduction in Nitrogen - - ~ i  50% Reduction in Sulfur, 40% Reduction in Nltmgen 

Month 

Aluminum I Calcium 
(Molar Ratio) 

coloration of foliage may be a result of high short-term expo- 
sure to ozone or of the cumulative longer term ozone dose received 
over the growing season. At frequent, low-level exposures, ozone 
may inhibit photosynthetic function and reduce plant carbon 
reserves. Under ozone stress, a greater portion of the carbon fxed 
through photosynthesis must be used to repair injury to cells rather 
than contribute to growth. Allocation of carbon from leaves and 
stems to the root system, which stores carbon for future growth, 
is frequently limited by chronic ozone exposure. Thus, impacts 
from ozone can accumulate over the duration of exposure. which 
can last seasons or years. 

At current ambient levels of ozone in the eastem United States. 
average reductions in crop yield are likely on the order of 10 
to 15 percent  environmental Protection Agency 1%). Some crops. 
such as tobacco, spinach, and grapes, are very sensitive to ozone 
and could experience greater than l j  percent reductions in annual 
yields at current ambient levels. Economic analyses (Kopp et al. 
1985: Adams et al. 1989) have considered the economic impacts 
of yield reductions for major commodity crops such as wheat, 

corn, soybeans, and cotton. Studies summarized by the 
Environmental Protection Agency (1995) estimated that net 
economic losses attributable nationally to current levels of 
ozone are in the range of 1 to 2 billion dollars per year. 

The effects of plant exposure to ozone accumulate over 
the growing season. Exposures above a threshold value cause 
greater impacts than lower exposures. Consequently, a cumu- 
lative index that sums the hours above a threshold is proposed 
in the Environmental Protection Agency's 1995 draft ozone cri- 
teria document. The Environmental Protection Agency suggests 
that the sum of hours exceeding a concentration of 0.06 parts 
per million (SUM06) for the maximum 3-month period between 
April and October should not exceed 26.4 parts per rmllion-hour. 
This value was derived from the results of the National Crop 
Loss Assessment Network (Heck et al. 1990) and is intended to 
protect 50 percent of crops from 10 percent yield reduction. 

Response to ozone can be highly modified by the plant's 
nutrient and water status. Environmental conditions that limit the 
extent that leaf stomates are open limir the uptake of ozone. 

ENERGY VISION 2020 T1.81 



TECHNICAL DOCUMENT 1 :  C O M P R E H E N S I V E  A F F E C T E D  E N V I R O N M E N T  

C r  yently, ozone impact is less severe for crops exposed to 
c under low moisture or fertility conditions compared to 
cr, . with the same exposure under high moisture and fertil- 
ity conditions. The table in Figure I?-53 summarizes the range 
in ozone exposure at which 10 percent yield reductions were 
observed for several common crop species in controlled expo- 
sure field studies conducted under the National Crop Loss 
Assessment Network (Heck et al. 1990). Exposure is expressed 
as the maximum 3-month sum of hours exceeding 0.06 parts per 
million (SUMO@. Plants in these studies were well-watered and 
fertilized. Yield reductions in unwatered fields may be less than 
estimated in these studies. In 1992, the maximum 3month 
sum of hours greater than 0.06 parts per million exceeded 
26.4 parts per million-hour over large areas of the TVA region 
(Figure TI-53). 

Ozone-Forests 
Impacts of ozone to forests and nawal systems are less we1 under- 
stood than impacts to crops. The bulk of information on ozone 
impacts to unmanaged vegetation (manly forest speaes) has been 
summarized recently by Bamard and Lucier (1990), Kiester 
(1990), Shriner et al. (1990), and Environmental Protection 
Agency (1995). Based on these summaries and other informa- 
tion, it appears that forests in the eastern United States are not 
in a general state of decline as a consequence of ozone or any 
other air pollutant. However, ozone has been implicated as the 
key air pollutant responsible for decreases in productivity in the 
mountains of southern Calidomia and for foliar injury to several 
forest tree species in the eastern United States. Based on con- 
trolled exposure studies with tree seedlings, the table in Figure 
77-54, summarized from the 1395 draft ozone criteria document, 
identifies the ozone exposure at which 10 percent losses in b ie  
mass are projected for several tree species. 

Ozone sensitivity increases in the following order: high ele- 
vation conifers, southern pines, late successional hardwoods such 
as oak, early successional hardwoods such as tulip poplar, 
black cherry and ash, lichens, and herbaceous forest species 
(Chappelka et al. 1993; Thomton et al. 1994; Kelly et al. 1993; 
Samuelson and Edwards 1993; and Samuelson 1994). Species sen- 
sitivity to ambient ozone exposures is greatly influenced by site 
environmental conditions. Species that occur in communities asso 
ciated with moist sites are generally more sensitive than those 
species in communities associated with dry sites. While cenain 
varieties of loblolly pine may be negatively impacted by ozone 
at current ambient levels, the Environmental Protection Agency 
(1995) concluded that there was no evidence to indicate a gen- 
eral decline in loblolly pine due to ozone in the region. 

The National Park Service has documented foliar injury to 
several sensitive species based both on field surveys in natural 

Maximum 3-Month Sum of Hours Above a 
Concentration of 0.06 Parls per Million-Hour 

Crop Species to Cause a 10% Yield Loss 
Corn (2 cultivars) 42-56 
Cotton (4 cultivars) 14-95 - 
Kidney Bean (1 cultivar) 15-1 9 
Lettuce (1 cultivar) 37 - 
Peanut (1 cultivar) 36 - 
Potato (1 cultivar) 10-20 -- 
S o r g h u m v a r )  -- 68 
Soybean (7 cuitivan) 8-90 -- 

-- -- - - 

Tobacco (1 cultivar) 26 ---- 
Turnip (4 cuitivars) 6-10 -- 

3-35 Wheat (4 cultivars) . - 

Source: Emironmental Pmtection Agency 1995 Dnfi Omne Criteria Oocument 

forest stands and on controlled chamber exposure studies. 
(Neufeld and Renfro 1993; Shaver et al. 1994). In natural stands 
the extent of foliar injury is less than reported from controlled 
studies. Black cherry is particularly prone to foliar injury. While 
foliar injury does not necessarily indicate that plant growth has 
been reduced, it is an indicator of plant sensitivity. Reductions 
in photosynthesis and growth were documented in the controlled 
chamber exposures for several of the species sensitive to foliar 
injury. Results for black cherry and tulip poplar in Figure TI-54 
are from controlled exposure studies in the Great Smoky 
Mountains National Park (Neufeld and Renfro 1993). Current ambii 
ent levels of ozone in the Valley (Figure TI-37) exceed levels 
at which these species experienced biomass losses in con- 
trolled chamber studies. Cumulative ozone exposures in the Great 
Smoky Mountains can actually be greater than in other parts of 
the Valley because ozone levels in the mountains do not 
decline as quickly in the late afternoon and evening hours as 
generally occurs at lower elevations (Figure TI-35). Thus, 
greater i n ' j  to forest species may be occurring in the Great Smoky 
Mountains than in other areas of the Valley. 

Predictions of ozone impacts on forests are still subject to 
significant scientific uncertainty. The actual ozone dose (uptake) 
received by a plant is not always a linear function of the 
ambient exposure because interactions with moisture and fer- 
tility can limit stornatal function and ozone uptake. Ozone uptake 
and plant response to ozone exposures occurring in late after- 
noon and evening is not well understood. Also, the great 
bulk of information on tree response to ozone is based on con- 
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Maximum 3-Month Sum of Hours Above a 
Concentration of 0.06 Parts per Million-Hour 

Tree Species to Cause 10% Loss in Biomass1 
Aspen (6 studies) 9-65 -- 
Black Cherry (2 studies) 13-17 
Tulip Poplar (2 studies) 17-35 
Ponderosa Pine 15 studies) 1465 

Red Alder (4 studies) 22-250 
Eastern Whiie Pine (1 study) 39-41 
Sugar Maple (1 study) 39-105 
Red Maple (1 study) 150 
Douglas Fir (2 studies) 73-250 
Loblolly Pine (1 study) 77-229 
Vl'inia Pine (1 stud9 250 

1 Actual ozone cxposun in mntmlkd field studies was weiohted bv duration of uoosurs to derive 
muomurn t m o m  sum of hours graterthan 0.06 pa* b r  mdimn-hour Welghted sum ot noun 
abow a concenttabon of 0.06 DM pcr mdl~on-hour allows sensmtv of tree sccdlmos lo be 
cornprod to tgnwlhlral cmps 

Source Ennronmental Pmtecbon Apcncy 1995 Dnfl Ozone Cntern Document 

Maximum Photosynthesis 
(Micmmole Per Square Meter Per Second) 

?z 0 Tree 

t o Seedling 

- I I 
0 Ozone Exposure (Parts Per Million-Hours) 200 

and that ozone impacts increase over that of increased 
cumulative exposure. Field measures of incremental 
changes in diameter growth of mature loblolly pines 
growing on moist and dry sites indicate that ambi- 
ent levels of ozone may reduce growth of loblolly pine. 
Site conditions, air temperature, and soil moisture lev- 
els were interactive with ambient ozone to afFea grcrwth 
(McLaughlin and Downing, in press). 

The Environmental Protection Agency has pro- 
posed a new secondary standard that would provide 
additional protection for crops and forests. This reflects , 

both the possible importance of exposure peaks and 
the cumulative nature of ozone impacts. The pro- 
posed secondary standard suggests a maximum 3- 
month sum of hours greater than 0.06 pans per mil- 
lion not to exceed 26.4 pans per million-hour. The 
proposal is based on evidence from agricultural crops, 
for which there is currently a more complete under- 
standing of plant response to ozone. Because trees 
are exposed to ozone over several growing seasons, 
a standard lower than that recommended for annual 
crops may be necessary to protect sensitive tree 
species from injury. The next iteration of the ozone 
criteria document will more fully consider impacts 
to forests as current studies on mature tree responses 
provide better scientific evidence to define levels nec- 
essary to protect forest species. (See Figure TI-55.) 

Hazardous Air Pollutants 
Terrestrial Impacts 
TVA's emissions of hazardous air pollutants primar- 
ily involve metals. At current ambient exposures, 
these metals are not likely to degrade crop and for- 
est productivity. In fact, some vegetation species are 
very effective at removing metals from the soil and 
have been used as a biological remediation method 
to reclaim contaminated sites. The terrestrial ecosys- 
tem is a repository for metals deposited from the atmos' 
phere. Soil and vegetation components influence 
the accumulation or the transport of metals to aquatic 
ecosystems. Concentrations of metals in tree wood and 
in lichens have been used as indicators of historical 
deposition patterns for metals because many of the 
metals accumulate in vegetation. 

trolled exposures of seedlings. Recently completed work has 
indicated that, at least for nonhern red oak. mature trees may Aquatic Impacts 
be more vulnerable to ozone than seedlings (Samuelson and Impacts of metals in aquatic ecosystems are of concern for sen- 
Edwards 1333). Figure TI-55indicates that photosynthetical func- sitive invertebrate and vertebrate species. Impacts of regional 
tion in mature red oak trees is more sensitive than in seedlings atmospheric deposition of metals are considered to be minor in 
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the Tennessee Valley (Figure TI-47). Metals such as mercury or 
lead are more readily mobilized into soil solutions and transported 
by acid anions including sulfates, nimtes, and organics. In ecosys- 
tems sensitive to acidification, these metals may occur at elevated 
concentrations. However, the Te rneke  Valley watersheds are 
generally well buffered against acidification, have a high land- 
to-surface water ratio, and have comparatively lower loadings 
of dissolved organic carbon than other regions of the country 
experiencing impacts Ooslin 1994). Figure TI48 indicates that 
levels of mercury in air precipitation, lake water and fish at Fort 
Loudoun reservoir on the Tennessee River are lower than lev- 
els in Wisconsin. 

MATERIALS DAMAGE 
Sulfur Dioxide 
Exposure to gaseous sulfur dioxide at sufficient concentration 
causes conosion of the protective zinc coating on galvanized steel 
and contributes to the erosion and pining of other metals such 
as copper and aluminum. Sulfur dioxide forms whte deposits 
called gypsum as it reacts with marble and limestone. It 
degrades protective paint coatings on steels and exterior wood 
surfaces and speeds the degradation of wood (Sherwood 1990, 
Sherwood and Lipfen 1990, Boedecker et al. 1990, Brown and 
Callaway 1990). Sulfur dioxide is also the major component of 
acid deposition, which is discussed below. Frequent cleaning 
reduces the impact of sulfur dioxide on materials. Repainting 
exposed surfaces as needed can largely mitigate the effects of 
sulfur dioxide. 

Nitrogen Oxides 
Exposure to gaseous nitrogen oxides at sufficient concentration 
causes conosion of metals and other materials similar to the 
gaseous sulfur dioxide process described above. The effect is 
about 75 percent less than that for the same weight concentration 
of sulfur dioxide (ORNL 1394). The corrosion products are gen- 
erally soluble, so there are no deposit buildups such as the gyp- 
sum assodated with corrosion from sulfur dioxide. Nitrogen oxides 
are a significant component of acid deposition, which is dis- 
cussed below. 

Ozone 
Ozone is a m n g  oxidant that can damage rubber and other elas- 
tic substances, textile fibers and dyes, paints, and other rnate- 
rials, including plastics and asphalt. Anti-ozonants and anti-oxidants 
have been incorporated in paints and other elastic substances 
to mitigate the effects of ozone. The damage to t e d e  fibers and 
certain dyes tend to be of secondary effect over product lifetimes 
when compared with other factors such as abrasion, biological 
degradation, soiling, and changes in fashion. The studies of dose 
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response are largely empirical, and the Environmental Protection 
Agency cautions that that they are not reliable (Environmental 
Protection Agency 1986). 

Particulate Matter Smaller than 10 Microns 
AU exterior surfaces are subject to soiling from particulate mat- 
ter 10 microns or less in size. Ventilated interior surfaces are also 
sub'jct to s o h g  and require more frequent cleaning. Some mate- 
rials, such as selected fabrics, can be permanently stained. 
Paniculate matter can interact with acid deposits to accelerate 
the effect from acid deposition. 

Acidic Deposition 
The National Acid Precipitation Assessment Program conducted 
extensive studies on the effects of acidic deposition on mate- 
rials (Brown and Callaway 1990). Emissions of sulfur dioxide and 
nitrogen oxides from power plants are major contributors to acidic 
deposition. The chemistry of acid deposition involves the oxi- 
dation of both sulfur dioxide and nitrogen oxides to form 
strong acids, sulfuric acid, and nitric acid. These are deposited 
both directly by dry deposition and by wet deposition with rain, 
snow. and fog. 

Materials that can be damaged from acid deposition include 
galvanized steel and other metals, painted steel (including 
automobiles), painted wood, mortar, and carbonate masonry (mar- 
ble and limestone). Galvanized steel depends on zinc oxides for 
protection. Over time. these zinc oxides are slowly worn away 
by clean rain accelerated by acid deposition. Acid deposition cor- 
rodes the zinc oxide coating so that it is easily eroded by rain, 
thus exposing the substrate to corrosion. Copper and bronze 
develop a natural protective oxide patina that is attacked by acid 
deposition. As this natural patina is removed, a more porous sul- 
fate patina develops. On copper this sulfate patina has a green 
color. Painted metals and wood can also be affected by acid d v  
sition. The paints can be damaged, discolored, or spotted. 
Also, some paints are porous, allowing penetration to the sub  
strate (Brown and Callaway 1990). 

Exposures to ambient concentrations of sulfur dioxide 
can cause marble surfaces to lose 15 to 30 micrometers per year 
and limestone surfaces, 25 to 45 micrometers per year. Reactions 
to acidic deposition tend to accumulate as gypsum on the 
sheltered surfaces of carbonate stone buildings and monu- 
ments. Even small material losses can cause significant loss of 
artistic detail in statues and cultural or historic structures (Brown 
and Callaway 1990). 

National Acid Precipitation Assessment Program corro- 
sion studies in the 1980s have correlated decreased corrosion 
rates in the eastern United States with diminished sulfur diox- 
ide concentrations. The graphs in Figure TI-56 shows the 
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dose-response relationship between sulfur dioxide levels and Indices a d  Rationale fop Wei!MnU$ 
the corrosion rate on common materials (OWL 1994). - 

While a correlation exists, caution should be taken in 
assuming a cause-and-effect relationship. The level of nitrogen 
oxides, ozone, acid deposition, and particulates also tended to 
track with sulfur dioxide, so the investigators could not isolate 
effects of individual pollutants. Therefore, this table is best viewed 
as showing the composite effect of acid deposition with sulfur 
dioxide acting as the marker. 

The effects of acidic depositions can be reduced by frequent 
cleaning and repainting as needed. Paints and protective coat- 
ings that are more resistant to attack from acidic deposition need 
to be developed. 

TVA's existing energy resources and many of the resource 
options considered for Energy Vision 2020 can affect air qual- 
ity in different ways. Several air quality issues were identified 
as concerns in the scoping phase of the Energy Vision 2020 process. 
Air indices were developed to help characterize how TVA 
power system operations and alternative energy strategies 
might affect air quality impact areas. Figure TI-57contains the 
weightings used in Energy Vision 2020 for air emissions. The val- 
ues in the index are weighted by the relative importance 
among TVA emissions in contributing to pollutant loadings 
that could affect human health and the environment. The index 
allows the emissions of greater concern for impacts to be 
given greater emphasis in multi-attribute analysis of alternative 
energy strategies. 

To understand how the index translates to differences 
in impacts, it is necessary to understand how TVA emissions 
contribute to pollutant exposures and how changes in expo- 
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IMPACT AREAS 
Healh- Visibilitv Fotept and Materials 

Measure Inhalation lmpaifment Clop Productivity Damage 
Sulfur Dioxide Emission 0.40 0.70 0.25 0.60 
Nitrogen Oxides Emission 0.50 0.25 0.75 0.40 
Total Suspended 0.05 0.05 
Particulate Emission 
Mercury Emission 0.05 

sures result in changes in impacts. Uncertainty in scientific 
understanding limits the ability to quantify the relation- 
ships among emissions, exposures, and impacts. In apply- 
ing this index to multi-attribute analysis, percentile differences 
in the weights among strategies can be interpreted as differences 
in TVA contributions to the air pollutant loadings that cause 
impacts. The air index, as presented, does not provide a weight- 
ing of TVA's contribution to the total pollutant loading in the 
area of concern. 

RELATIONSHIPS 
Energy Vision 2020 defines TVA's future energy options as alter- 
native energy supply strategies and does not define specific sites 
where TVA air emissions might increase. To understand impacts 
of specific TYA sources to specific receptors of concern, it is nec- 
essary to use atmospheric models to project the mnsformation 
and delivery of emissions under specific meteorologic conditions. 
This analysis does not attempt to model delivery of emissions from 
specific TVA sites to specific receptors. In TYA siting decisions 
for future energy supply, atmospheric modeling can be used to 
better project site-specific impacts from TVA emissions. 

General relationships between pollutant loadings and 
impacts are illustrated in Figures TI-58 through T I 4 0  for acid 
deposition, ozone, and visibility. In these diagrams, factors 
that can be controlled, e.g. emissions management decisions, are 
illustrated in a box. Arrows illustrate dependencies between vari- 
ables and end results. Impacts to human health, crop and for- 
est productivity, materials, and visibility are the end results of 
decisions on levels of emissions from human activity and the many 
environmental variables that influence pollutant formation, 
transport, and exposure. The variables in these diagrams must 
be considered to evaluate what changes irl impacts will occur 
as a result of changes in emissions under ,fferent TVA energy 
supply strategies. As can be seen from these figures, utility emis- 
sions are just one category of emissions that contribute to air pol- 
lution impacts. 

TVA's contribution to total pollutant loadings can be 
estimated by using preaominant wind speeds and d~rections for 
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seasonal or annual time periods to define 
the general source area for the Tennessee 
Valley. (See discussions under ozone, 
acid deposition, and visibility impairment 
sections.) TYA's emissions within the 
source area are projeaed from 1996 to 2020, 
and changes in impacts are considered as 
a function of changes in loadings. Analyses 
assume that emissions from non-TVA 
sources will remain level over this period, 
and any changes in loadings wiI  be a h c -  

tion only of changes in TVA's contribution. 
Potential changes in impacts have been considered for the 

region and for sensitive receptors. For human health impacts, 
any reduction in logdmgs will have positive beneffi. Environmental 
and material damages can be episodic (hours or days) or 
cumulative (seasonal, annual, or over decades) and can vary as 
a function of the site conditions. Reductions in pollutant load- 
ings below a threshold level may be required before benefits are 
measurable. 

WElGHTlNGS ASSIGNED 
TO EMISSIONS IN AIR INDICES 
Weightings of key pollutants in the indices are given in 
Figure TI -57. 

Human Health-lnhalation 
Figure Tl-61 contains a summary of possible health effects ass6 
ciated with various types of pollutants. Any TVA contributions to 
health impacts associated with lnhalation of pollutants are pnmarily 
related to ozone and fine-particulate matter on respiratory func- 
tions of sensitive individuals. Ambient levels of sulfur dioxide asso 
uated with PA'S emissions are below levels that impact lung function 
directly. However, sulfur dioxide can be converted to sulfate par- 
ticles that are of the size most irritating to lung function (particles 
less than 2.5 microns). Increased health risk has also been asso- 
ciated with elevated levels of the fine particles. 

TVA's nitrogen oxides emissions contribute to ozone for- 
mation. Ambient levels of ozone are estimated to have slightly 
greater risks of respiratory impacts than fine particles. Because 
of the importance of ozone, nitrogen oxides were weighted 
slightly more than sulfur dioxide (0.5 versus 0.4). 

.n7A's emissions of hazardous air pollutants are estimated 
to have less risk than the Environmental Protection Agency's one- 
in-one million health risk threshold. Therefore, a low weight- 
ing of 0.05 was applied. TVA mercury emissions are tracked in 
the air index as a surrogate for other metals emitted in trace quan- 
tities from coal combustion because more quantitative data is 
available for mercury emissions than for other hazardous air pol- 
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lutants. Mercury effectsare discussed in the water resources sec- 
tion of this section. 

TVA's emissions of primary @dates are a minor component 
of the fine-particulate size contributing to health risk. For h s  rea- 
son, total suspended particulates received a weight of only 0.05. 

Any reduction in emissions is assumed to have positive ben- 
efits for human health. 

Visibility Impairment 
TVA's contribution to regional visibility impairment is primarily 
associated with fine sulfate particles. Because sulfate production 
from sulfur dioxide in the atmosphere is slow, TVA sulfur diox- 
ide emissions contribute very little to visibility impairment in the 
Great Smoky Mountains National Park. 

TVA's nitrogen oxides emissions contribute only indirectly 
to visibility impairment through their role in ozone formation 
and the conversion of sulfate particles to organic aerosols. As 

a result, sulfur dioxide was weighted as almost three times more 
significant than nitrogen oxides (0.70 versus 0.25). 

TVA's emissions of primary particles are a minor compo- 
nent of the fine-particulate size most responsible for scattering 
light in the atmosphere and thus impairing visibility. Because 
of this minor role, total suspended particulates received a 
weight of only 0.05. 

Forests and Crops 
Any TVA contributions to crop and forest impacts are primar- 
ily assodated with ozone and with nimte and sulfate in acid d e p  
sition. TVA's sulfur dioxide emissions contribute to sulfate in acid 
deposition, and nitrogen oxides emissions contribute to both ozone 
and nitrate in acid deposition. At ambient ozone levels, several 
crop and forest species in the Tennessee Valley are sensitive and 
&bit f o h  injury and reduced productivity. Sulfate in acid d e p  
sition is not thought to have adverse impacts to vegetation and 
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may have slight positive benefits as a plant nutrient where soils 
are low in native sulfur. For crops and many forests growing on 
nitrogen-deficient soils, nitrate in deposition has positive ben- 
efits. However, loadings of sulfate and nitrate from wet, dry, and 
cloud deposition are greatest at high elevation, and high-elevation 
spruce and fir forests in the southern Appalachians are sensi- 
tive to acidification. 

Nitrate in deposition has greater impact than sulfate for high 
elevation forests because soils in the southern Appalachians gen- 
erally are able to absorb sulfate. Biological processes that use 
nitrogen are slower at high elevation. When nitrogen deposition 
exceeds the biological demand for nitrogen, nitrates in soil water 
can combine with and remove nutrients such as calcium and mag- 

nesium that are essential for plant growth. Nitrate can ad* soil 
waters, leading to aluminum toxicity for sensitive plants. Due 
to its contributions to ozone and nitrate in acid deposition, n i m  
gen oxides emissions have been weighted three times greater 
for their impact to crop and forest productivity than sulfur 
dioxide emissions (0.75 versus 0.25). 

Materials (Structural and Cultural) 
Any TVA contribution to damage of materials is associated 
with both acid deposition and ozone. Acid deposition can 
erode surfaces of paint, limestone, and metals. Ozone can oxi- 
dize some materials such as rubber. Sulfate is considered more 
corrosive than nitrate in acid deposition, and acid deposition can 

Air Quality Index 
Emission Pollutant Health Effect WeigMing Factor 
Sulfur Dioxide Sulfur Sioxide Eye Irritation 0.40 

Sulfa ierosols Respiratory Distress 
Sulfa: rine Particulate Lung Damage 

(PM 10) 
Nitrogen Oxides Nitrogen Oxides Respiratory Distress 0.50 

Nitrate Aerosols Lung Damage 
Nitrate Fine Particulate Eye Irritation 

(PM10) 
ozone . 

Carbon Monoxide Carbon Monoxide Headaches 0.00 
Reduced Mental Alertness 

t e  -- 
Primary Particulates PMlO Respiratory Distress 0.05 

Lung Damage 
Eye Irritation 

Mercury Mercury Neurotoxin 0.05 
Brain Damage 

1 WelgMlng of the nlPmn lmDortann among TVA a r  mlrslons r gualmiw, tused on &matea mgnrmde ot health Impacl 
m Me Tennessee Vallev and TVKs m l a t ~ e  contnbutmn to I o l B ~ s  In that Dollutant UtwoN.  Welalitinat do not attenIDt to - -  - .  
estimate TVA contnbuiion to health impacts outsde Me ~enn&e~alley.' 

Total Equivalent 
Environmental Carbon Dioxide 
Measure Units (Millions of Tom) 

Carbon Dioxide Emissions Annual Average 1 
Thousands of Tons 

Coalbed Methane Emissions Avoided Annual Average Tons -21 
Nat. Gas Methane Emissions Annual Average Tons 21 
Landfill Methane Recovered Annual Average Tons -21 

Wood Waste Methane Avoided Annual Average Tons -21 
Wood Waste Carbon Dioxide Avoided Annual Average Tons -1 

Short Rotation Woody Crops Annual Average -1 
Carbon Dioxideivoided Thousands of Tons 

1 Annual Avenge E q ~ ~ a l e n t  VIA Carbon Dioxide Emissions 

damage a greater variety of surfaces than 
ozone, includmg cultural resources such as his- 
toric buildmgs and tombstones. Therefore, sul- 
fur dioxide emissions are weighted as more 
significant than nitrogen oxides emissions 
for material damage (0.60 versus 0.40). Matenal 
damage is cumulative, so any reductions in cur- 
rent ambient exposures will likely reduce 
the rate of material degradation. 

Greenhouse Gases 
A separate measure was also developed to sum 
the net greenhouse gas emissions for alter- 
native future energy supply strategies. The ma- 
sure is expressed in equivalent tons of carbon 
dioxide, the most common greenhouse gas. 
Other greenhouse gases, principally methane, 
are converted to equivalent carbon dioxide 
by multiplying emissions by the radiative 
forcing potential. (See Figure TI-62.) The 
radiative forcing potential for any green- 
house gas is an indication of the relative effect 
of the gas on the global warming potential 
compared to carbon dioxide, which has a 
radiative forcing potential of one. For exam- 
ple, methane has a radiate forcing potential 
of 21, which means its effect on global 
warming is 21 times greater than that of an 
equivalent weight of carbon dioxide. 

An explanation of the process used to 
develop measures for en-tal evaluation 
criteria and the calculations for indices can be 
found in Volume 1, Chapter 5, Evaluation 
Criteria, and Volume 2, Technical Document 4, 
Evaluation Criteria. 
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The scope of the Energy Vision 2020 water resources study cov- 
ers the entire Tennessee River basins and ponions of the 
c u d x d d ,  lower Ohio, lower Mississippi, and Green River basins, 
as shown in the map in Figure T143. Fresh water abounds in 
th~s area and generally supports most beneficial uses, including 
fish and aquatic life, public water supply, industrial water s u p  
ply, waste assimilation, agriculture, and water contact recreation 
such as swimming. 

Water quality concerns in the region include the 
following: 

Point sources of pollution such as wastes from sewage treat- 
ment facilities and industrial plants 
Non-point sources of pollution such as agricultural and 
urban runoff 
Toxic substances found both in sediment and fish in some 
reservoirs 
Occurrences of low dissolved oxygen levels in tailwaters 
downstream of certain dams. (A tailwater is the water 
immediately downstream from a dam, including water 
released from the dam.) 

Principal water quality concerns in TVA reservoirs are 
shown in the table in Figure TI&. P ~ c i p a l  water quality con- 
cerns in Temessee Valley watersheds are shown in the table in 
Figure TI -65. 

Water quality and aquatic habitats differ substantially 
accodmg to the type of aquatic environment. Aquatic environmenf~ 

in the region can be characterized as follows: 
Unregulated streams and stream reaches sufficiently far 
downstream of dams to have returned to "stream-liken con- 
ditions 
Mainstream reservoirs (reservoirs on large rivers such as the 
Tennessee River) 
Tributary reservoirs and associated tailwaters. 

For the most part, smaller s w a n s  and some reaches of larger 
streams in the region are unregulated or freeflowing. Stream habi- 
rats vary from cold water mountain swams to lowland warm water 
a e k s  and small rivers. The water quality and aquatic life in these 
streams are affected by the characteristics of the watershed (the 
area draining into a stream or river), as well as human activities. 

Many small streams are susceptible to impacts from runoff,waste 
discharges, and contaminated groundwater seepage. The small 
streams that form in the Appalachian mountains have a low buffer- 
ing capacity (ability to absorb acids and bases without altering 
the stream pH). This makes them particularly vulnerable to the 
effects of acid mine drainage and acid precipitation. Mining pre  
duces coal for many TVA power plants, and emissions from TVA 
coal-fired power plants contribute to acid precipitation. 

Mainstream dams on the Tennessee River are operated pri- 
marily for navigation, flood control, and hydroelectric power pro- 
duction. They form relatively shallow, run-of-the-river reservoirs 
that exhbit characteristics of both lakes and rivers. The upstream 
portions of the reservoirs are more riverine with a gradual down- 
stream transition to lake-like conditions. The relatively higher 
flow rates in these mainstream reservoirs aid in maintaining ade- 
quate dissolved oxygen levels. Thermal stratification (layering 
of water with different temperatures-warmer near the surface 
and colder near the bottom) occurs to some extent in the 
downstream, lake-like portions of the reservoirs but generally 
does not occur in the upstream ponions. 

Tributary reservoirs are operated for flood control, hydro- 
electric power production, and to a lesser extent, augmentation 
of downstream water supplies. They are relatively deep, lake- 
like reservoirs that thermally strat.@ during the summer and fall. 
Releases from the lower levels of stratified reservoirs are often 
low in dissolved oxygen and may have elevated concentrations 
of metals such as iron and manganese. Also, operation of 
hydro power units to meet peak power demands often results 
in low or intermittent downstream water flows. Therefore, the 
quality of the water released intermittently from the reservoirs 
during the summer may be characterized by low dissolved oxy- 
gen levels and elevated concentrations of some metals. 

TVA, through its Lake Improvement Plan, is reaerating 
reservoir releases and providing minimum continuous water flows 
downstream of most of its tributary reservoirs. The establishment 
of minimum flows and aeration of releases will recover over 170 
miles of aquatic habitat lost from intermittent drying of the river 
bed below TVA tributary dams and improve levels of dissolved 
oxygen in over 300 miles of river where water quality is now 
impaired in the late summer and fall by releases through TVA 
dams. Proposed summer lake levels in tributary reservoirs will 
also improve, as will reservoir fisheries, by increasing survival 
of young fish. 
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Tennessee River 
The Tennessee River basin contains all but one of TVA's dams 
and covers most of the TVA region. 

The Tennessee River is formed by the Holston and French 
B m d  Rivers joining at Knoxville, Tennessee, 652 river miles from 
where it empties into the Ohio River near Paducah, Kentucky. 
The entire length of the Te~essee  River is regulated by a series 
of nine locks and dams built mostly in the 1930s and 40s that 
allow navigation to Knoxville. Virtually all the major tribu- 
taries have at least one dam, creating 14 multi-purpose storage 
reservoirs and 7 single-purpose power reservoirs. Figure 7243 

is a map of the basin, showing dams and reservoirs. This sys- 
tem of dams and their operation is the mast sigdicant factor affect- 
ing water @ty and aquatic habitats in the Tennessee River and 
its major tributaries. 

SURFACE WATER 
Major water quality concerns within the Tennessee-River 
drainage basin include point and non-point sources of pollution 
that degrade water quality at several locations on mainstream 
reservoirs and tributary rivers and reservoirs. Toxic substances 
have also been found in sediment and fish in resewoirs that oth- 

Navigation & USES AFFECTED SOURCE 
West Trihmry Aquatic Fsh Water 
Resewoirs Life Consumption Recreation SUPPlY Point Non-Point 
Kentucky Aquatic Plants 
Normandy Low Dissolved Oxygen Taste, Odor, Iron, Manganese X 
Pickwick Algae X 
Wilson Low Dissolved Oxygen Taste. Odor X 
Wheeler Low Dissolved Oxygen DDT X X 
Tims Ford Low Dissolved Oxygen X 
Guntersville Aquatic Plants X 
Nickajack PCBs, Chlordane X X 
Chickamauga Low Dissolved Oxygen X X 
Watts Bar Low Dissolved Oxygen PCBs X X 
Melton Hill PCBs X 
Ft. Loudoun PCBs Bacteria X X 
Tellico Low Dissolved Oxygen PCBs X 

East Tributary 
Reservoirs 
Norris Low Dissolved Oxygen X 
Cherokee Low Dissolved Oxygen X X 
Ft. Patrick Henry 
Boone Low Dissolved Oxygen Metals, Toxics X X 
South Holston Low Dissolved Oxygen X 
Wilbur 

Douglas Low Dissolved Oxygen Color X X 
Nolichucky Siltation Siltation Siltation X 
Fomana Low Dissolved Oxygen X 
Ocoee 1-3 Metals. Siltation PCBs Siltation X X 
Blue Ridge 
Appalachia 
Hiwassee Low Dissolved Oxygen X 
Nottely Low Dissolved Oxygen X X 
Chatuge Low Dissolved Oxygen X 
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erwise have good water quality. Other water quality concerns 
include occurrences of low dissolved oxygen levels down- 
stream of dams, which stresses aquatic life and limits the abil- 
ity of the water to assimilate wastes. 

The principal water quality concerns in TVA reservoirs and 
watersheds are summarized in Figures T I 4 4  and T I 4 5  This 
information was derived primarily using data and analysis gen- 
erated through TVA's comprehensive ecological health and 
use suitability monitoring program as well as other TVA aquatic 
monitoring and assessment activities. The criteria used in mak- 
ing the determinations were state water quality standards and 
fish consumption advisories. This summary reflects the current 
understanding of the causes and effects of point and non- 
point sources of pollution on water quality. 

Point and Non-Point Sources of Pollution 
Point and non-point sources of pollution include: 

Heat-release - Utility and indusuial plants may release water 
into saeams or lakes that has been heated above the temperature 
of the body of water. 
Wastewater - Sewage treatment systems, utilities, industry. and 
others dispose of waste into streams and lakes. 
Runoff from agriculture, urban uses, and mined land. 
Air pollution - Pollutant concentrations in the air can affect 
surface waters through rain and deposition. 

Heat Releases 
Power plants use water from'streams or lakes for various pur- 
poses. The water returned to the streams or lakes is often 
heated above the temperature of the body of water. When the 

Clean Water Act was first considered, lide was known about the 
effects of waste heat on freshwater ecosystems. Many possible 
consequences were postulated, including direct mortality, 
blockage, or interruption of fish spawning migrations; advanced 
spawning of fish or hatching of aquatic insects; increased tox- 
icity of certain pollutants; and shift of phytoplankton popula- 
tions to less desirable species. Because of the uncertainty 
sumunding this issue, extremely consemrive thermal water qual- 
ity criteria and p a t  limitations were established based primarily 
on laboratory studies of these potential effects. To provide 
relief to dischargers from the unnecessarily stringent limitations , 

that would in many cases likely be imposed , the Act provided 
for alternative thermal limits where dischargers could demon- 
strate to regulators that the waste heat limits imposed were more 
smngent than necessary to protect indigenous aquatic communities. 
Many of TVA's power plants are now operating under alterna- 
tive thermal limits granted as a result of such demonstrations. 

F A  conducts extensive aquatic monitoring programs to ensure 
that thermal and other discharges do not cause adverse impacts 
even at permitted levels. Recently, programs have focused pri- 
marily on potenual effects on spawning and development of cool- 
water fish species such as sauger (Stirostedion canadense) 
and walleve (Stizostedion vitreum), but have also included 
attraction of fish to thermal plumes from power plants and pos- 
sible increases in undesirable aquatic microorganisms, such as 
blue-green algae. In general, these monitoring programs have 
failed to detect significant negative effects resulting from release 
of heated water from TVA facilities. 

There are presently 2 operating nuclear plants and 11 
operating coal-fired plants in the F A  power system. A third nuclear 

plant is scheduled to begin operating 

USES AFFECTED * SOURCE 
Aouatie Fish 
~ k e r s h e d  Life  Consumption Recreation Point Non-Point 
Chickamauga-Nickajack PCBs Bacteria X 
Pickwick-Wilson Toxics X 
WAts Bar-Melton Hill Siltation PCBs Bacteria - - -- x -. 

Siltation Duck River X Bacteria 
Guntersville- Siltation Bacteria X 
Sequatchie -- ----- 
Clinch-Powell Siltation X - 
Wheeler-Elk -- DDT, PCBs Bacteria X 
Holston Toxics Mercury Bacteria X X 

Siltation Dioxin Bacteria - X French Broad x 
Linle Tennessee -- S i l t a t i o n  X X PCBs ___- - - - - - - - -  
Hiwassee Metals, Siltation X x 

1 As dcslgnated by TVA's Clean Water Inlbabve 
2 Uses are afteaed by the problem noted on at least one stream in the watershed. 

in 1936. Each of these plants withdraws 
process cooling water from the river 
upon which it is located. The heated 
water is then k h a r g e d  back into the 
river at or below the temperature 
necessary to meet the thermal dxharge 
limitations stated in each plant's dis- 
charge permit. Permits normally state 
a maximum allowable temperature 
after mixing of the thermal discharge 
with the receiving stream, as well as 
a maximum temperature change rel- 
ative to upsueam c d t i o m  and a max- 
imum rate of temperature change. 

Various measures are used by TVA 
to ensure compliance with thermal lim- 
its. All three nuclear plants and one fos 
sil plant have cooling towers that 
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may be used as appropriate to dissipate heat to the atmosphere 
before water is discharged. Depending on conditions and per- 
mit requirements, these plants may continually recirculate cool- 
ing water through the towers, they may pass the heated water 
through the towers once before discharging, or they may 
bypass the towers altogether and tkharge the heated water dYectly 
to the river. Heated water at nuclear plants is discharged to the 
river through diffusers that extend well out into the river to p 
duce rapid mixing. 

Three d - f i n d  plants that do not have COO@ tawers may 
experience conditions during certain times of some years when 
they cannot operate at full power and still meet t h e r d  limits. 
During those times, electricity generation is cut back to reduce 
the amount of waste heat released to the river. A few plants can 
e e  once-through cooling water without either m h g  tow- 
ers or operational cut backs because of their location on large 
water bodies that quickly assimilate waste heat dscharges. 

Wastewater 
U e s  of polIutants from point sources, such as sewage ueat- 
ment facilities and industrial plants, are regulated by the U.S. 
Environmental Protection Agency and the states to achieve a cer- 
tain level of water quality. As a result, impacts from these 
sources have been greatly reduced. 

Nuclear Plant Wastewater 
Nuclear power plants have non-complex wastewaters that are 
subjected to various levels of treatment and usually discharged 
to surface waters. These releases are controlled through state- 
issued National Pollutant Discharge Elmnation System permits, 
which are pan of Federal Clean Water Act statutes. Whstewater 
kkharged cooling tower and steam generator recirculation water, 
turbine building sump, sanitary wastewater, intake screen and 
strainer backwash, water treatment neutralization wastes, etc.) 
from various plant systems is normally mixed with heated con- 
denser cooling water before being discharged to surface water. 
Periodic toxicity testing is performed on this discharge as pan 
of the National Pollutant Discharge Elimination System permit 
to ensure that plant effluents do not contain chemicals at dele- 
terious levels that could affect aquatic life. In addiuon, storm water 
runoff is monitored at regular intervals as pan of the National 
Pollutant Discharge Elimination System. 

Radiological wastewater releases to surface waters are 
controlled by the U.S. Nuclear Regulatory Commission and 
plant Technical Specifications, as well as the state-issued 
National Pollutant Discharge Elimination System permit. A radi- 
ological monitoring program is also conducted on the body of 
water receiving the wastewater, fsh, intake water, river sediment, 
and aquatic invertebrates on a routine basis. 
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Coal-Fired Plant Wastewater 
Coal-fired plants have several liquid waste streams that are treated 
and released to surface waters. These releases are permitted 
by each state environmental agency under the National 
Pollutant Discharge Elimination System. Biomonitoring of 
wastewater is required to ensure that there are no acute 
toxic effects to aquatic life. 

At many plants, fly ash is sluiced to an ash storage pond. 
The sluicing water, which is drawn from the river or resewoir 
serving the plant, flows continuously. Metal cleaning waste is 
a waste sueam that may be acidic or basic. After mtmen t  for 
neuualization. these wastes are also typically discharged to the 
ash pond for mixing with the pond water and, potentially, addi- 
tional treatment. On-site treatment of domestic sewage occurs 
at some plants that are not connected to a local community sewage 
collection and treatment system. After treatment, the wastewater 
is typically discharged to the ash storage pond for mixing with 
the pond water and possible further treatment. Stormwater 
runoff from the plant site is also typically routed to the ash ponds, 
where it mixes with the ash pond water. 

Rainfall and Runoff Pollutants 
Non-point sources of pollution have not been subjected to gov- 
ernment regulations or control in most cases. They contribute 
as much as five times more dissolved oxygenconsuming wastes 
than point sources. Principal causes of non-point source pollution 
are agriculture, including runoff from fertilizer and pesticide appli- 
cations, erosion, and animal wastes; mining, including erosmr! 
and acid mine drainage; and urban runoff. Mining is necessary 
to extract coal and uranium used as fuel by power plants. 

Air Pollution 
Atmospheric deposition of air pollutants is another source of pol- 
lution affecting water quality, particularly in relation to acid rain 
and fallout of toxic metals, especially mercury. Section 3 in this 
document (Volume 2, Technical Document 1, Comprehensive 
Mected Envirolnment) dixusses air pollution, its effects, and WAS 
contribution in some detail. 

Low Dissolved Oxygen Levels 
Another major water quality concern in the Tennessee River is 
low dissolved oxygen levels in streams below TVA dams on trib- 
utary rivers. When rivers are dammed, organic material from nor- 
mal runoff, upstream pollution sources, and fallout from living 
organisms in the upper water levels tends to accumulate in sed- 
iments behind the dams. As this organic material decomposes, 
it uses up the oxygen in the overlying deep water layer. When 
turbines in the dam are operated to generate elecuicity, this low- 
oxygen water is released downstream, creating poor habitat for 
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aquatic life. TVA addressed this issue in its 1990 environmen- 
tal impact statement, "Tennessee River and Reservoir System 
Operation and Planning Review" (TVA 1990). As a result, TVA 
has initiated a program to improve dissolved oxygen levels in 
water discharged from its dams based on this study. 

To understand the causes of low dissolved oxygen levels 
in water released through TVA dams, it is necessary to under- 
stand the changes in temperature and dissolved oxygen content 
that oaur in deep aibutary m i r s  during a typical year. Tnburary 
reservoirs begin to straufy (layering of the water with warmer 
water near the surface and cooler water near the bottom) dur- 
ing the spring as a result of surface heating and reduced stream 
flows. The dissolved oxygen content of the upper 10 to 20 feet 
usually remains at an acceptable level due to suiface reaeration 
and exposure to the atmosphere and to light. Planktonic algae 
absorb the light and through photosynthesis produce oxygen 
in the water. However, oxygen levels in the lower portion 
decline because there is no photosynthesis in the bottom 
waters due to a lack of light, and they are isolated from surface 
reaeration. The existing oxygen is used by decaying algae and 
other organic matter as it settles in the water column. 

Hydroelectric plants at TVA dams were designed to with- 
draw water from near the reservoir bottom to provide maximum 
flexibility for operation and maintenance of the turbines. These 
low level intakes maximize generating potential, and allow the 
hydroelectric plant turbines to operate during the winter season 
when reservoir levels are kept low to provide flood storage capac- 
ity, or during other times of the year under drought conditions. 
As a result, the water released through TVA dams in the process 
of hydroelectric power generation from mid-summer to early fall 
can contain no or low concentrations of dissolved oxygen. 

In some reservoirs, m e  from the deep water layer also 
contributes to the release of dissolved sulfides, iron, and man- 
ganese in the tailwaters below the dams affecting water supplies 
and aquatic life. The presence of sulfides has been docu- 
mented in the tailwaters of upper Bear Creek and Douglas 
Reservoirs. The presence of iron and manganese has been 
documented at these and other projects. 

Temperatures in deep tributary reservoirs follow an annual 
cycle that begins with large amounts of cold, well-mixed water 
in storage at the beginning of spring. During the spring, surface 
water in the reservoir is heated, while deeper water remains at 
a relatively constant winter temperature. As spring and summer 
progress, flows enter the reservoir at an interrnednte depth. Three 
layers form: 

The warm, stagnant surface layer 
The spring and summer interflow layer 
The cold winter layer on the bottom. 

Turbine operation during the summer gradually draws off 
the cold water at the bottom of the reservoir. At some point in 
late summer or early fall, withdrawal of the colder water and grad- 
ual reduction in air temperature act in concert to again cause 
mixing of surface and bottom water. Completely mixed condi- 
tions last through the winter while the temperature of the 
reservoir is gradually lowered. The annual cycle then begins to 
repeat during the next spring season, when reservoirs are 
again filled. 

- 

GROUNDWATER 
Power plants often use fuels such as coal, natural gas, and ura- 
nium. Extracting these fuels from the ground can d e c t  the qual- 
ity of groundwater. Also, ash ponds at coal-fired plants can 
potentially affect groundwater. 

Uses 
Groundwater refers to water located beneath the ground in rock 
formations known as aquifers. Six major aquifer areas exist in 
the Tennessee Valley region. One of the most important is in 
the Valley and Ridge Province, which is characterized by its Karst 
geology. Approximately half the region has limited groundwater 
availability because of natural geohydrological conditions. 
Decreasing water table levels indicate that too much water is 
being pumped from aquifers in the central and western por- 
tions of the region. 

More than 64 percent of the region's residents rely totally, 
or in pan, on groundwater for potable drinking water. For every 
public surface water supply system, three public groundwa- 
ter systems exist; but, in general, the groundwater systems serve 
fewer people. Over 1.7 million residents (22 percent) in the =on 
maintain individual household groundwater systems, usually 
a well. All the areas in the Tennessee Valley region can gen- 
erally supply enough water for at least domestic needs. 
Groundwater is also used by nearly 3,700 community water sys- 
tems, businesses, industries, hospitals, churches, campgrounds, 
and schools. 

Supply and Quality 
Precipitation is the source of both surface water and groundwater. 
In an avenge year, precipitation across the Tennessee Valley won 
ranges from 40 to 85 inches, with an average of 52 inches. Water 
entering the groundwater system is stored in the pore spaces in 
unconsolidated sediments, or in fractures and solution openings 
in the bedrock. All groundwater in storage moves toward areas 
where it is discharged, such as springs, streams, and wells. 
Consequently, the base flow of streams is related to the amount 
of groundwater available. Stream baseflow is that portion of the 
stream flow that is sustained by groundwater, rather than rain- 
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fall runoff. During the dry season, when rainfall is lowest, 
stream flow is sustained primarily by groundwater dscharging 
into the stream. Groundwater in relatively shallow carbonate 
aqwfers is d d m g e d  rapidly during dry penods, causing a decline 
in water table levels in unconfined aquifers and thus reduced 
stream flow. Groundwater discharge in a normal year approx- 
irnareIy equals the annual baseflow of sbeams (over half the annual 
rainfall runoff into streams). 

For the most pan, groundwater quality is sufficient to 
support existing water supply uses, though some minimal 
treatment, such as filtration and chlorination, may be required. 
However, no agency maintains a network of observation wells 
to detect groundwater contamination from routine human 
activities. There have been some instances of groundwater 
contamination in the region from improper waste disposal, coal 
mining activities, oil and gas exploration, agricultural activities, 
septic tanks, industries, coal-fired plant ash ponds, and general 
urbanization activities. contamination has required closure of 
well and spring supplies in some areas. Toxic compounds 
have been found in the grwndwater at some locations. The degree 
and extent of contamination vary from case to case. 

Groundwater is naturally mineralized and exhibits variable 
characteristics. In some local areas, it can possibly affect health. 
Fluoride, for example, can exceed Interim Pnmaty Drinking Water 
Standards in parts of the Highland Rim physiographic province. 
and hydrogen sulfide can give a "rotten egg" odor to water in 
other areas. 

Some parameters can vary by a factor of 10 to 100 in con- 
centration among the physiographic provinces (e.g., the sulfate 
concentrations in groundwater of the Blue Ridge province 
generally are less than 20 milligrams per liter, but in the coastal 
plain province, concentrations can exceed 1,400 milligrams 
per liter). See Section 5 in this document (Volume 2, Technical 
Document 1, Comprehensive Affected Environment) for a 
description and illustration of the physical geographic (phys- 
iographic) provinces in the TVA region. 

The quality can change dramatically at a single location 
depending on the depth of the well, the aquifer used, and how 
the well is constructed. If several aquifers exist in an area, the 
water quality depends upon the depth of the well and which 
aquifer is tapped. Shallow aquifers generally have better qual- 
ity than deeper aquifers because they are low in d i i lved  solids, 
soft, and only slightly acidic. Extremely deep water is generally 
so high in dissolved solids (brine) that it is considered unsuit- 
able for most uses. Water that comes in contact with sandstone 
or shale containing pyrite can have high iron or sulfur content. 
Acidic water (such as rainfall) reacts with limestone and 
dolomite rocks to release bicarbonates, calcium, and magnesium. 
which tend to make the water hard and alkaline. 

Bacteriological contamination of groundwater can occur in 
carbonate rock areas where contaminated surface drainage 
enters the ground through sinkholes or disappearing streams. 
Springs located in carbonate rock areas are particularly susceptible 
to contamination during storm periods, but wells can also be 
affected. Natural groundwater quality is generally believed good. 

AQUATIC UFE 
The construction of the TVA dam and reservoir system funda- 
mentally changed the character of the Tennessee River and i s  
tributaries. While dams promote navigation, flood control, 
power benefits, and reservoir-based recreation by moderating 
the flow effects of floods and droughts throughout the year, they 
also &mpt the daily. seasonal, and annual pattems that are char- 
acteristic of a river (TVA 1390). Characteristics include water. sed- 
iments, nutrients, and organ~c matend that affect the health, number, 
and diversity of aquatic life. Aquatic life can also be affected by 
runoff and erosion due to comction of power plants and runoff 
and acid drainage from mines to extract fuel to use in power plants. 

In broad terms, aquatic life in the Tennessee River basin can 
be considered to exist in the three habitat types previously 
described, i.e.. flowing streams, tributary reservoirs and tailwaters, 
and mainstream reservoirs. The following descriptions of these 
three types of environments are to a large extent general and 
apply to all river basins and reaches included in thls study. 

Flowing Streams 
Small first- and second-order streams in the Tennessee Wey typ- 
ically provide unstable habitat conditions. These support only 
those relatively few species able to survive and reproduce 
under such conditions. The small streams that rise in the 
Appalachian Mountains and the Cumberland plateau com- 
monly have steep gradients, large rock substrates (stream 
beds), and cold temperatures. The aquatic community contains 
relatively few fish and insect species, and other types of aquatic 
life are rare. Rainbow, brown, and native brook trout (Salvefinus 
fontinalis) occur in these streams. These small streams rising in 
the Blue Ridge province of the southern Appalachian Mountains 
contain little carbonate alkalmy. Therefore, they have linie capac- 
ity to resist pH change from acidic precipitation or other acidic 
inputs. Data exists to indicate decreased alkalinity through 
time in many of these streams. However. the actual effect of these 
acidification processes on the ecological quality of surface 
waters in the Southeast is vimdly unknown. Other types of lower 
gradient small stream habitats seldom support aquatic life of dtrect 
use to people. 

A virtual explosion in the diversity of aquatic life accom- 
panies the perennial flow and diversity of habitats in larger creeks 
and small rivers. These screams flow wihn wellestabbhed chan- 
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nels with a flood plain that becomes part of the watercourse dur- 
ing high flows. A variety of fish, insects, crustaceans, mol- 
lusks, and other aquatic groups colonize each habitat. Over time, 
complex communities have evolved, including resident species 
and those which migrate from one habitat to another during the 
year or over the course of their development. Stream habitats 
support large sunfish (Lqomis spp.) and bass populations 
sought by sports fshermen all year, as well as other species, such 
as white bass (Mwone chtysops), sauger (Srimstadion canadenre), 
and suckers ca om us spp.) that are harvested during seasonal 
spawning migrations. 

A few of the larger tributary rivers in the Tennessee Valley 
remain unimpounded (undarnmed), including the Emory, 
Sequatchie, North Fork Holston, and Buffalo Rivers. Also, 
extensive stream reaches exist above reservoirs on the Clinch, 
Powell, and French Broad Rivers, and there are long stretches 
of flowing streams below headwater reservoirs on both the Duck 
and Elk Rivers. These large free-flowing rivers, hke their smaller 
tributaries, support extremely diverse aquatic communities. 

Tributary Reservoirs and Tailwaters 
Reservoirs on tributary rivers of the Tennessee River are typi- 
cally deep storage reservoirs that retain waters for long periods 
of time. Little flow and regular periods of thermal straufication 
result in oxygen depletion in the deeper water. These aquatic 
habitats are simplified relative to undammed streams, and 
fewer species are found. However, some species relatively 
rare in streams (e.g., largemouth bass [Microptm salmoidesl, 
gmard shad IIlomoma cepedianuml) develop large populations 
in these reservoirs. Other non-native fish species, such as 
striped bass (Morone saxatilis), have been introduced into 
some reservoirs to fill unexploited niches, producing popular 
sport fisheries. 

Even though WA attempts to enhance fish spawning by p n  
viding stable pool levels for a two-week period during the peak 
of the spring spawning season, certain aspects of reservoir oper- 
ations are detrimental to fish populations in tributary reservoirs. 
The most productive region of a reservoir is the shoreline 
because of submerged vegetation for cover and organic mate- 
rial and aquatic invertebrates (benthos) for food. Operations that 
alter this reservoir margin have a variety of negative effects. Water 
level drawdowns for hydroelectric power production d e m y  cover 
and reduce the food supply for young-of-year fish. Drastic changes 
in levels due to flood control can discourage spawning, strand 
fish eggs on the shoreline, and leave fish in isolated pools. 

Lack of minimum flows in the first few miles below tribu- 
tary dams may severely limit the habitat needed by native fish. 
It may restrict their movement, migration, reproduction, and avail- 
able food supply. On days when turbine use is intermittent, daily 

temperature variations of 5 to 9 degrees C (41 to 48 degrees F) 
are common in tributary tailwaters and can stress fish specie. 
Dissolved oxygen levels of less than 5 or 6 milligrams per liter 
affect fish growth, and levels of less than 3 or 4 milligrams per 
liter lead to decreased survival and poor reproduction. TVA has 
recently implemented a plan to improve dam tailwater condi- 
tions by maintaining minimum continuous flows and aerating 
releases below 16 dams to increase dissolved oxygen. TVA will 
also delay unrestricted summer drawdown until the first of August 
on 10 tributary reservoirs to improve recreation and associated 
economic development. 

For the most part, TVA tributary reservoir releases support 
healthy stocked cold-water fsheries, pnmanly rainbuw and brown 
trout (Sulmo m). The ability of tailwaters below dams to s u p  
port these fisheries is one of the positive effects of TVA reser- 
voir system construction. The Chanige Reservoir tailwater 
supports a self-sustaining wild trout population. A few tailwa- 
ters, such as those below Douglas and Cherokee reservoirs, sup 
port cool- and warm-water fisheries. 

Benthic invertebrates (benthos), are a vital pan of the 
food chain of aquatic ecosystems. Benthos refers to the wide vari- 
ety of animals that live on or in the first few inches of the mud, 
sand, gravel, or other material that makes up the bottom of streams 
and lakes. Benhc life includes worms, snails, and crayfish, which 
spend all of their lives in or on the substrate, and aquatic 
insects, mussels and clams. which live there during all or part 
of their life cycle. They transform nutrients and organic mate- 
rial into biomass and provide a food base for fish and other ver- 
tebrate predators. 

Most benthic organisms have specific habitat requirements 
in terms of physical, chemical, and biological factors. Alterations 
of these factors cause changes in both the composition and pro- 
ductivity of the benthic community. Many benthic organisms have 
narrow habitat requirements that are not always met in reser- 
voirs or tailwaters. Benthic organisms generally are extremely 
limited in the deep portions of tributary reservoirs because of 
the low water flow and low dissolved oxygen. Shoreline habi- 
tat is limited because of water level fluctuations. In the tailwater 
areas below tributary dams, only those species survive that can 
tolerate low dissolved oxygen, high turbulence, and cold tem- 
peratures. Further downstream, the number of benthic species 
increases as natural reaeration occurs, dissolved oxygen rises, 
and temperatures climb. 

Because most tributary reservoirs are deep and have long 
hydraulic retention times, they tend to follow the pattern 
described above. They have thermal straufication persisting dur- 
ing the warm months and one period of complete mixing that 
lasts throughout the colder months. During stratification, light 
and nutrients in the mixed layer combine to produce phyto- 
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plankton, microscopic plant life, which in turn supports a 
grc ,g zooplankton microscopic animal life community. The 
prci ~ctivity of this layer is usually lunited by nutrient inflows 
from the watershed and varies from reservoir to reservoir. 

During the period of complete mixing, nutrients and 
organic materials that have accumulated in the deeper water and 
sediments are recycled to the surface, where they promote the 
growth of phytoplankton. Because most of the inflowing nuui- 

- ents and organics are retained in the reservoir, less are released 
downstream, so the tailwaters tend to be less productive than 
the river before it was dammed. 

Mainstream Resemoirs 
The nine mainstream reservoirs on the ~ennessee River differ 
from tributary reservoirs primarily in that they are more shallow, 
have greater flows, and thus have much lower hydraulic reten- 
tion times. They generally do not become as strongly stratified 
as uibutary reservoirs. Although dissolved oxygen in the deeper 
regions of the reservoir is often reduced, it is seldom depleted. 
Wmter drawdowns on mainsneam reservoirs are much less severe 
than on tributary reservoirs, so bottom habitats generally remain 
wet all year. This benefits benthic organisms and promotes the 
growth of aquatic plants in the extensive shallow overbank areas 
of some reservoirs. These plants benefit fisheries by providing 
cover and nursery habitat, but create extensive mosquito breed- 
ing areas and have led to conflicts among fishermen, boaters, 
and shoreline landowners whose access to the water is limited 
by thick vegetation. 

The lack of stratification in mainstream reservoirs creates 
a habitat where plankton are constantly cycled into and out of 
the zone with sufficient sunlight for growth. This creates some 
of the same inhibitions on growth that limit plankton produc- 
tion in large undammed rivers. Ordinarily, however, these fac- 
tors are sufficiently muted to permit sufficient plankton growth 
to support healthy aquatic communities. Phytoplankton growth 
in Tennessee River mainstream reservoirs is more likely to be 
limited by light than by nutrient availability. 

Since oxygen depletion near the bottom is rare, benthic com- 
munities occur in the mainstream reservoirs. However, species 
diversity is low in comparison to the rivers before reservoirs were 
formed. Benthic communities in mainstream reservoirs tend to 
be dominated by midge larvae, aquatic worms, mayflies: mus- 
sels, and sometimes caddisflies and snails. 

The effect of dams on benthic species diversity is most read- 
ily apparent in mussels. Because of their long lives, sedentary 
nature, and tendency to occur clumped in areas of suitable habi- 
tat, mussels are highly vulnerable to disruptions of habitat or 
changes in environmental factors. Prior to the formation of reser- 
voirs, the Tennessee River and its tributaries supported a large 

and divase mussel fauna. Damrmng the rivers reduced the amount 
of suitable habitat (shallow, flowing water over stable gravel or 
cobble bottom). Today, there are only about 175 miles of suit- 
able mussel habitat in the Tennessee River. This represents 27 
percent of what once existed. Nearly all of this is located in 
Guntersville, Wheeler. Pickwick, and Kentucky reservoirs, 
where commercial musseling is still carried on. Pollutio~, sed- 
imentation, and commercial overharvesting have adversely 
affected mussel stocks that survived the destruction of habitat 
due to dams. Recent investigationsindicate that mussel stocks 
in the main river and most tributaries are continuing to decline. 
Mussel species dominate the list of threatened and endan- 
gered species in the Tennessee Valley. 

The Asiatic clam (Corbiculu flurninw) was introduced 
into the Tennessee river from the West Coast during the 1950s. 
It is now a major component of the benthic community through- 
out the Tennessee system and has been implicated as a fouling 
agent in water intake structures. 

A more recent and potentially more troublesome invader 
is the zebra mussel (Deiswwpolymolpha), wh~ch recently reached 
the Tennessee River via barge traffic from the Great Lakes 
area, where it was introduced from Eurasia in the mid-1980s. Zebra 
mussels are now present in low numbers throughout the length 
of the river and are likely to increase in numbers during the next 
few years. Because of their tendency to attach in large numbers 
to firm substrates;iebra mussels have enormous potential for 
biofouling (clogging) power plant water intakes and other sys- 
tems that use raw water. It is estimated that zebra mussels will 
cost water users in excess of $5 billion in the Great Lakes area 
alone by the year 2000. Zebra mussels will be a major factor in 
future decisions regarding the type and location of any new water- 
using facilities in the TVA region. - 

Tennessee River mainstream reservoirs generally support 
healthy fish communities, ranging from about 50 to 90 species 
per reservoir. There are good to excellent sport fsheries, primarily 
for black basses (Micmptmuspp.), crappie (Pornaxis spp.), sauger 
(Srizostedion c a n a d m ) ,  white (Morone obtysops) and striped 
basses (Morone saxatilis), sunfish (Lepornt spp.), and catfish 
(Ictalurus spp.). The primary commercial species are channel 
(Ictaluruspunctattrs) and blue catfish (Ictaium furcatus) and 
buffalo (Ictiobus spp.). Fish consumption advisories have been 
issued for some reservoirs, notably Wheeler for DDT contam- 
ination and Nickajack, Watts Bar, and Fort Loudoun for PCB con- 
tarnina tion. 
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The Cumberland River is formed by the junction of the Poor and 
Clover Forks in Harlan County, Kentucky, about 693 miles 
above its confluence with the Ohio River near Smithland, 
Kentucky (Figure TI-63). The river flows westerly, then south- 
westerly into Tennessee. At Nashville it turns northwesterly back 
into Kentucky, emptying into the Ohio River about 58.5 miles 
upmeam of the junction of the Ohio and Mississippi rivers. The 
dminage area of the Cumberland is 17,598 square miles. A sys- 
tem of locks and dams makes the Cumberland cornmemally nav- 
igable (maintained 9 foot channel) from the Ohio to mile 381.0 
at Celina, Tennessee. TVA operates two fossil plants on the 
Cumberiand, Gallatin on Old Hickory Lake and Cumberland on 
Barkley Lake. The hydroelectric plant at Great Falls Dam on the 
Caney Fork is also part of the TVA system. 

The Nashville District United States Army Corps of Engineers 
operates nine multi-purpose reservoirs which incorporate 
hydroelectric production facilities on the Cumberland River 
and tributaries. Approximately half the power production from 
eight of these projects is marketed through the Southeastern Power 
Administration to TVA. The Corps of Engineers does not antic- 
ipate any si@cant changes in these power resources. The Corps 
of Engineers has, however, completed a hydropower opti- 
mization feasibility study at Lake Cumberland which focused on 
uprating the existing six units at Wolf Creek Powerhouse for peak- 
ing operation. On the middle Cumberland River reservoir reg- 
ulation integrates the need for adequate cooling water at TVA's 
Gallatin and Cumberland City Fossil Plants on Old Hickory Lake 
and Lake Barkely, respectively. In addition, the Corps of 
Engineers has performed a preliminary analysis of pumpback 
at Laurel Lake on the Upper Cumberland River. 

SURFACE WATER 
The Cumberland River and its tributaries generally exhibit 
moderate to hgh concentrations of calcium and magnesium and 
a slightly alkaline pH because much of the basin is comprised 
of limestone and dolomitic bedrock. Total dissolved solids 
concentrations, a measure of all salts in solution, range from 1.0 
to 100 milligrams per liter (mg/L) in the upper Cumberland, 
upstream of Nashville. These low values contrast with the gen- 
erally higher concentrations of dissolved solids in the lower 
Cumberland watershed, in particular the mainstream river 
downstream of Nashville (U.S. Army Corps of Engineers 1975). 
There total dissolved solids concentrations range from 100 to 300 
milligrams per liter. These increased concentrations are due in 
pan to a change in rock formation in the Nashville area. The area 
east of Nashville is underlain by Ordovician Age limestones and 
shales. which is more resistant and less soluble than the 

Mississippian Age hestones, found in the area west of Nashville. 
The first is more resistant and less soluble than the latter. 

Generally, the mainmeam Cumberland River exhibits lower 
suspended solids concentrations than its tributaries. Suspended 
solids in the mainstream and in the upper Cumberland watershed 
tributaries usually range in concentrations from 0 to 300 milligrams 
per liter. The lower Cumberland watershed tributaries, west of 
Nashville, are characterized by higher suspended solids con- 
centrations ranging from 300 to 2,000 milligrams per liter. The 
higher values in the lower Cumberland watershed uibutaries are 
caused in pan by differences in soils and rock formation. The 
Mississippian materials of the lower watershed are generally more 
erosion prone than the Ordovician materials of the upper water- 
shed. Topography and land usage also influence the erodibility 
of the lower Cumberland tributary valleys. 

Erosion due to runoff in the lower Cumberland watershed 
is the primary source of the suspended solids described above. 
Shoreline and stream-bank erosion are also thought to be 
major contributors of silts and clays. The generally lower sus- 
pended solids levels in the mainstream river result from dredg- 
ing for the navigation channel of the river. This has created areas 
of reduced velocity and formed deposits of sediment. Sediment 
deposition also occurs in the upper Cumberland flood control 
reservoirs, upstream of the study area. Wolf Creek Dam, Dale 
Hollow Dam, Center Hill Dam, and J. Percy Priest Dam trap large 
amounts of suspended solids and xdupents, and discharge waters 
with relatively low suspended solids levels into areas downstream. 

GROUNDWATER 
The formations that comprise the Mississippian carbonate 
aquifer in the Highland Rim and the Ordovician carbonate 
aquifer in the Central Basin of the Cumberland River basin are 
primarily limestone and dolomite, with small amounts of shale. 
mter in these carbonate aquifers occurs in solutionenlarged open- 
ings and resides in confined-to-partly-confined space near the 
land surface. It can also be confined at depth in aquifers. These 
aquifers are important sources of drinking water for rural users 
and some public supplies. 

The Mississippian carbonate and Ordovician carbonate 
aquifers are connected to land surface by caves and sinkholes 
in many areas and are susceptible to contamination. In general, 
the water hardness exceeds 200 milligrams per liter as calcium 
carbonate. In the Highland Rim, iron and sulfate concentrations 
in water from the Mississippian carbonate aquifer may exceed 
0.30 and 500 milligrams per liter, respectively. The odor of sul- 
fide is detectable in water from some wells. 
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SURFACE WATER 
The Ohio River supplies more than one-half of all surface 
water withdrawn in the state. It forms the northern boundary 
of Kentucky for a &stance of 664 stream miles. The river sys- 
tem drains an area of 33,300 square miles in Kentucky (about 
82 percent of the state). Identifying sources of contamination in 
such a large barn is difficult. The Ohio River Wley Water Sanitation 
Commission is responsible for evaluating water quality in the 
mainstream. 

GROUNDWATER 
The alluvial aquifer, an aquifer which exists in material deposited 
by flowing water, along the Ohio River is by far the most 
intensively used aquifer in Kentucky. Many towns and indus- 
tries located along the river depend upon large surface supplies 
from the river and on groundwater supplies from shallow 
wells in the alluvium. Properly constructed wells near the river 
can induce infiltration of stream flow, which ensures depend- 
able supplies. The quality of water in the alluvium generally is 
suitable for most uses but may require treatment for excessive 
hardness and iron for some uses. Hardness commonly exceeds 
300 milligrams per liter as calcium carbonate, and iron commonly 
exceeds 1 milligram per liter. Contamination of the aquifer by 
wastes from industrial sites and from landfills and septic tank 
systems in urbgn areas poses the most serious water quality-related 
problem: High groundwater levels are a potential problem in the 
Louisville area, where water levels are just a few feet below struc- 
tures in some places. 

AQUATIC LIFE 
The lower Ohio River is a large river habitat, often turbid or cloudy, 
with swift currents. Bottom substrates or stream beds are often 
rocky near shore, with cobble, gravel, and sand in the channel. 
The benthic community includes a substantial mussel popula- 
tion in certain areas, which is threatened by zebra mussels. Zebra 
mussels are now found in large numbers throughout the lower 
Ohio River. A very high percentage of native mussels from 
Smithiand Dam to the Mississippi River have been found to have 
zebra mussels attached to their shells. Large numbers of attached 
zebra mussels interfere with the feeding and movement of 
native mussels. In other areas. they have resulted in the virtual 
elimination of native mussel populations. 

8 New darns on the lower O h o  (i.e., Newburgh, Uniontown, 
and Smithland) have created reservoirs on that section of the river. 
These reservoirs have in turn created additional flooded brush 
and timber habitat, as well as small embayments in the lower 
portions of tributary streams. The fishery for black bass 
(Micropterus spp). crappie (Pornoxis spp.). and bluegill (Lepomis 
macrochim) has been greatly enhanced by h s  additional habi- 

tat. The tailwaters of these dams provide outstanding fisheries 
for striped bass (Morone saxatilis) and sauger (Stizostedion 
canadme). 

Fish consumption advisories have been placed on paddlefish 
(Po lphn  qu&bula), paddlefish eggs (harvested for caviar), chan- 
nel catfish (Ictaluruspuncratus), carp ( C ' n u s  caqio), and 
white bass (Morone obrysop) along the entire length of the Ohio 
River bordering Kentucky' because of chlordane, a pesticide, and 
PCB contamination. Little Raven Creek, a tributary below 
Paducah, has a consumption advisory for all fish species due 
to PCB contamination. Also, the West Kentucky Wildlife , 
Management Area Lakes, which are oxbow and overflow lakes 
that drain into the Ohio River below Paducah, have a co~lsumption 
advisory for largemouth bass (Microptem salmoides) because 
of mercury contamination. 

6reen River 
The Green River Basin is located in south central Kentucky and 
north central Tennessee. The drainage area is 9,273 square miles, 
of which 377 are in Tennessee. The Green River rises in Lincoln 
and Casey Counties in Kentucky and flows generally westward 
for 330 miles to its confluence with the Ohio River just upstream 
from Henderson, Kentucky. A systgn of seven locks and dams 
enables navigation on the downscream portion of the Green River. 

The upper basin is characterized by rugged, hilly terrain. 
The central pan of the basin drams the Karst region, an area that 
is interlaced with large cave systems. The Karst region includes 
Mammoth Cave National Park. In the Karst region, surface 
streams are almost non-existent. Most of the water drainage is 
subterranean, eventually draining to the Green River via large 
springs. The lower basin consists primarily of alluvial plains. WA's 
Para& Fossil Plant is located on the Green River about 100 rmles 
from the mouth. 

SURFACE WATER 
The Green River basin contains about one-fourth of Kentucky's 
land area and is the largest drainage basin in the state. Reservoirs 
have been constructed by the U.S. Army Corps of Engineers on 
the Rough, Noh, and Banen Rivers, as well as on the mainstream 
of the Green River in the upper basin. The topography in this 
section of the Interior Low Plateaus is characterized by gently 
rolling terrain underlain by limestone in the upper ba$n and hdls 
and broad flood plains underlain by sandstone, shale, and 
coal in the lower basin. Land uses in the upper basin include 
agriculture, urban areas, and mining or drilling. Major sources 
of stream contamination in the upper basin are agriculture 
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(sediment, nutrients, and pesticides); mining or drilling (chlo- 
ride); on-site axid municipal wastewater-treatment systems 
(decomposable organic matter, nurrients, and bacteria); and urban 
stormwater runoff (toxic metals, nutrients, and sediment). 

Concentrations of chloride in the upper basin of the 
Green River are higher than those recorded at other locations 
in the basin and have been associated with brines from oil p n  
duaion. However, dissolved solids concentrations in the upper 
basin were not high relative to those in other Kentucky streams. 
C0ncenn;ltions of sulfate, another major component of dissdved 
solids were low in samples collected during 1987-89. The rel- 
atively high median concentrations of nitrite (0.87 milligrams 
per liter) and suspended sediment (27 milligrams per liter) were 
among the highest for Kentuckyk monitoring locations. The high 
values possibly were due to agricultural and urban runoff and 
municipal wastewater discharges. 

GROUNDWATER 
The Pennsylvanian aquifer system in the Green River basin is 
in the coal mining regions of eastern and west central Kentucky. 
Wells tapping these aquifers are used for domestic and live- 
stock supplies. 

Concentrations of dissolved solids in water from the 
shallow groundwater circulation zone of the P e n q h m m  aquifer 
system in eastern Kentucky generally do not exceed the 
drinking water standard. The water is moderately hard, with 
only about 25 percent of the hardness values being larger than 
120 milligrams per liter. The water generally contains iron in 
excess of the secondary drinking water standard. Concentrations 
of chloride generally are smaller than 110 milligrams per liter, 
and 90 percent of the nitrate concentrations are smaller than 
1.2 milligrams per liter. 

Water from the Pennsylvanian aquifer system in west cen- 
tral Kentucky generally contains dissolved solids concentrations 
larger than 500 milligrams per liter. Water from these aquifers 
is hard to very hard-the medm hardness is 120 milligrams per 
liter. Concentrations of iron generally are larger than 300 micro- 
grams per liter, and chloride concentrations normalIy are smaller 
than 60 milligrams per liter. Concentrations of nitrate are larger 
in the western Kentucky Pennsylvanian aquifers than in the east- 
em Kentucky Pennsylvanian aquifers. In the western Kentucky 
aquifers, 25 percent of the nitrate concentrations are larger than 
1.2 milligrams per liter, compared to 10 percent for the eastern 
Kentucky Pennsylvanian aquifers. 

The coal mining regions of eastern and western Kentucky 
are being mined and extensively explored for oil and PIS 

reserves. Water samples from deep oil-test wells commonly 
are salty. 

AQUATIC UFE 
The four reservoirs in the Green River basin are headwater reser- 
voirs. They generally possess the same characteristics in terms 
of depth, stratif~cation, water level fluctuations, and impacts on 
aquatic communities as the tributary reservoirs described in the 
Tennessee River basin. In addition to these reservoirs, there are 
also six navigation locks and dams on the Green River and one 
on the Barren River. These are virtually run-of-the-river dams and 
appear to stabilize the river substrate or stream beds and p r o  
tect aquatic life. 

Green River contains a varied habitat which suppons 146 
f i s h s p e c i e s ~ 2 2 t a x a t . l o m i c f a m i l i e s . A ~ , ~  
River contains a diverse benthic community including a num- 
ber of mussel species. Some of the upper basin tributary 
streams and reservoir tailwaters support good sport fisheries for 
rainbow (Oncorhynchus mykiss) and brown trout (Salmo 
tnrna). Additionally. a good muskellunge (Esax masquinongy) 
fishery exists in the central and upper basins in both reservoirs 
and major streams. The reservoirs and the larger streams in the 
lower basin provide good warm-water fisheries for largemouth 
bass (Mimpterussalmoida). white crappie (Pomoxisspp.), blue 
(Ictalu?us&rcatur) and channel catfish (Ictaluruspunctatus), 
and bluegill (1Rpomir macrochincs). 

The major source of pollution in the Green River Basin is 
mining in the western coal-fields region of the lower basin. The 
river is very turbid or cloudy due to runoff from these coal fields 
and extensive barge Mic .  Other sources of pollution in the basin 
include municipal wastewater-treatment plants and agricul- 
tural runoff. Two streams in the basin currently have fish con- 
sumption advisories in place for PCB contamination: Drakes Creek 
from the city of Franklin to the Barren River, and Mud River from 
the city of Russellville to the Green River. 

Mississippi River 
The lower Mississippi River in the reach that borders west 
Tennessee is one of the largest rivers in the world. Its drainage 
basin includes nearly all of the United States between the 
Rocky Mountains and the Appalachian Mountains. The drainage 
basin is 1,247,000 square miles and includes the nation's most 
productive industrial and agricultural regions. Ships can travel 
the river for more than 1,800 miles from Minneapolis, Minnesota, 
to the Gulf of Mexico. TVA operates the Allen Fossil Plant on the 
Mississippi River at Memphis. Tennessee. 
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SURFACE WATER Tennessee (Memphis), and Md(& Lake, MIf River, ~Loosahatchie 
The Mississippi River has an average daily discharge of 312,000 River and Nonconnah Creek, which are tributaries to the 
million gallons per day at Memphls, Tennessee, and 377,000 mil- Mississippi River in Shelby County. 
lion gallons per day at Vicksburg, Mississippi. In general, the qual- 
ity of water in the Mississippi is suitable for most uses. The median 
concentrations of alkalinity (106 milligrams per liter), sulfate ( j  5 
milligrams per liter), dssolved solids (239 milligrams per liter), 
and nitrite plus nitrate (1.2 milligrams per liter) were much less Water Quality Indices 
than the federal criteria for untreated dnnking water supplies. ad h 8 0 ~ &  Weehting~ 
About half of the sulfate in the Mississippi River is due to 
Nnoff over wearhered rock, and the other half is due to biochemical 
processes and human activities. 

GROUNDWATER 
The most extensive and productive aquifer in Tennessee is the 
Tertiary sand, along the Mississippi River, which supplies about 
190 million gallons of water per day to the city of Memphis. 
Calcium bicarbonate-type water from thls confined aquifer has 
small concentrations of dissolved solids (90 percent of analyses 
are less than 163 milligrams per liter), and is generally soft (medm 
hardness is 39 milligrams per liter). The only major water qual- 
ity problem is a large iron concentration. which requires that the 
water be treated before use. The median iron concentration is 
600 micrograms per liter. 

There is concern, however, that leakage of contaminated 
water from the overlying alluvial aquifer may degrade water qual- 
ity in the Teniary sand. in addition, several hazardous waste sites 
are located in recharge areas of this important aquifer. 

The chemical characteristics of water in the shallow (less than 
200 feet below land surface) Mississippi River alluvial aquifer are 
fairly uniform throughout the aquifer. A chemical quality change 
occurs gradually, with depth as the result of ion exchange and 
other natural geochemical processes. Dissolved solids concen- 
trations and pH values of water at depths of about 100 feet or 
less in recharge areas may be much smaller than 100 milligrams 
per liter and 7 standard units, respectively. 

AQUATIC LIFE 
The lower Mississippi River is turbid and swh? with shifting sand 
and silt substrates or stream beds that are not conducive to col- 
onization by benthic organisms. Commercial fishing occurs on 
the Mississippi, primarily for catfish (Ictaluncs spp.) and buffalo 
(Ictiobus spp.). Zebra mussels now occur throughout the 
Mississippi River. A significant sport fishery for largemouth bass 
(Microptents salmoldes), crappie (Pornoxis spp.), and bluegill 
(&omis macrochirus) exists in the numerous cutoffs, oxbows 
and backwater sloughs found in this section of the river. A fish 
consumption advisory for chlordane contamination is in effect 
for all fish speaes in the Mississippi River adjacent to Shelby County, 

TVA's existing energy resources and many of the energy resource 
options considered for Energy Vision 2020 can affect water 
quality. The primary impact categories evaluated for Energy V i m  
2020 include: human health by ingestion, water supply and waste 
assimilation, and ftsh and aquatic life and biodwersity. A full expla- 
nation of the process used to develop measures for environmental 
evaluation criteria can be found in Volume 2, Technical Document 
4. Evaluation Criteria. . 

Water Quality Indices 
Water quality indices were developed to help characterize how 
?VA power system operations might conanbute to each ofthe impaa 
areas selected. The indices provide measures to evaluate envi- 
ronmental impacts of alternative future energy supply strategies. 
Measures in the indices are weighted by the relative contribu- 
tion of TVA power system operations to water quality impacts 
and issues. 

Eight measures of power system operation that affect water 
quality are used to evaluate the three impact areas. There are two 
dmct measures: water consumption and water use. Six surmgate 
measures were used: coal burned; heat releases to surface 
water; power production by coal-fired, nuclear, and hydroelec- 
tric plants; and the number of new power plants constructed. A 
surrogate measure is a substitute measure that varies in the same 
way as the pollutant it represents. The uses of these eight mea- 
sures in the index and their weighting factors are given in the 
table in Figure TI46 

HUMAN HEALTH-INGESTION 
The discharge of toxic metals in waste streams from coal-fired 
power plant sites presents the greatest potential risk to health from 
ingestion (eating or drinking) and is estimated at 50 percent of 
TVA's effects. These discharges are made directly to water bod- 
ies that supply dnnktng water for humans and livestock and serve 
as habitats for aquatic organisms. As a result, toxic metals can 
become concentrated in fish tissue. 
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Environmental Health Water Supply and F i h  and Aquatic Life 
Measure Ingestion Waste Assimilation and Biodiversity 
Heat Releases to 0.10 0.05 
Surface Water 
Water Consumption 0.10 
Water Use 0.03 
Coal Burned 0.20 
Nuclear Power Production 0.05 0.02 
Coal Power Production 0.60 0.05 
Hydmeledric W n g  0.35 0.80 0.60 
Power Production 

1 NI Ph:w Phm Constructed 0.05 

For &e&s on human health, the hazards of armospheric depe 
sitim are considered low and are estimated at 10 percent of total 
human health-ingestion effects. Mercury in flue gases is the con- 
taminant of main concern. Its concentration in the gas is small, 
and amspheric dispersion deaeases the concentration further. 
A secondary consideration is acid rain effects on water bodies 
resulting in the mobilization of metals in lakes and streams. This 
is not an important issue in the TVA region, however, because 
the geology of mow of the region, with the exception of some 
Appalachian Mountain areas, provides ample buffering capac- 
ity to resist changes in pH. The sumgate measure for coal-fired 
power plant effects is millions of kilowatt-hours of coal-fued pre 
duction. The weighting for the combined effects discussed 
above is 60 percent or a factor of 0.60. 

Hydroelectric power plant discharge of metals released 
from sedunents is second in impomme for effects on human health 
due to ingestion of toxic metals and is estimated at 35 percent 
of total human-health effects. It is assigned a weighting factor of 
0.35. It is second to coal-fired plant releases because it is likely 
to contain a smaller variety of metals and would only be impor- 
tant at tributary dams during summer months. Biomagdication 
may be a more irnpomt pathway for ingestion in this situation 
because the entire flow of the river may be contaminated, as 
opposed to z ataminant plume that organisms could avoid The 
surrogate measure for hydroelectric plant effects is millions of kib 
watt-hours of peaking hydroelectric production. 

Because of the relatively small quantities of metals and the 
minute quantities of radionuclides present in nuclear plant dis 
charges, the effect on human health by ingestion is estimated at 
only 5 percent (weighting factor of 0.05) of the total TVA effects. 
The sumgate measure for nuclear plant effects is mihons of kilo- 
wan-hours of nuclear plant production. 
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WATER SUPPLY 
AND WASTE ASSlMllATlON 
The primary effects on water supply and 
wase assimilation result from operation of 
hydroelectric plants. Operations alter the 
flow regime of the river downstream, 
both reducing flows and dissolved oxygen 
concentration at certain times. This effect 
is estimated at 80 percent (weighting fac- 
tor of 0.80) of total TVA effects on water 
supply and waste assimilation and is mea- 
sured by millions of kilowatt-hours of 
peaking hydroelectric power production. 
Coal-fired and nuclear power plants con- 
sume water and release heat to surface 
water. Water consumption adversely 

affects both water supply and waste assimilation, whereas 
heat releases only affect waste assimilation. These effects are 
very minor compared to the effects of altering the flow of the 
river and are each estimated at 10 percent (weighting factor of 
0.10) of the total TVA effects. Water consumption (millions of 
gallons) is a direct measure, and the heat release rate (billions 
of Btu) is the surrogate measure for thermal effects. 

FISH AND AQUATIC LIFE AND BlODlVERSIN 
TVA's action in damming the Tennessee River and its tributaries 
to generate power, control floods, and allow navigation pnmanly 
affects aquatic life in surface waters by changing water quality 
and aquatic habitats. These effects are most pronounced in trib- 
utary tailwaters where altered flow patrerns from hydroelectric 
plant releases result in dramatic reductions in numbers and kinds 
of aquatic life. Because these releases commonly are drawn from 
near the bonom of the reservoir. they cause tailwaters to be colder, 
lower in dissolved oxygen, and higher in toxic materials derived 
from sediments than undarnmed portions of the sueam This corn- 
bination of factors is estimated to account for about 60 percent 
(weighting factor of 0.60) of power generation-reiated effects on 
aquatic life. The best surrogate measure would be one proportional 
to the amount of hydroelectric plant operation on the rivers most 
vulnerable to these effects. This led to the choice of millions of 
kilowatt-hours of peaking hydroelectric plant production. 

The next most important category of effects on aquatic life 
is associated with the fuel cycle, specifically habitat destruction 
from the mining of coal and the effects of runoff from mines. 
These effects are widespread and difficult to quantify, but are 
estimated to account for about 20 percent (weighting factor of 
0.20) of all TV! power system aquatic life impacts. The best sur- 
rogate measure for such effects is tons of coal burned in the pro- 
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duction of electric power. This should be directly proportional 
to mining activities. 

Coal-fired generated power is estimated to account for 
about 5 percent of aquatic ecosystem effects. Liquid dscharge 
from coal-fired plants, including those from ash storage and dis- 
posal, and effects of materials reaching surface waters through 
fallout and rainout of air pollutants are the primary factors 
involved. The best surrogate measure of these effects is millions 
of kilowatt-hours of coal-fired generated power. 

The effects of releases of heated water on aquatic life were 
once expected to be important, but experience has shown 
that not generally to be the case. Releases of heated water are 
judged to contribute 5 percent of the overall aquatic effects by 
WA, and to be best measured in gross terms by the total 
amount of heat released to the river from TVA coal-fired and nuclear 
power plants. 

A related effect is drawing plankton and fish through 
equipment or injuring or killing them by causing them to collide 
with intake screens when cooling water is being drawn from the 
river or lake. This has been shown to cause only minor lccal effects 
(about 3 percent of the total WA effects) on fish and aquatic life 
and biodiversity and is best measured by the total amount of water 
used by TVA power plants. 

Localized effects of power-related construction activities, 
such as new or modified plants or transmission facilities, are 
considered to be minor, perhaps 5 percent, measured by the 
number of new plants built. Non-thermal discharges of 
radionuclides and miscellaneous chemicals from nuclear power 
plants are also relatively minor, with a 2 percent estimated weight- 
ing factor, measured by millions of kilowatt-hours of nuclear 
power generated. 
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The TVA region encompasses some 58 million a m .  Of this area, 
non-federal rural land occupies about 50 million acres. Some of 
the most diverse and beautiful natural resources in the United 
States are in this seven-state region. 

With few exceptions, virtually the entire Tennessee Valley 
and its adjacent region have been affected by human influences 
through agriculnue, timber hanresting, or other land uses. Over 
half the Tennessee Valley region is forest lands and about 35 per- 
cent is in agricultural land uses. The remaining area is composed 
of open water, urban areas, and other miscellaneous land uses. 

This section contains information about geology and 
groundwater, agricultural land, forest resources, biological 
resources, Class I areas, cultural resources, recreational resources, 
and other land uses. 

The potential of power plants to affect the quality of ground- 
water is discussed in Section 3 of this document (Volume 2, 
Technical Document 1, Comprehensive Affected Environment). 
Groundwater occurs in aquifers of porous soils, sediments, and 
in fractures and openings of rock formations. Groundwater move- 
ment in the region ranges from very slow to very rapid and is 
completely dependent on site-specific hydrogeology. The dis- 
uibution of groundwater in the TVA region is Influenced by vari- 
ability in geology, hydrology, and topography among six 
different physiographic regions. 

PROVINCES OF PHYSICAL GEOGRAPHY 
The map in Figure 77-67shows the TVA region's areas of phys- 
ical geography. Physical geography determines the location and 
types of aquifers containing groundwater and the susceptibil- 
ity of groundwater to various forms of pollutants. Erosion and 
pollutant runoff into streams are related to physical geography 
and soil type when power plants or other facilities are built. These 
aspects will be considered in environmental reviews when a site 
is chosen for a power plant. 

The easternmost part of the region is in the Blue Ridge phys- 
iographic province. an area composed ofthe mnmnts of an ancient 
mountain chain. This region has a greater variation in terrain than 
any other region in the Tennessee Valley. Terrain ranges from 
nearly level along floodplains to rugged mountains that reach 

elevations of more than 6,000 feet. The rocks of the Blue Ridge 
have been subjected to much folding and faulting and are 
mostly shales, sandstones, conglomerates, and slate (sedimen- 
tary and metamorphic rocks of Precambrian age). A few areas, 
such as Cades Cove, in the Great Smoky Mountains National Park, 
are underlaid by carbonate rocks that contain large amounts of 
groundwater in solution openings. In most places, the dense, 
massive bedrocks contain little groundwater except where 
they have faulted and fractured. 

Located east of the Cumberland Plateau and west of the Blue 
Ridge province, the Valley and Ridge province has complex folds 
and faults with alternating valleys and ridges trending northeast 
to southwest. Ridges have elevations of up to 3,000 feet and are 
generally capped by dolomites and resistant sandstones on the 
west sides, while valleys have developed in more soluble lime- 
stones and dolomites. The dominant soils in this province are 
residual clays and silts derived from in-situ weathering. 
Groundwater occurs mostly in the solution-widened fractures, 
joints, and bedding planes. Karst features such as sinkholes and 
springs are numerous in the Valley and Ridge. ("Karst" refers to 
a type of topography that is formed in carbonate rocks by dis- 
solution and that is characterized bysink holes, caves, springs, 
and underground drainage.) 

The Cumberland Plateau rises about 1,000 to 1,500 feet higher 
than the adjoining Valley and Ridge Province and Highland Rim. 
It extends about 175 miles, ranging northeast to southwest 
across central Tennessee. The bedrock is a sequence of near hor- 
izontal Pennsylvanian sandstones, shales, conglomerates, and 
coals, underlaid by Mississippian and older shale and carbon- 
ates. The area underlaid by the resistant Pennsylvanian sandstones 
has produced a "table-top" landscape. Groundwater usually occurs 
in areas of shallow, sandy solis and in deeper cracks in the bedrock. 
At depth, the Mississippian carbonates possess mature Karst fea- 
tures. Sinkholesi large caves, sinking streams. and springs typ- 
ify the landscape, resulting in a complex aquifer system. Rapid 
groundwater movement is typical. 

The Highland Rim section of the Interior LOW Plateaus 
province presents a gently rolling plateau that occupies much 
of central Tennessee and pans of Kentucky and northern 
Alabama. The bedrock of the Highland Rim is flat-lying 
Mississippian carbonates. These formations constitute the most 
extensive aquifer in the Tennessee region. The Mississippian for- 
mations weather to form a deep flinty overlay typically exhibit- 
inga rubble zone at the interface of the soil and bedrock. In places 
this overlay may rest directly on Chamnooga shale, which 
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m e s  as an aquitard. In many places the carbonate bedrock trans 
ports groundwater rapidly. Howwer, in the broad h c t e d  high- 
lands, streams barely cut into the overlay and therefore have little 
effect on the discharge of water. 

The Central Basin (Nashville Basin) of the Interior Low 
Plateaus province is an oval area in middle Tennessee lying 
about 200 feet below the surrounding Highland Rim. The bedrock 
is carbonate rocks that are generally flat-lying but are locally 
folded. Soil cover is usually thin, and surface streams cut into 
bedrock. Groundwater usually occurs in areas of carbonate 
mck that have been dissolved by water and in cracks in bedrock. 
The lack of unconsolidated overlay, along with open joints in 
rock, allows rapid runoff and infiltration of precipitation. 
Water is briefly stored above stream level and rapidly discharged 
to streams and springs through solution openings. As a result, 
small streams respond quickly to precipitation and have 
poorly sustained base flows. 

The Coastal Plain province extends along the western 
edge of the region, and the Tennessee River flows along the east- 
em boundary against the edge of the Highland Rim. The major 
aquifers of the Coastal plain section lie in unconsolidated for- 
mations. They are of alluvial origin and consist of a heteroge- 
neous assemblage of gravels, sands, silts, and clays. Occurrence 
of groundwater in the alluvial aquifers depends, in part, on the 
thickness of the formation and hydraulic characteristics of 
media composing the aquifer. 

SOILS 
A complex and diverse mosaic of soils reflects the great contrasts 
in geology and topography in the TVA region. Typically, the val- 
ley and river bottom soils are quite fertile and are used primarily 
for agriculture. In contrast, the forested ridges and mountains 
often have soils which have been highly leached and are there- 
fore less fertile. 

ImpactsIAcidic Deposition 
and Deposition of Nitrogen 
Current levels of acidic deposition are not thought to have sig- 
nificant impacts on the soils of the TVA region, with the excep 
tion of those in the higher elevations in the eastem portion of 
the region (Irving, 1331). W s  contribution to acidic deposition 
is discussed earlier in Section 2 of this document (Volume 2, 
Technical Document 1, Comprehensive Affected Environment). 
Higher inputs of acidic deposition could accelerate depletion of 
base nutrients beyond the soil's natural ability to replenish 
them in soils with low buffering capacities and nutrient levels. 
Nutrient deficiencies could eventually occur and adversely 
impact forest productivity. As soil acidifies, toxic metals, such as 
aluminum, become more mobile and can damage plant roots. 

Fish and other aquatic life may be affected when aluminum is 
leached from the soil into surface waters. Other metals such as 
lead, cadmium, and zinc are also considered toxic and may be 
mobilized as soil acidification continues. Soil acidification and its 
associated impacts are of particular concern in the Great Smoky 
Mountains National Park? located in the eastern portion of the 
Energy Vision 2020 study area, and in Class I wildemesareas. 

In some instances, acidic deposition can be beneficial to soils 
and plants through its fedcmg effects. Sulfur and nimgen, essen- 
tial plant nutrients, are often found in limited concentrations or 
unavailable forms in the soil. Studies have shown that aunos- , 
pheric inputs of these elements can meet specific crop needs. 
Nitrogen, an essential element required by all plants will gen- 
erally have a positive impact in most Tennessee Valley forests; 
however, it can become detrimental when present in excessive 
amounts, especially in high elevation forests. Excess nitrogen in 
high elevation forests can trigger adverse physiological changes 
within certain plants and can contribute to soil acidfiation. TV's 
contribution of nitrogen oxides is discussed earlier in Section 2, 
Air Resources of this document (Volume 2. Technical Document 
1, Comprehensive Affected Environment). 

Soil Erosion 
As in all areas inhabited by man, resource problems do exist. 
Erosion from all land uses in the region due to water or runoff 
is estimated to be 187 million tons annually (NRI 1982). Eighty- 
four percent of the erosion is considered to exceed tolerance 
levels for sustaining present land uses established by the 
Natural Resource Conservation Service. 

Regionally, cropland has the largest percentage of land with 
excessive erosion. Cropland acreage represents approximately 
one-fourth of the region, and 51 percent of this acreage is esti- 
mated to be eroding at rates exceeding tolerance. This exces- 
sive erosion can be linked to the extreme vulnerability of the 
region's soils to the loss of productivity, which in turn affects 
farm income. 

Some of the coal used to fuel TVA's power plants comes 
from surface mining. WA's coal usage is discussed in Volume 
2? Tecbcal Document 2, Environmental Consequences. Soil e m  
sion resulting from surface mining remains a concern for some 
pans of the region. Although production techniques have 
improved greatly, surface mining still promotes soil degradation 
and erosion to some extent. 
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nprcdbrdm Small farms that grow and market a wide diversity of agri- 
lNl'RODUCTlON cultur: products characterize agriculture in the Tennessee 
Crops in the TVA region can be either positively or negatively Valley. This region encompasses a wide range of soil types and 
affected by emissions from TVA power plants. Section 2, Air properties. They range from the delta soils of the western 
Resources in this document (Volume 2, Technical Document 1, region, producing abundant row crops, to the mountainous topog- 
Comprehensive Affected Environment) contains a discussion of raphy of the east, dotted with small farms producing a variety 
potential effects. of traditional crops and high-income products such as Christmas 

TVA REGION STATES 
Crop Alabama Georgia Kentucky Mississippi North Carolina Tennessee Virginia 

GRAINS 
Rice (All) 5 
Corn (Sweet) 9 

Rye 2 4 ---- 

VEGETABLES 
Tomatoes (F) 6 8 5 
Tomatoes (P) 
Cucumbers (F) 4 9 7 - 
Cucumbers (P) - 3 
Lima Beans (F) 2 
Snap Beans (F) 4 8 5 9 
Snap Beans (P) -- 9 
Onions (F) - -- 
Watermelons (F) 5 9 
Cantaloupes (F) 5 
Bell Peppers (All) 8 - 7 10 
Cabbage (F) 4 9 8 
Spinach (F) ---- ----- 6 
Sweet Potatoes 6 7 5 1 lo__- ---- 
Spring Potatoes 6 3 - - 

Summer Potatoes 5 

FRUITS AND NUTS - 
Strawberries (All) 9 
Bluebernes - 6 -  4 
Peaches (Freestone) 3 8 9 ---- 
Grapes (All) 10 ----- - 
Apples (All) 7 - 6 - 
Pecans 4 1 7 ---- 10 
Peanuts 3 1 4 7 ----- -- 

OTHER ----- 
Hay (non-Alfalfa) 3 4 --- 
Tobacco (All) 6 2 1 3 5 
Cotton (All) 9 7 -- 3 10 8 

Note: (F) :. Fresh. (P) = Pmcesred. (All) = Fresh and Processed. 
Source: USDA National Agricultual Statistics Service (MASS). 1993 
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trees, tobacco, vegetables, and other specialty crops. Farm 
sales in the Tennessee Valley have shifted from a predominantly 
row-crop agriculture to one that is more balanced. Forest prod- 
ucts have increased in importance. 

A minimal portion of prime farmland could conceivably be 
affected by building new power plants. Any future site-specific 
environmental reviews for power plant siting would assess 
any impact to prime farmland. The major impact is conversion 
to industriavresidential uses associated with urban growth. 
Power plants can affect urban growth by supporting new 
industry location to the region. 

AGRICULTURAL LANDS AND CROP PRODUCTION 
The Tennessee Valley region is a predominantly rural area 
with 40 percent of the land area in crop production or pasture 
and hay, and 55 percent in forest cover. Major crops produced 
in the region are tobacco, corn, cotton, soybeans, and wheat. 
(See the table in Figure T168.) With the exception of wheat, 
average yields of these major crops in the region have been con- 
sistently below the national average. While average.yields are 
generally increasing for major crops, the rate of increase does 
not appear to be as great within the region as it is nationwide. 
The region is also a major production area for poultry'broilers 
as well as n~n-~ou l t&  livestock. (Arkansas ranks number one, 
Georgia ranks number two, and Alabama ranks number three. 
with major growing areas in Kentucky and Tennessee.) 

PRIME FARMLAND 
Prime farmland is land that has the best combination of phys- 
ical and chemical characteristics for producing food, feed. for- 
age, fiber, and oilseed crops and is also available for these uses. 
It combines favorable soil quality, a good growing season, 
and adequate moisture. It produces the highest crop yields with 
the least amount of fuel, fertilizers, and labor. About 14 million 
acres of prime farmland occupy the T e ~ e ~ ~ e e  Valley region, with 
55 percent crop land, 23 percent pasture, 20 percent forest, and 
2 percent nonagricultural. This is about one-fourth of the 
region's non-federally owned land. The proportion of prime fm- 
land is highest in the western portion of the region and lowest 
in the eastern portion. Under careful management, it can be farmed 
continuously without harming the environment or the resource 
base. According to the 1992 National Resource Inventory, there 
are 19,793,200 acres in the TVA 201-county region of prime farm- 
land (48% cropland, 22% pasture land, 23% forest land, and 6% 
non agricultural use). 

I :  C O M P R E H E N S I V E  A F F E C T E D  E N V I R O N M E N T  

llgpiculsFal lands and Energy Clap 
Energy crops include short rotation and woody crops that 
potentially could provide fuel for power plants. If enough 
energy crops were grown, other crops could be displaced. In 
1993, Oak Ridge National Laboratory published a study, "The 
Potential Supply and Cost of Biomass from Energy Crops in the 
TVA Region," that concluded agricultural land in the TVA r q o n  
could potentially support 18,000 megawatts of capacity fired by 
wood or 30,000 megawatts of capacity fired by switchgrass. This 
is more than the total additional capacity needed by TVA dur- 
ing the planning period for Energy Vision 2020. 

Forest Resources 
Forests in the TVA region can be affected by emissions from power 
plants. Section 2 in this document (Volume 2, Technical 
Document 1, Comprehensive Affected Emlronment) contains 
discussion of potential effects. The information used to produce 
the data in this section was obtained from U.S.D.A. Forest 
Service Experiment Station statewide forest inventories (Alabama, 
1990; Georgia, 1989; Kentucky, 1988; Mississippi 1987; North 
Carolina, 1990; Tekessee, 1383, and Virgmia! 1992). These inven- 
tories use a sampling scheme combining a forest-nonforest das- 
sification of points on aerial photographs with measurements 
on forested locations at the intersection of a sampling grid. At 

these locations, per-acre estimates are obtained from mea- 
sured trees. Each forested sample point represents from 3,000 
to 7.000 acres of forest. 

FOREST LANDS 
The 201 counties of the Tennessee Valley region contain 58.3 
million acres. Fifty-three percent of the area is forested (Figure 
7749). Reserved forest land, consisting of parks, wilderness areas, 
and other forested lands specifically withdrawn from cornmer- 
cia1 timber cutting by legislation or administrative designation. 
totals 944,976 acres. The remainder of the forested area, 30 mil- 
lion acres, or 97 percent of the forest, is classified as timberland. 
The following sections examine this timberland. 

Non-industrial private landowners own 76.8 percent of the 
timberland; forest industries control 9.3 percent. Public holdings 
tod  4.3 million acres or about 14 percent. National forests located 
mainly in the southern Appalachian region on the eastern 
edge of the TVA study area account for about 62 percent of pub 
lic timberlands. 
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FOREST TYPES 
The forest type classifitations are derived from the frequency 
with which a species or combination of species occurs on the 
timberland ofan area. The primary forest type in the 2Olcounty 
area is the oak-hickory forest type (64 percent), followed by 
the loblolly-shortleaf type and the oak-pine type (14 percent 
each). Other forest types including oak-gum-cypress, elm-ash- 
cottonwood, maple-beech-birch, and white pine-hemlock 
(less than 9 percent). 

FOREST INVENTORY 
The total standing inventory of live trees 5 inches in diameter 
or larger is 1,447 milhon green tons, including growing stock and 
rough and rotten trees. "Growing stock" refers to wood from live 
trees of traditional commercial quality. "Rough and rotten trees" 
are of less than usual commercial quality. These two classiications 
may be further divided by species group into hardwood and soft- 

wood. The hardwood growing stock in the affected area is 1,033 
million green tons or 91 percent; rough and rotten trees total 99 
million tons or 9 percent. Softwood growing stock totals 310 mil- 
lion green tons (98 percent), and softwood rough and m e n  totals 
5 million tons (2 percent). 

Among growing stock species, yellow-poplar (Linaiendron 
tulipjeraJis the most common individual species (9.8 percent 
of total volume) followed by white oak (Qumeu a h )  (9.3 per- 
cent) and loblolly pine (A'nus t&) (8.1 percent). Among hard- 
wood groups, the oaks ( . e r n  JPP.) total 37 percent of the 
inventory and hickory ( C a w  @.) 7.9 percent. 

GROWTH AND HARVESTS 
Ideally, in order for forests to be sustainable, the volume har- 
vested should not exceed forest growth. It is important to 
examine the relationship of growth and harvests (also referred 
to as removals) within the 201-county Temessee Valley region. 

Volume 
(Cubic Feet) ' 

Growing St& 41,826,310 
G m n g  Stock Hardwoods 32,161,815 - 
G m n g  Stock Sofhnroods 9,664,495 

Rough & Rollem Stock 3,224,914 
Rough & Rotten Hardwoods 3,071.501 
Rough 8 Rotten Softwoods 153,413 

All Tmes 45,051,224 
Hardwoods 35,233,316 
Sofhhcoods 9.81 7,908 

Gmwlh 
- 

Total 1,429,355 
Hardwoods 1.01 6,785 
Softwoods 412,570 

Removals Ratio 
Total 870.641 1.64 
Hardwoods 500,332 2.03 
Softwoods 370,309 1.11 

Rate 

Net Change 558.714 1.24% 
Hardwoods 516.453 1.61 % 

Softwoods 42.261 0.44% 

Area 
Aacs PercentofTotal 

lad Use -- 
Nonforest Land 26,375,886 45.22% 
T c a n d  31.005,~8 53.16% 
Other Forest 964,976 1.62% - 

Total 58,326,540 100.000/o 

OrmeRhip 
National Forest 2,673,559 8.62% 
Other Public 1,652,496 5.33% 
Forest lndusby 2,874,900 9.27% 
Farmer 7,723,525 24.91 % 

Misc. Private 16,081,198 51.87% 
Total 31,005,678 1 W.W% 

ForeaType -- 
Whii Pine-Hemlock 282626 0.91% - 
Sprucefir -- 13.130 0.04% 
Longleaf-Slash - 11,359 0.04% 
Loblolfy-Shortleaf 4,260,862 13.74% 
Oak-Pine -- 4221,i78 13.62% - 
Oak-Gum-Cypress --- 1,712320 5.5% 
Oak-Hickory 19,933,723 6429% 
Elm-Ash-Cottonwood 141,722 0.46% 
Maple-Beech-Birch 428,158 1.38% 
Total 31,005,678 1 W.W/o 
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Data for growing stock trees were obtained from the U.S. 
Forest Service inventories and does not indude the effects of any 
harvests started after the last periodic inventory. Data for har- 
vests indicate the average annual removal of timber from tim- 
berland since the time of the last survey (usually 7 to 9 years). 

For the total growing stock resource in the 201-county area, 
net annual growth totals 51.3 million tons and estimated annual 
harvests total 31.3 million tons. Thus, annual net change in the 
area is 20 million tons. The net change rate (net change vol- 
ume/growing stock inventory) is 1.3 percent per year. 

Another measure for comparing growth and harvests is the 
groWdrain ratio. It is derived by dividing the volume of 
growth by the volume of harvests. For example, if the g r o w t N h  
ratio is 1.0, growth and harvests are in balance. In the 20lcounty 
area, the growth/drain ratio of all growing stock is 1.6. 

Fxammmg these statistics by speaes group can provide more 
insight on the changes taking place. In the TVA region, softwood 
growing stock growth is 14.8 million tons and harvests are 13.3 
million tons, for a net change of 1.5 million tons. The g r o w t h / h  
ratio is 1.1. In comparison, the annual growth for hardwoods is 
36.5 million tons. and annual harvest totals 17.9 mihon tons: result- 
ing in a net change of 18.6 million tons. The net change rate is 
1.6 percent, and the growth/drain ratio is 2.0. 

Class l AP Qualii Areas 
The Clean Air Act gives special protection to national parks and 
national wilderness areas. These areas are designated "Class I 
Areas" and air quality is regulated within their boundaries. 
According to EPA regulations, air pollution effects constitute an 
unacceptable adverse impact in Class I Areas if they meet any 
of the following criteria: 

Diminish the national significance of the area 
Impair the quality of the visitor experience 
Impair the structure and function of the ecosystem. 

Federal land managers are required to assess air quality in 
Class I Areas and determine possible impacts of air pollutants 
on resources. 

There are seven Class I Areas in the Tennessee Valley region, 
as shown in the map in Figure TI-18 (US. Ep4 193). These Class 
I Areas indude Sipsy, Alabama; Cohutta, Georgia; Mammoth Cave! 
Kentucky: Joyce Kilmer/Slickrock, North Carolina; Linville 
Gorge, Nonh Carolina; Shining Rock. North Carolina; and the 
Great Smoky Mountains, Tennessee/North Caroh. An additional 
class 1 area, the Mingo National Wilderness Area is just outside 
the TVA region in Missouri. 

I :  C O M P R E H E N S I V E  A F F E C T E D  E N V I R O N M E N T  

Cultural Resources 
htentd impacts to cultural resources can be caused by canshuction 

of power plants, air pollutants, and by coal and uranium min- 
ing and provision of biomass fuels for power plants. Although 
air quality can negatively impact cultural resources within the TVA 
region, these potend  impacts are for the most part insignif~cant 
and can generally be managed or mitigated. 

A more direct potential impact to cultural resources is the 
procurement of fossil and biomass fuels. Strip mining for coal 
(fossil fuel) can impact both archaeological sites and historic snuc- 
ture resources. Timber harvesting (biomass fuel) can also 
impact archaeological sites and standing structures. Increased 
use of biomass fuels may also lead to changes in land use pat- 
terns through the establishment of more corporate-owned tree 
plantations, which can lead to the abandonment or destruction 
of historically or architecturally important farm complexes. 

Future site-specific environmental reviews for power plant 
siting would assess any impacts to cultural resources and 
archaeological sites. 

The Tennessee Valley region is renowned for its numerous 
archaeological sites. The National Historic Preservation Act 
requires all federal agencies to identify, protect, and manage sig- 
nificant cultural resources on their land or those affected by their 
undertakings whether on federal or nonfederal property. 
Cultural resource management is concerned with maintaining 
the integrity of sigruf~cant archaeologi@ remains, man-made m c -  
tures or features, and sites of historical importance. 

Recreational Resources 
Recreational resources can be affected by power plant emissions 
leadtng to visibilay impairment- by water releases for hydroelectric 
power production, and by other activities that could result from 
the selection of future resources in Energy Vision 2020. The 
Tennessee Valley region affords diverse scenic and outdoor recre- 
ation resources. The lakes, rivers, and mountains of the region 
provide a wide variety of outdoor recreation activities includ- 
ing fishing, skiing, swimming, hiking, hunting, wildlife obser- 
vation, sightseeing, and camping and are dependent upon clean 
water and healthy, diverse flora and fauna. Public lands includ- 
ing national parks and monuments. national forests, TVA lands, 
and state parks and forests provide significant recreation 
opportunities. These public lands, as well as private lands, also 
provide an aesthetic "backdrop" for recreation and tourism activ- 
ities in the region. Significant river-based recreation resources 
are provided as shown in Figure TI-70. The TVA reservoirs named 
in Figure TI-63 are also significant river-related recreation 

ENERGY VISION 2020 T1.115 



T E C H N I C A L  D O C U M E N T  1 :  C O M P R E H E N S I V E  A F F E C T E D  E N V I R O N M E N T  

this document. 
In the 1980s, the South accounted for 

more than half of the nation's population 
growth and is expected to be one of the 
dominant growth regions into the twenty- 
first century. As a growing portion of the 
United States population leaves the active 
labor force, growth of re: .rement centers 
and associated travel in the South and 

Wild and Scenic Rivers National Recreation Rivers 
Obed-Emory Rivers (Tennessee) Big South Fork River (TennesseelKentucky) 
Horsepasture River (North Carolina) Chattahoochee (Georgia) 
New River & South Fork New River 

(North Carolina) 
Chattooga R i r  (South CarolinalGeorgia) 
Sipsey R i r  (Alabama) 
Black River (Mississippi) 

Southwest may ina-ease even more rapidly than in the past. Travel 
and tourism present s ign i i a t  and growing contributions to the 
economic activity in t h e  Tennessee Valley region. In 1991. 
travel and tourism accounlt J for 126,000 jobs, about 5.5 percent 
of non-farm employment. 

Other land Use Conditions 
ELECTRIC AND MAGNETIC FIELDS 
Implementation of Energy Vision 2020 strategies for the future 
may result in the construction of new transmission lines and in 
the installation of energy-efficient electrical appliances. Either 
of these activities could result in the production of electric and 
magnetic fields (EMF). EMF arises from both nature and human 
activity. For example, the earth and individual human beings p re  
duce direct current magnetic fields. Lightning is an extremely pow- 
erful electric charge. Human-produced EMF can be caused by 
direct current, such as the voltage from batteries, or alternating 
current, such as the voltage from most electric power lines in 
rhe United States. Every device that generates, transmits. or uses 
electricity produces electric and magnetic fields. This list 
includes electric appliances, motor vehicles, and electric wiring. 
There is no place on earth where an individual is not exposed 
to EMF. In modem societies, individuals are exposed to vary- 
ing levels of EMF throughout their daily activities. 

EMF from elecuic devices and power ha is generally much 
weaker than that produced by the human body itself and is usu- 
ally too small to be noticed (Carnegie Mellon University 1989). 
Because this induced EMF is weak, scientists thought for many 
years that it had no adverse health effects. However, a 1979 epi- 
demiological study suggested a potential link between magnetic 
fields associated with electric distribution lines and childhood 
leukemia (Bonneville Power Administration 1989). After 15 
years of research, the results have been mixed. A few additional 
studies have suggested similar links to various forms of cancer, 

particularly studies of EMF exposures in occupational settings. 
Other studies have found no such links and no studies have yet 
found a cause-andeffect relationship. If EMF does pose a risk, 
most researchers believe the risk is low, and most scientists famil- 
iar with the issue agree that more research into the effect of EMF 
on health is needed. It is likely to be many years before more 
definitive conclusions can be reached. 

High-voltage power lines have been the subject of much 
of the research into the potential health effects of EMF. 
Transmission lines are the means by which TVA-generated 
power reaches dsaiburion points. When a new supply-side resource 
is added to the TVA system. it must be connected to the ?VA mm- 
mission system. A supply-side resource built at a new plant site 
would require new transmission lines and possibly result in addi- 
tional population exposures to EMF. In addition, other resource 
options, such as those involving dispersed power generation, 
may result in increased population exposures since they are usu- 
ally built in more populated areas. 

No federal regulations govern EMF exposure levels. A 
few states have established guidelines or standards for electric 
field levels. Two states. New York and Florida. have magnetic 
field standards. Some municipalities have established electric or 
magnetic field standards. None of the states in which TVA oper- 
ates have set or proposed EMF standards. 

TVA adopted interim guidelines in 1993 that address EMF 
exposures. Under these guidelines, TVA will take into account 
EMF exposure when planning new transmission lines. Whenever 
practical, TVA will route new lines to avoid homes, schools, 
and other densely populated areas. In addition, TVA will 
design new transmission lines and upgrades of existing lines 
to reduce EMF levels. 

COAL PROCUREMENT 
The amount of coal purchased by TVA and whether it comes from 
underground or surface operations m have Mering enwonmenral 
effects. Site-specific environmental impact reviews will address 
TVA fuel requirements in some detail. 
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Most of TVA's fossil plants are located near two major coal- 
producing regions. These regions are the southern Appalachian 
region, which indudes eastern Kentucky, Virginia, West Virginia, 
Tennessee, northern Georgia, and northern Alabama; and the 
eastern interior region, including western Kentucky, southern 
Illinois, and southern Indiana. TVA purchases about 35 to 40 
million tons of coal annually to fuel its 11 operating fossil plants. 

TVA's eastern coal procurements are about 7.1 percent of 
the eastern United States production (east of the Mississippi River) 
and about 0.36 percent of the western United States produc- 
tion. The maps in Figures TI-71 and TI-72 show the location 
and intensity of TVA coal procurement in the eastern and 
western United States by county for fiscal year 1994. The table 
in Figure TI-73 gives TVA the amount and percent of coal p n  
curement by state. 

The acquisition of low-sulfur westem coal serves as one corn- 
ponent of the compliance strategy for sulfur dioxide emission 
reductions required under the Clean Air Act amendments of 1990. 
In fiscal year 1994,1.59 million tons, or 4.2 percent of coal p ro  
curements, were from western states. For the 1995 to 2000 p o d ,  
the estimate for annual procurement of western coal is 4.2 mil- 
lion tons. In fiscal year 1994,6.5 million tons of coal were pro- 
cured from surface mines, 17 from underground mines, and the 
source of 14.3 tons was either surface or underground mines. 

Land-related environmental impacts of mining are pri- 
marily the direct and indirect impacts of changes in land use. 
Past impacts have included acid drainage from exposed sulfur- 
beanng rock, erosion from disturbed mining areas and c d  trans 
port roads. loss of wildlife habitat, deforestation, Stream siltation, 
unstable land situations, and fugitive dust; however, the Surface 
Mining Control and Reclamation Act (SMCRA) now addresses 
these issues in permitting enforcement. Other land-related min- 

FISCAL YEAR 1994 
State Thousands of Tons Percent 
Colorado 1.196 3.2 

Illinois 3,907 10.3 
Kentucky 27.091 71.7 
Ohio 21 3 0 . 6 ~ -  
Pennsylvania 567 1.5 
Tennessee 1,008 2.7 
Utah 365 1 .O 
Virginia - 1,282 3.4 
West Virginia 2,118 5.6 
Wyoming 29 -- 0.1 

Total 37,776 100.0 

ing impacts can include loss of prime farm land, encroachment 
on threatened or endangered species, and loss of cultural and 
archaeological resources. 

Mines in the southern Appalachians are often devel- 
oped on lands which are not well suited to agriculture. 
Ideally, commercial timber is harvested and marketed prior to 
excavation for mining. Aesthetics is another potential-envi- 
ronmental concern. Mining operations usually clash with the 
surrounding landscape, and in the case of high elevation ridge- 
side or ridge-top surface mining, the operation may be visi- 
ble for many miles, either as a distinct feature or as a 
disruption of the skyline. Mine reclamation requires restora- 
tion to original contour, and appropriate re-vegetation can mit- 
igate long-term visual aesthetics impacts, as well as impacts 
resulting from changes in land-use. 

Mining in the eastern interior region is more likely to 
involve either agricultural or forested lands. Long-range 
visual aesthetic impact9 are less likely to be significant 
because of topography. 

COAL COMBUSTION SOLID WASTES 
The amount of coal used as fuel is related to the solid waste pro- 
duced. The combustion of pulverized coal in power plant boil- 
ers produces solid wastes as fly ash and bottom ash (or boiler 
slag in some boiler designs). The primary constituents of ash and 
slag are silica (SiOz), alumina (A1203), and iron oxide (Fe203). 
Flue gas desulfurization by wet limestone scrubbers for envi- 
ronmental conuol produces a gypsum sludge (CaS042H20) solid 
waste. Cod washing residue creates another waste. Any of these 
wastes may be marketed as byproducts depending on their qual- 
ity and market conditions. 

TVA coal-fired plant production of these byproducts dur- 
ing fiscal year 1994 is listed in Figure 77-74. TVA's total coal com- 
bustion byproduct utilization from 1989 to 1994 is summarized 
in Figure TI- 75. Selected coal combustion byproduct usage is 
shown in Figure TI-76. The total production of byproducts was 
nearly 6 d o n  tons with almost half being fly ash. Bottom ash/slag, 
flue gas desulfurization, and gypsum sludge accounted for 20 
percent each. 

The remainder of the byproducts is either disposed of or 
stored on the plant site in ash ponds or dry-stacked landfills. The 
liquid waste discharges from ash ponds are permined accord- 
ing to the National Pollution Discharge Elimination System. At 
some plants, possible groundwater contamination is moni- 
tored by sampling groundwater in the nearby area. 

URANIUM PROCUREMENT 
The natural uranium for TVA's nuclear plants comes from ura- 
nium producing areas all over the world. The world's major ura- 
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COAL BYPRODUCT 
Gypsum (Flue Gas 

Coal Bum Coal Ash Fly Ash Bottom AshlSlag Desulfurization Sludge) Coal Wash 
Plant (Tons) (YO) (Tons) (Tons) (Tons) (Tons) 
Allen 2,023.847 8.31 42,045 126.136 
Bull Run 2.1 19.542 8.79 158.362 27.946 
Colbeti (1-4) 1,826,608 11.59 169,363 42.341 
Colbeti (5) - 1,158,004 9.92 91,899 22.975 
Cumberland 5,766.501 10.26 473.314 1 18,329 964,577 
Gallatin 2,522,861 7.99 161,261 40.31 5 
John Sevier 2,047.223 11.53 188,836 - 47.209 - 
Johnsonville 3,555,731 10.01 284,743 --- 71.186 
Kingston 3,925,284 8.94 280,736 70,184 -- 
Paradise (1-2) 3,482,965 8.74 76,103 228.308 559.631 539,860 
Paradise (3) 2,020,667 8.57 43.293 129,878 313,203 
Shawnee (1 -9) 3.302.792 10.13 267,658 66,915 -- 
Shawnee (10) 380.970 7.28 137,239- 43.857 
Widows Creek (1 -6) 1,629,437 10.29 134.135- 33.534 
Widows Creek (7) 1,162.420 11.01 102,386 25.596 221,886 
Widows Creek (8) 1,474,021 10.87 128,181 32,045 400,346 

TOTALS 38,398,872 2,739,555 1,126,754 2,146,440 853.063 

Utilization 
Fiscal Year m n s )  
1989 487.309 

I BYPRODUCT I 
Flue Gas 

Fly Bottom Boiler Desulfurization 
Byproduct Use Ash Ash Slag Sludge 
CementlConcrete Products X X X X 
-&sphalt Products X X 
Roofing Granules X 
Roadbed, Road Surfacing, X X 
Embankments 
&for Snowllce Control X X -- 
Blasting Grit -- X 
Landfill and Structural Fill X X 
Gypsum Wall Board- - X 

nium producing countries are Canada, Australia, South Africa, 
Niger. Russia, Namibia, Uzbekistan, Tajikistan, Kazakhstan, and 
the United States. Current annual world production is approx- 
imately 80 million pounds of ~308.-TVA's five nuclear units use 
a total of about 2.5 million pounds of U3O8 per year. TVA cur- 
rently has sufficient inventory to last until 1999. 

Much of the world's uranium is produced in dry, arid 
thinly populated areas like the southwestern United States and 
the Australian outback. Mining methods range from open-pit min- 
ing to deep-pit mining to low impact leaching operations. 
Environmental management is an integral pan of overall min- 
ing operations. Extensive monitoring programs are imple- 
mented. One of the main objectives of environmental plans is 
to return as much of the mining site to its former state as pos- 
sible once mining operations are completed. Decommissioning 
plans are made, funded, and implemented. 

After mining, the natural uranium is transported to either 
of the two conversion plants located in Ilhois or Ontario, Canada. 
for further refinement and processing. Subsequently, the natural 
uranium is typically shipped to one of the federal govern- 
ment's uranium enrichment plants located at Paducah, Kentucky 
or Portsmouth, Ohio. TVA receives its nuclear fuel in the form 
of fabricated nuclear fuel assemblies in which the uranium has 
been encapsulated in metal tubes. 

TVA and a number of other United States utilities are 
expected to soon be using commercial grade slightly enriched 
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uranium derived from nuclear warheads in the true sense of 
swords to plowshares. Under this progmn, the highly enriched 
uranium obtained from both United States and Russian nuclear 
warheads will be diluted to low levels, which allows its use in 
commercial nuclear plants. A substantial reduction in the 
quantity of nuclear warheads in the world is a major benefit 
to the environment and mankind. 

WUCUWI WASTE 
Introduction 
The nuclear fuel used for power plants produces radioactive solid 
wastes requiring storage and disposal. These wastes are placed 
in rwo catepies: low-led radioacrive waste and hlg-level radiogc- 
tive waste. These indicate the type of radioactive material, the 
intensity of its radiation, and the time required for decay of the 
radiation intensity to natural levels. 

High-level Nuclear Waste 
Background 
Ninety-nine percent of high-level waste from commerc~al nuclear 
plants is used fuel that has released most of its energy. The fuel 
that runs nuclear power plants is made up of small uranium pel- 
lets. These are placed inside long metal fuel rods. These fuel rods 
are grouped together into fuel assemblies, which are placed inside 
a reactor. In the fission process, uranium atoms begin to split in 
a chain reaaion, one after anofher. The Them pass yields energy 
in the form of heat for power plant operation. 

Certain changes take place in the fuel during the fission 
process. Most of the fission products--the nuclei left over after 
the atom has split-are radioactive. Over time, these trapped fis 
sion products reduce the efficiency of the chain reaction. 
Approximately every 18 months, the oldest fuel assemblies 
that have already released their energy are removed and 
replaced with fresh fuel. Operation of TVA's 5 nuclear units will 
produce about 115 meuic tons of used fuel each year. 

After it is removed from the reactor, used fuel is stored 
at nuclear plant sites either in pools (steel-lined, concrete vaults 
filled with water) or in dry casks (above-ground concrete or 
steel containers). The radioactive waste remains locked inside 
the uranium pellets which are still encased in the fuel rods. 
Used fuel has been stored safely at nuclear plant sites since 
the late 1950s, when the fim nuclear energy plants began mak- 
ing electricity. 

Within six months of fuel removal and storage at the plant 
site, 98 percent of the fuel's radiation has dissipated. Forty to 50 
years after the spent fuel is removed from the reactor, its 
radioactivity has decreased to 1 percent of its iniual radioactivity. 
A very small percentage of nuclear wastes remain radioactive 
for thousands of years. 

Radioactive waste has been a prominent topic in the con- 
troversy over nuclear energy. Often the anention focuses on the 
disposal of spent fuel from nuclear reactors. Radiation has been 
studied for nearly a century, and scientists can detect even the 
smallest amount. Scientists and engineers believe they know how 
to safely isolate radioactive material underground so it will not 
pose a danger to current or future generations. A permanent 
repository with multiple barriers, both natural and man-made, 
is to be designed and built by the Depamnent of Energy to ensure 
radioactivity does not escape and waste is isolated from the envi- 
ronment. Waste will be sealed in metal canisters and placed a 
half-mile or mare underground in a stable geological environment 

The feasibility of underground waste repositories has been 
demonstrated in studies and test projects. Geologic q i t o r i e s  
deep underground have been endorsed by independent scientific 
organizations around the world, including the National Academy 
of Sciences, the National Research Council, and the Congressional 
%ce of Technology Assessment. Almost all other countries with 
a nuclear energy program, including Germany, France, and Japan, 
have determined that deep geologic disposal is the safest sys- 
tem of permanent nuclear waste management. 

The Nuclear Waste Policy Act ( M A )  of 1982 established 
a program to build the nation's first underground high-level waste 
repository early in the next century. The act and its amendments 
charge the Deprunent of Energy (DOE) with the following tasks: 

Locating, building. and operating a.deepmined geologic per- 
manent repository for high-level waste 
Evaluating the need for a monitored retrievable storage facil- 
ity-a short-term, continuously monitored facility for the 
interim storage of spent fuel 
Developing a transportation system that safely links United 
States nuclear power plants, the monitored retrievable stor- 
age, and the permanent repository. 

In 1987, amendments to the Nuclear Waste Policy Act of 1982 
designated the remote area of Yucca Mountain, Nevada, north- 
west of Las Vegas, for study as a possible permanent repository 
site. The Depament of Energy has begun site characterization, 
the comprehensive scientific investigation of Yucca Mountain's 
suitability. The permanent repository facility mus meet strjct lioens 
ing requirements of the U.S. Nuclear Regulatory Commission. 
Additional oversight will be provided by the U.S. Environmental 
Protection Agency, the State of Nevada, and the Technical 
Review Board appointed by the President. 

Concern about the tlansportatim of high-level waste is another 
issue related to d~~posal. The federal government has established 
controls and regulations to ensure that radiation exposure from 
accidents does not occur under either normal or abnormal con- 
ditions. To date. there have been more than one million ship- 
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The Mixed Merophytic Forad Region--Cumberland 
Mountains Seelion 
Tuliptree Liriodendmn tulipifera 
Basswood f l i a  heterophylla 
Sugar maple Acersacchamm 
Beech Fagus grandifolia 
Northern Red oak QUBIC~IS ~ b l a  
Yellow buckeye Adsculus oc$ndla 
W h i i  ash Fraxinus americana 
Cucumber magnolia Magnolia acuminata 
Red maple Amr mbrum 
Black gum Nyssasytvatica 

Cumberland and Allegheny Plateaus Se lon  
Beech Fagus grandifolia 
Tuliptree Liriodendron tulipifera 
Basswood Tilia hetemphyila 
Sugar maple Acer saccharum 
Northern Red oak Quercus rubra 
White ash Fraxinus americana ' 

White oak Quercus aka 
Cucumber magnolia Magnolia acuminata ' . 
Shagbark hickory ' - Catya ova& 
Mockernut hickory Cays tomentosa ~ - 
Red maple Acer r u b ~ m  

Fraser magnolia Magnolia fraseri 
Red maple Acer rubrum 
Chestnut oak - Que~rcprinus 
Black oak Quercus velutina --- 
Scarlet oak Quercus coccinea 

The Oak-Chestnut Fomt Region4wtharn Appalachians SacHon, 
Cora lbrdrmods and OatChestaut Communities 
Basswood Tilia heterophylla 
Sugar maple Acer saccharurn 
Northern red oak Quercus rubra - 
Yellow buckeye Aeg~lus octandra 
Silverbell Halesia caroliniana -- 
Canadian hemlock Tsuga canadensis 
Yellow birch Bet& lute? 
Sweet birch BetuIa knta = 

The Oak-Pine Fonsl Region--Gulf Slope Section 
Chestnut oak Quercus prinus 
Pignut hickory -- Carya glabra 
LoMolly pine Pinus &&a 
Shortleaf pine Pinus echinata 
Southern red oak Quercus falcata 
Post oak Quercus stellata 
iiiack oak .- Quercus velutina 
Blackjack oak -- Qoercus marilandica 
Mockernut hickory Carya tomentosa 

The Western Mmphytic Foresl Region-Nashville Basin Section 
Mptree Liriodendron~ulipifera 
w a r  maple Acer saccharum 
White oak Quercus alba -- 
Northern Red oak Quercus ~ b r a  
Hackberry Celtis laevigata 
American elm Ulmus americana - 
Red cedar Junipems virginana 
Winged elm Ulmus alata 
Shagbark hickory Caya ovata 
Black gum Nyssa sylvarica 
Chinkapin oak Quercus muehlenbergii 
Post oak Quercus stellata 
Redbud Cercis canadensis 
Beech Fagus grandifolia 
Wild cherry Prunus semtina 
White ash Fmnus americana 
j 

Southeastern Evergreen Forest Region--Mississippi Alluvial 
Plain Section 
Silver maple Acer saccharinum . 

American elm Ulmus americana 
Pin oak -- Quercus palustris 
Cottonwood - Populus dekoides - 
White oak Quercus alba 
Sweetgum Liquidambar styraciflua -- 
Cherrybark oak Quercus pagodaefolia -------- 
% ~ o r e  Platanus occidentalis 
Black oak - Quercus velutina 
Red mulberry -- Morus rubp - 
Sassafras Sassafras albidum 
E u t  Jug&nlagra 
Honeylocust Gleditsa triacanthos 
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atllmal communities. About 70 species of mammals, 300 species 
of birds (including 175 that nest within the region), 65 species 
of reptiles, and 77 species of amphibians regularly occur in the 
region. Several salamander species are only found in the TVA 
region. Few other terresulal vertebrate species are restricted to 
the TVA region. 

Except for many birds, game species, and species listed as 
endangered or threatened (see species list at the end of t.hs doc- 
ument in the Threatened and Endangered Species Appendix), 
little population trend information is available for terrestrial ani- 
mals. Systematic censuses conducted since the mid-1960s show 
that populations of about 18 percent of the bird species nest- 
ing in the region are declining, while about 10 percent are increas 
ing (Nicholson in press). About 30 percent of the bird species 
are encountered too infrequently by this survey to show p o p  
ulation trends. The majority of the birds with declining popu- 
lation trends are species that nest in North America and winter 
in Latin America. Many of these species require large tracts of 
forest and are adversely affected by forest fragmentation result- 
ing fmm land use changes such as road and power line construction 
and suburban and agricultural development. Several blrd species 
that require early successional habitats, both permanent residents 
and long-distance migrants, also show a decline. 

Twenty-two species of mammals and 34 species of birds are 
legally hunted or trapped in the TVA region. The population trends 
of these species in the region generally parallel their trends else- 
where, with northern bobwhite (Colinus virginianus) and 
most duck species declming, and white-tailed deer (Odocoileus 
virginkinus), wild turkeys (MeleagagaUcfPam), geese, and wood 
ducks (Aix sponsa) increasing. 

Vegetation 
The six physiographic regions w i t h  WA's 20lcounty area con- 
tain approximately 4,300 species of herbs, shrubs, and trees in 
numerous-habitats and plant communities. It also contains 
several non-forested plant communities, such as cedar glades, 
balds, remnant prairies, gravel bars, and cliff faces. These areas 
are extremely small compared to the extensive forests that 
characterize this region. 

Based on an analysis of late successional forests, Braun (1950) 
recognized five major forest qgons in the WA region. (See Figure 
TI-77.) Three of these regions are further divided into sections, 
generally along physical geology boundaries. The m a p  tree speaes 
in these regions are listed in Figure TI-78. 

Local vegetation types vary greatly within Braun's divisions 
because of variation in elevation, relief, soil fertility, moisture, 
and the degree of human dcmrbance. The tree p e s  composition 
of early to mid-successional forests (forests in the early to mid- 
dle stages of their cycle) is fairly uniform across the TVA region 

on sites with similar environmental conditions. Red cedar 
Qunipencs virgtnianu) and mixed cedar types are common on 
reverting old fields and on sites with shallow, basic soils. 
Yellow pines (especially loblolly [Pinus faedal, Virginia P. vir- 
ginianal) and shortleaf (P. echinatu) are widespread and occur 
both in tree plantations and naturally in early successional 
stands. Oak-hickory forests, often mixed with yellow p i n g  are 
widespread on drier, upland sites. Bottomland hardwoods con- 
taining such species as oaks, sweetgum (Liquidambarstyraci- 
&a), maples (Am*.), and other wet-site ha&& are typical 
of rich alluvial lowlands. Sugar maple (Acer sacchamml and 
American beech (Fagus grandifolia) frequently occur on rich, 
north slopes and, along with species such as hemlock (Tsuga 
canadensis), northern red oak (Quercus nrbraj, and bass- 
wood (Tilia beferopbyIla). are common at higher elevations in 
the eastern portion of the region. 

STRESSORS TO M E  FORESTS OF 
THE TENNESSEE VALLEY 
Power plant emissions are one of several stressors to forests in 
the Tennessee Valley. Power plant emissions and their poten- 
tial effects have been dscussed previously. Since the cumula- 
tive effects of various stressors can negatively affect forests, all 
key stressors are discussed in this section. 

The forests of the Tennessee Valley are in a constant state 
of change. Presence or repression of fire, environmental con- 
ditions, people, and introduced pests have helped shape the 
current landscape. Forest svessors include past land use prac- 
tices that resulted in erosion and site degradation, extreme cli- 
matic conditions (freezing injury. ice damage. drought, 
flooding), air pollutants, and exotic as well as native forest insects 
and diseases. 

Currently, several stressors raise concern for the health of 
forests in this region. Tropospheric ozone is produced by com- 
plex photochemical reactions involving sunlight and the emis- 
sion of volatile organic compounds and nitrogen oxides from 
automobiles. power plants, factories. and other sources of high 
temperature combustion. Ozone in the troposphere, the portion 
of the atmosphere 7 to 10 miles from the earth's surface, can occur 
at levels that cause visible injury to numerous plants and have 
porenually deleterious interactions with other forces in forest set- 
tings Uohnson and Lindberg 192). Acidic deposition is also con- 
sidered to be a forest health stressor, especially to red spruce 
(Ptcea nrbens), the most sensitive regional tree species. 

A number of diseases and pests invoduced to the Tennessee 
Valley have recently or will soon impact the forest (Ferguson and 
Bowman 1994; Great Smoky Mountains National Park 1993; 
Langdon and Johnson 1992). The gypsy moth (Lymantria dis- 
par), is of major concern. It is projected to reach the northeast 
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ments of radioactive materials, mostly for mdcal purposes, with 
a lower than average vehde accident rate. No one has ever been 
in@ due to radiation exposure from the 6,000 spent fuel assem 
blies transported to date in the United States. 

Spent fuel is shpped in specially constructed casks, each 
of which must be licensed by the Nuclear Regulatory Commission 
(NRC). The casks must be able to withstand several severe shocks 
without leaking-a %foot drop onto a flat, unyielding horizontal 
surface with the caskkoriented to cause maximum damage; a 40- 
inch drop onto the pointed end of a steel bar, also with the cask 
oriented for maximum damage; exposure to a 1,475 degrees F 
fire for 30 minutes with no artificial post-fire cooling; and 
immersion in water to a depth of three feet for at least eight hours 
immediately following the fire test. The Nuclear Regulatory 
Commission tests required to license shipping casks are more 
stringent than conditions the casks would be subwed to in a d  
accidents. 

Below is a listing of other federal agencies involved in the 
management of high-level radioactive waste: 

The Environmental Protection Agency issues generally applic- 
able environmental radiation standards effective outside the 
boundaries of sites that possess radioactive materials. 
The Nuclear Regulatory Commission develops and enforces 
reguktIons to protect the public health and safety from all domes 
tic commerdal nuclear activities. Rules on mined geolog~c r e p  
itories have been formulated that will specifically implement 
the general environmental standards set forth by the 
Environmental Protection Agency. 
The Department of Transportation governs the shipment of 
all privately owned radioactive materials. including nuclear 
waste, by all modes of transport. It also administers the label- 
ing, classification, and marking of all radioactive waste 
packages. 
The Department of Interior through the U.S. Geological 
Survey cooperates with the Department of Energy on tech- 
nical activities in the earth sciences, including geologic 
investigations in support of waste disposal. 

Status of TVA Spent Fuel Storage 
TVA plans to continue to store spent nuclear fuel on-site at plant 
locations where it is generated until the Department of Energy 
accepts physical custody by shipment off-site to a monitored 
retrievable storage facility or to a permanent underground 
repository for ultimate disposal by burial. TVA is currently stor- 
ing some 760 and 417 metric tons of used fuel on site at 
Browns Ferry and Sequoyah Nuclear Plants. respectively. 
Current spent fuel storage capaclty is sufficient at Sequoyah Nuclear 
Plant until 2004 and at Browns Ferry Nuclear Plant until 2007. 
Based on one-unit operation at Watts Bar Nuclear Plant, spent 

fuel storage capacity will be sufficient until 2018. TVA has suf- 
ficient outside site area at each of its nuclear facilities to store 
any high-level waste associated with decommissioning activi- 
ties and life-of-plant quantities of used fuel. As the pools approach 
the current storage limits, TVA will initiate studies to increase 
on-site storage capacity. 

Low-Level Nuclear Waste 
Low-level radioactive waste consists of items that have come into 
contact with radioactive materials. Activities that use radioactive 
materials, and therefore produce low-level waste, include bio- 
medical and pharmaceutical research, industrial processes. 
diagnosis and medical treatment, and nuclear-generated energy. 
In a nuclear energy plant, the low-level radioactive waste 
comes primarily from small particles in the internal reactor-cool- 
ing water that are captured in fiters, depmited in valves and pumps, 
or collected on surfaces inside the plant. Many items such as fil- 
ters, cloth and paper wipes, plastic shoe covers, tools and 
materials, water punfication media (resins), and other residues 
collect varying quantities of radioactivity. 

The radioactive panicles in low-level radoactive waste emit 
the same types of radiation that occur in nature. About 90 per- 
cent of low-level radioactive waste fades away through radioac- 
tive decay into natural levels of radioactivity within 10 years. 
About 99.9 percent of it diminishes to natural levels in less than 
300 years. 

Low-level radioactive waste is measured by volume gen- 
erated or volume disposed of, usually in cubic meters. 
Generators of low-level radioactive waste have worked to 
reduce the volume sent to disposal sites. TVA regularly com- 
pares its low-level radioactive waste volumes to the best and 
median volume generators in the nuclear industry. Low-level 
radioactive waste production at TVA nuclear plants is cur- 
rently about 70 percent of the industry average. Reduction of 
waste volume is accomplished through a combination of on- 
site volume minimization and off-site volume reduction 
processes. Waste volume is reduced through compaction, 
incineration, and decontamination. 

Low-level waste that is shipped to disposal sites travels by 
ground transportation in special boxes, drums, or steel containers 
designed to meet Nuclear Regulatory Commission and Depamnent 
of Transportation standards for impact resistance. The type of 
container required depends on the amounts and types of 
radioactive elements in the waste. There has never been a seri- 
ous transportation incident involving the disposal of radioac- 
tive material. 

The purpose of low-level radioactive waste disposal is to 
isolate the waste from both people and the environment. 
Designs for building disposal facilities include shallow land bur- 
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ial, a below-ground vault, an above-ground vault, modular 
concrete canister disposal, and earth-mounded m a d e  bunkers. 
Although the dtsposal approach may vary, dependmg on the loca- 
tion, all disposal facilities use a series of natural and engineered 
barriers to p m t  the radioactive material from reaching the envi- 
ronment. All of them meet strict federal and state requirements 
for isolating the waste until the radioactivity has faded to nat- 
ural background levels. 

In 1980, Congress passed the Low-Level Radioactive 
Waste Policy Act. That law requires every state to develop an 
adequate disposal site for its own waste or to form 'compacts" 
with other states to provide regional disposal. The states par- 
ticipating in the Southeast Compact Commission have selected 
North Carolina as the host state to select, license, and construct 
a new disposal site. The current schedule calls for this facil- 
ity to be complete in 1998. Until July 1995, the low-level waste 
generators located in the eight Southeastern states were 
required to dispose of their waste at the Bamwell, South 
Carolina disposal facility. In July, South Carolina withdrew from 
the Southeast Compact Commission in order to open the 
Barnwell facility to all states except North Carolina. Bamwell 
is expected to remain open to these users for another 7 to 10 
years. TVA plans to continue to use the Barnwell facility for low- 
level radioactive waste disposal until the North Carolina facil- 
ity is opened. Should either or both of the disposal facilities 
close unexpectedly, low-level radioactive waste will be stored 
in on-site facilities at the TVA nuclear plants. These facilities 
are sized to handle any anticipated storage needs for the 
foreseeable life of the plants. 

Below is a listing of agencies involved in the regulation of 
low-level radioactive waste: 

The US. Nuclear Regulatory Commission licenses many 
of the facilities that produce low-level waste, including 
nudear energy plants, and regulates law-level radioactive waste 
disposal. 
The U.S. Environmental Protection Agency develops 
general standards to protect the public from radiation. 
The U.S. Department of Transportation regulates the 
interstate shipment of privately owned radoactive materials. 
The US. Department of Energy coordmates national plan- 
ning with the states for managing low-level radioactive 
waste. 
The US. Geological S w e y  offers technical assistance with 
studies of hydrology and geology of proposed sites. 
State governments are responsible for disposal of the low- 
level radioactive waste generated in their states or for join- 
ing a regional compact. State governments are responsible 
for selecting and licensing a site according to federal standards 
and monitoring its operation. ~ o s t  stat& have licensing author- 

ity from the Nuclear Regulatory Commission for low-level waste 
disposal within their state. 
The Nuclear Re&tory Commission regulations cover the 
off-site disposal of low-level radioactive waste; the Nuclear 
Regulatory Commission and the U.S. Department of 
Trampomion cover the tnnpxmon of -, and the Nuclear 
Regulatory Commission regulations cover on-site storage. 

lielogical Resums 
INTRODUCTION 
Biological resources such as wetlands, wildlife, vegetation, sen- 
sitive ecosystems, endangered species, and unique natural 
areas can potentially be affected by dams, power plant emissions, 
and sites for power plants. The Tennessee Valley region contains 
a wide diversity of flora, fauna, and biological habitats. Biological 
resources of the Valley are summarized in this section. 

TERRESTRIAL ECOLOGY 
Wetlands 
Wetlands are defined as lands that are covered by shallow water 
or with the water table near the surface. They support vegeta- 
tion typically found in wet habitats, have soils wet enough to 
produce anaerobic conditions, and/o.r have a substrate saturated 
or covered with water at some time during the growing season 
(Cowardin et al. 1979). Although wetlands occur throughout the 
TVA region. they are most extensive in the south and west. There 
are two main types of wetlands-palustrine, or marshy, and lacus 
trine, formed by lakes (U.S. Fish and Wildlife Service National 
Wetland Inventory data). The most common palustrine types are 
fomted wetlands (also the most extensive type in the TVA region), 
scrub-shrub wetlands, and emergent wetlands. The most com- 
mon lacustrine wetland type is aquatic bed wetlands. 

Over half of the wetland acreage that originally occurred 
in the seven states forming the TVA region has been lost (Dahl 
19W). The major causes of wetlands loss are agricultural con- 
version, inundation by reservoirs, and conversion to urban or 
other non-agricultural land uses. The rate of wetland 10s.~ has 
slowed in recent years, and further destruction of wetlands is 
discouraged by Executive Order 11990, the North American 
Wetlands Conservation Act, and other regulations. Any future site- 
specific environmental reviews for power plant siting will con- 
sider wetlands in assessing potential impacts. 

Wildlife 
The TVA region contains portions of six physiographic regions 
(see the map in Figure TI-63 and a great variety of plant and 
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comer of Tennessee in l j  to 20 years. Oak trees are the most 
susceptible. Stands with a higher component of oaks are also 
more susceptible to dieback and decline. Oak decline, a slow- 
acting disease complex, is caused by a combination of age, stress 
factors, and normally non-aggressive insects and fungi. A nat- 
ural process, oak decline? is hastened and compounded by past 
land use, loss of species such as the American chestnut 
(Castanea dentata), replacement with species less adapted to 
the site, and other conditions. 

Dogwood anthracnose is a disease caused by the fungus 
DisnJa desrnrcrrlxr It was detected in the southern Appalachians 
in the late 1980s and has spread throughout much of the 
Valley. Flowering dogwood (Cornus florida) is the target 
species. At some sites all dogwood ulees have been killed, while 
some trees at lower elevations on drier sites have sustained lit- 
tle damage. Other hardwood diseases include Dutch elm dis- 
ease, caused by the c%utq% ulmi fungus, which attacks American 
(Ulmus americana), slippery (U. rubra), and winged elms (li 
alata). High levels of mortality among elm trees follow disease 
outbreaks. Butternut canker, caused by the fungus Seriococcus 
claYgineh~iuglandacaarum has a lethal effect on butternut (juglam 
cinerea). This fungus went unnoticed in the southeastern 
United States until less than a decade ago. Butternut populations 
are plummeting, and in 1990 butternut was added to the fed- 
eral list of candidates for protection by the Endangered Species 
Act. Beech bark disease was detected in the Great Smoky 
Mountains several years ago. The disease is caused by a com- 
bination of the beech bark scale insect (Ctyptococcus fag- 
isuga) and the Nectria fungus. High levels of American beech 
mortality are expected if the disease spreads. 

Three insects are serious pests to Valley coniferous forests 
(Ferguson and Bowman 1994). The balsam woolly adelgid 
(Adelgespiceae) was detected in the southern Appalachians in 
the late 1950s. It is a non-native mortal pest of mature Fraser fir 
(Alnesfrasenn;) native to the southern mountains. Virtually all nat- 
ural stands of fir have been infested, and few mature firs 
remain. The hemlock woolly adelgid (Adekes mgae), accidenrally 
imported from Asia, has already Infested many Eastern hemlocks 
in Virginia. Widespread mortality is expected. This adelgid is 
expected to move throughout the Appalachians and may elim- 
inate most of the hemlock, both the Eastern type and the 
native Carolina hemlock (T caroliniana). Most species of 
conifers are susceptible to attack during intense outbreaks by 
the native southern pine beetle (Dendroctonusfrontalis). In the 
Tennessee Valley all shortleaf. loblolly, and V ' i ,  Table-Mountain 
pines (P pungens) pitch pines (I? ngzda). and eastern white pines 
(P. strobus) are attacked. Overstocked or homogeneous stands 
are the most susceptible to high mortality during periodic bee- 
tle outbreaks. 

Harmful non-indigenous invasive plant species also pose 
a threat. Both privet (Ligusrmmspp.) and Japanese honeysuckle 
(Lonicera japonica) are shade-tolerant and form a dense layer 
of low vegetation, altering forest regeneration patterns. Another 
pervasive shade-tolerant plant is bittersweet (Celastrus scandens), 
but it is not yet known to hamper stand regeneration. The grass 
rnicrostegwm ( M ~ i u m  n'mineum) carpas moist fotest under- 
stories, changing the composition of the herbaceous layer. 
Some shade-intolerant species introduced, such as autumn 
olive (Elaeagnus urnbebra), multiflora rbse, (Rosa muItr~orn)), 
and kudzu (Pueraria lobata) can cause local problems. A 
potenual problem species that is spreading south is mile-a-minute 
weed (Pol~onum perfliatum), an aggressive annual spread by 
animals that eat its fleshy fruits. 

Usually these pests. pathogens, or agents of damage are 
viewed individually. However, they often work together and impact 
the forest through a multiple stressor system complex. 

SENSITIVE OR THREATENED ECOSYSTEMS 
The TVA region includes several terrestrial communities that are 
either restricted to the TVA region, are best represented here, 
or include a large proportion of their total area in the region. These 
include the Southern Appalachian spruce-fir! cedar glade, and 
limestone cave systems. Several endangered and native plant andlor 
ammal speaes, as we1 as species not found outside the WA won, 
occur in each of these communities. Therefore, knowledge of 
these threatened ecosystems is important for the future imple- 
mentation of energy resources including the site-specific envi- 
ronmental reviews to be performed. 

Southern Appalachian Spruce-Fir Forest 
The Southern Appalachian spruce-fir forest is an ecosystem rich 
in animals and native and rare plants. However, these forests 
have experienced serious disturbances in the last century. 
Commercial l o p g  and assodated fires of the early 1900s reduced 
the forests to a fraction of their former expanse (Korstian 
1937). Currently these forests are being severely impacted by 
the balsam woolly adelgid, an imported insect first detected in 
the southern Appalachnns in the late 1950s (Spears 1958). Mature 
Fraser fir, a southern mountain endemic, is highly susceptible 
to the adelgid, with death occurring in two to seven years after 
infestation. Furthermore, some evidence suggests a red spruce 
growth decline in the past 20 years. as well as canopy crown 
deterioration since the mid-1980s (Peart et al. 192; McLaughlin 
et al. 1987). 

The red spruce-Fraser fir ecosystem occupies approxi- 
mately 103 square miles in the southern Appalachian mountains 
of.southwestern V i i a !  eastern Tennessee, and western North 
Carolina and is generally confined to mountain peaks above 5,000- 
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foot elevation. The larger stands are shown in the map in 
figure 22-50. Spruce-fir forests occur as a series of island-like stands 
at high elevation. The largest contiguous area of red spruce-Fmer 
fir forest (48,721 acres) is located in the Great Smoky Mountains 
National Park (Dull et al. 1988). The remaining 26 percent of the 
ecosystem is located in the Black Mountains (7.221 acres), 
Balsam Mountains (4,648 acres), Roan Mountain including 
Unaka Mountain (1,699 acres), Mt. Rogers Area including 
Whitetop Mountain (1,582 acres), Plott Balsams (952 acres), 
Grandfather Mountain (928 acres), and h g  Hope Mountain (498 
aaes) (Dull et al. 1988; Groton 1985). 

Cedar Glades 
Cedar gladt are areas of exposed limestone bedrock, gravel. 
and/or shaliow soil over limestone bedrock, sparsely vegetated 
with low-growing herbaceous plants and red cedars (Quarterman 
1989). Their greatest concatration occurs withm the Interior Low 
Plateaus physiographic province in central Kentucky, central 
Tennessee, and northern Alabama. A few glades also occur withm 
the %dge and Valley province of Virginia, Tennessee, Georgia, 
and Alabama. Twenty-two species or subspecies of plants are 
only found on these southeastern glades. The total area of cedar 
glades, most of which are within the TVA region (Baskin and 
Baskin 19861, is only a few thousand acres. Many have been 
destroyed or heavily disturbed by urban and suburban devel- 
opment, highway construction. and reservoir impoundment. 

Caves 
Over 5,000 caves and related Karst features such as sinkholes 
have been identified in the TVA region (TVA undated). They are 
widespread in the eastern two-thirds of the region. Many 
species of invertebrates, as well as one fish, and one salamander, 
are restricted to caves in the TVA region. Several of these speaes 
occur in only one or two caves. Several of these species, as well 
as several bats Inhabiting caves. are listed as endangered or under 
consideration for endangered listing. Important stresses to 
cave ecosystems include groundwater pollution, changes in cave 
climate and hydrology resulting from modifications to cave 
entrances, and disturbances to cave formations and fauna by 
human visitation. 

THREATENED AND ENDANGERED SPECIES 
Knowledge of threatened and endangered species in the TVA 
region is important for the future deployment of energy 
resources including the site-specific environmental reviews to 
be performed. Thirty-eight species of plants and 100 species of 
animals in the TVA region are either listed as endangered or threat- 
ened species or formally proposed for such listing by the U.S. 
Fish and Wildlife Service (USFWS). These species, their distri- 
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bution by river basin, and their habitats are listed in the 
Threatened and Endangered Species Appendix. An additional 
380 species in the TVA region have been identified by the U.S. 
Fish and Wildlife Service as candidates for listing (USFWS 1993, 
1994a, 1994b). The distribution of many candidate species is poorly 
known and not included here. 

The 83 aquatic animals are endangered by loss of habitat 
due to the building of reservoirs; alterations of flow, tempera- 
ture, and water chemistry regimes in river stretches down- 
stream of dams; sueam channel modifications such as channeling; 
and habitat degradation from point and non-point pollution. Mast 
plants and terrestrial animals are endangered by loss of habitat 
due to land use changes such as agricultural clearing, highway 
construction, and suburban development. 

The 83 aquatic species presented in the Threatened 
and Endangered Species Appendix occur in 4 broad habitat 
types, 3 of which have been described in some detail in 
Section 3, Water Resources in this document (Volume 2, 
Technical Document 1, Comprehensive Affected Environment). 
Under-ground aquifer habitats, not mentioned in Water 
Resources, are inhabited by three listed species. Each of these 
species (Alabama cavefish. Speoplatyrbinlcspoulsoni; Alabama 
cave shrimp, Pulaemonias alabamae; and Kentucky cave 
shnrnp, Arlaemoniasgam) occurs in one or a few caves located 
in an extremely limited geographic area. 

The vast majority of the listed aquatic species presented in 
the Threatened and Endangered Species Appendix (65 of the 
80 remaining species) typically occur in smaller rivers and 
creeks that have not been substantially affected by impoundment 
or other large-scale modifications. Twenty-five of these species 
occur in various Gulf drainages, while the remaining 40 species 
occur in interior basin streams, primarily the Temessee and 
Cumberland river systems. Most of these small-sueam listed species 
survive where habitat conditions and aquatic communities 
retain much of their origml characteristics. Several of these species 
occur together as members of diverse communities in important 
and often protected stream reaches such as the upper Clinch, 
Powell, and Duck rivers in the Tennessee system; the middle por- 
tion of the Green River; and the Cahaba River, Mobile system. 

Tributary reservoirs and their tailwaters make up the sec- 
ond aquatic habitat discussed in Water Resources, but they con- 
tain no listed species. Since these habitats are substantially 
different from the original character of the streams they do not 
meet the needs of listed species. 

Large river hsbitats, even though substantially affected by 
dams, still support surviving populations of 15 listed species 
included in the Threatened and Endangered Species Appendix. 
Four of these species occur in the Mobile River system, while 
the other 11 exist in the mainstreams of the Tennessee. 
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Cumberland, Ohio, Green, and/or the Mississippi rivers. Most 
of these species survive in sections of large rivers where 
important original habitat conditions persist. Often these sec- 
tions occur just downstream from the dams. Several of these 
species typically occur together as parts of diverse communi- 
ties in locations such as the Tennessee River downstream 
from Pickwick Landing Dam and the Cumberland River down- 
stream from Cordell Hull Dam. 

UNIQUE AND SIGNIFICANT WATURAL AREAS 
Siting of power plants and emissions for pollutants from power 
plants can potentially affect unique and significant natural 
areas. Site-specific environmental reviews would address any 
irnpaas to these areas as future resources are implemented. Natural 
areas in the TVA won include national, state? and privately owned 
lands that are managed for simcant ecological resources, indud- 
ing forest, wildlife, water, rare plants and animals, or research. 

Most areas are managed to maintain their wild c h a  
beauty, to serve as a vital habitat for migrating birds and large 
mammals or endangered species, to provide important outdoor 
recreation resources in natural landscapes, or to serve as a nature 
educational tool. Many areas are managed to allow natuxal pmceses 
to predominate. 

Natural areas contain an array of significant natural 
resources, from large wilderness areas, national wildlife refuges, 
and national parks, to intensively managed forests and recre- 
ational parks. Aquatic natural areas include state and national 
scenic rivers, mussel sanctuaries, and critical habitats for rare 
fishes. Natural areas vary in size from a few acres to several thou- 
sand acres. Many cross state boundaries or are managed 
cooperatively by several agencies. Categories of natural areas 
can be found at the end of this document in the Seventeen 
Categories of Natural Areas Appendix. 
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Region 'Basins 

Name Common Name Status Tennessee Cumberland Green N w  lower Ohio 
MAMMALS 

Cgns Nfus Red wolf LE X 
Glaucomys sabnnus colorotus Northern flying squirrel LE X X 
Myotis grisescens Gray bat LE X X X 
Myob"ssodaiis Indiana myotis LE X X X X X 
Plecoius townsendii vivirginL9nus Townsend's big-eared bat LE X - 

BIRDS 
Falco peregrinus Peregrine falcon LE ' X X -  
Haliaeetus Ieucocephalus Bald eagle LVPT X x -- 
Picoides borealis Red-cockaded woodpecker LE X X X 
Sterna antillarum att~~assos Interior least tern LE - - - I  - 
Vennivora bachmanii Bachman's warbler LE -- X --- 

REPTILES 
Alli~ator mississippiensis - LT ~rnerican alligator - x 
Graptemys oculifera Ringed map turtle LT ---- 
Nerodia'eryth rogaster neglecta Copperbelly water snake PT --- X 
Stemotherus depressus Flattened musk turtle LT -. 

FISHES 
Acipenser oxyrhynchus desotoi Gulf sturgeon LT 
Cyprinella caerulea Blue shiner -- LT -- 

I 
Cyprinella monacha Spotfin chub LT x 
Enmystax cahni Slender chub LT X ---- 
Etheostoma boschungi Slackwater darter LT X - -  

-3 
- 

Etheostoma ch~enense Relict darter LE ----- - 
Etheostoma etowahae Etowah darter LE --- 
Etheostoma n sp. Bluernask darter (=jewel) LE X -  ---- 
Etheostoma percnurum Duskytaiiarter LE X X 

I 
d a r t e r  LT ---- 

Etheostoma wapiti Boulder darter LE X 
-:-T-l 

------- -- 
Notfopis albizonatus Palezone shiner LE X X ---- 
Noturus baileyi Smoky madtom LE X 
Noturus flavipinnis Yellowfin madtom LT X -- 
Noturus stanauli Pygmy madtom LE X 

1 
--- 

Percina antesella - Amber darE LE 
Percina aurolrneata Goldline darter ------ LT 
Percina jenkrnsi - Conasauga logperch LE -- 
Percina tanasi Snail darter LT X ------- 
Phoxinus cumberlanden& Blackside dace LT ----- X ---- 
Scaphirhynchus albus -- LE Pallid sturQ!o_?_ 
Speoplaiyrhinus poulsoni Alabama cavefish LE ----- X ----- 

1 Status codes: LE - Listed Endangered: LT - Listed Thnatened; PE - Proposed Endangered; PT - Proposed Threatened 
2 Ex = Exlirpatad 

I 
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Mississippi Mississippi 

I Main Stem Tributaries Pearl Pascagoula Mobile Savannah Santee Habitat 

Forests, fields 
X Spruce-fir/hardwood ecoto_ne 

I 
- 

X X - Caves-s,~, lakes 
X X X -- Caves, riparian areas -------- 

- Caves, nearby forests --.----- - -- 

I X 
x - X Cliffs, large riven, reservoirs 

X X Lakes, large rivers, wooded shorelines - 

I -- X X X X Maturelold growth pine forests - - 
X Large rivers, sandbars --- - - - -- . - - - 

Swamp forests 

I 
x - 

-- -- X Lakes, swamps -- -- - - -- -- - 
X Large rivers -------------- I X -- Forested wetlands, streams 

- ----- X - --. - Small rivers 

. X Large rivers 
-- ------ x --- Small rivers, large creeks 

I Small rivers, large creeks --.- 

- - -- - - - - - -- . -. -- - -- -- - - - - - - - -- - - --- - -- - - - - -. -- -- - - -- - Small rivers - 
- -- ----- Small creeks, springs 

I X -- Small c r K  --- 
-- X Small riven 

Small rivers, large creeks 

p- -- -- Small rivers, large creeks 

I -- X Small creek 

- Small rlve2Jarge creeks 

- - --- Small rivers, large creeks -- 

B ---- -- Large creeks - 
-- Small rivers, large creeks - 

--- -- Small rivers -- 

I - X - Small riven ------- 
. - -- - X Small rivers --- 

X ---- Small rivers -- -- 
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Threatened and brlaoered Spciw AppPlror 
Distribution of Endangered and Threatened Species in the WA Region by River Basins (continued) 

Name Common Name St- Tennessee Cumberland Green New Lower Ohio 
CLAMS 

Alasmidonta atropurpurea Cumberland elktoe PE X 
Ahsmidonta rateneliana Appalachian elktoe LE X 
Conradilla caelata Birdwing pwlymussel LE X 
Cyprogenb s-ria Famhdl LE X X 
Dromus dromas Dromedary pearlymussel LE X X 
I 

--------- 
Epioblasma brevidens Cumberland combshell PE X ---- X 
Epioblasma capsaefoms Oyster mussel PE X -- 
Epioblasma florentina florenfina Yellow-blossom pearlymussel JJ EX2 -- - 1  -- 
Epioblasma metastriata Upland cornbshell LE 
Epioblasma obliquata obliquata Catspaw LE X x -  

Southern acornshell LE 

Epioblasma penita Southern combshell LE - 
-'-I 

Epioblasma tonrlosa Green blossom pearlymussel LE X 
gubemaculum - -- 
Epioblasma toru/osa ranpiana Northern riffleshell LE X- I 

-- 
Epioblasma torulosa torulosa Tuberculed blossom LE EX* EX2 

pearlymussel - -- 
Epioblasma turpdula Turgid blossom pearlymussel LE X 
Epioblasma walkeri Tan riileshell LE X X 
Fusconaia cor Shiny pigttpearlymussel LE X 
Fusconaia cuneolus Fine-rayed pigtoe LE X 
Hemistena lata Cracking pearlymussel LE-- X X X 
Lampsilis abrupta Pink mucket LE X X X X 
Lampsilis altilis Fine-lined pcketbook LT 

Orange-nacre mucket -- 
--q 

-- LT 
Lampsilis virescens -- Alabama lamp_mussel LE X 
Medionidus acutissimus Alabama moccasinshell LT 
Medionidus pamlus Coosa moccasinshell LE 
Obovaria retusa R i p i n k  LE X X X - 
Pegias fabula Liiewingpearlymussel LE X X 
Plethobasus cicatricosus White wattyback LE X 
Plethobasus cooperianus Orangefoot pimpleback LE X X X x --- 
Pleurobema clam Clubshell LE X X 
Pleurobema curtum Black clubshell LE 
Pleurobema decisum Southern clubshell LE 
Pleurobema furvum Dark pigtoe LE 
Pleurobema georgianum Southern &toe LE 
Pleurobema gibberum Cumberland plgtoe LE X 
Pleurobema marshalli Rat pigtoe LE - 
Pleurobema perovaturn Ovate clubshell LE 
Pleurobema plenum Rough pigtoe LE X X X - 

1 Status codes: LE - Listed Endmpcnd: LT - Listed Thrutcned: PE - Proposed Endmgtnd: K - Pmpored Threatened 
2 Ex = Extirpatdd 
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Mississippi Mississippi 

I Main Stem Tributaries Pearl Pascagoula Mobile Savannah Santee Habitat 

Small riven, creeks 
Small riven, creeks 
Small rivers 
Rivers 

-- Rivers ---- 

I I -- Small rivers 
Small rivers 

.- Largzrivers 
X Small rivers 

Large rivers 
X Small rivers, creeks -- 
X Small rivers, creeks 

Small rivers 

---- Small rivers, creeks 

I Large rivers 
-- 

-- X Creeks 

- -- 

I ---- -- -- --- Small rivers, creeks 
Small rivers, creeks 

-- Rivers, large creeks 

I Rivers 

. -- X S s r i v e r s ,  c r e e k  

--- X -- Small rivers, creeks 

I 
- - -- --- Creeks 

X- Small rivers. creeks -- 
x -  Small rivers, creeks 

- Rivers - 

I - Creeks 
-- -- Large rivers -- 

-- Rivers, large creeks -- I -- - x - Small rivers, creeks 

-- x- Small rivers, creeks 
X Small rivers, creeks I X Small rivers, creeks 

SmaLrivers, creeks 
X Small rivers, creeks 
X Small rivers, creeks 

. I - -  -- Rivers 
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ThPeatened and Endagered Species AppendiK 
Distribution of Endangered and Threatened Species in the TVA Region by River Basins (continued) 

Name Common Name Status' Tennessee Cumberland Gnen New LowerOhio 
CLAMS continued 

Pleumbema taitianum ----- ------- - 
Potamilus capw Fat pocketbook LE --- - X - 
Potamillus inflatus Inflated heelsplir LT ----- -- ---Izq 
Pfychobnnchus greenii Triangular kidneyshell LE - -- _ -  .- -- -- - - - - - --- -- -- - - - 
Quadrula cylindrica strigillata R o u g h ~ d o o t  -- PE x - -- -- -- --- 
Quadrula fragosa ------ Winged mapleleaf Ex2 LE - -- --- - - - - -- - - -- - - -- - - -- - 
Quadrula intermedla Cumberlandmonkeyface LE - - X _-- -- _- - - -- . - -_ - _ _-. _ - --. - 
Quadrula s p a n  Ap~achian monkyffe X 

LE 

1 
_LC -_ - -- - - - -- - -- -- - - - -- -_ - . - - - -- - - -- - --- - - 

Quadrula stapes Stimpshell - - - -- -- - - - -- --- 
Toxolasma cylindrellus PakliJput -- LE - X - -- - 
Villosa perpurpurea --- Purp~bean PE X 1 -- -- - - - - 
Wosa trabalis C u r n _ b - n ! L E  X -- - X -- _ . - - - _ - -- _- .. 

SNAILS 
Anguispira picta Painted snake coiled forest snail LT X -- --- - - - - - 

Anthony's river snail X Afieamia a n t h o n y i  -. -- -- . I E  - - - - _ - -_ _ - _. - 
Royal marstonia LE X Mamnia ~ o m o ! ! r h a p h e  _- _- -- -- - -- - -- .-- _. _ - -_ - - 

X 
Tulotoma magnifica LE Tulatoma__-- - - .- - - -- -- -- -. - - -  

-I 
~esodon c m i  nantahala N o o n d ! ~ - g ! o b e ~  - L L  - -- -_ -- - --- - -  

-- 

ARTHROPODS 
Micmhexun montivaga Sprucefir moss spider PE X 

I 
Palaemonias alabamae -- LE X Alabamaaave shrimp - - -- -. -.__. _- 
Palaemon~as @men ---- LE X 

------ Lee County cave ~ ~ ~ _ p o d  LE X 
1 Kentu3caveh~mp-- -- -- -- -- -_ -- - -_ -- - - .-_- - --- 

Lmeus usdagalun 
Orconectes shoupi Nashville crayfish LE X 

FLOWERING PLANTS 
Apios priceana -- LT X Price potato-bean X X 

1 
PE Anbis perstellata tar. ampla Rockcress ------ X 
LE Arenaria cumberlandensis Cumberland sandwort X 

----- X 

-I 
Astragalus bibullatus Ground-plum LE -- 
Betula uber -- Virginia roundleaf birch -- LT X 
Clematis morefieldii Morefield's leather flower LE X ---------- --- 
Clematis socialis Alabama leather flower LE 

3 
Conradina ve~ticillata -- LT X X cumber land rose mar^^ 
Dalea foliosa ------ Prairie clover LE X X 
Echinacea l a e g g  Purple-coneflower EL.--.- ---- X ---- - 

3 
-- 

Echinacea tennesseensis Tennessee coneflower -- LE X --- 
Euphorbia purpurea Glade spurge LT X -- ----- - - 
Geum radiatum Spreading avens LE X 1 -- - --- -- -- -- -- -- - 

1 Status codes: LE - Listed Endanpcred: LT - Listed Thmatened: PE - Proposed Endangered: PT - P~Uposad Threatened 
2 Ex =Extirpated 
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T E C H N I C A L  D O G U M E N T  1 :  C O M P R E H E N S I V E  A F F E C T E D  E N V I R O N M E N T  

Mississippi Mississippi 

I Main Stem Tributaries Pearl Pascagoula Mobile Savannah Santee Habitat 

X Small rivers, creeks - 

I ----- Rivers, creeks 
X Small riven -- ----- -. --- - - - -. -- -- ---- 
X -- -- ------- - -- - Small hven,cre_eks 

Small rivers - - - - -  

I: Small rivers - -.-- -----  - 

Small rivers -- .---------- 

I 
Small rivers, creeks - 

I -- -- X Rivers ---- - - -- - -- --- - . - --- -- - - 

I ---- P 

X Hardwood forests, forest edges -_ -- --- - -- -- - -. -- - -- -- - - - -- 

----- Calcareous slopes -- -- - -- -- - - - - - - -- --- - - - - - - -- 

Sandstone overhangs . . -- - - - -. - --- - - -- .- -- . -- . . - -- - -- - - --- -- - --- 

Cedar glades - - -- ---- -- - - - -- -- - - ---- -- -- - -- - 
R~ch or swampy woods - -- -- ---- -- - - -- - - -- - - 
Hlgh elevation acidc rock outcrops --- - - - 
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Distribution of ~ndangered and ~hreatened dSp,&%~ jn the NA Region by River Basins (continued) 

Name Common Name Status1 Tennessee Cumbedand Green New Low& Ohio 
FLOWERING PLANTS continued 

H w t i s  purpum var: montana Mountain bluet LE X 
Helianihus eggertii Egwrt sunflower PT X X X 
Helonias bullata Swamp pink LT X 

lsotria medeoloides Small whorled pogonia LT X -- 
Lesquerella I y m  Lyre-leaf bladderpod LT X 
Lesquerella per fom Spring Creek bladderpod PE ----- X 
Liatris helleri Blazing star LT - X 

---a 
Marshallia mohrii Barbara buttons LT X--- 
Pityopsis &ii Ruth golden aster LE X -- - -- 
Ptiimnium nodosum Harperella LE X -- 
Sagittaria fasciculata Arrowhead LE X -- 

---I 
Sagittaria secundifolia Arrowhead LT X --- 
Sanacenia oreophila Green pitcher plant LE --- X 
Sanacenia wbra ssp. ionesii Mouritain sweet pitcher plant LE X -- 
Schwalbea americana Chaffseed LE 

-1 
-. 

Scutellaria montana Mountain skullcap LE X 
Sisynnchium dichotomum Reflexed blue-eyed grass LE 

Solidago spithamaea Blue ridge goldenrod LT X 
Spiraea virginiana Virginia spiraea LT X 
Trillium persistens Persistent trillium LE -- 

-1 
Xyris tennesseensis Yellow-eyed-grass L E - -  X 

FERNS AND FERN ALLIES 
---I 

PhylIiris scolopendnum American harts-tongue fern LT X 
vac ameriCanum 
Thel'teris pilosa Alabama streak-sows fern LT 
vac alabamensis - 

B 
LICHENS 

Gymnodema lineare Rock gnome lichen PE X -- .-- 

1 Status codes: LE - LaUd Endangered; LT - Ustcd Threatened: PE - Pmposed Endangered: PT - R o p ~ @ d  Thrtcnad 
2Ex.Extirllatcd 

T l  -138 ENERGY VlSlON 2020 



T E C H N I C A L  D O C U M E N T  1 :  C O M P R E H E N S I V E  AFFECTED E N V I R O N M E N T  

Mississippi 
Main Stem Tributaries Pearl Pascagoula Mobile Savannah Santee Habitat 

X High elevation acidic rock outcrops 
X Hardwood forests 

X Bogs. meadows. edges of 
meandering streams -- 
Hardwood forests 

Rood plains, agricultural fields --- 
X Acidic soils of high elevation outcrops 

X Marshes, wet meadows 
Boulders in rivers 

X Gravel bars, rocks ifivers -- -- 
Non-forested seepage areas 

- Gravel bars, rocks in rivers 
X Bogs, wet meadows, moist woodlands 

Mountain b o g  and streamsides 

X -  Open, sandy, acidic pine woods 
X -- Hardwood, mixed forests 

X Rich basic soils of clearings, 
woodland edges 

--P 

X -- Acidic, sandy balds 
Riverine gravel bars 

- X ----- Rich ravines 
X -- Forested seeps 

Cave, sinkhole mouths 
-- 

X Crevices of Pottsville sandstone 

--- High elevation cliffs ---- 
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National Wildlife Rehtpw 
Name State 
Wheeler National Wildlife Refuge AL 
Lake lsorn National Wildlife Refuge TN 
Reetfoot Lake National Wildlife Refuge TN 
Tennessee National Wildlife Refuge TN 
Hatchie National Wildlife Refuge TN 
Chickasaw National Wildlife Refuge TN 
Noxubee National Wildlife Refuge MS 
Cross Creeks National Wildliie Refuge TN 
Blowing Wind Cave National Gray Bat Sanctuary AL 

Wilderness Areas 
Name State 
Kimberling Creek Wilderness Area VA -- 
Gee Creek Wilderness Area TN 
Beartown Wilderness Area - VA 
EAcott Rock Extension Wilderness Area .- G A 
Cohutta Wilderness Area G A 
Bald River Gorge Wilderness Area ------ TN 
Joyce Kilrner-Slickrock Wilderness Area NC -- 
Ellicott Rock Wilderness Area G A 
Southern Nantahala Wilderness Area NC - 
Citico Creek Wilderness Area - TN - -. 
Lewis Fork Wilderness Area - VA 
Shining Rock Wilderness Area NC - -- -- - -- -- --- 
Blg Frog Wildemess Area - -- -- TN 
Little Dry Run Wilderness Area VA 
Little Wilson Creek Wilderness Area VA 
Sipsey Wilderness Area AL 
Linville Gorge Wilderness Area NC 

Fish Hatcheries 
Name State 
Buffalo Springs -- State Fish Hatchery -- -- TN 
Dale HollgwJaional Fish Hatchery TN 
Surnmerville State Fish Hatchery - AL 
Rintville State Fish Hatchery T!! 
Cohutta National Fish Hatchep- G A 
Sumrnerville State Fish Hatchery - G A 
Lake Burton State Fish Hatchery G* 
Eagle Bend State Fish Hatchery -- TN 
Chattahoochee National Fish Hatchery G A 

Erwin National Fish Hatchery TN 

State Scenic Rivers 
Name State 

Tuckahoe Creek State Scenic River TN 
Harpeth State Scenic River --------- - -- TN_ 

TN Conasauga State Scenic R_!'er ---- -- 
Chattooga National Wild And Scenic -- River GA 
Roaring River State Scenic River TN 
Hiwassee State Scenic River TN .- 
French Broad State Scenic River - - TN 
Spring Creek State Scenic River TN - 
Hatchie State Scenic River - - -- - . - - - - - -- TN -- 

TN Collins State scenic River 
Blackbum Fork State Scenic River -- -- - -. -- -- - TN 

TN = k S X e S c e n l c R i v e r  .- 

State Forests 
Name State 

TN PicEttstate_&!es_tt 
Bledsoe State F o r g  -- TN 
Scott State Forest TN - - -- 
Lewis State Forest - - - - - TN - ---- 
Prentice Cooper State Forest --- I!'! 

TN StandingStone sta!e_Eo~t- - -  
StewartStat.e_ Ere! s t _ - p - - -  TN 
Chickasaw State Forest TN -- 
Natchez Trace State Forest -- TN - 

TN Cedars Of Lebanon State Forest . - -- 
Lone Mountain State Forest T!!! 
Franklin-Manon State Forest TN 
Chuck Swan State Forest TN 
Lebanon Forests State Forest TN 

KY Pennyrile State Forest 
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Pocket Wilderness Areas 
Name State 
North Chickamauga Creek Pocket Wilderness Area T! 
Virgin Falls Pocket Wilderness TN 
Laurel-Snow Pocket Wilderness TN 

TN 

Mussel Sanctuaries 
Name State 
Cumberland River No. 3 State Mussel Sanctuary TN 
Kentucky Reservoir No. 2 State Mussel Sanctuary -- TN 
Cumberland River No. 1 State Mussel Sanctuary TN 
Tennessee River Mussel Sanctuary- '? 
Powell River State Mussel Sanctuary - TN 
Guntenville Reservoir State Mussel Sanctuary T"! 

TN Kentucky Reservoir No. 1 State Mussel Sanctuary 
Cumberland River No. 2 State Mussel Sanctuary - TN 
Clinch River State Mussel Sanctuary -- -- ----. TN 
Cumberland River Mussel Sanctuary -- - . KY 
Duck River State Mussel Sanctuary -- TN 
Nickaiack Reservoir State Mussel Sanctuary TN. 
Chickamauga Reservoir State Mussel Sanctuary TN. 

Federal Committee on Ecological Reserves Reseanh Natural Areas 
Name State 

TN Be_r-ry Island FCER Research Natural Area -- 
Plott Cove FCER Research Natural Area - - G A 

MS Old Robinson Road FCER Research Natural Area .. 
KY HematlteFC_EERE!rchNagalAreaeaeaea - - 

Bluff City FCER Research . Natural Area AL 
NC !!a!ke~C~_ve_r!C.ER ResearchNat!!!!-Area --.E.E.E-.E.E.E.E - 

Black Mountain FCER Research Natural Area NC 
.- - 

KY D!vld!!g-R!~eFCER.P_e~~n:_h_.r?atuca!&ea-~ - 
AL Be_e!!anchEERResearchN&uralArea 

Pond Hollow FCER -.-- Research - Natural Area KY 
Briion Ford FCER Research Natural Area TN 

National Natural Landmarks 
Name State 
Chestnut - Oak Disjunct - National -- Natural Landmark MS 

TN Ceda_~G!ad?NJtu@P_!g~National Natural Landmark 
Dismals National Natural Landmark AL 
Mt. Mitchell State Park National Natural Landmark - NC 

Cathedral Caverns Nat~onaI~at_u~I  Landmark -- AL 
Beaverdam Creek Swamp National Natural Landmark -- AL 
Harrell Prairie Hill National Natural Landmark -- MS 

p_e_eEo_ot.Lak_e_ Nat!~LNatura!L_a_"_d~m_ark TN 
Mo.~~a?.Hi!lResea!@~Na!_u_'al*!ea MS 

National Natural Landmarlrs (continued) 
Name state 
Bgvil le Pines Scenic Area National Natural Landmark MS -- -- - - - - - - 

May Prairie National Natural landmark T N  
Big Bone Cave National Natural Landm?rk ------.. TN 
Taylor Hollow National Natural Landerk TN 

Piney Falls National Natural Landmark - - --- - - ---- TN 

McAnultys Woods National Natural Landmark - - -- -- ---- TN 

Cumberland Caverns National Natural Landmark - -- - -- .- - - -- -TN 

Sinking Pond National Natural Landmark -- -- - - -- -- TN - 
Newsome Sinks Karst Area National Natural Landmark AL 
____________I__-___-____I_-_--. 

Lotg-Hope Creek Spruce Bog National Natural Landmark NC 
Savage Gulf National Natural Landmark TN _ 

TN &st_Se_a-Natig~! Natura!.landma!r_k_ 
sheltaCave-Flati~~aINat_~!.ra!La_n_Q~?_a!~ AL 

TN ~rass~S~~e_K.ar.?!rea Nat!~!al!at_u~ndm_a!kk--- _. 

Conley - Hole -. National Natural --. Landmark TN 
TN GoosePonLN_ationalNatural.Landmark~CGeCountU------ 

Thumping Dick Cove National Natural Landmark TN - -- -- - - - -. . - . . . - . . . --- - . . . - -- -- -- - - ..- 

Critical Habitat Areas 
Name State 
Sjender Chub Deslgniited Criiical Habjtat TN 

KY Kent~r~!Cave Shrimp D_e.s!c!na!_e!_cTit!caLHa'~t 
G A Cona_saugGarte!Desi~!!ate~Crit'~c_a!Habitat_ 

Indiana Bat Designated Criiical Hab i t  - KY 

Alabama Cavefish Designated Critical Habitat AL 

Spotfin ChutlDesignated Critical Hab i t  T!. 
Smoky Madtom Designated Critical ~ a b i t  TN 
Slackwater Darter Designated Critical H a b i  AL 
Yellowfin Madtom Designated Critical Habitat TN 
Amber Darter Designated Critical Habitat - G A 

Nature Preserves 
Name State 
@_"ey Lake State Nature Preserve KY 

Sandy Mitchell Hollow TNC Preserve TN 
KY Metropolis LakeStateII!atur*ez- - -  --- 

Mill Creek Heronry TNC I Preserve TN -- 

ManlkRock Nature Preserve -- KY 
~ - -  ~ - 

VA Cressy Creek TNC Preserve 
Big - Sheep Cliff Ridge TNC I Preserve NC 
CouchviIIe Cedar Glade TNC I Preserve - TN --- 
Flat Rock Glade State Nature Preserve KY - 
Sunset Barrens Nature Preserve - -- - -- KY 
Raymond Athey Barrens State Nature Preserve - - -- - -- KY -. 

Wash Morga~-~~!owT!CPre_se"_e--, TN 
TN Ta~lorHo!l~C!!C%s%.. 

I The Nature Conservancy 
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Nature Preserves (continued) 
Name 

Liile River Cqyon National Preserve AL 
Pendleton Island TNC Preserve VA 
Barnett Woods TNC Preserve TN 
Eller TNC Preserve NC 
Timber Ridge TNC Preserve NC 
Obion Creek Nature Preserve - KY 
Jenkins Cranberry Bog TNC Preserve TN 
Logan County Glade State Nature Preserve ---- KY 
l3jg Yellow Mountain fh;; Preserve NC 
Airnee M. RosenfieM Memorial Preserve KY 
T e h  Pinnacle TNC Preserve - VA 
Woodburn Glade Nature Preserve KY 
H y  Wright TNC Preserve - -- NC 
Hubbards Cave TNC Preserve ? 
Sneed Road Cedar Glade TNC Preserve TN 
Ochlawaha Bog TNC Preserve ---- NC 
Mt. View Road Glade TNC Preserve -- TN 
Yam Property TNC Preserve G A 
Terrapin Creek State Nature Preserve KY --- 
R@n Mountain TNC Preserve -- NC 
Powell River TNC Preserve TF! 
Oak Ridge Barrens Preserve TN 

Wildlife Observation Areas 
Name State 
Duck River Bonoms State Wildlife Observation Area TN 

Univ. Of Tenn. Arboretum State Wildlife Observation Area - - -- -- TN 
E3le Bend Hatchery State Wildlife Observation Area TN 
Eastern State Wildlife Observation Area ---- TN ---- 
Chota Peninsula State Wildlife Observa~on Area TN 
Kmgston -- . -. Steam .- -- ---. Plant . State Wildlife - Observation - Area TN 
BigHiII Pond State ParwSgte Wildlife Observation Area TN --_ 
Cross Creeks National Wildlife Refuge Wildlife Observ. Area TN 
Blythe Ferry State Wildlife Observation Area TN 
Raccoon Mountam Pumped Storage - State Wildliie Observ. Area TN 
Willow -- GrovelLillydale -- State Wildlife Observation - Area TN 
No)c&~tyReservo~r State Wildlife Observation Area TN -- 
Safannah BaylChickamauga State Wildlife ObservationAhg----? 
Goo~~Pond  State Wildlife Observatton Area (Coffee County) 
Ijams Audubon Nature Center State Wildlife Observation Area TN- 
Cove Lake State Park State Wildlife Observation Area TN -- 
Bledsoe - Creek State Park State Wildlife Observation Area . TN - 
Signal Point State Wildlife Observation Area TN 

TN gldj!ckory Trail State Wildliie ObSe~ation Area ______-- 

TN Herb Parsons Lake State Wildlife Observation Area - 
TN E-yssu-ntain State Wildlife Observation Area 

N~ckajack Cave State Wildlife Observation - Area TN 
Monsanto Ponds Wildlife Observation Area TN . - 
Cyrpess Grove Nature Park Wildlife Observation --- Area TN 

Candles Creek/Chic_kamauga State-Wildlife Observation Area Jy 
TN Sug~lCreekState Wildlife Observati_on Area 

Wildlife Observation Areas (continued) 
Name State 
Lichterman Nature Center State Wildlife Observation Area TN 
Norris SongKTra i l  State Wildlife Observation Area TN 
Erwin National Fish Hatchery State Wildlife Observation Area TN 

Elm Hill Sink Hole Wildlife Observation Area ? 
Dyson Ditch Stateyildlife Observation Area -- TN 
Rankin Bottoms State Wildlife Observation Area -- - TN 
Amnicola Marsh State Wildlife Observation Area TN 
Reelfoot Lake State Wildlife Observation Area TN 
Wilbur Lake State Wildlife Observation Area TN 
Alcoa Farm State Wildlife Observation Area - TN 

TN Lake Graham State Wildlife Observation Area . ------- -- 
Mt. Roosevelt Overlook St$etefe Obsetvatio~Area P! 
Pace Point State Wildlife Observation Area -- -- - - TN 
Ft. Pillow Hi*o!@-A~e~SgkWildlife Observation Area 
Cheatham Reservoir Wildlife Manag_eme"f Area T"! 
Percy Priest Wildlife Observation Area TN 
Radnor Lake State Wlldlife Observation Area - TN 
Cades Cove State Wildlife Observation Area TN 

Lauae!! Lake State Wildlife Observation Area -- TN 

TVA Natural Areas 
Name State 

=by Ridge TVA Small Wild Area TN 
Riley Creek Islands TVA Habitat Protection Area - -- TN 
Marble Bluff TVA H a b i t  Protection Area TN 
Possum Creek TVA Hab i t  Protection Area TN 
Whites Creek TVA Small Wild Area TN 
Chickamauga Shoreline TVA H a b i  Protection Area TN 
Huff Branch TVA H a b i t  Protection Area TN 
Beech Island TVA Small Wild Area E 
Chigger Point TVA Habitat Protection Area -- - - - -- TN 
Big - - - Ridge . - TVA Habitat Protection - Area . TN -- 
Fooshee Bend Islands TVA'Habitat Protection Area TN -- 
Mink Creek TVA H a b i  Protection-A9a 4 
Stowe Bluff TVA Habitat -- - Protection Area TN. 
Coffee Bluff TVA Habitat Profe-$on Area --- AL 
Foster Falls TVA Small Wild Area TN - -- - 
L i l e  Gizzard Creek TVA Small Wild Area -- TN 
Tribble Woods TVA Habitat Protection Area TN- 
Metropolis Lake TVA Hab i t  ProteGon Area KY 
Hemlock Bluff TVA Small Wild Area TN 

AL Honey Bluff TVA Habitat Protection Area 
Clendenin -- Creek TVA Hab i t  Protection Area TN 
Lady Finger Bluff TVA Small Wild Area . -- - - - -- TN 
Sugar Grove TVA Habitat Protection Area - TN 
Monks Comer TVA Small Wild Area TN 
Rgle Roost TVA Habitat Protection Area TN 
Blythe Ferry TVA H a b i t  Protection Area -- - TN 
Grasshopper Creek TVA Habitat Protection Area -- - - -- - -- - - -- - TN 
Bayou Creek Ridge TVA Habltat Protection Area KY 
Cave Mountain TVA Small Wild Area - -- - -- - - - -- - - -- AL -- 
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TYA Natural Areas (continued) 
Name State 
River Bluff TVA Small Wild Area TN 
Grassy Creek TVA Habitat Protection Area TN 
Stiners Woods TVA Habitat Protection Area lN 

lN Johnson Bend Islands TVA Habitat Protection Area 
Soddy CreekTVA Habitat Protection Area TN 
Fairview Slopes TVA Habitat Protection Area - TN 
Armstrong Bend TVA Habitat Protection Area TN 
Butcher Bluff TVA Habitat Protection Area TN 
Norris Dam Cave TVA Habitat Protection Area TN 
Paint Rock Bluff TVA Small Wild Area TN 
Berry Island TVA E e g i c a l  Study Area TN 
Tellico Bluff TVA Ecolog~cal Study Area TN 
Three B TVA Habitat Protection Area TN 
Warelranch Bend TVA Hab i taEec t i on  Area TN 
Honeycomb Creek TVA Small Wild Area AL 
Hematite Lake TVA Ecological Study Area -- KY 
Shellmound Road Bluff TVA Habitat Protection Area TN 
Nickajack Cave TVA Habitat Protection Area TN 
Little Cedar Mountain TVA Habitat Protection Area TN -- 
Thief Neck Island TVA Ecological Study Area _- TN 
Big Sprlng Creek TVA Small Wild Area - - -- - ----- AL --- 
L i l e  Cedar Mountain - TVA Small Wild Area TN 
Polecat Creek Slopes TVA Habitat Protection - Area TN 
Marney Bluff TVA Habitat Protection Area TN - -- - 
Blue Spnngs Peninsula TVA Habitat Protection Area TN -- - .- --- - --- -- -- - - -- - - - 
Murphy Hill TVA Habitat Protection Area TN -- -- - -- --- - - 
Eaves Bluff WA Habitat P ro tec t~onea  - TN 

Blowing Wlnd Cave - TVA Habitat Protection Area ----- AL 
TN NickalacGavES%!_W.!.dArea- -- - - -  - - - 
TN JohnsonBottom~TV_A!ab!tat~r_~,ff!Ctl~~*rea~~ a . -- . -. - 

Panther Creek Swamp TVA Habltat Protection Area KY - -- -- - -- - -- -- - -- -- - 
Alley Bluff TVA Habltat Protection . -- - Area - -- -- TN .- 
Coon Gulf TVA Small Wild Area AL .- - -- - - -- -. - - - - -- - - - - -- 
Dividing Rtdge TVA Ecological Study Area KY 
. - -- -- -- - - - - -- -- - 
Pond Hollow TVA Ecological Study -- - Area KY 
Bear Creek TVA Habltat Protection --- Area -- - TN - 
Old First Quarters TVA Small Wild Area AL 
Rayburn Bridge TVA Habitat Protection Area TN - - -- - - -. --. -- - - . -- -- - -- - - -- - - 
Mccuiston Woods TVA Hab~tat Protect~on Area !y 
Long Island TVA Habitat Protection Area - -- -- --- - - TN 
Cooper - -- . Falls TVA Habitat Protection Area MS . . - - - -- - - - -- - - 
Short - -. - .- Spr~ngs TVA Small Wild Area TN -- - - - -- - - - -- - - - - -- 

AL SourhSa~&_C_!~~P/!~Sn?.aLwil_d~!re_a_ a _ a _ - -  -- - -  _- 
Big Ridge TVA Small Wild Area - TN -- 

Fooshee Penmula TVA Small Wild Area TN 

Sate Parks 
Name state 
Marion BrldgeJVA Habitat Protection Area TN 
Hungry Mother State Park VA 
Mousetail Landrig State Rustlc Park TN 
Tishommgo State Park MS 
Joe Wheeler State Park AL -- 
Pickwick Landing State Resort Park -- - - - - TN -- 
Reelfoot Lake State Resort Park TN 
Btg R~dge State Rustlc Park - - TN 
Meeman-Shelby Forest State Recreational Park TN 
Black Rock Mountain State Park GA - 
Lake Lowndes State Park - MS 
Lake Malone State Park KY - -. -- - - 
Kenlake Resort State Park KY -- - -- 
Fort Mountain State Park G A 

MS Tomb!g_b_eesP*r_L- - - --- - 
Nonls Dam State Resort Park TN 

TN Cedaann0rAbanoGfa!ePec!_e_a.ti_o_"_aI!arL _- - 
TN %!&rlandhnou!?%n State!!& PC-- -_ -- 

Warrtors Path State Recreation Park TN -- ---- 
KY Roug_h_R~ez@mResortStarela!k - - 
MS cpssarstate P?'! 

Shot -- -- Tower State -- Histor~cal Park VA -. 
Blackburn State Park G A ----- -- - - -- - ----- 
!%!&?!!!O-s!a!!park. -_ -- AL 
R!ckw?!d %I_"? %!!e!ak--- - -- AL 
Lake Barkley State Resort Park KY - -- - . -- - - -- - - -- - - - - - -- ---- 
Bucks Pocket State Pa!k - . - - - - - - - - - - - - Ac 
Edgar Evms State Rustlc Park - -- - -- - -- - TN -- 

TN Ch!!!~?ulv_state_R_ustl~~'k 
Long Hunter State Recreat~on Park TN - -- -- - 
Roan Mountain State Resort Park TN -. --- - -- - -- - - 

TN Flock!s!an_dSta!~Rustlcpark_ 
Panther Creek State Recreat~on Park TN - - -- - - *- -- - -- -- 
T.0 Fuller State Recreat~on Park TN -- - - - -- -- 
Grayson Highlands State Park VA - - -- -. -- --- - - - 

KY KentuckyDamVl!ageStateReso*Park 
KY Y_e_tiollow LakeStatePaL 

Mt. Mdchell State Park NC -. - - - - - -. - - - -- - - - - 
AL ~ath_eP!aIca!!ernsStatePark - .- - -_ - -- _--- 

Lake Guntersville State Park AL - - - - - -- - - - - - 
Pennynle Forest Resort State Park KY -- -- - -- 

VA Breaks_ !cE?!eStateEark 
G A "WLstakPark 

Roosevelt State Park MS -- - - - - -- - - -- - - --- -- -- 
Wall Doxey State Park - MS 
Blg Hill Pond State Park TN - -- - - 

TN %~~!Ort~.stafe!e_s_oz_park - -  
TN ~avld_Croc_kett statEZiec~at!E!ark- .-. 

Trace - - -- -. State - - - Park - - -- - - -- -- MS - - 
lnd~an Mountam State Camping Park TN .- .- ---- -- - -- -- -- -- - 
Plckett State Rust~c Park TN - --- -- - - - - - -- - -- -- - 

TN BledsaeCreekState Carn~!PaK_- -L 
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M e  Pa& (continued) 
Name State 
Pans Landing State Resort Park __ TN 
Davy Crocken Birthplace State Historical Park TN --- 
Booker T. Washington State Recreation ----- Park l!! 

TN Cove Lake State Recreation Park ----- 
TN Montgomery Bell State Resort Park -- 

TimsFord State Rustic Park TN 
Standing Stone State Rustic Park -- TN ----- 
Fall Creek Falls State Resort Park TN --- 
Natchez Trace State Resort Park TN -- - 
Cloudhnd Cayon State Park- !!A 
J.P. Coleman State Park MS 
John W. Kyle State Park --- MS - 

TN Bays Mountain Park State Natural Area ________-- 

Moccasin Creek State Park GA 
James H. Sloppy Floyd State Park - GA 
Desoto State Park AL ---- - - - - - + -. 

KY Co!u_m_b_u_s:Bel!snt BattlefieldStatePark - - - -. 
Natural Tunne_Stat_eParkk VA -- ---- 
Ft. Mountain State Park --_ G A - -- - - - . -- 
George P. Cossar Sgte Park -- MS - - - -- - -. - - - - - 

TN !!!s~a_y__S_fateR_e!c9!!Erk ---- _ -- _- 
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State Natural Areas (continued) 
Name State 
Gap Bog Registered State Natural Area NC 
Redbank Cove Registered State Natural Area --- - - - - NC -- .- 
Mt. Mitchell Park Registered State Natural Area NC --- 
Mt. Pisgah RegisteredS?a_te_eNat~raI Area NC 



State Natural Areas (continued) 
Name 
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Thompson Fossil Bed Registered State Natural Area TN 
TN Tanager Hill Registered State Natural Area 

Ih*ggies Registered State Natural Area - NC -- - 
Fork Ridge BaldstMt. Hardy Registered Stale Natural - Are?. NC 

TN Walker Branch Registered State Natural Area 
NC F_@g Pan Gap Registered State Natur$Az_a 

Back SloughILaketon State Natural Area KY - ------- 
MS lallahatchie State Natural Area ___ 

Mosley Pond State Natural Area KY 
Malcolm Creek Rookery State Natural Area ------- -- - Kv 
Rials Woods State Natural Area KY - 

TN Forest Mill Pond Registered State ~ a t u G ~ r e a  - 
TN Hampton Creek Cove Class l State Natural Area -- 
TN Bie_C~pre~L~reeStatNaturalA!e~_ 

Joe Bryson Branch Registe* State Natural AIea -- NC 
TN Metal Ford Registered State Natural Area -- ---- 

May Prairie State Natural Area TN - -- 
TN !oundTo~__Mountain~ta!eNa&ra!Area 

Little Swan Creek -- Registered State Natural Area TN 

Pinky Falls Preserve Registered State Natural Area ----.- - _ -  NC 
Horsepasture River -- - GorgeMindy .-- Falls Registered -- - State - . - . -- Nat. - --. Area . - NC -- 

TN HunteLBogReQist~e~t!!*uIArea-~ - -  .-_- 

Little Buffalo ---- River Bottoms . Registered State Natural Area . -.- TN -. - 
Short - _- Mountain State Natural Area - - -_I?! 

NC P9ep_l_aBogRes!~!e!e_dSta!e_N_a!~1raLr\1e_a. . ... - -. . 
Warner Parks Registered State Natural Area TN - -- -- -- - -- -- --- - - - . -. - 

Shelby Farms Forest State Natural Area - - - - - -- - - - TN - - 
Frozen Head State Natural Area TN -- - . - - -- - --- - -- - -- .. -- .- - -. 
Buck Creek Olivine Barrens Registered State Natural Area NC -. -- - - - .- -- . -. . - < . -. . -- - -. -- -- -. . - . -. . .--- -. . ... 

TN stones_R_i_!rMus!arII!!e!! .Sfa!eNatura_I_Are_a--. . . . - . . 

Sunk Lake State Natural Area TN - - --- - - . - -- -. .. -- - - - . . . - -. -- - . . - . . - 
Flat Laurel Registered State Natural Area NC -- -- -- - -- - -. .- -. . -. -. - - - . - -- - -. - - --.- - . 
Chestnut.Bald/Silverl~!!n!_Ba!d.RegisteredStat?hla!u_ra!Area-._.-NC 

NC L_a_ure!Rid~eReag!ste_!edSrate!ar_Ura!_A'ea~- 
TN F_I:lntRiveS~ottom_sRegL%~dSta_teNa_~u_raIArea ---rearearea.- --_ 
TN !!!o--R!e.iSfered!fat_e N_a!!ra_!Area_ 

Hawkins Cove State Natural Area TN - -- --- -- - - - - -- - 
Bone Cave State Natural Area TN . -- -- - - . - - -- --- -. 
Lacefield Falls Registered State Natural Area TN - - -- - - ---. - -- .- . -- -- - -- ---- - - - -- - -- 
High Swan Natural Area Registered State Natural Area NC . - -- ---- -. - - -- -. - - -- -- -- - - .- -. - 
Grundy Forest State Natural Area TN ---- 
Bays . Mountain Park State Natural Area - TN 
Piney Point State Natural Area ..__. . Ms. 
McClures Bog Registered State Natural Area NC . . -- .--. .-. . - . . . - - - . . --- . . ... - - - - --- - .- . - - ..~. 

ou_lan_~ .Bog!eg!ste_!edSfafe Natl!ra! Area - - - _ _  .. _- - _.- -NC 
Savage Gulf State Natural . Area --. ..- --.. .. .. - TN .- 

KY L_akeBark!e~ !ooke~_Sta! W atu!aL&e_a___ _. - - _.- ._ 

Big Ridge Registered State Natural Area . - - . . - - - -- - - . TN 

Bottomla"llHardw0od 
Ozone Falls State Natural Area .-. .-.- --... - TN 

TN GreaterA!coaM!?~hReglste!e_d StateJatufi Area.. 
TN Magendanz Falls Registered State Natu~a! Area _--_--_______ ._._ ._- . . - . . . -- .- -- . - - -. - -. . . . -. . . - . - . . - -- 

State Natural Areas (continued) 
Name state 

KY E n i s  Prairie State Natural Area 
Lick Creek State Natural Area VA 
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Wildlife Management Areas (continued) 
Name State 
North Sam Creek State Wildlife Management Area - -- AL 
Hidden Valley State Wildlife Management Area VA 
Buffalo Springs State Wildlife Management Area TN 
Peal Land Wildlife Management Area KY 
Gallatin Steam Plant State W~ldlifeManagement Area TN 
Pigeon Mountain State Wildlife Management Area G A 
Shelby Forest State Wildlife Management Area TN 
Cumberland Cove State Wildlife Management Area TN 
Cohutta State Wildlife M a ~ z n t  Area GA 
Dale Hollow Lake Wildlife Management Area KY 
M e m e n t A r e a  TN 
Mallard-Fox Creek State Wildlife Ma~gement Area AL 
Fall Creek Falls State Wildlife Management Area TN 
Sevenmile Island State Wildlife Management Area AL 
Lick Creek State Wildlife Management Area TN 
Eagle Creek State Wildlife Management Area TN 
Cumberland S p y ?  State Wildlife M4nagement Area -- TN 
Cedar Hill Swamp State Wildlife Management Area ---- TN 
Camden State Wildlife Management Area - TN -- 
Alpine Mountain State Wildlife Management Area TN 
Cherokee (South)StateWildlife Management Area TN - 
Chilhowee Mountain State -- Wildlife Management Area TN 
Hermitage State Wildlife Management Area TN 
Chuck Swan State Wildlife Management Area T!! 
Anderson-Tully(Lower) State Wildlife ManagementArea -- TN 
Blythe Ferry State Wildlife Management Area TN - -- -- 
Flintville Hatchery State Wildlife Management Area ?! 
Rich Mountain State Wildlife Management Area G A 
Pennyrile Forest State Wildlife Management Area KY ----- -- 
Swallow Creek State Wildlife Managemgnt Area G A - 

TN oBkory_SFe~!!_dIeMan_a~e_n!entAr_ea-_- - - - 
Clinch Mountaln State Wildlife Management Area -- - -- - VA 
Land Between The LakesIKy State Wildlife Management Area KY - - - 
Swan Creek State Wildlife Manmgement Area - -- AL 
Ohio Rwer Islands Wildlife Management Area - ---- KY 
Coleman River State Wildlife Management Area G_4 
Raccoon Creek State Wildlife Management Area AL 

TN Henderson lsland Refuge State WiIdI~fe Management 
West Sandy State Wildlife Management Area TN 
Hiwassee Refuge State Wildlife Management Area ----- TN 
Reelfoot LakeIKy State Wildlife Management Area KY 
Volunteer Army Ammunition-Plant State Wildlife Management Area TN 
Black Warnor State WildlieManagement Area AL 
Barren River Lake State Wildlife Management Area ----- KY 
Prent~ce Cooper State Wildlife Management Area ---- TN 
Lake Burton State Wildlife Management Area G A 

KY Jones Keeney Wildlife Management Area 
MS Yellow Creek State Wildliie Management Area 
KY West Kentucky State Wildlife Management Area 

Warwoman --- - State - Wildlife Managernett Area G A 
KY Ft. Campbell State WiIdIife Management Area - 

Wildlife Management h a s  (continued) 
Name State 
Choctaw State Wildlife Mdgement Area -- MS 
Calhoun County State Wildlife Management Area MS 
Coosawattee State Wildl i femgement Area G A 
Natchez Trace State Wildlife Management Area TN 
Kaler Bottoms Wildlife Baagement Area - KY 
Chestatee State Wildlife Management Area G A 
Mud Creek State Wildlife Management Area AL 
Chattahoochee State Wildlife Management Area ------- G A 
Okitibbee State Wildlife Management Area MS 
Blue Ridge State Wildlife Management Area G A 
Harmon Creek State W i l d l i  Management Area TN 
Wjvord Pond State Wildlife M a n a g e  Area KY 
Chickasawllenn. StgeJWj!dlife Management Area TN 

TN Old Hickory Lock 5 S t ~ t e W i ~ i f e f i ~ g e m e n t  Area 
Pickett State Wildlife Management -- Area TN 
New Hope State Wildlife Management Area TN -- --- -- - -- 

TN Cheatham State Wildlife Management Area 
Qrdell Hull State Wildlife Maygement Area TN 

TN Standing Stone State WiIdIife Management Area 
TN Gooch State Wildlife Management Area 

Lauderdale County State Wildlife Management Area AL -- 
Rankm - Bottom State Wildlife -- -.. -. Management . . - - Area TN- 
Moss Island State Wildlife Management Area TN -- 
Doe Mounta~n State Wildlife Management Area T"! 
K i p t o n  Refuge State Wildlife Management Area TN 

TN Nathan Bedford Forrest State Wildlife Management Area 
Nol~chucky -- State Wildlife Management Area TN 
Cheatham Reservoir Wildlife Management Area -- -- TN -- 
Rough River State Wildlife Management - - Area KY 

G A T@ng_Rec_k State Wildlife Management Area - 
L i l e  - h e r  -. - State Wildlife Management Area AL 

MS John Bell WiII~ams State Wildlife Management Area 
AL Crow Creek Refuge State Wildlife Management Area 
KY Kentucky Lake Wildlife Management Area 

Laurel Hill State Wildlife Management Area -- TN 
Sardls Waterfowl Refuge State Wildlife Management Area MS --------- 

TN Cherokee (North) State Wildlife Management Area 
Crow -- Creek State Wildlife Management Area AL 
Lamarion State Wildlife Management Area AL 

Cheatham Reservoir State Wildlife Management Area -- TN - 
Royal Blue State Wildlife Management Area -- TN 
Mt. Rooseveh State Wildlife Management Area TN -- - 
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T E C H N I C A L  DOCUMENT 1 :  COMPREHENSIVE AFFECTED ENVIRONMENT 

The development of Energy Vision 20201 using TVA's interactive planning process, requires the careful, consistent use of certain 
key terms and phrases. Below are definitions of terms used often in Volume 2, Technical Document 1, Comprehensive Affected 
Environment. (Terms in definitions which are themselves defined in the Glossary are printed in italics.) 

B i o ~ c a t i o n - T h e  bioaccumula- 
tion of chemicals in organisms beyond the 
concentration expeaed if the chemical was 
in equilibrium between the organism and 
its surroundings. Biomagnification can 
occur in both terrestrial and aquatic envi- 
ronments. 

Add lkpositio+The wet or dry d e p c ~  
sition of acid chemical compounds from 
the atmosphere. 

Acid Rain-A complex chemical and 
atmospheric phenomenon that occurs 
when emisrions of sulfur and nitrogen corn 
pounds and other substances are trans- 
formed by chemical processes in the 
atmosphere, often far from the original 
sources, and then deposited on Earth in 
either a wet or dry form. The wet forms, 
popularly called "acid rain," can fall as rain, 
snow, or fog. The dry forms are aadic gases 
or particulates. 

-The perception or appearance 
of visual features in relation to the sense 
of beauty. 

Agricuhral Sector-The group of non- 
residential customers engaged in the p re  
duction of crops or livestock, forestry, 
fishing, hunting, or trapping. 

Air Toxins-Various man-made and nat- 
urally occurring matenals that are known 
or suspected of causing serious public 
health impacts, but for which no Nm'd 
Ambient Air Quality Standards exist. 

Alhwhl4ediment deposited by flowing 
water. 

Ambient-Surrounding 

A m b i r n t A i r Q d i t y ~ a t i o r r a l  
standards set by the US. Environmental 
Protection Agency that are permissible 
concentration levels of certain pollutants 
(new ozone, carbon monoxide, particu- 
htes (PM 101, MY dtamde, nttqen diax- 
de,  and kad) in the ambient air. 

Anaerobic--Life in the absence of air or 
free oxygen. 

Aquatic-Characteristic of and/or per- 
taining to water. 

Aquifer--A water-bearing rock, rock for- 
mation, or group of rock formations. 

Archaeological Resources-Material 
remains of past human activity. 

Attainment Areas-Those areas that 
meet all National Ambient Air Quality 
Standards as determined by monitoring 
of air pollutant levels. 

B 
Benthic Invertebrates-An animal 
lacking a backbone or spinal column 
and living on lake bottoms. 

-ms that live on or in the 
first few inches of mud, sand, gravel, or 
other materials that make up the bottom 
of streams and lakes, e.g. worms, snails, 
crayfish, mussels, clams. 

-c mated. Ofren involves 
the harvesting of stands of close-growing 
whole trees, uuck transport, tree stor- 
age, and drying using air heated by boiler 
flue gas and combustion of whole trees in 
a special deep-bed burner at the bonom 
of the furnace. 

Buffering Capacity-Ability of a stream 
to absorb acids and bases without alter- 
ing the stream pH. 

C 
Canopy-Refers to the layer of foliage 
in a forest formed by the crowns of 
trees. 

Carbon Dioxide (CO+A colorless, 
odorless, nonpoisonous gas that results fiom 
fossil fuel combustion and is normally a 
pan of the ambient air. Increasing levels 
of carbon d i d e  in the atmosphere are 
contributing to the greenhouse effect. 

Carbon Monoxide ( C O j A  colorless, 
odorless, poisonous gas produced by 
incomplete fossil fuel combustion. 

Biodiversity-The diversity of life in all 
its forms and all its levels of organization. 
Also termed "biological diversity". 
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Cedat Glades-Distinctive plant com- 
munities occurring where certain types of 
limestone weather to produce bare rock 
outcrops or thin layers of soil. 

Action Plan, provides for a voluntary 
reduction of greenhouse gases (primarily 
carbon dim'de emisions). 

Chlorofluomcarbom (CFCskA farn- 
ily of inert, nontoxic, and easily liquefied 
chemicals used in refrigeration, air con- 
ditioning, packaging, and insulation or as 
solvents and aerosol propellants. Because 
CFCs are not destroyed in the lower 
atmosphere, they drift into the upper 
atmosphere, where their chlorine com- 
ponents destroy ozone. 

Class I Areas--Areas designated by the 
Prevention of Significant Deterioration 
section of the Clean AirAct Amendments 
of l977that includes national parks and 
wilderness areas, providing special pro- 
tection for air quality and air quality- 
related values. 

&Act Am~dXn~nts of 19& 
Enabling legislation which instructs the 
Enuironmental Protection Agency (EPA) 
to set air quality standards for pollutants 
of concern. 

Clean Air Act Amendments of 197- 
Legslation that provides greater regulatory 
autharity and sets spedfic praisiom to pro 
tea national parks and wilderness areas 
designated as Class I areas. 

Clean Air Act Amendments of 1- 
Legislation that adds additional regulatory 
authority to enforce compliance in m t -  
rainmew areas Also sets new requirements 
for acid rain, ~ a i r p o u u t a n t s ,  and 
monitors and reports air emissions. 

Climate Change Action -The prin- 
cipal util~ty industry component of the US. 
Department of Energy's Climate Change 
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Comrnuoity-An assemblage of plants, 
animals, bacteria, and fungi that live in 
an environment and interact with one 
another, forming a distinctive living sys- 
tem with its own composition, struc- 
ture, environmental reladons. development 
and functions. 

Cri-Used in integrated resource 
p b g .  They are derived from issues or 
concerns. Examples include concerns 
over future rates, acceptable levels of 
environmental impacts, etc. 

Ecosystem-Any unit that includes all 
organisms (i.e., the community) in a 
grven area intgdcring with the phystcal en6 
ronment. The flow of energv leads to a 
clearly defined trophic structure, biotic 
drversity and material cycles (i.e., exchange 
of materials between living and nonliving 
parts within the system). 

Effluent-Wastewater-treated or un- 
treated-that flows out of a treatment 
plant, sewer, or industrial outfall. Generally 
refers to wastes discharged into surface 
waters. 

Electric and Magnetic Fields (EMF)- 
Two types of energy fields which are 
emitted from any device that generates, 
transmits, and uses electricity. 

Embayment-A body of water forming 
a bay. 

EMF-Electric and Magnetic Fields. 

Emission-Pollution dwharged into the 
atmosphere from smokestacks, other 
vents, and surface areas of commercial or 
industrial facilities; from residential chirn- 
neys; and from motor vehicle, locomotive, 
or aircraft exhausts. 

Endangered Species-Any species in 
danger of a c t i o n  throughout all or a sig- 
nificant portion of its range or temtory. 

Energy-The amount of power con- 
sumed over a period of time, measud in 
wan hours, k W ,  Mllrh, or GWb. 

Environmental Protection Agency 
@PA)+ federal agency established to per- 
mit coordinated and effective govern- 
mental action for protection of the 
environment by the systematic abatement 
and control of pollution through integra- 
tion of research monitoring, standard set- 
ting, and enforcement activities. 

EPA-Environmental Protection Agency. 

E r o s i o ~ T h e  pmess by which soil par- 
ticles are detached and aansported by water 
and gravity to some downslope or down- 
stream point. 

F 
Fly Ash--The small ash particles that are 
camed out of a combustor with the exist- 
ing flue gas. These particles are collected 
by appropriate equipment prior to dis- 
charging the flue gas to the atmosphere. 

Forest Cover *A descriptive clas- 
sification of forest land based on present 
occupancy of an area by tree species 
(also known as 'forest typen), such as: 

Oak-hickory. Forests in which upland 
oaks and/or hickory, make up the 
majority of trees. 
Oak-pine. Forests in which hardwoods 
(usually upland oaks) constitute the 
majority of trees but in which pines 
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account for 25 to 50 percent of the 
stodung. (Common associates include 
gum, hckory, and yellow poplar.) 

Fossil Fuel Power Plan+A plant using 
coal, oil, natural gas or other fossil fuel as 
its source of energy. 

6 
Geography-Belonging to or charac- 
teristic of a particular region. 

Global Warming--The theory that cer- 
tain gases such as carbon dioxide (Cod, 
methane (me,, and chlorofluorocarbon 
(CFC) in the earth's atmosphere effectively 
r&ct radiation cooling, thus elevating the 
earth's ambient temperatures. 

Greenhouse Effect-The build-up of 
carbon dioxide or other trace gases that 
allows light from the sun's rays to heat the 
Emh but prevents a counterbalancing loss 
of heat. 

Greenhouse Gas Emissions--A gas 
whose presence in the upper atmosphere 
contributes to the greenhouse effect by 
allowing visible light to pass through the 
atmosphere while preventing heat radianng 
back from the Earth from escaping. 
Greenhouse gases from human produced 
sources include carbon dioxide, nitrous 
ox&, methane, and chbmjluorocarbons 
(CFCs). There also are even larger quan- 
tities of naturally occurring greenhouse 
gases, notably ozone and water vapor, 
whose concentrations may be affected 
by interactions with atmospheric pollurn. 

Growhater-Water w i t h  the earth or 
geologic stratum that supplies wells and 
springs. 

HabitatThe total environmental condi- 
tions on a unit of land including food, 
cover, and water within the home range. 

Habitat Diversity-The variety and vari- 
abhty of habirat types, as well as their inter- 
relationships on a given area and scale. 

HAP-Hazardous Air Pollutants. 

Hardwoods-Angiosperms, usually 
broadleaf and deciduous. Soft hard- 
woods are soft-textured hardwoods such 
as boxelder, red and silver maples, hack- 
berry, sweetgum, yellow poplar, black- 
gum, sycamore, black cherry, and elm. 
Hard hardwoods are hard-textured hard- 
woods such as sugar maple, hickory, 
dogwood, persimmon, black locust, 
beech, ash, black walnut, and all com- 
mercial oaks. 

H a z a r d o u s A i r P o h r t a n t F ~ ~ p i -  
lutants that are not covered by ambient 
air quality standards but that present, or 
may present, a threat of adverse health or 
environmental effects. These include an 
initial list of 189 chemicals designated 
by Congress and subject to revision by the 
Environmental Protection Agency. 

Hazardous Waste+A byproduct of soci- 
ety that can pose a substantial or poten- 
tial hazard to human health or the 
environment when improperly managed. 
Possesses at least one of four character- 
istics (iptabiity. corrosivity, reactivity, or 
toxicity) or appears on special 
Environmental Protection Agency lists. 

-heric moisture, dust, smoke, 
and vapor suspended to form a partly 
opaque condition. 

Heavy Metals-Natural elements such 
as lead, mercury, cadmmm, and nickel. 
They are mined from the earth and used 

in numerous manufacturing processes 
and countless products. 

High-LePel UWe-Material that is highly 
radioactive. In a nuclear power plant 
high-level waste is spentfuel. 

Historic Site-See Archaeological 
Resources. 

Hydtoehecrric Power Generation-A 
dam creates an upper and a lower water . 
reservoir. The height difference between 
the two reservoirs establishes potential 
energy that is used to generate electricity 
by allowing water from the upper reser- 
voir to flow through a hydro rurbrne to the 
lower reservoir. 

I 
Impoundment-A body of water or 
sludge confined by a dam, dike, flood- 
gate, or other barrier. 

K 
Karst (Topography+The relief of an 
area underlaid by limestone that dis- 
solves in differing degrees, thus form- 
ing numerous depressions or small 
basins. 

Karst Region-A particular geographic 
region of irregular limestone in which 
erosion has produced fissures, smkholes, 
underground streams, and caverns. 

L 
hmsrrioe-Living or growing in lakes; 
of or related to lakes. 

Lead (&)-A hea y metal that is haz- 
ardous to health if breathed or swallowed. 
Its use in @e, pauus, and pl&g corn 
pounds has been sharply restricted by fed- 
eral regulations, but enormous quantities of 
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lead already released into the environment 
are causing significant problems. 

Law-Level Waste-Radioactive material 
that is slightly or moderately radioac- 
tively contaminated. Low-level radioac- 
tive waste consists largely of ordinary 
trash and other items that have come 
into contact with radioactive materials. 

I 
Mabtmam Reemwb4eservoirs on 
large rivers such as the Tennessee River. 

Manganese (Mu)--A hard and brittle 
metallic element that resembles iron but 
is not magnetic. 

Mature Trces-Stands of trees that have 
grown into the sawtimber class but have 
not yet begun to decline and d e  from nat- 
ural processes. 

Methane (CKQ)--A greenhouse gas that 
is colorless, nonpoisonous, and flamma- 
ble and is created by anaerobic decom- 
position of organic compounds. 

Mobile Sources-Transportation air pol- 
lution sources, primarily automobiles and 
trucks. 

Multi-Attribute Trade-off Analysis/ 
Technique+An approach designed for 
interactive participation by a group to 
make dual comparisons among different 
attributes for many strategies. It provides 
an open framework for public involvement 
to investigate different attributes, futures, 
and strategies. 

nl 
N e N i t r o u s  Oxide. 

N A A ~ N a t i o n a l  Ambient Air Quality 
Standards. 
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NAPAP-National Acid Precipitation 
Assessment Program. 

N a t W  Acid bx@mum . . Assessnaent 
Program (NAPAP)-A 10-year scientific 
study mductedby the fedelal government 
from 1980 to 1990 to determine the effects 
of, and sources contributing to, acid 
deposition. 

NatbnalAmMentAirQuaIityStadads 
(NAAQS)-Uniform, national air quality 
smdads essblished by the Envitwrmetlral 
Protedion Agency that resaid amlnent lev- 
els of certain pollutants to protect public 
health (pnmary standards) or public wel- 
fare (secondary standards). Standards 
have been set for ozone, carbon monox- 
ide, particulates (PMIOI, sulfur di&, 
nitrogen, nitrogen dioxide, and lead. 

Natme SpeciesSpecies normally indige- 
nous to an area; not introduced by man. 

Natural Reso-The elements of 
the nanual environment that are evaluated 
as resourn (i.e., water resources, forests). 

Nitrogen Dioxide (N-The result of 
nicric oxzde combining with oxygen in the 
atmosphere. A major component of p h ~  
tochemical smog. 

Nitrogen or Nitrous Oxide ( N O x j A  
product of combustion by mobile and 
stationary sources and a major contribu- 
tor to the formation of ozone in the tro- 
posphere and acrd deposition. 

Nonattahment Area-A geographic 
area that does not meet one or more of the 
National Ambient Air Quality Standards 
for the niteria pollutants designated in the 
Clean Air Act. 

Non-Point Sources-Pollution sources 
that are diffuse and do not have a single 

point of origin or are not introduced into 
a receiving stream from a specific outlet. 
The pollutants are generally carried off the 
land by storm water runoff. 

N-Nitrogen Oxide or Nitrous Oxide. 

0 
Ozone (w substance found in the 
stratosphere and the troposphere. In the 
srsatcasphere (the amospheric layer begin- 
ning 7 to 10 miles above the Earth's sur- 
face) ozone is a form of oxygen found 
naturally that provides a protective layer 
shielding the Earth from ultraviolet radi- 
ation. In the tropaspbere(the layer extend- 
ing up 7 to 10 miles from the Earth's 
surface), ozone is a chemical oxidant 
and a major component of photochemi- 
cal smog. 

Ozone can seriously affect the human 
respiratory system and is one of the most 
widespread of all the criteria pollutants. 
Ozone in the troposphere is produced 
through complex chemical reactions of 
nitrogen axidlr, which are among the 
primary pollutants emitted by combustion 
sources; hydrocarbons, released into the 
atmosphere through the combustion, han- 
dling, and processing of hydrocarbon 
products and sunlight. 

P 
Palustrine+Relating to marshes or 
wetlands. 

Particulate-Minute separate particles. 

P a r t i c n l a t e c o I l e c e i o n ~  
mental control systems (i.e., elecvostatic 
precipitators, baghouses) designed to 
remove suspended particulate matter (i.e., 
j7y ash) from coal-fired boiler flue gas. 

Parts per Million-The number of parts 
of a given substance or pollutant in a 
million pam of a base material; a measure 
of concentration. . 
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pH-A measure of the acidity or alkalin- 
ity of a solution. pH is represented on a 
scale of 0 to 14, with 7 being a neutral state, 
0 most acid, and 14 most alkaline. 

Physiographic Provinces-Systematic 
description of areas with some point of 
physical geology in common. 

Phm+A flowing, often somewhat con- 
ical, trail of emissions from a continuous 
point source. 

Point So-A stationary location or 
fwed facility from which pollutants are dis- 
charged or emitted. Also, any single 
identifiable source of pollution, for exam- 
ple, a pipe, ditch, ship, ore pit, or factory 
smokestack. 

PM10--Minute separate particles equal to 
10 microns or less. 

Prevemh of SignIfiornt Deteriodon 
(PSDhAn Environmental Protection 
Agency program in which state or federal 
permits are required that are intended 
to restrict emissions for new or modified 
sources in places where air quality is 
already better than required to meet pri- 
mary and secondary amtnent air quality 
standards. 

R i j  Particulate Matter-Panicles 
emitted directly from a source. 

Radionuclides-Radioactive nuclides. 

Regional Haze-A type of visibility 
impairment which is the result of dis- 
persed and intermixed pollutants from 
many sources. 

ResidentiaGThe group of customers 
to whom electricity is sold for household 
purposes, including space heating, water 
heating, air conditioning, lighting, and 
appliances in sde-famdy, multifamdy, and 
mobile homes. 

River Substrate-A layer of material or 
substance in a river. 

Scrubber-A device that removes sul@r 
dioxide from flue gas using lime or lime- 
stone. 

Scrubber Sludge-The eff2uent from a 
scrubber that is then discharged and is 
stored in a solid landfill, principally as a 
calcium sulfate. 

Secondary Particulate Matter-F'artides 
formed in the atmosphere from emitted 
gases. . 

sedimentation-The action or process of 
depositing sediment. 

Seedl ine ive  trees of species less than 
1.0 inch in diameter at 4.5 feet above 
ground that are expected to survive and 
develop. 

Sensitive SpeciesSpeaes that are listed 
with states as needing s p e d  management. 

Short Rotation Woody Crops--Plants 
grown on a relatively short rmtion sched- 
ule for the explicit purpose of harvesting 
for use in power production. 

Soil-A dynamic natural medium com- 
posed of mineral and organic materials in 
which plants grow. 

Species--A class of individuals having com 
mon attributes and designated by a com- 
mon name. 

Spent Fuel-Nuclear fuel that can no 
longer economically sustain a chain reac- 
tion. 

Streams--A continually, frequently, or 
infrequently flowing body of water that fol- 
lows a defined course. The three classes 
of streams are: 

Ephemeral. A channel that cames 
water only during and immediately 
following rainstorms. Also known as a 
"dry wash." 
Intermittent A watercourse that flows 
in a welldefined channel during the wet 
seasons of the year. but not the entire 
year. 
Petennial. A watercourse that flows 
throughout the year or nearly so (90 per- 
cent of time) in a well-defined channel. 

Succession-A process of biotic com- 
munity development that involves changes 
in species, structure, and community 
processes over time. 

Sulfur Dioxide (-A heavy, pungent, 
colorless, gaseous air pollutant formed pri- 
marily by the combustion of fossil-fuel 

- 
plants. 

Surface Water-Streams, rivers, ponds, 
lakes, and man-made reservoirs. 

Surrogate Measure--A substitute mea- 
sure that varies in the same way as the pol- 
lutant and environmental effects it 
represents. 

Tailwater-Water downstream from a 
dam, including those waters released 
from the dam. 

So rben tA  substance that takes up and 
holds or absorbs. 
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T h e r d  Rejection- Release of heat. 

Thermal Stratithtion-Layering of 
water with Merent tempentures, where 
it is wanner near the surface and colder 
near the bottom. 

Tha&ned Species--Any species which 
is likely to become an endangered species 
within the foreseeable future. 

T o p o e n p e T h e  physical feanues of a 
place or region. Commonly refers to land 
forms and variation in elevation. 

T r o p o s p h ~ w e r  atmosphere. 

TSP-Total suspended particulate 
matter. 

Turbine-A machine for directly con- 
vening the kinetic and/or thermal energy 
of a flowing fluid (air, hot gas, steam, or 
water) into useful rotational energy. 

V 
-Impairmmtor- 
A&& damage where the ability to dis- 
cern fom, color, or texture is reduced and 
ther$brerhescenicvalueisalsodiminished 
Or, as stated in 40 CFR 51.30, visibility 
impairment is '. . .any humanly perceptible 
change in visibiity (visual range, con- 
~caloratiorSfranttratwfiichwouldhave 
existed under natural conditions." 

V b d  Quality Zones (VQZsI-Areas 
of the landscape denoted by specified dis 
tances from the observer. Used as a 
frame of reference in which to discuss land- 
scape characteristics or activities of man, 
sometimes referred to as *&stance zones* 

V0ladkOrgdnicCompo~WOCs)- 
Any organic compound that participates 
in atmospheric photochemical reactions 
except for those designated by the 
Environmental Protection Agency a d m -  
istrator as having negligible photochem- 
ical reactivity. 

W 
Water Quallt)LA term used to describe 
the chemical, physical, and biological char- 
acteristics of water, usually with respect 
to its suitability for a particular purpose. 

WatashecCThe entire area tha con- 
tributes to a drainage or stream. 

Wretlvlbdna with soils saturated with 
water during the gmwing seasons and sup 
porting plants characteristic of wet con- 
ditions. 

Z 
Zebra Mussel-An imported mussel 
which interferes wirh. among other things, 
water intake structures. 
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A 
~ d d  ~eposni~n, n3,n.16, n.im.19, 
n33,n.60, n.W.63,n.65, n.7l,n.74, 
n.7~n.n,n.84-nn,~l.e~l.9o,n.1m, 
Tl.125, Tl.147-Tl.151, Tl.155, Tl.158 

Acid Deposition Aquatic Impacts, T1.87 

Acidic Deposition, Cmps, Forest Impacts, 
T1.76, T1.89-Tl.90 

Acidity, T1.60, T1.62, T1.73, T1.76, Tl.159 

Aerosols, T1.16-T1.17, T1.60, T1.64-Tl.66, 
T1.72-T1.74, T1.89-7'1.90, T1.151-T1.153 

African American Households, T1.9 

Agriculture, T1.3, T1.9,T1.41, T1.70, T1.91, 
T1.95-TI.%, T1.103, T1.108-T1.109, 
T1.112-T1.113, T1.117, T1.147, 
T1.149-T1.150 

Air Indices and Rationale for Weightings, 
TI .85 

Air Pollutants, Tl.1, Tl.3, Tl.16-T1.19, 
T1.40, T1.44, T1.66-T1.68, Tl.71-T1.72, 
n .74-TI .75, TI .go, n .82-n .83, TI .86, 
T1.96, T1.107, Tl.115, T1.125, T1.148-Tl.150, 
Tl.1 55-T1.157, T1.159 

Air Quality, Weighting Factors, T1.86, T1.90 

Air Quality Concerns, T1.18, T1.75 

Air Regulations, T1.17 

Air Resources, T1.3, T1.6, T1.12, T1.109, 
7'1.112 

Air Toxic Risk Assessment, T1.71 

Alkalinity, T1.60, T1.98, T1.105, Tl.159 

Allen Fossil Plant, T1.104 

Aluminum Toxicity, T1.76-Tl.77, T1.87, T1.90 

American Beech, T1.125, T1.129 

American Lung Association, T1.51 

Amphibians, T1.125 

Appalachian Mountains, T1.60, T1.70, T1.76, 
T1.91, T1.98, T1.104, T1.129, T1.147-T1.149 

Aquatic Ecosystems, T1.3, T1.17, T 1.67-~1.68, 
T1.83. T1.9, T1.149 

Aquatic Invertebrates (benthos), T1.67, 
TI.%, T1.99, Tl.155 

Aquatic Life, T 1.3, Tl.68, T1.91, T1.95-Tl.98, 
Tl.102-T1.107, T1.109 

Aquatic Monitoring Programs, 7'1.9 j 

Aquifers, Tl.97-T1.98, T1.101, T1.104. 
7'1.108-T1.109 

Archaeological Sites, Tl .ll5 

Arsenic, T1.66-T1.68, T1.74 

Ash Ponds, T1.96-T1.98.Tl.117 

Asiatic Clam (Corbicula Fluminea), T1.100 

Aspen. T1.83 

Assessment Repon, T1.75-T1.76 

Asthma, T1.72-11.73 

Atlanta, T1.50, Tl. 53 

Atmospheric Instability, T1.16 

Atmospheric Models, T1.86 

Anainment Areas, T1.18, T1.32, Tl.1 j 5 

Azores-Bermuda High Pressure Ridge, T1.12 

B 
Balsam Woolly Adelgid, T1.76, T1.129 

Barnwell, South Carolina, T1.124 

Barren River, T1.104, T1.140, T1.146 

Bass, T1.99, T1.102-T1.105 

Basswood, T1.125, T1.128 

Bear Creek Reservoir, T1.3, Tl.91, 
T1.94-T1.95. T1.97-T1.104, Tl.11 5, 
T1.124, T1.130, T1.132, Tl.157-Tl.1 59 

Beech Bark Disease, Tl.129 

Bellefonte Nuclear Plant, Tl.95-TI.%, 
T1.117, T1.122-T1.124 

Benthos, T1.39, Tl.155 

Beryllium, T1.66-~1.68, T1.74 

Biological Resources, T1.108,T1.124 

Biomass Fuel, Tl.70, Tl.11 j 

Birds, T1.125 T1.131-T1.132, T1.150 - 
B i i n g h a m ,  T1.12, Tl.50 

Binh Defects, T1.40 

Black Cherry, T1.82-Tl.83, T1.150-T1.151, 
Tl.157 

Blue Ridge, T1.94.Tl.98, T1.108, T1.138, 
T1.146 

Brine, T1.98 

Browns Ferry Kuclear Plant, TI. 123 

Buffalo River, T1.l, T1.91, T1.94, 
T1.96, T1.99-T1.101,T1.103-T1.106, 
Tl.115-T1.116, T1.130-T1.132, T1.134, 
T1.136. T1.138. T1.140, T1.145, T1.147, 
Tl.158-Tl.159 

Buffering Capacity, Tl.77, T1.91, T1.106, 
T1.155 

Butternut Canker, 7'1.129 

C 
Cades Cove, ~1.108, T1.142 

Cadmium, T1.66-T1.68. T1.74, T1.109, T1.157 

Calcium, T1.60, Tl.7, T1.80-T1.81, T1.90, 
T1.98, T1.lO1, T1.103, T1.105, Tl.159 

Carbon Dioxide (COz), T1.60, Tl.70, T 1.75, 
T1.90, Tl.155-Tl.157 

Carbon Monoxide, T1.17-T1.18, T1.40, 
T1.63, T1.74-T1.75, T1.90, Tl.155-Tl.156, 
Tl.158 

Carbonic Acid, T1.60 

Catfish, 7'1.100, T1.102-T1.105 

Cations, Tl.77, T1.87 

Caves, T1.101,T1.108, T1.130, T1.132, 
T1.136, T1.144 

Cedar Glades. T1.125, T1.130, T1.136. 
T1.138, T1.156 

Center Hill Dam, T1.lO1 

Center Hill Lake. T1.102 

Central Basin (Nashville Basin), T1.lO1, 
T1.109, T1.128 

Chain Reaction, T1.122. T1.159 
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Charlotte, TI. 5" 

Chattanooga T1.12, Tl.50, T1.108, 
T1.148 

Chatuge Lake, T1.74, T1.91, T1.95, 
T1.99-T1.lOO, T1.102-T1.103, T1.106, 
Tl.115, T1.124, T1.132, T1.146, T1.155, 
T1.157, Tl.159 

Cheathem Lake, T1.74, T1.91, T1.95, 
T1 .%TI. 100, TI. 102-TI. 103, TI. 106, 
Tl.115, Tl.124, T1,132, T1.146, T1.155, 
Tl.157, T1.159 

Chemical and Industriill Processing, Tl.45 

Cherokee Dam, T1.91, T1.94-T1.104, 
T1.106, T1.124, Tl.130-T1.131 

Cherokee Lake, T1.74, T1.91, T1.95, 
T1.99-T1.lOO, T1.102-T1.103, T1.106, 
T1.115,T1.124,Tl.l32,Tr 146,Tl.l55, 
T1.157, Tl.159 

Chlordane, T1.94, T1.103, Tl.105 

Chloride, ~1.60, T1.66, T1.104 

Chlorofluorocarbons (CFCs). T1.70, 
Tl.156-T1.157 

Chromium, T1.66-T1.68, T1.74 

Class 1 Areas, T1.18, T1.28, T1.44-T1.45, 
Tl.51, T1.65-T1.66, T1.71, T1.108, Tl.115, 
Tl.156 

Clean Air Act Amendments of 1977, T1.18, 
Tl.156 

Clean Water Act, T1.95-TI.% 

Climate Challenge, T1.70 

Climatic Averages, T1.12 

Clinch River, T1.l, T1.91, T1.94. T1.96, 
T1.99-T1.lO1, T1.103-T1.104, T1.106, 
Tl.115-T1.116, T1.130-T1.132, T1.134, 
T1.136, T1.138, T1.140-T1.141,T1.147, 
Tl.158-Tl.159 

Cloudr and Precipitation, T1.16 

Coal Combustion Byproduct Production, 
T1.121 

Coal Combustion Solid Wastes, T1.117 

Coal Procurement, T1.116-T1.118, T1.120 

Coal-Fired Boilers, T1.41, T1.67, T1.149 

Coastal Plain, T1.98, T1.109? T1.148-T1.149 

Cohutra Kational Wilderness Area. T1.18, 
T1.28, T1.65, T1.115 

Cooling Tower, TI.% 

Cooperative Research and Assessment 
Programs, Tl.50, Tl. 53, T1.70 

Copper, TI .67-TI .68, T1.74-T1.75, TI .84 

Copper Hill, Tennessee Basin, T1.75 

Cordell Hull Lake, T1.102 

Criteria Air Pollutants, T1.17, T1.72 

Crops and Forests, Tl.17, Tl.44, Tl. 51-T1.52, 
T1.75, Tl.83 

Crops, T1.3, T1.6, TI. 17, T1.44, 
T1.51-Tl.52, T1.70, T1.75-Tl.76, 
T1.80-T1.83, T1.89-T1.90,T1.112-T1.113, 
T1.148, Tl.155, Tl.159 

'Crustaceans, T1.99 

Cultural Resources. T1.3. Tl.6, T1.90, 
T1.108, T1.115 

Cumberland and Mississippi Rivers, T1.l 

Cumberland Fossil Plant, Tl.50, Tl.53, 
T1.lO1, T1.117 

Cumberland Plateau, T1.98, T1.108 

Cumberland River, T1.l, TI ,101-T1.102, 
T1.130-T1.131, T1.141, Tl.1 52 

Cumberland River, Aquatic Life. T1.102 

Cumberland River. Groundwater. TI. 101 

Cumberland River, Surface Water, T1.lO1 ' 

D 
Dale Hollow Dam, T1.lO1 

Davidson County, TI .l, T1.7, T1.9-T1.lO, 
T1.12, T1.32-Tl.33, T1.40-T1.41, T1.103, 
T1.113 

Department of Energy (DOE), T1.66. T1.68, 
T1.70-T1.71. T1.122-Tl.124, T1.146, Tl.1 56 

Department of Interior (DOI), T1.123 

Department of Transportation (DOT), 
T1.123-T1.124 

Dogwood Anthracnose, T1.129 

Douglas Dam, T1.91, T1.94-T1.104, T1.106, 
T1.124, T1.130-T1.131 

Douglas Fir, TI '83 . 
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One of TVA's broad strategic goals is environmental responsi- 
bility. Energy Vision 2020 approaches this goal in a way that is 
fundamentally different than most environmental reviews- 
environmental concerns have been fully integrated into the 
planning process. 

This document addresses the environmental aspects of the 
evaluation process and provides additional scientific and ana- 
lytical, or technical, basis for comparing the impact of alterna- 
tive energy strategies on the environment. Cumulative poten- 
tial environmental impacts are addressed. In addition, potentla1 
socioeconomic impacts are addressed. 

The assessment is made at a macro, or regional, scale rather 
than at a micro, site-specific scale. 
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Numerws weys and opinion polls indicue that most Americans 
hold protection of the emironment as very important. TKA Board 
Chairman Craven Crowell has emphasized that no major busi- 
ness acwlty wiU succeed without a high q a d  for the environment 
and that TVA must be environmentally responsible. 

In keeping with these sentiments, one of TVA's broad 
strategic goals is environmental responsibihty. Energy Viion 2020 
approaches this goal in a way that is fundamentally different than 
most environmental reviews-environmental concerns have 
been fully integrated into the planning process. This has 
allowed TVA to reformulate energy resource strategies to miti- 
gate potend environmental impact, lessening the need to 
trade off envimnmental protection for economic cost savings. 

This document addresses the environmental aspects of the 
evaluation process and provides additional scientific and ana- 
lytical, or technical, basis for comparing the impact of alterna- 
tive energy strategies on the environment. The document also 
examines and compares both direct and indirect potential envi- 
r~nmenral impacts assodated with each strategy. Cumulative envi- 
ronmental impacts are addressed. In addition, potential socioe- 
conomic impacts are addressed. 

ENVIRONMENTAL IMPACT CONTEXT 
Integrated resource planning is broad and strategic; therefore, 
the environmental review has been programmatic rather than 
site-specific. When energy resource options are implemented, 
there can be important environmental effects, depending on how 
options are deployed and where they are located. These poten- 
td option and site-s@c impacts will be considered in the envi- 
ronmental reviews that tier from the Energy Vision 2020 review. 
Such reviews will give TVA decision makers and the public an 
opportunity to consider any potentially significant impacts 
before decisions are made. 

These site-speclfic reviews can avoid potentially significant 
impacts to wetlands, sensitive habitats, prime farmland, threat- 
ened or endangered s p a ,  cuItud and historic resources, alter- 
ation of sensitive aquatic habitats, aesthetics and noise, and socioe- 
conomic impacts. Proper site selection and detailed modeling 
can also avoid local air impacts such as plume impact on ele- 

vatedterrain.Siteselectionmayalsoinfluencesome~impacts 
such as those from fuel sources and transportation. 

Evaluation Method 
The analytical approach used for Energy Vision 2020 is the multi- 
attribute tradeoff method. This approach allows TKA to quan- 
titatively integrate the identified environmental impacts of p r e  
posed strategies and formulate alternative strategies to mitigate 
them while retaining other beneficial characteristics. The 
approach also allowed the public to help set the values (crite- 
ria) by which strategies were judged and to see how those val- 
ues can result in tradeoffs. 

TVA developed 2,000 different strategies for Energy Viion 
2020. These strategies consist of different combinations of 
energy resource options that were first screened for acceptable 
performance using multiple criteria, including environmental cri- 
teria. The strategies themselves were analyzed through the 
use of computer models to identlfy those particular combina- 
tions of resource options that best meet the criteria and effec- 
tively deal with various uncenainties. In this process, the envi- 
ronmental performance of the strategies was fully integrated into 
the evaluation in the same manner as financial, rate, econom- 
ics, and other criteria. 

The multi-attribute tradeoff method allowed potential 
environmental impacts of each strategy to be compared to all 
other evaluation criteria and to all other strategies on an objec- 
tive basis. This process ident~fied where there were real trade- 
offs among criteria. One of the most important tradeoffs 
occurred between better environmental performance and lower 
electric rates. Achieving better environmental performance 
(less impacts) typically produces higher rates or costs. In the past, 
utilities usually chose between lower costs or beuer environmental 
performance. 

The integrated, multi-attribute tradeoff method allowed TKA 
to mitigate potential environmental tradeoffs by reformulating 
strategies to lessen the degree of mdeoff. Energy ~nergy options 
that were primarily responsible for producing undesirable 
results in more favorable strategies were replaced by options that 
produced more desirable results. These modified strategies 
were then reintegrated and their performance with respect to 
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the evaluatio:~ crheria and tradeoffs they produce was examimd 
This was do: :c several tim'es until seven modified mtegies w m  
created that respond reasonably well to all Energy Vision 2020 
criteria, including environmental criteria. Potential tradeoffs 
were sharply reduced. 

As a result of this process, the final strategies have similar, 
although not identical, energy resource options. This tends to 
ploduces imi lar~impa~ts .Wnhthef inalsevenaate  
gies, it is possible to meet the future needs of TVA's customers 
with much better environmental performance compared to 
other unmitigated strategies. 

Environmental Protections 
A s  stated, one of TVA's strategic goals is environmental respon- 
sibility. This leads TVA toward those energy mourn options that 
are more environmentally friendly. Apart from this goal, envi- 
ronmental regulaaons reduce the risk of significant environmental 
impacts from the implementation of energy resource options. 
The Clean Air Act, the Clean Water Act, the Endangered Species 
Act, the Surface Mining Reclamation and Control Act, and the 
Resome cmmmion and Recavery Act are just a few of the major 
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laws in this counuy that are formulated to prevent or lessen var- 
ious environmental impacts. In addition, as a federal agency, TVA 
must consider the potential environmental impacts of pro- 
posed decisions under the National Environmental Policy Act. 

No major energy resource can be constructed without 
complying with a substantial number of federal, state, and 
local environmental requirements. These regulatory processes 
typically provide multiple opportunities for public comment and 
participation. Most federal environmental laws allow citizens to 
bring suit to enforce compliance with requirements, and vari- 
ous federal, state, and local environmental regulatory agencies 
exist to police compliance. 

Although these environmental laws and their irnplement- 
ing regulations do not eliminate all risk of environmental 
impacts, they substantially reduce impacts. Consequently, the 
risk of significant impacts associated with the implementation 
of any of the final strategies identified in Energy Vision 2020 is 
lessened substantially. Moreover, such impacts should be iden- 
tified in the subsequent environmental reviews that TVA will con- 
duct before it decides to put specific resource options in place. 
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mON 1: DESCRIPTION OF -YE SllWE6lES 

'Ibis section desaibes TVA's final seven alternative Snategies devel- 
oped through the integration process and the reference, or "No 
Action," strategy. In addition, the general features of the m t e -  
gies that distinguish them from one another are described. As 
a result of the integration process discussed in the preceding sec- 
tion, most of the strategies are very similar and differences in 
their environmental performance are relatively small. 

Note that, for purposes of the National Environmental 
Policy Act, the terms "mtegy", "alternativen, and "altemative strat- 
egy" should be considered synonymous. 

AsdescribedinVdumel,Chapter9,ResourceInregrahon/AhaTmtive 
Strategy Comparisons, each strategy includes some component 
of each of the elements described below. Understanding these ele- 
ments will help understanding of why there are environmental 
Mefences among the strategies. 

SUPPLY PROFILE 
The supply profile refers to actions TVA may take to provide for 
generation of electricity for its customers. These "supply side" 
options vary by fuel type, technology, and comrnercd terms. 
Coal, natural gas, and nuclear have been the dominant fuels for 
electricity supply for the utility industry historically and are dom- 
inant in TVA's final strategies. However, certain renewable 
resources, such as biomass, wind, and landfill methane, that may 
either be continuously replenished or are not consumed, are also 
considered as viable options in the ftnal strategies. (Hydroelectric 
power is also a renewable resource, but for purposes of this eval- 
uation, is considered separately and not included in the general 
renewables category.) Different technologies may use the same 
fuel. Natural gas can be used to generate electricity from sim- 
ple cycle combustion turbines, combined cycle facilities, fuel cells, 
etc. Also, TVA may choose to build, own, and operate a new elec- 

uicity generating fadty, purchase the energy from another elec- 
tric utility, or purchase the energy from a non-utility indepen- 
dent power producer (IPP) or cogenerator. 

ENVIRONMENT 
While all elements of a strategy affect its environmental per- 
formance, certain decisions specifically targeting altemative 
ways of meeting environmental constraints have been included 
in this element. These decisions include the approach to com- 
plying with Phase I1 of the 1990 Clean Air Act Amendments and 
control options associated with carbon dioxide reduction and 
TVA's commitment to the U.S. Department of Energy's Climate 
Challenge. 

CUSTOMER SERVICE, PRICING/RNES 
The options included in thls element include activities that drectly 
influence the amount of electrical energy consumed by TVA's 
customers. Demand side management (DSM) includes both actions , 
that may decrease total consumption (conservation) and those 
that change the time of day when consumption occurs b a d  shap 
in@. Off-system sales (sales to other utilities) increase the need 
for electricity and can be controlled by marketing and pricing 
activities. Sdarly, marketing and pricing programs (electric rate 
programs) can be put in place to either increase or decrease sys- 
tem consumption. For example, time-of-day pricing may be used 
to shape or curb consumption, while a 'declining blockn rate 
structure that lowers price as consumption increases may be an 
inducement to increase consumption. Beneficial electrification 
options (for example, variable speed electric motors, electric arc 
steel furnaces) are intended to increase the consumption of elec- 
tricity while reducing the consumption of other primary fuels 
with a net benefit to the environment. 

TRANSMISSION 
Options that represent improvements to the TVA electricit)- 
transmission system by reducing transmission losses were 
included. None of the final strategies being evaiuated include 
these transmission improvement options. 
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8trmy Definition would most likely have employed to meet demand in the 
Figure '12-1 defines the reference strategy, or "No Action" strat- absence of the information and analysis produced as a result of 
egy (Strategy D) and the seven alternative strategies evaluated the Energy Vision 2020 process. Taking into account the diffi- 
in Energy Vision 2020 in general terms by strategic cultiesTVA has encountered in completing the nuclear units that 
element. it has had under construction, it was determined that TVA 

For purposes of comparison, Strategy D is the reference or would likely have looked to some mix of combined cycle 
'No Action" strategy for Energy Vision 2020. The 'No Action" combustion turbines, new coal-fired units and limited amounts 
strategy was to identify those resource options which TVA of purchased power. These became the core elements of the 

Customer Service 
Siratern Supply-side Characteristics Characteristics Environmental Contmls 

Strategy D 
Combined Cycle, 
Purchased Power, 
Coal (Reference) 

Supply-side options emphasize a blend of Low-price block of Sulfur Dioxide 
TVA-built, Independent Power Producers, and Demand-Side Management Scrubbers are added at several 
cogenerators to reduce production cost and debt (block one) reduces demand existing fossil units 

Combustion turbines with rate increase Switching to lower sulfur coals 
Combined cycle at several existing fossil units 

lndependent Power Producers and 
cogeneration natural gas combined cycle 
lndependent Power Producer coal 

Clean coal 1 
-----.--- -- 

StnteoyJ . Supply-side expansion features an integrated 
Bellefonte Coproduct, coal gasification plant that produces a high-value 
Renewables, chemical coproduct, projected for siting at 
Independent Power Bellefonte Nuclear Plant 
Producers Combustion turbines 

Bellefonte conversion to integrated 
gasification combined cycle with chemical 
coproduct 
lndependent Power Producer 
combined cycle 
Landfill and coalbed methane 
Clean coal 
Hydro modemization 

Low-price block of Sulfur Dioxide 
Demand-Side Management Scrubbers are added at several 
(block one) reduces demand existing fossil units 
with minimum rate increase Switching to lower sulfur coals 

at several existing units 

Carbon Dioxide and other fossil 
emissions 

A customer service level of 
biomass (waste wood) cofiring 
of 0.3% 

Strategy M 
Combined Demand. 
Management and 
Off-System Sales 

Supply-side options mix emphasizes coal 
expansion and low-cost renewables for low 
production cost 

Combustion turbines 

Pulverized coal at an existing plant 

Clean coal 
Landfill and coalbed methane 
Pulverized coal with scrubbers 
Hydro modernization 

Low-~rice and low-cost Sulfur Dioxide 
 ema and-side Management Scrubbers are added at several 
(two blocks) reduces need existing fossil units 
for generation Switching to lower sulfur coals 
Off-system saies at several existing units 

Carbon Dioxide and other fossil 
emissions 

A customer service level of 
biomass (waste wood) cofiring 
of 0.3% 

1 Ckan coal technolopies indude integrated gasification -combined cycle and integntad gasficatlon - cascaded humidiiid advanced turb~ne 
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Strategy Supply-side Characteristics 

Strategy 0 Supply-side expansion features an integrated 
Bellefonte Coproduct, coal gasification plant that produces a high- 
More Demand-Side Value chemical coproduct, projected for siting 
Management, More at%ellefonte Nuclear Plant 
Off-System Sales Combustion turbines 

Customer Service 
Characteristics 

Low-price and low-cost block 
of Demand-Side Management 
(two blocks) reduces need for 
generation 
Off-system sales 

Bellefonte conversion to integrated 
gasification combined cycle with chemical 
coproduct 
Independent Power Producer combined cycle 
Landfill and coalbed methane 

Clean coal 

-- Hydro modernization ---- 
Strategy Q Supply-side expansion features purchase 
Flexible Strategy with options with rights, but not obligations, to 
External Options purchase power 

Combustion turbines 
Bellefonte conversion to integrated 
gasification combined cycle with chemical 
coproduct 
lndependent Power Producers combined cycle 

. - -. .- --- - . - - - - - 

Low-price block of Demand- 
Side Management (block one) 
reduces demand with mini- 
mum rate increase 
Low-level beneficial electriii- 
cation provides improved rate 
impact 
Off-system sales 

Purchase of peaking capacity 

Flexible base capacity purchase 
Flexible peaking capacity purchase 
Landfill and coalbed methane 
Clean coal 
Hydro modernization ------ ----- - -- 

Strategy R Supply-side expansion features preplanning, 
Flexible Strategy with design, and siting work to support flexible start 
Internal Options dates of TVA-buiR options 

Combustion turbines 

Bellefonte conversion to integrated 
gasification combined cycle with chemical 
coproduct 
lndependent Power Producer combined cycle 
Combined cycle - Purchase of peaking capacity 
Flexible base capacity purchase 
Landfill and coalbed methane 

Clean coal 
Hydro modernization 

Low-price block of Demand- 
Side Management (block one) 
reduces demand with mini- 
mum rate increase 
Low-level beneficial electrifi- 
cation provides improved rate 
impact 
Off -system sales 

Environmental Controls 

Sulfur Dioxide 
Scrubbers are added at several 
existing fossil units - 
Switching to lower sulfur coals 
at several existing units 

Carbon Dioxide and other fossil 
emissions 

A customer service level of 
biomass (waste wood) 
cofiring of 0.3% 

Sulfur Dioxide 
Scrubbers are added at several 
existing fossil units 
Switching to lower sulfur coals 
at several existing units 

Carbon Dioxide and other fossil 
emissions 

A customer service level of 
biomass (waste wood) 
cofiring of 0.3% 

Sulfur Dioxide 

Scrubbers are added at several 
existing fossil units 

Switching to lower sulfur coals 
at several existing units 

Carbon Dioxide and other fossil 
emissions 

A customer service level of 
biomass (waste wood) 
cofiring of 0.3% 

ENERGY VISION 2020 T2.5 



TECHN CUMENT 2: E N V I R O W M E N T A L  C O N S E Q U E N C E S  

Cuztomer Senice 
S-W Supply-Side Chandsridies Chanelsristics Emironmental Controls 

Sartew S Supply-side expansion features an integrilted Low-price block of Demand- Sulfur Dioxide 
Low Cosf Low Rates, Coal gasification plant that produces a high- Side Management (block one) . Scrubbers are added at 
Improved Environment value chemical coproduct. projected for siting reduces demand with mini- 

at Bellefonte Nuclear Piant several existing units - 
mum rate increase 

Combustion turbines 
Bellefonte conversion to integrated gasifica- 
tion combined cycle with chemical coproduct 
Independent Power Producers 
combined cycle 

Landfill and coalbed methane 

Low-level beneficial 
electrification provides 
improved rate impact 
Off-system sales spread 
fixed cost over more sales 

Switching to lower sulfur 
coals at several existing units 

Carbon Dioxide and other fossil 
emissions 

A customer senrice level of 
biomass (waste wood) cofiring 
of 0.3% 

Clean coal 
Hydro modernization 

W g Y  T Supply-side expansion relies on low emission Low-price block of Demand- Sulfur Dioxide 
Low-Cost Renewables, Options, renewables, and an integfated coal gasifi- Side Management (block one) . Gas repowering of some 
Low-Price Demand- cation plant that produces a high-value chemical reduces demand with mini- 
Side Management, coprodun projected for siting at Bellefonte mum rate increase existing units 

Repowering, Bellefonte Nuclear Plant Switching to lower sulfur coals 
Parmeship Natural gas combined cycle repowering at several existing units 

of severit existing coal units 
Bellefonte conversion to integrated 
gasification combined cycle with 
chemical coproduct 
Combustion turbines 
Independent Power Producers 
combined cycle 
Clean coal 
Compressed air energy storage 
Landfill and coalbed methane 
Wind 
Pulverized coal 
Hydro modernization 

Carbon Dioxide and other fossil 
emissions 

Carbon dioxide.pena1t.y added 
to assumed cost of generation 
ootions to sh i i  generation to 
tower emission iources 

A customer service level of 
biomass (waste wood) cofiring 
of 0.3% 

Energy Vision 2020 "No Actionn strategy and formed the refer- 
ence strategy for purposes of analysis and benchmarking inte- 
gration results across alternative strategies. 

TVA considered but rejected a second approach to defin- 
ing the "No Action" strategy. This approach was to cease 
acquiring new resources to meet future demand for electricity 
from the TYA system. Except for additional demand that could 
be met through more efficient use of the energy generated by 
TVA's existing resources, future demand (new loads) would not 
be met. This is the approach used to define a "No Action" alter- 
native by the Bonneville Power Administration in its February 
1993 resource plan environmental impact statement. Because of 
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TVA's statutory responsibilities and duty to serve demand in its 
region as a public utility, such a "no-serve" approach was con- 
sidered fictitious and rejected in favor of the first approach. 

Eigure 12-2 pravldes an example of how each suategy might 
be implemented, based on the results of the computer model- 
ing evaluations described in Volume 1, Chapter 9, Resource 
IntegrationMtemative Strategy Comparisons and Volume 2, 
Technical Document 8, Resource Integration. While it is highly 
unlikely that the actual implementation of the strategies would 
follow the exact sequence given in this figure, these implementation 
strategies represent credible sequences for resource selection and 
form the basis for the analysis and comparisons that follow. 
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YEAR 

Strategy Resource Option 2000 2005 201 0 201 5 2020 
D-Reference Combustion Turbines -- 2,550 3,750 1,050 4,800 5,700 

Combined Cycle--Independent Power Producer 0 -- 450 750 750 750 - 
Integrated Gasification-Combined Cycle 0 735 2.205---- 3,675 0 ---- 
Combined Cycle 470_ 1,880 2,820 2,820 2,820 
Integrated Gasification-Caseded Humidified Advanced T u r b i n c O - -  0 420 1.260 2.100 
Combined Cycle-Cogeneration 0 175 175 - 1 7 c  ----- 175 
Coal-independent Power Prod*! 0 3 ! ? ! - -  300 3 & ? ? - - - - -  300 

Total Capacity 1.520 5,355 8,950 12,310 15.520 

J Bellefonte IGCC Conversion with Coproduct 0 484 484 484 484 --- - -- --- - -- - - 
Coalbed Methane Recovery 0 250 1,000 -.-!!!%! 1,000 
Combustion Turbines 1.500 2,550 3.900 4,950 5,850 - -- . -- -- -- - .. . - -- - - -- -- - . 
Hydroelectric Improvements 0 0 162 162 !j2 

0 0 735 2,940 4,410 'ntegratedGas8ication-Combined C y c l e  
Integrated Gasification-Cascaded Humldifled Advanced Turbine 0 0 420 ----- 1.260 2.100 
Independent Power Producer 150 1,650 1.950 1,950 1,950 - - - -- - -- - - - --- - - - - - -- - - --- - 
Landfill Methane Recovery 0 500 500 500 - 500 

Total Capacity 1,650 5,434 9,151 13,246 16,456 

M Coal 0 1,610 1,610 1.610 1,610 --- -- -- -- -- - -- - -- - - - -- - - - - --- -- -- - -- -- -- -. 
Coalbed Methane Recovery 0 0 250 1,000 1,000 ----- - ---- 
Com&stion Turbines 1.050 2,400 3.600 4,800 5,55_0__ 

- 0 0 162 162 162 ~ ~ ~ r i c ! m ~ r o v e m e n t s  - -- - -- 
Integrated Gasification-Combined Cycle 0 0 735 2.205 3,675 
Integrated Gasification-Cascaded Humidified Advanced Turbine 0 0 420 --- - - -- - -- -- -- -- - -- 1,260 2,100- 

----- 0 0 500 Landfill M e t h a n @ ~ _ o ~ e ~  500 500 
Shawnee Fossil Planlaunit 11 -- - 0 - - -- 168 168 168 168 

Total Capacity 1,050 4,178 7,445 11,705 14,765 

0 Bellefonte IGCC . Conversion with Coproduct -- -- 0 484 - 484 . 484 -- - 484 
Coalbed Methane Recovery - 0 0 750 1,000 1,000 
Combustion Turbines --L - 1.050 2,550 -. 3,750 4,950 5,700 - 
Hydroelectric Improvements - 0 0 162 162 162 

-- In tep led Gasificat~on-Combined Cycle -- 0 0 - 735 2,940 4,410 
0 Integrated Gasification-Cascaded Humidified Advanced Turbine 0 420 1.260 2.100 0-0~0000 

Independent Power Producer -- 0 900 1,050 1.050 1.050 --- - --- - - - - - 
Landfill Methane Recovery 0 500 500 - 500 500 

Total Capacity 1,050 4,434 7,851 12,346 15,406 

Combustion Fuel Use able fuels (co-fired wood used along with fossil fuel in a boiler, 
landfill methane recovery and coal seam methane recovery) in 

A comparison of the combustion fuel used in implementing each differing amounts. The table in Figure 72-4 gives the coal and 
strategy provides useful information that directly relates to the cefired biomass average annual tonnage and gas volume for each 
comparison of environmental consequences. Figure 72-3 iden- strategy. Biomass refers to wood and perennial grasses used for 
tifies the capacity and electricity generation by fuel for each strat- fuel. Coal use increases from the current level of 35 to 40 mil- 
egy in the years 2005 and 2020. Note that every energy strategy lion tons annually to 46 to 52 million tons for all strategies includ- 
uses coal and natural gas. Also, most strategies employ renew- ing the reference, or "KO Action." strategy. Strategy T uses the 
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YEAR 

Strategy Resource Option 2000 2005 2010 2015 2020 
0 Bellefonte IGCC Conversion with Coproduct 0 484 484 484 484 

Coalbed Methane Recovery 0 500 1,000 1,000 1,000 
Combustion Turbmes 0 900 3,000 4,050 4.80Q 
Flexible Baseload 0 1.189 289 289 289 
Flexible Peakload 900 900 0 0 0 
Hydroelectric Improvements 0 0 1 62 162 162 
Integrated Gasiition-Combined Cycle 0 0 2.205 3,675 5,145 
Integrated Gasiication-Cascaded Humidified Advanced Turbine 0 0 840 1,680 2.520 
Independent Power Producer 300 300 300 300 -- 300 
Landfill Methane Recovery 0 500 500 500 5!!- 
Peak Power Purchases 300 900 900 900 900 

Total Capacity 1,500 5,673 9,680 13.040 16,100 

R Bellefonte IGCC Conversion with Coproduct 0 484 484 484 484 
Combined Cycle 0 470 470 470 470 
Coalbed Methane Recovery 0 500 ' 1,000 1,000 1,000 
Combustion Turbines 750 2,100 3.150 4,200 4,950 - 
Flexible Baseload 0 289 289 289 289 

H y d r o e l e c t r i c  Improvements 0 0 162 162 162 
Integrated Gasification-Combine~cle - 0 0 1,470 3.675 5,145 - 
Integrated Gasification-Cascaded Humidified Advanced Turbine 0 0 840 1,680 2,520 
Independent Power Producer 150 300 300 300 300 
Landfill Methane Recovery 0 500 500 500 500 
Peak Power Purchases 900 900 900 900 900 

Total Capacity 1,800 5.543 9,565 13.660 16,720 

S Bellefonte IGCC Conversion with Coproduct 0 484 484 484 484 
Coalbed Methane Recovery 0 750 1,000 1,000 1,000 
Combustion Turbines 1.500 2,850 4,050 4.950 5.850 
Hydroelectric Improvements 0 0 162 162 162 

integrated Gasification-Combined Cycle 0 0 1,470 3,675 4,410 
Integrated Gasification- Cascaded Humidified Advanced Turbine 0 0 840 1.680 2,520 
Independent Power Producer 300 1,050 1,050 1.050 1.050 
Landfill Methane Recovery 0 500 500 500 500 

Total Capacity 1,800 5.634 9,556 13.5M 15,976 

T Bellefonte IGCC Conversion with Coproduct 0 484 484 484 484 
C o m p r e s s e d y  Storage 0 0 1,011 1,011 1,011 

Coal 0 0 0 71 0 71 0 
Coalbed Methane Recovery 0 0 0 500 1,000 
Combustion Turbines 1,050 2,550 3,750 3,900 4,800 
Hydroelectric Improvements 0 0 162 162 162 
Integrated Gasification-Cascaded Humidified Advanced Turbine 0 0 0 420 1.260 
Independent Power Producer 0 450 450 450 450 
Landfill Methane Recovery 0 0 500 500 500 
Repowering Existing Coal-Fired Plants ' 1.410 3.045 3,045 4,320 5,170 
Shawnee Fossil Plant Unit 11 0 0 0 1 68 168 
Wind Turbines 0 800 2,000 2.000 2,000 

Total Capacity 2,460 7,329 11,402 14.625 17,715 ' 
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Naural Hydro and Demand-Side 
Nuclear Coal Gas Storage Renewables Purchases Management 

Strategy Year (MW) (GWH) (MW) (GWH) (MW) (GWH) (MW) (GWH) (MW) (GWH) (MW) (GWH) (MW) (GWH) 
Existing 2005 5.577 30.171 14.968 96.212 2.292 1.009 5.498 19.268 0 0 1.800 
system 
Existing 2020 5.577 32.414 14.968 100.654 2.292 1.403 5.498 20.780 740 5.898.5 1.000 
system 

D-Reference 2005 _ 5.577 32.778.4 14,968 108.471.8 6.722 7.652.3 5,498 20,426.8 0 0.0 2.725 6.163.5 -997 2.934.6 
2020 5,577 32.778.4 20.743 149.405.5 10.812 10.549.1 5,498 20.854.4 0 0.0 2.225 6.845.9 -517 1.481 

MW= Megawatts 
GWH= Thousands of Megawatt-Hours 

tion woody crops or refuse-derived fuels are found in the methane, with a radiative forcing function of 21, is combusted, 
seven strategies. However, significant co-firing of wood with the resultant emissions are carbon dioxide with a radiative forc- 
coal in existing boilers is used in all strategies. ing function of one. The radiative forcing potential for any 

Both wood and landfill methane are renewable energy greenhouse gas is an indication of the relative effect of the gas 

strategies use 51.7 to 52.2 million tons ot 
coal annually. 

Strategy T uses 162 billion standard 
cubic feet of natural gas annually (one stan- 
dard cubic foot of natural gas contains 
approximately 1,000 Btu). The range of nat- 
ural gas use of other strategies extends to 
a minimum of 41 bfion standard cubic feet, 
which is 75 percent less than Strategy T. 
Landfill methane recovery and coalbed 
methane recovery use vary from a low of 
23.4 to a high of 48.9 billion standard cubic 
feet. Methane recovery varies from 15 to 

sources. Additionally, the use of coalbed methane recovery, land- on potential global warming compared to carbon dioxide, 

Landfill/ 
Coalbed 

Coal Biomass Methane Natural Gas 
(Millions Cofiring (Billions of (Billions of 

Strategy of Tons) (Tons) Standard Cubic Feet) Standard Cubic Feet) 
D-Reference 52.1 0 0 93.5 

51.3 184,643 45.8 64.9 
M 52.2 187,909 34.8 41 .O 
0 51.2 184.493 44.2 53.9 
Q 51.7 186.227 48.9 68.4 
R 51.9 186,956 48.9 63.4 
S 51.8 186.903 49.4 59.2 

45.9 186,903 23.4 162.0 

. 

fill methane recovery, and wood waste fuel reduces the green- wh~ch has a radnrive formg potend if one. For example, methane 

80 percent of, the natural gas used for 
the same strategy. house warming potential of these emissions. This is a result of 

No generating facilities specifically designed for short rota- using captured or recovered methane as a fuel source. When 
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has a radiate forcing potential of 21, which means its effect on use is between 1.25 and 1.31 quadrillion Btu's. 
potential global warming is 21 times greater than that of an equiv- All mtegies expand TVA's use of combustion fuels over pre- 
dent weight of carbon dioxide. Sunilarly, wood waste left to decay sent levels, while diversifymg the types or sources of these fuels. 
converts about 25 percent of the carbon 
mass to methane; thus, when burned, a 
methane release is avoided. The table in 
Figure T2-5 presents the fuels on an 
energy content basis. The chart in Figure 
ZXshows how the annual average com- 
bustion fuel energy use varies with each 
suategy for the entire period of the study. 

On an energy basis, 1.05 to 1.2 
quadrillion Btu's of fuel energy is supplied 
by coal in each strategy. The energy 
content of the other combustion fuels corn 
bined is 0.1 to 0.2 quadrillion Btu's per 
strategy. Total combustion fuel energy 

landfill1 
Biomass ' Coalbed 

Coal Cofirinn Methane Natural Gas 
Strategy (Puadrillion Btu) (Quadrillion Btu) (Quadrillion Btu) (Quadrillion Btu) 
D-Reference 1.20 ---- 0.00000 --- 0.0000 0.0955 - 
J 1.8 - -  0.00166 - 0.0468 0.0664 

EnerOy 
(Puadrillion Btu) 

Coal :1_ Biomass Co-Firing ~ndRIVCoalbrd Methane Nahnsl Gas - 
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8 0 1 ~ ~ 6 9  Of bm S l l p p ~  by sb'&ly 
Every energy strategy includes TVA's existing resources plus p m  
posed new resources. Each strategy depends on coal-fired, nat- 
ural gasfired, nuclear, and hydroelectric, including pumped stor- 
age, energy supply options. Certain strategies depend to 
ddfering degrees on landfi methane and coalbed methane com- 
bustion, wood wme mfinng? wind turbine operation, and demand- 
side management programs. 

The table in Figure ZZ-7quantifies the diffmt types of energy 
sources included in the strategies to meet the need for power 
in 2020. There are six groupings: coal, nuclear, natural gas, h y b  
electric (including pumped storage), renewables, and dernand- 
side management. The chart in Figure 7243shows how the use 
of each energy supply group varies for the strategies. Coal-fired 
generation is the dominant supply source, varying from 55 per- 
cent for Strategy T to 64 percent of all energy supplied for the 

Hydmeledricl Demand-Side 
W e g Y  Coal Nuclear Natural Gas Storage Renewables Management Total 
D-Reference 120,139 32,557 11.743 20.406 .- . 0 .- 2,387 187,232 
J 1 19.545 32,557 7.273 --- _?01406--- - -  _ 72??-- _ -_ 2,387.- -- 189,420 
M 121,382 32,557 3,817 -.20,406 _- 5.521 _-----__6,3'8 -- 190,002 
0 119.607 32,557 5,614 _%!5)6 --_2~%'5_ 6.318 191.507 - - 
Q 122.142 32,557 6.450 -- 20,406 7.746 1,346 ----- 190,647 

Enerpy 
(Megawatt-Houn) 

Coal ' Nuclear Natural 6as HydmiStorage Renewables Demand-Side Management 

Strategy 
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Demand-Side 
~ - 

Strategy Wind Methane Management Total 
D-Reference 0 0 2,387 2.387 

reference, or "No Action," strategy. Nuclear is about 17 to 19 per- 
cent of energy supplied, followed by hydroelectric, and pumped 
storage, with 11 percent. Natural gas-fired generation varies from 
2 percent for Strategy M to 11 percent for Strategy T. Renewables 
are 3 to 4 percent of energy supplied. Demand-side manage- 
ment provides 0.7 to 3.3 percent of energy supplied. 

The table in Figure 12-9 gives the breakout of the energy 
supplied by demand-side management and various renewable 
energy options that vary with each strategy. The chart in Figure 
72-10 graphically i l lumes the variation of different types of 
renewables and demand-side management across strategies. 

Enerpy 
(Megawatt-Hours) 

D-Reference J M 0 R R S T 
Strategy 

7,080 - 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 

0 
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Energy Savings by Slrategy 
The amount of energy saved in the various strategies is due to 
improved power system eficiency, as well as demandside man- 
agement programs. The reference strategy uses 1.29 quadrillion 
Btu's of non-renewable combustion fuels and Strategy T uses 
1.22 quadrillion. Compared to the reference strategy, Strategy 
T represents an annual savings of 0.07 quadrillion Btu's, which 
is the maximum savings for any strategy. The fuel energy sav- 
ings for each strategy is given in Rgure Z2-11. The electric energy 
reductions of demand-side management vary from 1,346 to 
6,318 thousand kilowatt-hours as given in Figure 72-9. 

Coal and Natural Energy Reduction From 
Gas Fuel Energy Used the Reference Strategy 

Strategy (Quadrillion Btu) (Quadrillion Btu) 
D-Reference 1.29 0.00 
J 1.25 0.05 - 
M 1.24 0.05 
0 1.23 0.06 
Q 1.26 0.03 
R 1.26 0.04 
S 1.25 0.04 
T 1.22 0.07 
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Energy Vision 2020 defines economic development as growth 
in regional economic activity. Measurement criteria include 
total personal income in "constant" 1994 dollars (i.e., with 
Inflation accounted for) and total non-farm employment. These 
provide measures for the effects of various Energy Vision 2020 
strategies on the overall, long-term health or welfare of the econ- 
omy for the next 25 years. This analysis concentrates on 
changes to the welfare of the overall economy due to Energy 
Vision 2020 strategies. It does not address changes to the dis- 
tribution of income or employment. 

Three types of factors associated with Energy Vision 2020 
options affect regional economic development: 

Direct expenditures for labor and materials incurred in the 
Tennessee Valley during the construction and operation 
phases of an energy resource option 
Changes to TVA electric rates resulting from implementation 
of a particular option 
Changes to customers' disposable income as a result of 

panicular option in a distinct Energy Vision 2020 strategy 
(changes could be caused either by customer expenditures 
or elecuic bills) 

In general, the greater the direct regional expenditures 
assocjated with a pclrucular option, the more positive are the effects 
on regional economic development. This can be offset, however, 
by the fact that higher rates caused by higher costs have a neg- 
ative effect on regional economic dwelopment. Thus. an option 
that has high expenditures in the Tennessee Valley compared to 
other options may also have high costs and high rates. The over- 
all effect on economic development of a particular option may 
be positive or negative compared to other options. dependmg on 
the net sum of the expenditure effects and the rate and cost effects. 

This section describes the methodology used to calculate 
how alternative strategies affect economic dwelopment. The final 
strategies analyzed in Energy Vision 2020 are described in 
Figures l2-1 through 72-3. The tables in Figures 72-12 and 72- 
U present the results of analysis for-each Energy Vision 2020 
strategy in terms of changes in income and employment com- 
pared with a base case reference, or "No Action," strategy 

increased or decreased costs from the implementation of a (Strategy Dl. 

IMPACTS DUE TO 
OPTION EXPENDITURES IMPACTS IMPACTS DUE TO 

TOTAL IMPACT (DIRECT AND INDIRECT) DUE TO RATES TOTAL RESOURCE COSTS 
Strategy Cateporymank 2 Employment income 1 Employment Income Employment Income Employment Income 
D- Reference poor 14 0 0 0 0 0 0 0 

J - _ _ P ~  5 --- 16.569 739,482 4,176 184,171 9,787 420,773 2,606 134.537- 
M m ~ ~ ~ t ! 8 1 1 . 8 8 4 ! - - -  529.624 6,232 273,954 4.146 176,982 1,506 78.681 
0 good 4 19.976 893.436 5,484 240,868 I '256 4 8 2 , 2 L  - --- 3.236 169,844 

good 2 23,970 1,046,616 6,806 297.746 15,104 641.810 2,060 107,060 Q . - 
R -- good 1 24.240 1,060,647 -- 6,934 302.862 15,187 647,444 2.1 19 110,341 

927.450 6.222 269,018 13,383 5701T5 1,683 87,657 good 3 2 G s s  S- - -- 
T good 6 15.743 692.771 2,509 105.974 11,090 476.690 2,144 110,107 . 

1 lncome in mown& of 1994 S 
2 Out of 21 stnteplcs 

lY.14 ENERGY VISION 2020 



T E C H N I C A L  D O C U M E N T  2 :  E N V I R O N M E N T A L  C O N S E Q U E N C E S  

METHODOLOGY 
The indvect effects of dues expedmw and rate and total resource 
cost changes were calculated using WA's Regional Economic 
Simulation Model. This model maps the Valley's economic 
structure, its inter-industry linkages, and responses to TVA rate 
and cost changes In addition to being used for Energy Vision 
2020, the model is also used to provide the economic outlook 
for WA's load forecasting. Volume 2, Techmcal Document 5,  Load 
Forecast, contains more information about this model. The 
analysis includes data on direct expenditures in terms of applic- 
able payrolls, material and supply purchases, and fuel costs for 
all energy resource options which comprise a particular smt- 
egy. It also includes data on TVA rates and total resource cost 
resulting from each strategy. A three-step process calculated the 
total economic development effects for each strategy: 

Direct expenditures for options were evaluated for both the 
construction and operation periods, and combined into the 
overall strategies. 
The economic model was used to calculate the indirect 
effects associated with the direct expenditures resulting from 
each strategy. 
The results of these analyses were combined with the p r e  
jectim from the model of direct economic development effects 
due to rates and costs for each strategy. 

CONSTRUCTION PERIOD EVALUATION 
Only supply-side opons, including independent power producers, 
had project construction associated with them. Data on payroll 
income for the construction period associated with each option 
was used as the input into the economic model for the conmaion 

phase analysis. The model measures two types of indirect 
effects: 

The increase in goods manufactured in the Valley as a result 
of the material and supply purchases in the region associated 
with a project 

The additional income generated in the regional economy result- 
ing from spending by workers hired as a result of the con- 
struction activity 

Model results were evaluated in terms of changes in the 
Valley's income and employment between strategies involving 
mnsrmction compared to a mtegy that had no co~vuction activ- 
ity, the "No Actionn strategy. 

P A  verif~ed model projecuons by comparing them with avail- 
able figures regarding material and supply purchases. It was esti- 
mated that 20 to 40 percent of purchases could be regional. The 
economic model captured regional increases due to purchases 
relative to payrolls for an average construction project. If a pro- 
ject had a ratio of purchases to payrolls significantly different 
than the average. the model results would not produce a cor- 
rect accounting of the regional purchase effect without being 
adjusted. The increase in regional manufacturing evidenced in 
model results for the options was not sigdkmtly different than 
the average. Thus. the model results did not have to be 
adjusted for the analysis. 

OPERATIONS PERIOD EVALUATIO~~ 
Both supply-side and demand-side options had operational activ- 
ities associated with them. The analysis of operations was sim- 
ilar to that for construction. Data on payrolls for the option was 

IMPACTS DUE TO DIRECT IMPACTS INDIRECT IMPACTS 
OPTION EXPENDITURES DUE TO OPTION DUE TO OPTION 
(DIRECT AND INDIRECT) EXPENDITURES EXPENDITURES 

Strategy Employment Income Employment Income Employment Income 
D- Reference 0 0 0 0 0 0 

4,176 - 184,171 675 29,553 3.501 154,618 
M -- 6,232 273,954 1,469 62.242 - -  4,762 21 1.71 1 

I 1 Income m thousands of I W  dollars 
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entered into the economic model, and changes in income and 
employment between strategies including the project and those 
without the propa were calculated. Estimates provided for mate- 
rial and supply purchases in the region served as a check 
against model results. In this case, several options had purchase 
estimates that were higher than those calculated by the model. 
To compensate, supplemental regional expenditures were 
added to the model results for these options. 

Since fuel adds another cost factor to operations, TVA 
alsoadyzedfuelpurchasepattemstodetemiwwhatpurchases 
would occur within the region. Natural gas comes from outside 
the region, and coal purchases generally come from the part of 
Kentucky outside the region. Of the final strategies, only the ref- 
erence strategy had regional fuel effem which were generated 
by lignite assumed to be purchased within the region. For the 
reference strategy, the fuel purchases were entered into the e c e  
nomic model as part of operations to calculate the overall eco- 
nomic development effects. 

TOTAL ECONOMIC DEVELOPMENT EFFECTS FOR 
ENERGY VlSlON 2020 STRATEGIES DUE TO OPTION 
EXPENDITURES 
Once each option had been evaluated over both theconstruc- 
tion and operation p;rriod, the direct payroll effects for each oprion 
were compiled by strategy and year. This data was input into 
the economic model and included any necessary accounting for 
above average purchases and nq&nd fuel purchases during oper- 
ations. The model was then run for each strategy in order to mea- 
sure the overall economic development effects for each strat- 
egy, including indirect effects. Model results were evaluated in 
terms of changes in the Wley's income and employment for each 
strategy compared with the reference, or "No Action," strategy. 

TOTAL ECONOMIC DEVELOPMENT EFFECTS FOR 
ENERGY VlSlON 2020 STRATEGIES DUE TO RATlES 
AND COSTS 
Effects upon economic development due to differences in 
rates among strategies were evaluated by entering data on 
rates by year for each strategy before running the model. The 
economic model captures the effects on the economy due to TVA 
rate changes to manufacturing customers and the impact of these 
changes upon the overall economy. 

The analysis also estimated the effects of total resource cost 
differences among strategies. Dierences in electric b i s  and other 
costs. such as participant costs of demand-side management pro 
grams, affect the amount of available disposable income. Net cost 
changes add to or subtract from the spending capacity of cus- 
tomers and thus affect the amount of disposable income avail- 
able for spending. This is known as the "re-spending effect," since 
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dqmable income when returned to the economy generates addi- 
tional economic growth. 

Estimates of annual total ~.esource costs for each strategy were 
used to estimate net cost differences among strategies. These were 
used with the TVA regional economic simulation model to 
compute the re-spending effects of each strategy. 

TOTAL ECONOMIC DEVELOPMENT EFFECTS FOR 
ENERGY VlSlON 2020 STRATEGIES 
Total economic development effects were calculated by adding 
the income and employment effew due to direct expenditures, 
rates, and total resource costs for each strategy by year and then 
calculating annual averages. O v d  economic development effects 
were rated relative to the reference, or "No Action," strategy. Three 
possible rankings estimated the degree of economic develop- 
ment impact of each strategy (good, moderate, and poor). 
Figure T2-12 shows the total economic development effem for 
each strategy. Figure 72-l.3 shows the effects due to expendi- 
tures broken out with direct and indirect effects. 

Environmental Justice 
Executive Order No. 12838 directs certain federal agencies to con- 
sider environmental justice in the enyimnrnental reviews of their 
programs and activities. Although TVA is not one of the agen- 
cies designated in the executive order, it has considered the issue 
of environmental justice in the context of Energy Vision 2020. 

Environmental justice refers primarily to ensuring that no 
segment of the population bears a disproportionate burden of 
health and environmental impacts of society's activities. Some 
studies suggest that poor, predominantly minority populations 
are exposed d~~~roportionately to adverse health and environmental 
impacts because hazardous waste managanent facilities and other 
industrial facilities with potentially impactive air and water 
releases are sited in their communities. Other studies dspute these 
findings. 

In the context of the generation and transmission of elec- 
tric energy, various populations can be affected in a number of 
ways. The environmental analysis done for Energy Vision 2020 
indicate that air pollution from the combustion of coal proba- 
bly poses the greatest risk of adverse health and environmen- 
tal impacts. Many air pollutant impacts. however, occur on a 
regional scale and do not affect any population segment dis- 
proportionately. Depending upon the situation, however, mea- 
surements have revealed that there can be more localized 
effects associated with short-term exposures to higher pollutant 
concentrations due to plume downwash. TVA's coal-fired plants 
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are located in largely rural settings, and except for TVA's Allen 
Fossil Plant the munding  populations are largely wfiae. Incomes 
in rural areas, however, tend to be at the low-median level for 
the region. Allen Fossil Plant is located in Memphis, Tennessee, 
one of the areas in the TVA region that has a higher non-white 
population. 

The siting of industrial facilities has raised the most concern 
with respect to environmental paice. Because Energy Vion 2020 
is a programmaric-level review, the siting of energy resource options 
is not addressed in detail. When putting discrete options in place 
is proposed in the future, additional environmental reviews 
will be conducted and environmental justice concerns and 
effects will be addressed in those reviews as appropriate. 
Depending on the nature of the particular resource option and 

the kinds of impacts it may have, TVA will make a special 
effort to involve potenually affected low-income and minority pop 
ulations in the review of options. 

Concerns have been expressed nationally about rate 
impacts due to the implementation of some demand-side man- 
agement programs. Depending on how demand-side manage- 
ment programs are structured, nonparticipants could subsi- 
dize the costs of programs delivered to participants who enjoy 
the benefits of such programs. Low-income electricity users can 
be affected in this way. However, measumeasures can be taken to lessen 
the risk of this happening. TVA has designed a number of its 
demand-side management programs to avoid this, as explained 
in Volume 1, Chapter 8, Customer Service Options. 

ENERGY VISION 2020 T2.17 



T E C H N I C A L  D O C U M E N T  2 :  E N V I R O N M E N T A L  C O N S E Q U E N C E S  

This section discusses the differences among TVAs final energy 
strategies with respect to potential impacts on air res0urces.A 
description of these saateg~es can be found in Iigum 72-1 through 
72-3. 

Air impacts to be considered in the evaluation of TVA3 future 
energy alternatives are (1) human health, (2) visibility, (3) crop 
and forest productivity, (4) materials damage, and (5 )  greenhouse 
gases. Volume 2, Technical Document 1, Comprehensive 
Affected Environment provides an overview of air quality 
issues, emissions contributions, air pollution trends, and current 
impacts. The tm "ambient airn is used to describe the s u b g  
air. These analyses conclude that the health and environmen- 
tal impacts of greatest concern at current ambient exposures in 
the Tennessee Valley are: 

Potential impacts to health of sensitive individuals due to fine 
particles in the air, ozone, or potentially from short-term 
sulfur dioxide exposures 
Ozone impacts to crop and forest health and productivity 
Acid deposition impacts to sensitive forest and aquatic ecosys- 
tems 
Visibility impairment due to fine particles in the air 
Some degradation of material surface due to acid deposition 
or ozone 

Ambient air loadings of hazardous air pollutants to which 
TVA is a contributor are of low risk to human health and the envi- 
ronment in the Tennessee Valley. Impacts of greenhouse gases 
are scientifically uncertain. Levels of emissions of greenhouse 
gases are tracked as an indirect measure of potential impacts. 

As discussed in Volume 2, Technical Document 1, 
Comprehensive Affected Environment, many variables affect the 
relationships between emissions, exposures. and impacts. 
Typically, assessments of source contributions are done through 
meteorological and atmospheric chemistry modeling. However, 
these models require accurate meteorological, land cover, t o p  
graphic (physical geography), emissions, and background air qual- 
ity data. Modeling TVA contributions to impacts at specific 
receptors would require: 

Detailed emissions inventories for all contributing sources 

Atmospheric modeling of secondary pollutant formation and 
transport as a function of specific meteorological conditions 
Quantitative assessment of the relationships between expo- 
sures and the impacts of concern 

Much of these data are not available at a regional scale. and 
exposure and impact relationships are also not always well under- 
stood. Consequently, simplifying assumptions were made to esti- 
mate TVA's contribution to air pollutant levels in the Tennessee 
Valley. These are discussed in Volume 2, Technical Document 
1. Comprehensive Affected Environment. 

Source-specific atmospheric modeling was also not under- 
taken in the Energy Vision 2020. TVA's purpose in Energy Vision 
2020 is to select a preferred future energy supply strategy and 
does not include site-specific details of how that strategy 
might be implemented. The current analysis focuses on prob- 
able differences in impacts among candidate strategies and is 
based on projected future emissions and estimated TVA con- 
tributions to total pollutant loadings. When TVA considers 
site-specific actions to implement selected options, it will, as 
appropriate, conduct more detailed source-specific atmospheric 
modeling. 

ASSUMPTIONS FOR FUTURE REGULATIONS 
The Environmental Protection Agency is currently considering 
revising the national ambient air qualicy standards for ozone, par- 
ticulate matter, and sulfur dioxide, and establishing a new acid 
deposition standard. Any of those qulatory decisions muld require 
further reductions in TVA's sulfur dioxide and nitrogen oxides 
emissions. However, these reductions would most likely impact 
TVA's exissing d-fired power plants more than future new power 
supply sources, since standards for new plants or sources are 
more stringent than those for existing plants. 

The Environmental Protection Agency is also currently 
considering whether utility emissions of hazardous air pollutants 
should be regulated. Mercury is receiving specific regulatory con- 
sideration. I mercury emissions from utility sources are regu- 
lated? controls would likely be national in scope and include TVA 
sources. 

TVA has already voluntarily committed to limit potential 
increases in its carbon dioxide emissions. Legislation has been 
proposed to stabilize or reduce carbon dioxide emission levels. 
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In projecting future emissions trends, uncertainty in future 
regulations was addressed by assigning probability to altema- 
tive regulatory outcomes. All energy strategies incorporate the 
same probabilities of future regulation. Among the strategies, the 
reference, or "No Action," strategy relies most heavily on fos- 
sil fuels and represents maximum probable environmental 
impacts of the WA system. 

Analysis of her@ Vision 2020 Strategies 
AIR QUAUTY INDICES FOR ALTERNATIVE STRATEGIES 
TVA's existing energy resources and many of the resource 
options considered for Energy Vision 2020 can affect air qual- 
ity in different ways. Air indices were developed to help char- 
acterize how WA power system operations and alternative 
energy strategies might affect air q d t y  impact areas which indude: 

Human health - inhalation 
Visibility impairment 
Forest and crops 
Materials (structural and cultural) 

Potential effects of emissions of greenhouse gases. a fifth 
air quality impact area of interest, is consiidered in a separate index. 

Indices were developed to help characterize how the 
emissions associated with alternative strategies might con- 
tribute to these five air impact categories. Figure 72-14 shows 

these indices. Results for the air indices are derived by weight- 
ing the annual average air emissions from 1 9 6  to 2020 in each 
strategy by the relative importance assigned to each air emis- 
sion. The relative importance was assigned based on TVA's con- 
tribution to poUutant loadings that could affect human health and 
the environment. Additional information about these measure- 
ments and how they were weighted can be found in Volume 2, 
Technical Document 1. Comprehensive Affected Environment. 
The indices allow the emissions of greater concern for impacts 
to be given greater emphasis in multi-attribute analysis of alter- 
native energy strategies. 

TVA's final srrategies were compared to the "No Action' snat- 
egy (Strategy D), which is the reference strategy in Energy Vision 
2020. Strategy D was assigned a value of 1.0 for all indices. The 
values for the other final strategies then indicated whether 
they are better or worse than Strategy D with respect to the impact 
in question (a value greater than 1.0 indicates a worse effect, less 
than 1.0 a better effect). 

The reference. or "No Action," Strategy D and Strategy M 
use the most coal. while Strategy T uses the least coal and the 
most natural gas and renewables. The air indices values (0.91) 
for Strategy Tare the lowest compared to the reference strat- 
egy (value of 1.0) and represent a 9 percent difference in TVA 
contribution to total pollutant loadings compared to the refer- 
ence strategy. 

The differences in index values do not represent differences 
in ultimate impact contributions. For example. if TVA is estimated 
to contribute less than 25 percent of secondary pollutant load- 

I IMPACT AREAS 
Health- Visibility Forest 24 Crops Materials Greenhouse ( Strategy Inhalation lmpainnm Productivity Damage Gases 

Air indices have been developed for health-inhalation impacts, visibility impairment, forest and 
crop productiv~ty, materials damage, and greenhouse gases. 
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ings in the Tennessee Valley, a 9 percent difference in TVA's con- 
trib xion might wsult in a 2.25 percent difference in total expo- 
sures. Such a difference would be difficult to measure given the 
large annual variability in secondary pollutant formation caused 
by climate conditions. For individual episodes of highest pol- 
lutant ladings, differences in loadings due to differences in TVA 
strategies may be detectable. 

AU strategies improve on the index for greenhouse gases 
compared to the reference strategy. Improvements range 
from 7 percent for strategies J, Q, R, and S to 13 percent for 
Strategy T. 

SUMMARY OF EMISSIONS AS A FUNCTION 
OF ENERGY STRATEGIES 
TVA's emissions of sulfur dioxide and nitrogen oxides are the 
primary measures that can be used to differentiate among 
impacts of TVA future energy strategies. However, TVA's sulfur 
dioxide, nitrogen oxides, particulate matter, hazardous air pol- 
lutants, and carbon dioxide emissions are all primarily functions 
of the annual amount of coal burned. Suategies that rely on exist- 
ing coal-fired power plants are more likely to have higher sul- 
fur dioxide and nitrogen oxides emissions than new coal-fired 
sources because new sources have more efficient emission 
controls. ~ e ~ u l a t o r ~  actions that lower permitted emissions 
are likely to raise the cons of operating existing sourres and may 
shift economics to favor new generation. 

If other factors are equal, energy strategies that reduce p m  

jeaed coal use will have lower air quality impacts. Natural gas 
has negligible sulfur dioxide emissions and all strategies incor- 
porate natural gas for new energy supply. Natural gas also has 
lower nitrogen oxides emissions than coal. Energy supply 
requiremem that are met by renewables and demand-side man- 
agement will have lower air emissions than equivalent supply 
from fossil fuels. If other factors are equal, these supply options 
will have positive benefits to the environment in proportion to 
their usage in various strategies. 

The air indices do not address differences due to siting of 
fum energy supply resoufies. New or expandd sauces of emis 
sions located in the eastern Tennessee Valley might contribute 
more to ozone in the southern Appalachians than sources 
sited in the western Valley. New or expanded sources located 
in western Tennessee could impact ozone levels and non- 
attainment c o n b m  in the Nashville mempolim area and p e n -  
tially affect sulfate loading in southern Appalachia. The indices 
also do not address where impacts will occur. Impacts to visi- 
bility in Class I areas have greater legal implications than 
degraded visibility in urban areas of the Tennessee Valley. 
Power supplied by purchases outside the Te~eSSee Valley could 
have impacts on resources in ams other than the Tennessee Wey. 

When ~XC&C energy supply mtegies are implemented affects 
the timing of emission reductions and differs among the strate- 
gies considered. Earlier emission reductions are assumed to be 
environmentally preferable to equivalent reductions occurring 
later over the period 2000 to 2020. For example, earlier reduc- 

SULFUR DIOXIDE NITROGEN OXIDES MERCURY CARBON DIOXIDE 
Tons % Tons X pounds % Thousands of Tons % 

Strategy 1996 2020 Change 1996 2020 Change 1996 2020 Change 1996 2020 Change 

D-Reference 810,000 483,176 -40.35 468.530 452.866 -3.34 4,884 5,669 16.07 103.144 157,126 52.34 
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SULFUR DIOXIDE NfTROGEN OXIDES MERCURY CARBON DIOXIDE 1 
% Change % Change O/O Change Thousands % Change 

Strategy Tons From Ref Tons From Ref Pounds From Ref of Tons From Ref 

/ I"" 5 6 3 , W O  455,804 0 5,490 0 
541,563 -4 450,220 -1 57335 -3 
511,777 -9 439,000 -4 5.159 -6 11 9,041 

tions in nitrogen Ioadmg as a function of TVA energy supply strate- 
gies could result in earlier improvement in ozone impacts to human 
health, crop and forest productivity. and materials. Earlier 
reductions in nitrogen oxides could also result in improved soil 
nutrient content at sensitive receptors where nitrogen saturation 
has negative environmental impacts. However, for most crops 
and forests in the Tennessee Valley. current levels of nitrogen 
deposits have neutral to positive impacts. Earlier reductions in 
sulfate could produce earlier benefits to human health. visibil- 
ity, aquatic impacts from acid deposition, and materials. 

SUMMARY OF TRENDS IN TVA EMISSIONS 
The trends in WA's emissions during the Energy Viion 2020 period 
provide additional mformation about the potential effect of Energy 
Vision 2020 strategies that is not reflected in the indices. For each 
strategy. Figure 72-15 gives the amount of the first and last year 
emissions and the percentage change from the first year of the 
study period (1996) to the last year (2020). (Because impacts from 
fine particulate matter are related more to secondary particles 
than primary particulate emissions, trends in primary particulate 
emissions are not considered here.) The graphs in Figure T2- 
17through T2-20 illustrate the emissions trend for each strat- 
egy over the study period. Sulfur dioxide and nitrogen oxides 
emissions are projected to decrease between 1996 and 2020 for 
all strategies, despite increases in coal usage in all strategies. 
Mercury emissions remain the same or increase while carbon 
dioxide emissions increase in all strategies between 1996 and 
2020. (See Figure T2-15.) 

The table in Figure 72-1Gdiffers from Figure T2-15in that 
Figure T2-IG indicates the total emissions for each of the 
final strategies averaged over the 25-year study period. This table 
also differs from Figure T2-15 in presenting the percent change 
in average emissions for each final strategy compared to the ref- 
erence strategy. Since the total emissions averaged over the study 

period best indicate total emissions, these quantities (Figure 72- 
16) are used in calculating the air quality impact indices 
shown in Figure T2-14. 

Sulfur Dioxide 
When comparing emissions at diierent points in time. sulfur diox- 
ide emissions in the reference strategy are projected to be 
reduced from 1996 levels by about 40 percent in 2005 with smaller 
reductions after 2005. All other strategies have larger reductions 
in sulfur dioxide emissions than the reference strategy. (See Fzgure 
T2-15.) Figure T2-I 7projects trends in sulfur dioxide emissions 
for each strategy. 

When comparing total emissions averaged over the study 
period against the reference strategy. sulfur dioxide emissions 
for all final strategies are 4 to 10 percent lower compared to the 
reference strategy (Figure 72-16). 

The reductions in sulfur dioxide would lead to reductions in 
sulfate contributing to acid deposition and fine particulate mat- 
ter. However, reductions in sulfate concentrations would be 
less than projected TVA sulfur dioxide reductions. For exam- 
ple. sulfate formation can be limited by availability of oxidants 
(e.g.. hydrogen peroxide or ozone) that react with the sulfur 
dioxide to form sulfate. Also. TVA is only one contributor to 
sulfur dioxide emissions that contribute to sulfate formation. 
Some improvement in TVA's contribution to potential impacts 
on human health. visibility, and rates of degradation of 
materials are expected for all strategies, due to reductions in 
TVA sulfur dioxide emissions. However, these benefits may 
not occur within the Tennessee Valley but at some distance 
beyond it, since the rate of sulfate production is slow and the 
air mass into which the sulfur dioxide is emitted may travel 
outside the Tennessee Valley before the sulfate is produced. 
Potential benefits to crops and forests from projected reduc- 
tions in TVA emissions of sulfur dioxide are expected to be 
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small because sulfur is a less important pollutant than nitro- 
gen for these systems. 

Nitrogen Oxides 
Nitrogen oxides emissions are projected to drop from 10 to 20 
percent, depending upon the strategy, between 1996 and 2000 
due to implementation of Phase II controls under the 1990 
Amendments to the Clean Air Act. After the year 2000, nitrogen 
oxides emissions are projected to increase for all strategies as 
a function of increasing generaton. Emissions axz projected, how- 
ever, to remain 3 to 13 percent lower than 1996 levels (Figure 
72-15). Figure 72-18 shows the nitrogen oxides emissions 
trend for each strategy. 

When comparing total emissions averaged over the study 
period against the reference strategy, the strategy with the 
lowest emissions, Strategy T, has 10 percent lower nitrogen oxides 
emissions than the reference strategy (Figure 12-16). 

Reductions in TVA emissions of nierogen oxides could lead to 
an improvement in ozone (a chemical oxidant that can affect 
the respiratory system of exercising unmeditated asthmatics) 
exposures in the Tennessee Valley if TVA reductions are not 
offset by increases in nitrogen oxides emissions from other 
sources. For example, emissions from automobiles and other 
mobile sources are likely to increase substantially during this 
same period. 
For all strategies. benefits to human health could occur as a 
result of TVA reductions of nitrogen oxides emissions. Small 
benefits to visibility, crop and forest productivity, and mate- 
rials could also result. 
In the immediate vicmity of TVA coal-fired power plants (within 
about 20 kilometers), where ozone is consumed in the 
plume, TVA nitrogen oxides emission reductions could acm- 
ally increase ambient ozone levels. 

Sulfur Dioxide Emissions 
(ram) 

II Strategy D-Rehrenw ttw Slntegy P 

I SbategyJ xrrr SlmtegyR 

r m  s ! m g y S  

StntcglT - 
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M e r c u r y  
When comparing emissions at the beginning and end of the study 
period, mercury emissions are projected to increase 16 percent 
in the reference strategy (Figure 72-15). AU other strategies either 
have no increase or smaller increases. Figure 72-19 projects the 
trend for mercury emissions for each strategy. 

When comparing total emissions for all final strategies 
averaged over the study period against the reference strategy, 
mercury emissions & 3 to 9 percent lower compared to the ref- 
erence strategy (Figure 22-16). 

Differences in mercury loadings in the Tennessee U e y  due 
to WA future energy strategies may be detectable. However, 
because impacts of atmospheric deposition of mercury in the 
Tennessee Valley are small, changes in impacts as a function of 
TVA strategies would be very small. TVA emissions are a very 
small fraction of total mercury impacting sensitive ecosystems 

outside the Tennessee Valley; thus, these differences in mercury 
levels are not expected to be detectable at sensitive receptors. 

Carbon D iox ide  
There remains considerable uncertainty q a d m g  the possible effect 

of carbon dioxide and other emissions on global climate. 
However: at the Eanh Summit in Rio de Janeim, Brazil in June 1992, 
the United States and over 150 other nations signed the United 
Nations Framework Convention on Climate Change, establishing 
the objective of stabilizing greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous manrnade 
interference with the climate system. In October 1993, the 
President announced the Chute Change Action Plan which has 
the goal of returning United States greenhouse gas emissions to 
1990 levels by the year 2000. As pan of this action plan the United 
States Department of Energy initiated the Climate Challenge 

Nitrogen Oxides Emissions 
(To@ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
19% 2000 2005 201 0 2015 2020 

Year 
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which is a voluntary program to manage United States electric util- 
ity greenhouse gases through reduction, avoidance, or seques- 
tering of greenhouse gases. 

On April 20,1994, the Climate Challenge Memorandum of 
Understanding was signed by the Department of Energy, four 
utility -, and n7k Subsequenrty, 104 individual Climate 
Challenge Participation Accords have been signed with the 
Department of Energy that represent 487 utilities including 
TVA. The efforts taken by WA and the other 450 plus Climate 
Challenge participants will mitigate possible negarive effects util- 
ity emissions may have on global climate in a more cost-effec- 
tive manner than other control measures such as emissions reg- 
ulations or carbon taxes. A 22.7 million ton reduction in carbon 
dioxide by the year 2000 is cornmined to in WA1s Climate Chahge 
Participation Accord. These reductions are projected from 
TVA's 1987 to 1990 baseline emissions and the emissions p re  
jected by a year 2000 modified reference case. Prhzrily, TVA 
greenhouse gas reductions by the year 2000 come from inaeased 

use of nuclear power, biomass cofiring, demand-side manage- 
ment programs, fossil-fueled power plant efficiency improve- 
ments, aannnission system imprwements, and hydroeecnic power 
plant modernization. 

Although actual carbon dioxide emissions increase under 
all strategies (see Figure 72-20), the rates of increase have 
been mitigated by the Climate Challenge actions and are also 
less than increases under the Energy Vision 2020 reference s m -  
egy. Additionally, the carbon dioxide emitted per unit of elec- 
tric energy produced would be 10 to 15 pacent lower than TVA's 
present power system (a Figue 72-24) by the year 2005. This 
increase in efficiency throughout the planning period is due to: 
(1) increased production of nuclear power, (2) hydroelectric power 
plant modernization; (3) addition of more efficient fossil-fired 
plants, (4) increased use of renewables, and, (5) in some strate- 
gies, the repowering of existing coal-fired plants with more effi- 
cient energy conversion systems. 

The possibility of future carbon dioxide regulation was 

Mercury Emissions 

T2.24 ENERGY WSlON 2020 
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also evaluated in Energy Vision 2020 as an uncertainty. It was 
assumed for purposes of this uncertainty that there would be a 
cap on carbon dioxide emissions beginning in the year 2000 at 
1990 levels. Any carbon dioxide ernissions above this cap could 
be purchased at $10 per ton of carbon dioxide and any emissions 
below the cap could be sold for the same price. Because of this 
cap there would be a direct reduction of carbon dioxide emissions 
of 2 million to 3 million tons per year on the TVA system. Also, 
long-term costs were inaeased suRciently to reduce emissions 
to 1990 levels assuming a cost of $10 per ton of carbon dioxide. 
The cost of this emission reduction averaged $257 million per year 
for TVA. 

Improvements in greenhouse gas emissions (primarily car- 
bon dioxide) for a strategy results from conservation of energy, 
use of a lower carbon content fuel (e.g., natural gas), the use of 
noncombustion energy sources, and speufic options or measures 
that offset greenhouse gas releases. Demand-side management 
programs conserve energy and avoid combustion of fuels, thus 

reducing the release of &n dioxide. More efficient power plant 
cycles also reduce combustion fuel use. Hydroelectric and renew- 
able energy sources, such as wind, supply electricity without corn 
bustion of fuels. 

Another renewable energy source, landfill methane recov- 
ery, has a different advantage. Methane is a greenhouse gas that 
has 21 times more potential to absorb solar radiation thancarbon 
dioxide. Combustion of landfill methane for energy production 
releases carbon dioxide, but greenhouse gas impacts are 21 
times less than dx methane that would have orherwise been &a& 
to the atmosphere from the landfill through natural losses. Also, 
use of wood m e  as a cofired fuel at coal-fired power plants recy- 
cles carbon dioxide that trees have removed from the atmosphere, 
rather than the one-way release of carbon dioxide from fuels such 
as coal and natural gas. Additionally, the methane released to the 
atmosphere from natural wood waste decomposition in dis- 
posal areas is avoided by combustion of the wood waste. 
Because of the carbon dioxide offsets, equivalent carbon diox- 

Carbon Dioxide Emissions 
(Kilotons) 

160.000 
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ide emissic ;ere computed. Figure R-25gwes the weighting 
of various 1 ,iutants to obtain the equivalent of carbon dioxide 
for purposes of considering greenhouse gas emissions. 

Greenhouse gas credits and offsets are assigned equivalent 
carbon dioxide values and are included in the values shown for 
each strategy, induding the index values in Figure 23-26. 

When comparing emissions at the begimng and end of the 
study period, equivalent carbon dioxide emissions are p w e d  
to increase by 52 percent in the reference suategy (Fzgure 7X!9. 
Nosnategyprowksadecreaseincarbtmdioxideequivalmwhen 
comparing emissions in 1996 and 2020. Carbon dioxide emission 
wends, including equivalent levels of other greenhouse gases, are 
projected in Fzgure n-20 for all final strategies. 

W h e n ~ r a r a l ~ ~ c r v e r r h e ~ p e r o d  
against those for the reference strategy, the smallest increase is 
forecast for Strategy T with 12 percent lower ernissions than the 
reference svategy (Figure 72-16). 

Increased use of natural gas-fueled resources, renewables, 
and demand-side management in Strategy T results in lower lev- 
els of greenhouse gas emissions, Gas-fueled asources have 40 
percent lower carbon dioxide emissions per unit of energy con- 
sumed than the coal-fired plants they re-power. Current scientific 
understanding is insufficient to project impacts of these increases 
in the Tennessee Valley. 

Emissions Control Efficiencies 
The ratio of emissions per unit of electric energy production is 
a measure of the efficiency of emission controls or the effi- 
ciency of energy production itself. All mtegies have s d a r  expan- 
sion in electric energy production over the planning period so the 
simple ratio of emissions to unit of electric energy production can 
be compared. This ratio is shown over the period 1996 to 2020 
for sulfur dioxide, nitrogen oxides, mercury, and equivalent car- 
bon dioxide in Figum 72-21 through 72-24. These ratios forsul- 

Sulfur Dioxide Emissions Per Unit of ~nerg); 
(Tons/Thousand Mepawatt-Hours) 

Year 
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fur dioxide, nitrogen oxides, and mercury improve over the 
planning period. These improvements reflect in& plant effi- 
ciency, increased use of natural gas, and environmental controls. 

As shown in Frgure 12-24, all strategies have small improve- 
ments in efficiencies of carbon dioxide emissions by the year 2000. 
After 2000, the reference strategy maintains a nearconstant ratio 
of carbon dioxide equivalent emissions to energy production while 
all other strategies further decrease the ratio. Strategy T has the 
lowest ratio during the last 10 years of the planning period. These 
ratios indicate that the prqeaed haeases in carbon dioxide equiv- 
alents are a function of increased generation. 

STRATEGY-BY-STRATEGY COMPARISON 
OF AIR IMPACTS 
Air quality impacts related to each energy strategy are addressed 
separately in this section. Ftgures 72-1 to 723 describe each strat- 
egy in terms of proposed energy production facilities. Pollutants 

from all energy resources are considered, including those from 
purchased power. Levels of TVA emissions of primary particu- 
late matter and volatile organic compounds are neglrgible com- 
pared to emissions from other sources and are not considered 
in the discussions of specific strategies. 

One of the most important conclusions to be drawn from 
TVA's Energy Vision 2020 evaluation is that TVA's existing 
coal-fired units are responsible for most of TVA's contribution 
to the identified environmental impacts. TVA's coal-fwd plants 
produce air pollution, water pollution, and solid waste. These 
environmental outputs are associated with a number of envi- 
ronmental problems. 

WAS contribution to many environmental problems has been 
substantially reduced over the years and is being reduced still 
further. For example, TVA's sulfur dioxide emissions from its coal- 
fired units have been reduced by over 60 percent since the mid- 
1970s and will be reduced still further to comply with the 

N i i e n  Oxides Emissions Par Unit ot Energy 
(Tons/Thousand Megawatt-Hours) 
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Clean Air Act Amendments of 1990. These reductions lessen TVKs 
contribution to such impacts as acid rain and visibility impair- 
ment. However, compared to most new energy resource options, 
TVA's existing coal-fired units are significantly worse environ- 
mental performers. 

Energy Vision 2020 focuses primarily on what additional 
energy resource options, if any, should be added to TVA's sys 
tem in the future. Consequently, repowering of selected less- 
efficient coal-fired units is one of the better options for reduc- 
ing emissions. 

Any new sources that are co~lsc~ctcd, regadless of the type, 
will meet all applicable federal, state, and local air quality reg- 
ulations. Thus, new sources will have minimal air quality 
impacts on the local (within 50 kilometers) scale. Construction 
of facilities creates temporary local impacts, such as fugitive par- 

ticle emissions and volatile organic compound emissions from 
construction equipment. Regional impacts are difficult to pro- 
ject without site-specific information on emissions. 

Strategy D - Reference, or "No Action" Strategy 
Under Strategy D, existing facilities would continue to operate, 
although emissions would be reduced from those in 1996 in 
response to the 1990 Clean Air Act Amendments. New capac- 
ity would come primarily from gas-fmd turbines fueled by nat- 
ural gas or gas from coal-gasification facilities. 

Sulfur Dioxide 
The reference mtegy has the highest avenge annual sulfur diox- 
ide emissions of all the final mtegies, greater than 560,000 tons, 
as shown in Figure D-16 However, all final strategies, includ- 

Mercury ~missions.~er Unl  of Energy 
(ToWlhwsand Megawan-Houn) 

Year 
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ing the reference strategy have large reductions in sulfur diox- 
ide emissions compared to current emissions (@we 72-19. These 
reductions would result in a proportional deaease (varying for 
each facility) in ambient sulfur dioxide concentrations around 
TVA plants whexe the reducoions occur. This would also be expaxed 
to benefit air quality in areas that are sensitive to acid deposi- 
tion and visibility impairment. However, the magnitude of the 
benefit is not directly proportional to the emission reductions. 
For example, a 50 percent reduction in sulfur dioxide emissions 
would yield less than a 50 percent reduction in acid deposition 
in the southern Appalachian Mountains. This is due to the fact 
that TVA emissions are only a fraction of the total sulfur diox- 
ide emissions affecting the southern Appalachians. In addition, 
some ofthe proposed emission reductions would be at TVA plants 
too close to the southern Appalachians to have substantial 
effect in terms of acid deposition or visibility impairment. 

Locations further downwind to the easthortheast would derive 
the most benefit from emission reductions at TVA plants in east 
Tennessee. 

Likewise, because the relationship between "light extinc- 
tion" and atmospheric particle concentration is highly non-lin- 
ear, there would be a less than 50 percent improvement in vis- 
ibility. ("Light &ctionn refers to reduced atmospheric light due 
to the absorption and scattering of light by gas molecules and 
panicles.) If TVA emissions are assumed to be 20 percent of total 
sulfate loadings at sensitive receptors in southern Appalachia, 
then a j0 percent reduction in TVA emissions would result in 
a 10 percent improvement in sulfate loadings. That improvement 
should be detectable in improved visibility and reduced sulfate 
in deposition. 

. Strategy D represents the smallest reduction in sulfur diox- 
ide; therefore, all other strategies should have greater benefits. 

Equivalent Carbon Dioxide Emissions Per Unit of Energy 
(TonslMegawatt-Hours) 
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Nitrogen Oxides 
The reference strategy has the highest average annual nitrogen 
oxides emissions of all the final strategies, greater inan 455,000 
tons, as shown in Figure 22-16 However, all final strategies, 
includmg the derence suategy, have reductions in xlltrogen oxides 
emissions compared to current emissions (Figure 22-15). Any 
changes in ozone exposures resulting from this strategy are likely 
tobesmallbecauseproposednitrogencaddereductionsaresmall. 
Also, other sources of nitrogen oxides are projected to increase 
(e.g. vehicular traff~c) and could offset any reductions by TVA. 
Assuming TVA contributes 25 percent of total nitrogen oxides 
contributing to ozone formation, and that nitrogen oxide lev- 
els limit ozone formation, a 10 percent reduction in TVA con- 
tribution would result in a 2.5 percent reduction in ozone expo- 
sures, depending on the location. Improvement could be 
much greater than this average for individual episodes or spe- 
cific receptors when TVA emissions contribute more than 25 
percent of total nitrogen oxides emissions. Within 20 kilome- 
ters of TVA power plants, ozone levels could actually increase. 
(Ozone is consumed in the conversion of nitric oxide to nitro- 
gen dioxide.) 

Lower nitrogen oxides emissions would also lead to a slight 
decline in regional levels of nitrate aerosols. Because nitrogen 
oxides contribute to ozone and because ozone facilitates the con- 
version of sulfur dioxide to sulfate, lower nitrogen oxide emis- 
sions could also lead to slightly lower sulfate levels. However, 
the effect on visibility would probably be difficult to perceive. 

Greenhouse 
Gases Tobl 
Equivalent 

Environmental Measure Units Carbon Dioxide 
Carbon Dioxide Emission Annual Average 1 

Thousands of Tons 
Coalbed Methane Annual Average Tons -21 
Emissions Avoided 
Natural Gas Annual Average Tons 21 
Methane Emissions 
Landfill Methane Recovered Annual Average Tons -21 
Wood Waste Annual Average Tons -21 
Methane Avoided 
Wood Waste Carbon Annual Average -1 
Dioxide Avoided Thopnds of Tons 
Short Rotation Woody Annual Average -1 
Crops Carbon Dioxide Thousands of Tons 
Avoided 
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In addition, small improvements of nitric acid in acid deposition 
could also result. 

Mercury 
The reference strategy has the highest average annual mercury 
emissions, almost 5,500 pounds, as shown in Figure 72-16 All 
final strategies, including the reference strategy, represent 
the same or an increase from current mercury emissions 
(Figure 72-19. 

The quantity of mercury emissions is a function of the quan- 
tity of coal burned and whether flue gas desulFurization devices 
(scrubbers) are installed that are partially effective in removing 
mercury. TVA emissions increases may be detectable in the 
Tennessee Valley if other sources remain constant or decrease. 
However, because impacts of atmospheric mercury deposi- 
tion to n a n d  resources in the Tennessee Valley are small, impacts 
of increases in TVA emissions are likely to be very small. TVA 
emissions may contribute to total mercury deposition at sensi- 
tive receptors outside the Tennessee Valley. Speafic atmospheric 
modeling would be required to determine if TVA's contribution 
and increases in TVA emissions would be detectable at sensi- 
tive receptors, but this is not likely. 

Carbon Dioxide 
The reference strategy has the highest average annual equiva- 
lent carbon dioxideemissions of all f i  strategies, over 130,000 
tons, as shown in Figure 72-16 All final strategies, including the 

Total Equivalent 
Carbon Dioxide 

Strategy (Millions of Tons) 
D-Reference 1 .OO 
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reference strategy, represent an increase from current equiva- 
lent carbon dioxide emissions (Figure ?2-15). The greenhouse 
gas index for the reference strategy includes effects from exist- 
ing demand-side management programs. 

Strategy J - Bellefonte Coproduct 
and Renewables Strategy 
The resource option differences between Strategy J and the ref- 
erence, or 'No Action," mtegy lie in convening Bellefonte Nuclear 
Plant to an integrated gasification combined cycle plant and rely- 
ing more on renewable fuel sources. 

Because the integrated gasification combined cycle at 
Bellefonte is proposed in Strategy J, there would be nitrogen 
oxides emissions from the site that would not have existed under 
Strategy D. Thus, nitrogen oxides concentrations would increase 
within about 20 kilometen of Bellefonte and ozone concentrations 
would likely decrease. Beyond this distance, ozone concentrations 
would increase at a rate dependent on plant size, design, and 
other factors. However, the Bellefonte site is not sufficiently near 
any ozone non-attainment areas to materially affect attain- 
ment efforts. Also, the nitrogen oxides emissions from gasifi- 
cation are very low. Emissions from such a Bellefonte facility 
could theoretically contribute to ozone levels in the southern 
Appalachians, but this contribution would probably be small. 
The reason is the distance (about 210 kilometers) and the corn- 
plex topography between Bellefonte and the southern 
Appalachians. Both factors act to increase pollutant dispersion 
and keep low the concentrations that could eventually reach 
sensitive receptor sites. Moreover, any new facility at Bellefonte 
would coincide with nitrogen oxides emission reductions in other 
pans of the TVA system. Detailed site-specific ambient air 
quality modeling may be required if a non-nuclear Bellefonte 
option were proposed to be implemented. 

Suategy J has the least average annual sulfur dioxide, 
nitrogen oxides, and mercury reductions (with Strategy 0 also 
having the least mercury reductions) compared to the reference 
strategy (Figure T2-16). 

For all impact areas other than greenhouse gases, this 
strategy produces the smallest air quality benefits of all the final 
strategies relative to Strategy D (the "No Actionn strategy) 
because the fuels mix is so similar. (Air quality indices of 0.98 
or 0.97 compared to 1.0 for Strategy D, see Figure 72-14). 

The greenhouse gases index rating for equivalent carbon 
dioxide is 0.93, lower than the 1.00 for the reference strategy, 
Strategy D. The equdent carbon b d e  emission decrease results 
from demand-side management (517 megawatts), hydroelectric 
improvements (163 megawatts), landfill methane capture (500 
megawatts), coalbed methane capture (1000 megawatts) and 0.3 
percent biomass co-firing for coal-fired facilities. 

Strategy M - Combined Demand-Side Management and 
Off-System Sales Strategy 
Strategy M emphasizes natural gas and demandside rnanage- 
ment early in the planning period. It includes a new coal-fired 
unit at the Shawnee plant site, and additional power purchases 
from independent power producers. Sulfur dioxide and nitre 
gen oxides emissions from the new Shawnee unit would be-more 
than offset by reductions elsewhere in the TVA system under this 
strategy. Changes in local air quality impacts around Shawnee 
and regional air quality impacts, including health impact 
changes, of this strategy are expected to be small. Site-specific 
environmental evaluations would be performed before putting 
a new coal-fired unit at Shawnee in place. 

Among the final strategies, Strategy M offers rider the small- 
est nor the largest average annual emissions reductions for any 
pollutant when compared to the reference suategy (Figure 72-16). 

For all impaa areas other than greenhouse gases. air qual- 
it): indices range between 0.93 to 0.95, neither the smallest nor 
the largest impacts, compared to 1.0 for the reference strategy 
(Figure T2-14). 

The greenhouse gases index rating for Strategy M is 0.91, 
lower than 1.0 for the reference strategy. The equivalent carbon 
dioxide emission decrease results from demand-side manage- 
ment (958 megawatts), hydroelectric improvements (163 
megawatts), landfil methane capture (500 megawatts), coal field 
methane capture (1000 megawatts). and 0.3 percent biomass co- 
firing for coal-fired facilities. 

Strategy 0 - Bellefonte Coproduct, Demand-Side 
Management Blocks One and Two, and More 
Off-System Sales Strategy 
Strategy 0 is similar to Strategy M, but includes an integrated gasi- 
fication combined cycle plant at Bellefonte rather than the 
Shawnee coal-fired unit. Among the final strategies, Strategy 0 
offers the smallest average annual emissions reductions (along 
with Strategy J) when compared to the reference strategy 
(Figure 72-16). 

For all impact areas other than greenhouse gases, index val- 
ues range from 0.94 to 0.96, neither the smallest nor the largest 
impacts. compared to the reference strategy of 1.0 (Figure 72-14). 

The greenhouse gases index rating for Strategy 0 is 0.30, 
the second best rating for all final strategies. The decrease in equiv- 
alent carbon dioxide emissions results from use of the resource 
options identified in the discussion of Strategy M. 

Strategy Q - Flexible Strategy with External Options 
Strategy Q is sunilar to Strategy 0, but with more emphasis placed 
on off-system power purchases. This strategy (along with 
Strategies R and S) produces the smallest average annual 
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reduction in c , on dioxide compared to the reference strat- 
egy. It has, ho\ (er, the greatest annual reductions in average 
annual sulfur dioxide emissions compared to the reference strat- 
egy (Figure 72-20. 

For all air impact areas other than greenhouse gases, air 
quality indices range from 0.92 to 0.95, neither the largest nor 
the smallest impacts, compared to the reference strategy of 1.0 
(Figure 72-14). 

The greenhouse gases index rating for Strategy Q is 0.93, 
neither the largest nor the smallest impacts, compared to 1.00 
for the reference saategy. The deaease in equivalent carbon diox- 
ide emissions results from use of demand-side management (492 
megawatts), hydroelectric improvements (163 megawatts), 
landfill methane capture 0 megawatts), coal field methane cap 
ture (1000 megawatts), and 0.3 percent biomass co-bring for coal- 
fired plants. 

Strategy R - Flexible Strategy with Internal Options 
Strategy R is similar to Strategy Q, except that one gas-fxed com- 
bined cycle unit is added and off-system purchases are deempha- 
sized. Among the final strategies, Strategy R (along with 
Strategies Q and S) has the smallest average annual equivalent 
carbon dioxide emissions reduction compared with the refer- 
ence strategy (Figure 72-16. 

For all impact areas other than greenhouse gases, air qual- 
ity indices range from 0.94 to 0.96: neither the smallest nor the largest 
impacts, compared to the reference strategy (Figure 72-14). 

The greenhouse gases index rating for Strategy R is 0.93 as 
compared to 1.00 for the reference mtegy. The equivalent car- 
bon dioxide emission decrease results from demand-side rnan- 
agement (492 megawatts), hydroelectric improvements (163 
megawatts), landfill methane capture (500 megawatts), coal field 
methane capture (1000 megawatts), and 0.3 percent biomass co- 
firing for coal-fired plants. 

Strategy S - Low Cost, Low Rates, and Improved 
Environment Strategy 
Strategy S is similar to Strategy 0, with the exception that off- 
system purchases are increased short-term and coal-gasification. 
mid-term. Among the final strategies, Strategy S (along with 
Strategies Q and R) have the smallest average annual emission 
reductions for equivalent carbon dioxide when compared with 
the reference strategy (Figure ?2-16). 

As shown in air quality indices in R p r e  7314, impacts from 
rhls strategy are neither the largest nor u;r smallest impacts when 
compared to the reference strategy. 
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The greenhouse gases index rating for Strategy S is 0.93 corn 
pared to 1.00 for the reference strategy. The equivalent carbon 
dioxide emission decrease results from demand-side manage- 
ment (492 megawatts), hydroelectric improvements (163 
megawatts), landfd methane capture (500 megawatts), coal field 
methane capture (1000 megawatts), and 0.3 percent biomass co- 
firing for coal-fired plants. 

Strategy T - Low-Cost Renewables, Low Price Demand- 
Side Management, Repowering, and Bellefonte 
Coproduct Partnership Strategy 
Strategy T relies heavily on renewable energy sources, new gas- 
fued turbines (natural gas or coal-gasification), and natural gas 
repowering at some coal-fued units. Also included is a small 
amount of new coal-fired capacity and an integrated gasifica- 
tion combined cycle plant at the Bellefonte site. Impacts 
from the integrated gasification combined cycle plant are 
addressed under Strategy J. This strategy projects the lowest aver- 
age annual nitrogen oxides, mercury, and equivalent carbon diox- 
ide emissions compared to the reference strategy (Figure l2- 
16). A large shift to natural gas combustion is an important factor. 
(Gas combustion produces only about 60 percent as much nitro- 
gen oxides as coal combustion per unit of heat energy produd.) 
Low mercury emissions correlate with a low reliance on coal 
combustion. 

Because the air quality indices are tied strongly to system- 
wide nitrogen oxides and sulfur dioxide emissions. this strategy 
has the best ratings (0.91) for al1,impact areas compared to the 
reference strategy of 1.0. The reduction in potential air quality 
impacts as a result of implementing this strategy would be the 
largest of all strategies considered. (See Figure 72-14.) 

The greenhouse gases index rating for Strategy T is 0.87, 
the best rating of all final strategies when compared to the ref- 
erence strategy with 1.0. The equivalent carbon dioxide emis- 
sion decrease results from demand-side management (517 
megawatts), hydroelectric improvements (162 megawatts), 
compressed air energy storage (1011 megawatts), landfill 
methane capture (500 megawatts), coal field methane capture 
(1000 megawatts), wind (2000 megawatts), and 0.3 percent bio- 
mass co-firing for coal-fired plants. 
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This section summarizes the differences among TVA's final 
strategies with respect to potential impacts on water resources. 
Three waterquality impacts were considered: (1) human health 
impacts by ingestion, (2) rmpaas on water supply and waste assim- 
ilation, and 0) impacts on fsh, aquatic life, and aquatic biodi- 
versity. Volume 2, Technical Document 1, Comprehensive 
Meed Envirwunena, provides an overview of water quahy issues, 
existing water quality impam, sources of pollutants, water 
pollution trends, and regulations. 

All new TVA generating resources included in the strategies 
assume certain constraints: 

Cooling towers will be constructed as necessary to deal with 
significant amounts of waste heat. 
All applicable water quality standards will be met through 
compliance with state-issued permits under the National 
Pollutant Discharge Elimination System, as is the case with 
existing facilities. 

Prior to the development of a new energy resource, a site- 
speafic enwonmental review would be done that examined duect 
and indirect water quality effects. For major facilities, water and 
aquatic life systems would be carefully monitored during con- 
struction and initial operation to identify adverse effects. 
Possible effects of construction and operation of new facilities 
on sensitive environmental resources such as wetlands or 
threatened or endangered aquatic species would be addressed 
in these site-specific reviews. 

FUTURE REGULATORY TRENDS 
The U.S. Congress is in the process of reauthorizing the Clean 
Water Act (P. L. 92-500, as amended), the Safe Drinking Water 
Act (P. L. 93-523, as amended), the Endangered Species Act (P. 
L. 93-205, as amended), and Superfund (P.L. 96-100, as 
amended). Changes proposed for all of these laws have the poten- 
tial to affect the regulation of water resources (surface water 
and groundwater). Proposed changes to the Clean Water Act 
include clearer delineation of what constitutes a wetland. 
repeal of the current stormwater permitting program, greater 
latitude for the states in reducing nonpoint pollution sources, 
and the use of risk assessments and cost-benefit analysis in 
the Environmental Protection Agency rule- making process. These 
changes have the potential to affect the permits currently 
held by operating TVA power plants as well as the siting of new 
facilities, including transmission lines. 

Most of the debate surrounding reauthorization of the 
Safe Drinking Water Act centers around the issue of risk. 
Currently the Environmental Protection Agency's rulemaking pol- 
icy is one of zero risk. Opponents argue that the stringent drink- 
ing water standards resulting from this policy are too costly and 
without justifiable health benefits. How drinking water standards 
are set can affect the environmental siring process and ultimately 
the level to which contaminated groundwater must be cleaned. 

The Endangered Species Act is under review. Opponents 
believe it goes too far in protecting the habitats of threatened 
and endangered species, infringes on property rights, and 
adversely affects federal land management policies. Loosening 
of the Act's provisions could affect the siting of new plants and 
transmission lines. 

Almost everyone involved in the Superfund debate believes 
reform is needed. Some want major changes to the law's liabil- 
ity structure and cleanup standards while others favor more mod- 
est changes. The result of thts debate in the Congress has the poten- 
tial to sigrut3cantly affect the cost of cleanup of contaminated sites 
associated with power production and transmission facilities. 

Analysis of Enersy Vision 2020 Strategies 
WATER QUALITY INDICES FOR 
ALTERNATIVE STRATEGIES 
TVA developed water quality indices to help characterize how 
alternative energy resource strategies may contribute to: 

Human health 
Water supply and waste assimilation 
Fish and aquatic life and biodiversity 

The final strategies are described in Figures T2-1 through 
12-3. Fzgure 12-27shows the values for the water indices. Volume 
2, Techma1 Document 1, Comprehensive Affected Environment 
(Section 4, Water Resources), contains detailed information 
about the measures used in deriving these water quality indices 
and a discussion of how they were weighted. 

In developing the indices, TVA used eight weighted mea- 
sures to evaluate the three impact areas above. There were three 
direct measures: 

Heat released 
Water consumed, (i.e., when water is not returned to the orig- 
inating source) 

Water used (i.e.. when water is returned to the origmating source) 
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IMPACT AREAS 

Supply F i h  and 
HsalU1- and Waste Aquatic L i  and 

Strategy Inneslion ketimihfion Biodiversity 

0 - Reference 1.00 1.00 1 .W 

Water indices have been developed for health-ingestion, water supply 
and waste assimilation, and fish and aquatic life and biodiwrsi& 

Surrogate measures were also used. (A surrogate measure 
is one that moves in the same direction as another that is 
more difficult to measure.) 

Coal burned 
Power produced by nuclear, coal, and hydroelectric plants 
The number of new power plants constructed 

Three of the measures received most of the weighting for 
the impact areas: 

Hydroelectric peaking power production 
Coal power production 
Coal burned 

The water health-ingestion index uses three weighted 
measures: 

Power production from nuclear 
Coal-fired 
Peaking hydro 

Hydro peaking and nudear power production are constant 
for all final seven strategies as well as the reference strategy. As 
a result, differences in coal-fired (existing plants) power production 
governs the index. Strategies M, Q, R, and S all have increased 
coal-fired power production from existing plants compared to 
the reference strategy. This results in index values slightly 
greater than 1.0. 
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SUMMARY OF FINDINGS 
TVA's final strategies are compared to the "No Actionn strategy 
or the reference strategy for Energy Vision 2020 (Strategy Dl. As 
indicated, there are only slight differences among WA's final seven 
strategies and Strategy D for most water resource effects. 
Because less coal is burned under Strategy T (low-cost renew- 
ables) and coal use produces some water resource=related 
consequences, only this strategy shows a noticeable irnprove- 
ment. The following major conclusions have been reached: 

The effects of damming rivers, including operation of exist- 
ing hydroelectric units, is responsible for the more important 
water rexxvce impacts. However, since no new dams are p m  
posed in the final snategies or the reference strategy, this impact 
is the same across all strategies. 
Increasing the capacity of WA's existing hydroelectric plants 
is environmentally beneficial. 'I~IIS produces new capaaty with- 
out constructing new plants. New plant construction, partic- 
ularly a new hydroelectric dam, is more environmentally 
damaging. Also, new turbine designs used in increasing the 
capacity of existing hydroelectric plants may also incorporate 
technology that introduces oxygen and helps combat the low 
dissolved oxygen problem that exists today below a number 
of TVA dams. 

WA's existing coal-fired plants are responsible for most of WA's 
contribution to water pollution. As described in the section on 
Au Resource Impacts, cost-effective repowering of selected less 
efficient coal-fired units provides some of the best options for 
water quality. 
Repowering or adding capacity at any existing facility is 
preferable from a water resource perspective because it 

lessens the risk of impacts to hose resources. Generally, from 
a water qualny viewpoint, repowering of &sing units is prefer- 
able to construction of new plants because the repowered units 
would have less of an impact on aquatic resources than the 
older units they replaced. Also, there is a risk of adverse effects 
from conmction runoff and the disturbance of small stream 
associated with construction of new plants at sites that have 
not yet been developed. Consauction of additional aansmission 
lines on new rights of way could affect aquatic communities 
insrrrallsneamscrossedbythelines.However,thesethesection 
effects can be greatly reduced or avoided through the use of 
construction best management practices that properly control 
contaminated runoff. 
Strategies that include increased use of coal, either for 
combustion or gasification, will result in increased risk of 
environmental impacts on water resources. This is due pri- 
marily to adverse effects in the fuel cycle, including those 
resulting from sediment runoff from strip-mined land and 
acid mine drainage. Streams in Appalachia and western 
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Kentucky are currently degraded by coal mining and 
increased use of coal may, without proper mitigation, result 
in continued degradation. However, various regulatory 
processes are in place to reduce the risk of adverse impacts 
and to require the appropriate use of mitigative measures. 
This includes the regulations implementing the Surface 
Mining Control and Reclamation Act. 
Unlike coal combustion, coal gasification does not produce 
large quantities of ash, which can adversely affect surface and 
groundwater during handling and disposal. Coal gasification 
produces an inert glass-like slag that can be used as a con- 
struction material. 
Generally, new capacity from demand-side management 
will result in few, if any, negative water resource impacts. 
The production and disposal of contaminated groundwater 
during the collection of coalbed or coal seam methane can 
pose problems and unless handled appropriately could 
affect water quality and aquatic communities. 

STRATEGY-BY-STRATEGY COMPARISON 
OF WATER IMPACTS 
Strategy 0: Reference, or "No Action" Strategy 
Strategy D is considered the "No Action" strategy, or TVA's 
most likely course of action for adding new capaci&during the 
next 25 years had the Energy Viion 2020 process not been under- 
taken. We11 over half of the new capacity added during that time 
would come from new gasfired simplecycle combustion turbines 
and combined cycle combusrion/steam turbines. More than a thlrd 
would be produced by integrated gasification combined cycle 
and coal gasification systems. Seven percent would be purchased 
from independent power producers using gas-fired simple and 
combined cycle cogeneration systems. Demand-side management 
as a percentage of new capacity, would steadily decrease from 
30 percent in 2000 to 3 percent in 2010. Since thls reference strat- 
egy would not involve decommissioning or repowering existing 
facilities, any operational or fuel cycle aquatic effects from 
existing facilities would remain unchanged. 

Under the "No Action" strategy, effects on water qual~ty and 
aquatic communities would tend to be localized and associated 
with conslruction and operation of new facilities at undeveloped 
sites. Fuel cycle effects from drilling and mining at remote loca- 
tions d d  be expected, albeu the sigruficance of such effects would 
be reduced through the operation of various regulatory processes. 
Localzed or site-speafic effects would be addressed in subsequent 
reviews of specific resource options that are proposed. 

Construction impacts are generally associated with the 
erosiodrunoff of disturbed soil during storm events. The sus- 
pended soil entering a stream or river can carry contaminants 
(e.g., cleaning solvents, fuels) spilled during consuuction activ- 

ities. Suspended material in a stream or river can also absorb heat 
and increase ambient temperature. Discharges of small amounts 
of chemicals used in cleaning of equipment and sewage treat- 
ment plant effluents (wastewater) could also have minor 
impacts. New gas pipelines would be required for some options 
and possibly barge unloading facilities for the coal gasification 
options. 

Siltation can affect aquatic life by clogging fish gills, smoth- 
ering fish eggs and benthic orga&ms, and ducmg photosynthesis 
of phytoplankton and aquatic plantK Dredging destroys benthic 
(i.e., bottom-dwelling) organisms in dredged areas, and chem- 
icals can cause dum toxic effects or indirect effects through bioac- 
cumulation in the tissues of aquatic organisms. Sewage effluents 
(wastewater) contain human pathogens and oxygen-demand- 
ing substances. However. all of these potentla1 effeas on the aquatic 
environment can be minimized or avoided through the use of 
appropriate site management practices and proper treatment of 
effluents. 

Operational aquatic effects in receiving waters can be 
caused by thermal discharges, process discharges, coal and ash 
handling, and small amounts of chemical and sanitary wastes. 
This reference strategy and nearly all the strategies being con- 
sidered envision a large portion of new power from integrated 
coal gasification combined cycle technologies. While integrated 
coal gasification combined cycle plants are an attractive alter- 
native to conventional power production methods, a number of 
challenges remain, one of which is water and wastewater man- 
agement. 

Overall, there is very little information generally available 
on the treatment of integrated coal gasification combined cycle 
wastewater, and only a limited amount of commercial experi- 
ence in treating such wastewater. Gasifier design and type of coal 
used are the principal variables that determine the composition 
of gasification wastewater. Gas treatment after gasification pro- 
duces wastewater that may contain organic material, phenolics, 
cyanides, sulfides (and other reduced forms of sulfur). and ammo 
nia. These are not present in wastewater from conventional coal- 
fired power plants. Many of these compounds are highly toxic 
to aquatic life and would pose a significant threat without 
adequate treatment and removal. 

However, technology is available to treat integrated coal 
gasification combined cycle wastewater to meet the most 
stringent standards. All operational impacts would be mitigated 
through the states' National Pollutant Dsdmge Elirmnation System 
pemxtting processes. In most, if not all, cases these faalities would 
be considered "new sourcesn under the Clean Water Act. As  such, 
they would be subject to effluent limitations under New Source 
Performance Standards for steam electric power plants and chem- 
ical manufacturing plants where co-production is planned. 
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These would be more stringent standards than those at exist- 
ing plants. 

Possible effects of heated effluents on aquatic life that have 
been suggested include mortality, advanced fsh spawning, 
increased toxicity of certain pollutants, and shift of phyte 
plankton populations toward less desirable species. Since any 
new facilities would likely dissipate waste heat through coohg 
towers, the possibility of these impacts occurring at new TYA 
facilities is minimized. However, if cooling systems at new 
facilities axe operated in closed cycle, elevated levels of dissolved 
solids (including metals) will occur in diiharged recirculation 
water through evaporative concentration of solids (including met- 
als). The significance of this would depend on site-specific fac- 
tors such as speed of mixing, degree of dilution, and metal con- 
centrations in intake water. 

National Pollurant I)lscharge Elimination System permits strictly 
regulate chemical and sanitary wastes. The use of various oxi- 
dmng and nOn-O]Liditing chemicals for control of b i o f h g  organ- 
isms can be expected to increase at existing power facilities due 
to the recent introduction of the zebra mussel (Dreissenapoly- 
morpha) into surface waters in the TVA service area. The per- 
mitting process will establish appropriate limits on biofoding 
conuol chemicals to protect aquatic resources, but increased use 
of such chemicals poses an increased risk of adverse effects. Such 
controls will also be required at new facilities, but careful 
advance planning can reduce the threat of zebra mussels and 
minimize the need for control chemicals. 

Aquatic life could be affected by killing or injuring adult fsh 
by impinging (colliding) on intake screens and entraining 
(drawing through equipment) plankton and fsh larvae contained 
in intake cooling water. Factors such as the location and design 
of intake structures, the volume of water used, and other site- 
specific factors would alter the magnitude of such effects. 
Careful attention during the planning and design phases of facil- 
ity construction can reduce these potential impacts to accept- 
able levels. 

Aquatic effects associated with coal ash disposal at exist- 
ing coal-fired units would be minimized in the proposed coal gasi- 
fication schemes. The process would convert ash to an inert glass- 
like slag that is non-leachable and suitable for use as a construction 
material. Mining of high sulfur coal used to fuel the integrated 
coal gasification facilities could result in some aquatic environ- 
mend effects from acid and chemical dramage, land destabilimtion, 
and erosion. This would occur both inside and outside the 
TVA service area. Coal deposits are usually accompanied by pyretic 
materials that, when exposed to air and water. form sulfuric acid. 
This and other chemical compounds from mining can pollute water 
and affect aquatic organisms. There are, however, regulatory 
processes that are formulated to reduce or eliminate such pos  
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sible effects. Similarly, activities associated with drilling for nat- 
ural gas can cause localized aquatic effects, primarily from 
physical disrurbance of habitats and chsposal ofc(~produced ground- 
water, which may be high in salinity. 

Measurements for surface and groundwater environmen- 
tal evaluation criteria relating to (1) human health (ingestion), 
(2) water supply and waste assimilation, and (3) fish and 
aquatic life and biodiversity have been combined and summa- 
rized into indices for each of these areas. The score of 1.00 rep 
resents the effects of Strategy D, the "No Actionn strategy. 
Based on this analysis, the water impacts of all of the altema- 
tives presented my only shghtly from the reference, or "No 
strategy, except Strategy T. which is somewhat better in all three 
areas. The reference, or "No Action," strategy and the final seven 
strategies analyzed are described in Figures 22-1 to 22-3. 

Strategy J - Bellefonte Coproduct 
and Renewable Strategy 
In this strategy, about half of the new capacity in 2020 would 
be natural gas-based, from either TVA-owned simple cycle tur- 
bines or purchased from combined cycle plants owned by 
independent producers. About 40 percent would be coal gasi- 
fication combined cycle, including converting Bellefonte to 
integrated gasification combined cycle with methyl tertiary 
butyl ether as a marketable coprodua. The other resource 
options that make up this strategy include renewables (landfill 
and coalbed methane) and modernization of hydroelectric 
plants. There would be no repowering or retiring of existing oper- 
ating plants. Therefore, there would be no reduction in exist- 
ing water quality or aquatic life impacts due to selection of this 
strategy. 

Off-site impacts on groundwater related to natural gas 
drilling operations would have the greatest potential for aquatic 
resource impacts under this alternative. Some potential surface 
water effects could occur as a result of gas pipeline construc- 
tion. Also, the construction of new facilities could cause local- 
ized effects from erosion of disturbed soils. These impacts 
would generally be limited to the transport of adsorbed cont- 
aminants during rainfalvrunoff events. Contaminants of concern 
would be those spilled or unconuolled during construction a&- 
ities (e.g., solvents, fuels). These impacts would be reduced or 
avoided through the utilization of appropriate erosion control 
practices. 

Operational effects on water quality can be caused by the 
d i e  of heated cooling water and small amounts of chem- 
ical and sanitary wastes. The discharge of these contaminants 
would be regulated by the state National Pollutant Discharge 
Elimination System's permitting process and potential impacts 
would be minimized or avoided. 
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The pnmary difference between this and Strategy D (the 'ref- 
erence" strategy) is the conversion of the partially constructed 
Bellefonte Nudear Plant to an integrated coal gasification com- 
bined cycle plant with a fadty for coprodud-production of methyl 
tenmy butyl ether. As discussed, gasification process wastewaters 

may contain toxic components not assodated with conventional 
coal-fired power plants and therefore may be potentially more 
damaging to aquatic life in receiving waters. The specifics of the 
waterandwastewatercharacteristicsofthisplantwould bedetailed 
in a site-specific environmental analysis that would be prepared 
if this option were selected. In any case, integrated coal gasifi- 
cation combined cycle wastewater is treatable and discharges 
would be strictly controlled under National Pollutant Discharge 
Elimination System perrnits. That would also be true of waste- 
water associated with a methyl tertiary butyl ether co-produc- 
tion facility. 

The additional hydroelectric generation in this strategy 
would be obtained by undertakmg additional modernization pre 
jects at existing hydroelectric plants. No new hydroelectric 
plant construction is contemplated. Of the renewable options, 
only coalbed methane poses major wastewater disposal prob 
lerns. This is primarily due to contaminated coproduced ground- 
water that could affect surface water resources. Coproduced water 
is often disposed of by returning it to the source from which it 
was drawn. 

Water quality indices for Strategy J are identical to the ref- 
erence, or "No Action," strategy except for the fish and aquatic 
life and biodiversity index. This index is rated 0.99, which 
indicates a very slight improvement over the reference, or "No 
Action," strategy. This improvement is due to a reduction in the 
amount of coal burned, relative to the reference strategy. 

Strategy M - Combined Demand-Side Management and 
Off-System Sales Strategy 
Strategy M emphasizes natural gas and demand-side manage- 
ment in the near term with a shift toward more coal combus- 
tion and coal gasification options in the long term. Coalbed and 
landFd methane recovery options also come into play in the later 
years of the study. Shawnee Fossil Plant would add one new unit 
to its existing 10 coal-fired units. 

Increases in natural gas usage could impact off-site ground- 
water and surface water. Drilling operations could affect the for- 
mer, gas pipeline construction the h e r .  Similarly, additional coal 
utilization could add impacts from increased mining activities. 
Aquatic effects from the construction of new facilities would also 
be a possibility. However, there are regulatory processes and best 
management practices that would reduce or eliminate the risk 
of such impacts. 

Increased coal usage can affect ground and surface water 

quality due to coal-ash disposal. The integrated coal gasification 
combined cycle and related options generate complex and 
potentially toxic wastewaters. The coalbed methane option 
also presents a potential threat to aquatic communities because 
of the possible coproduction of contaminated groundwater 
that would require disposal. The state discharge permitting 
process would mitigate or avoid impacts to surface waters. 
Groundwater impacts, however, are much more difficult to con- 
trol and costly physical mitigation measures may be required, 
such as synthetic liners for treatment or holding ponds. 

The water quality indices are identical with the reference, 
or "No Action," strategy, except for the health ingestion index. 
This index is rated at 1.01, which indicates a slightly higher impact 
than the reference, or "No Action," strategy. The water health 
ingestion index uses three weighted surrogate measures: power 
production from nuclear (5%). coal-fired (W?), and peaking hydro 
(35%). Hydro peaking and nuclear power production are con- 
stant for all final seven strategies as well as the reference strat- 
egy. As a result, differences in coal-fired (existing plant) power 
production governs the index. This strategy, as well as strate- 
gies Q, R, and S, have increased coal-fired p e r  production from 
existing plants relative to the reference strategy which results in 
index values slightly greater than 1.0. 

Strategy 0 - Bellefonte Coproduct, Demand-Side 
Management   locks One and Two, and More 
Off-System Sales Strategy 
This strategy is similar to Strategy M in that it also emphasizes 
demand-side management in the near term and gas and coal gasi- 
fication in the long term. It includes converting Bellefonte 
Nuclear Plant to a coal gasification process with coproduction 
of methanol and its derivatives. Other resource options include 
landfill and coalbed methane recovery. Unlike Strategy M, 
howwer, no new pulverized coal units are included, and there 
is a greater emphasis on independent power purchases. 

Potential impacts on water quality under this strategy 
include those listed in Strategy M. Additional impacts could be 
associated with converting Bellefonte Nuclear Plant to coal 
gasification as described under Strategy J. Construction effects 
generally tend to be localized and temporary and can be min- 
imized with appropriate materials handling and erosion controls. 

Landfill and coalbed methane utilization could impact 
water quality through facility and pipeline construction and dis- 
posal of coproduced contaminated groundwater. 

The water quality index for health-ingestion for Strategy 0 
is identical to the reference strategy. The fsh and aquatic life and 
biodiversity index and the water supply and waste assimilation 
index are rated 0.99, which is only a very slight improvement 
over the reference, or "No Action," strategy. The fish and 
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aquatic life ir:provement is due to a reduction in the amount 
of coal bumea and the water supply index improvement is due 
to reductions in thermal discharges and water consumption rel- 
ative to the reference strategy. 

Strategy Q - Flexible Strategy with External Options 
?his saategy essentially duplicates the options in Strategy 0 with 
the addition of purchased power and flexible options that 
involve the off-system purchase of options to buy power at a 
certain time and price. Strategy Q indudes only about half as 
much demand-side management as Strategy 0. 

This strategy differs from Strategy 0 in its off-system 
power purchase and management, which do not affect water 
quality in the Te~eSsee Valley, but could pose risks to water 
resources where they are located. The water quality index for 
health-ingestion for Strategy Q is rated 1.01, which indicates a 
very slightly increased risk for impacts, for the reasons noted 
above for Strategy M. The water supply and waste assimilation 
index and the fish and aquatic life and biodiversity index are 
rated at 0.99, which indicates a very slight improvement over 
the reference, or 'No Action," suategy. The fsh and aquatic life 
improvement is due to a reduction in the amount of coal burned, 
and the water supply index improvement is due to reductions 
in thermal discharges and water consumption relative to the ref- 
erence strategy. 

Strategy R - Flexible Strategy with Internal Options 
This suategy contains the same options as Strategy Q with the 
same capacities. except for one new gas-fired combined cycle 
unit, and a considerably reduced reliance on off-system power 
option purchases. 

Potential impacts on water quality under this strategy are 
identical to Strategy Q, except for additional impacts that may 
be associated with a gas-fired combined cycle unit. These 
potential ground and surface water impacts could result from 
off-site drilling operations and facility construction. The water 
quality indices for Strategy R are the same as for the reference, 
or "No Action" strategy, except for health-ingestion. This index 
is rated 1.01, which indicates a very slight increased risk, as dis- 
cussed under Strategy M. 

Strategy S - Low Cost, Low Rates, and Improved 
Environment Strategy 
This strategy contains the same options as Strategy 0, with more 
purchased power in the short term, a higher level of coal gasi- 
fication generation in the middle years. and about half as much 
demand-side management overall. 

Potential impacts on water quality under Strategy S are indexed 
identically to the reference, or "No Action," strategy. except for 
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health-incestion. This index is rated at 1.01, which indicates a 
very slighi increased risk over the reference, or "No Action," strat- 
egy, for the reasons outlined under Strategy M. 

Strategy 7 - Low-Cost Renewables, Low-Price Demand- 
Side Management, Repowering, and Bellefonte 
Coproduct Partnership Strategy 
Much of the new capacity added by 2020 under this strategy would 
be from new natural gas-fired turbiies, natural gas repowering 
of some existing cod-fired units, and coal gasification. A num- 
ber of renewable and energy storage options, including wind, 
landfill and coalbed methane, hydroelectric plant improve- 
ment, and compressed air energy storage, make up about 
25 percent of all new capacity. A small amount of capacity would 
result from new pulverized coal units. 

This is the most diverse mix of generating options among 
the strategies under consideration. By virtue of its emphasis on 
renewables and repowering of old coal-fired units, this strategy 
is the one likely to result in the least overall impact on aquatic 
ecosystems. The environmental indices for this mix are 0.92 for 
health-ingestion, 0.9 for water supply and waste assimilation, 
and 0.96 for fish and aquatic life and biodiversity. This repre- 
sents the greatest improvement compared to the reference 
strategy. The improvement in the health index is due to an 8 per- 
cent reduction in total fossil generation, the fsh and aquatic life 
improvement is die to a reduction in the amount of coal burned, 
and the water supply index improvement is due to reductions 
in thermal discharges and water consumption relative to the ref- 
erence strategy. 

Under this strategy, water quality effects from the use of nat- 
ural gas could occur in association with off-site drilling opera- 
tions (groundwater effects) and potentialty from the construc- 
tion of facilities and pipelines (surface water effens). Construction 
impacts would tend to be localized, temporary, and generally 
in assodation with storm runoff. Mitigation of construction effects 
could be accomplished with the implementation of best man- 
agement practices. 

Additional coal-fired units could have potential impacts on 
ground and surface water mainly in association with ash disposal. 
Chemical contaminants in coal-ash are dependent on the type 
of coal? and the potential effects are well documented. Mitigation 
could involve physical measures, such as disposal pond lining 
to protect groundwater. The repowering of older coal-fired units 
to natural gas-fued combined-cycle units would tend to have an 
overall mitigating effect on coal-related impacts because new 
sources are held to more stringent requirements than the old s o m  
they replace. All surface water discharges from plants would 
be regulated under state National Pollutant Discharge Elimination 
System permitting limitations. 
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Volume 2, Technical Document 1, Comprehensive Affected 
Environment, provides an overview of land resource issues and 
land use. Because land resource impacts tend to be so site-spe- 
cific in nature, developing indices for such impacts was not prac- 
tical. Land resource impacts can be more fully and meaningfully 
evaluated when proposals to implement speclfic energy resource 
options are made in the future. These impacts will be addressed 
in subsequent environmental reviews. 

However, certain conclusions or observations can be made 
at this programmatic level of review based on the generic 
attributes of various energy resource options. 

Factors such as siting of generation facilities, siting of 
transmission facilities, fuel sources, and waste disposal, all 
affect land use.' 'Resulting impacts can include: 

Long-term loss df land use 
Loss of plant and animal habitats 
Long-term aesthetic loss 
Fragmentation of forests 
Electric and magnetic fields exposure 

Figure 72-28gives the estimated total land requirements that 
would likely be required by TVA's final strategies and Strategy 
D, the reference strategy. Land use estimates range from 10,300 
aaes for the reference strategy to 62,000 acres for Strategy T. The 
larger amount of land used for Strategy T is due primarily to the 
extensive acreage that is needed to support wind turbines. 
Figures 72-1 to T2-3 describe the final strategies considered in 
the analysis. 

The construnion of new power generating fadties has greater 
potential for directly affecting land resources than does reuo- 
fining or altering power sources for existing generation facili- 
ties. A new plant would consume additional land acreage, 
whereas altering existing facilities would not likely require sig- 
nificant additional acreage. 

This section deals primarily with the direct effects to land 
resources resulting from the implementation of new power gen- 
erating facilities. Discussion has been restricted to a general level. 
More detailed analysis and discussions will result from the 
environmental reviews performed for new facilities as they are 
sited. Specific issues such as endangered species. wetlands, and 

Capacily in Year 2020 Total Land Use . - 

-bgY (Megawatts) (-1 
D-Reference 15,520 10.336 -- --- - 

other site-specific concerns would be examined in these reviews. 
Discussion in this section deals with issues such as land con- 
sumption, iand use changes. and iand disturbance. 

The analysis 6f potential impactson land resources was con- 
ducted at rwo levels: 

Potential effects resulting directly from the siting of the 
power plant itself 
Potential consequences associated with fuel sourcing, power 
generation, and waste 

This analysis is also based on fuel sources, rather than on 
specific strategies. Potential consequences of siting various 
types of generating facilities were analyzed based on fuel 
source. This approach simplifies comparison of individual 
strategies. The fuel sources (i.e.. fuel cycles) evaluated include: 

Coal 
Natural gas 
Biomass 
Hydroelectric 
Solar and wind 
Nuclear 

Environmental consequences from the plant "footprint" (i.e., 
the area occupied by the plant proper) are difficult to quantify. 
In general, these "footprint" effects are comparable, but not iden- 
tical. across fuel options. Potend effects relate to the total acreage 
required and the acreage occupied by buildings. parking areas. 
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switchyard: :)a1 piles, and other elements. Additional acreage 
to provide \ la1 or noise buffers increases overall plant acreage 
considerably over the actual amount of acreage required for the 
plant itself. These buffer lands may continue to have uses 
such as pasture, forest management, or row crops thus reduc- 
ing impacts. 

The construction of new generating facilities can bring with 
it the consauction of a distribution network of transmission lines, 
substations, and switchyards. Since a distribution network 
would be necessary q a r d k  of p e r  generation method, poten- 
tial etfects from these facilities would not likely differ by fuel source. 

Considerable acreage of land is required for transmission 
line rights-of-way. A 100-foot wide right-of-way occupies about 
12.1 acres per mile of transmission line. Permanent woody veg- 
etation is not permitted within the rights-of-way. but pasture and 
agricultural land uses are allowed. When rights-of-way cross large 
forested areas, forest fragmentation can occur. Aesthetic impacts 
can occur in situations where rights-of-way are especially 
noticeable or visible. 

The following summary sections, which focus on fuel types. 
describe potential "footprint" effects and operational effects 
resulting from fuel sourcing, power generation. and waste. 

SUMMARY OF DIRECT LAND-USE IMPACT FINDINGS 
Resource options that involve expansions at existing plants 
or the repowering of existing units may have little or no land 
resource impacts. These include options at the Bellefcmte Nuclear 
Plant site. co-generation options, some option purchase 
agreements, hydroelectric plant improvements. repowering 
that makes existing plants more efficient, and generating units 
added at existing coal plants. 
Coalbed methane may require a network of access roads to 
install and maintain the gas wells, collection rights-of-way p ip  
ing, and smaller generating units distributed over larger 
areas. Factors such as the remoteness of the area. distance 
between wells, size and distribution of power plants, and mstal- 
lation of transmission lines to connect the power plants to the 
TVA power system dluence land use. Five acres per megawatt 
was assumed for the analysis as a conservative estimate of land 
use for access and transmission. However, coalbed methane 
recovery from existing mines would impact land resources less. 
The 2,000 megawatts of wind energy capacity in Strategy T is 
estimated to require 50,000 acres of land at high elevations. Wind 
turbines have a lower power output per acre of land use com- 
pared to mast generation opuons. Groups of wind turbines, termed 
a wind farm? are interconnected to a common switchyard. These 
turbines are often located in remote regions because wind is 
best at higher elevations on ridgelines and bluffs. Large-scale 
use of wind energy would require extensive tracts of land for 
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locating hundreds of visually prominent wind turbines. Since 
wind resources are limited in the Tennessee Valley. the likeli- 
hood of disturbing sensitive ecological areas increases with the 

.amount of wind power produced. 
Methane gas collected from landfills is a renewable energy 
source that prevents the release of this greenhouse gas to the 
atmosphere. Methane collection and its use as decentralized 
or distributed power returns these lands to a productive use, 
but would have effects similar to those associated with the 
infrastructure needed to support use of coalbed methane. 
However. landfill methane recovery would have lesser 
impacts than coalbed methane recovery since roads and trans- 
mission lines may already be in place. Landfill methane 
recovery and coalbed methane recovery are both considered 
direct land use, since power generation is integrated into the 
collection activity. 
There is sufficient land in the TVA region to allow enegy rexxlrce 
options to be put in place without impacting sensitive land 
resources such as wetlands or endangered species. Land 
resources should not be a constraint on the deployment of any 
of the energy resource options identified in TVA's final strate- 
gies. with the possible exception of wind turbines. 
Other land-use conditions potentially impacted are aesthet- 
ics, electric and magnetic field exposure. and noise. 
Conventional power plants, typically located in rural areas, 
are out of character with their surroundings. Local topogra- 
phy, site layout and natural buffering, plant design, and 
population density and distribution all determine the kinds 
of potential site-specific impacts. 

SUMMARY OF INDIRECT LAND-USE 
IMPACT FINDINGS 

Fuel acquisition and waste disposal are involved in power gen- 
eration and affect indirect land use. Coal mining, particularly 
surface mining, is a disruptive land use activity. All of TVA's 
final strategies, including the reference strategy, expand 
TVA's use of coal. Total coal use rises about 35 percent from 
present levels for most strategies. Only Strategy T is signifi- 
cantly different. using about 12 percent less coal than the ref- 
erence. or "No Action," srrategy but still 21 percent more coal 
than current levels. 
Coal-fired plants have a waste stream of combustion byprod- 
ucts. The byproducts-fly ash, bottom ash. and slag-are 
all marketable, depending on both their quality and market 
conditions. Unmarketed byproducts must either be stored or 
disposed of. This typically requires long-term land use and 
management. 
Natural gas drilling is typically less environmentally disruptive 
than coal surface mining activity for equivalent energy supply. 
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Also, gas-fked plants have no simcant solid waste by-prod- 
u n  All the strategies make sigmficant use of natural gas. Smtegy 
T uses the most, 1.7 to 4 times more than the other strategies. 
Natural gas is used for repowering of existing coal-fred units. 
This provides additional benefits by eliminating coal byprod- 
ucr production and increasing plant efficiency. 
Use of residue or wane wood fuel would reduce landfill require- 
ments and some methane production. 

SUMMARY OF NATURAL RESOURCE IMPACT FINDINGS 
Most potential impacts on land resources are site or project- 
specific, and would be assessed in siting studies and envi- 
ronmental reviews for generation and transmission facilities. 
These potential impact areas include threatened and endan- 
gered species, plant and animal habitats, sensitive or impor- 
tant ecosystems, forest fragmentation, and aesthetics. 
There may be air pollution impacts on land remote from a plant 
site. These impacts are addressed in the air resources section 
of this document. 

FUEL SOURCING 
Fuel sourcing for hydroelectric, solar, and wind power plants are 
not addressed in this section because these power sources 
create energy from water. sunlight, and wind, respectively, 
and as a fuel generally do not have land resource impacts. (The 
creation of hydroelecttic dams can have significant land resource 
impacts but the "fuel." water, is produced by rainfall.) Only the 
d, biomass fuel for mflring. and nuclear sections address waste- 

related effects, since natural gas, hydroelectric, solar, and wind 
power plants do not produce waste byproducts 

COAL-FIRED PLANT IMPACTS 
The coal-related environmental impacts for the various strate- 
gies are affected by the amount of coal used by each strategy. 
Use of coal by strategy is shown in Iigure Z-3. The environmental 
impacts of coal as a fuel are discussed in the following section. 

Site Effects 
Coal-fired generating plants tend to require relatively large 
acreage. They need coal-loading facilities. a coal pile, and ash 
disposal fadties that require many acres of land, and visual screens 
or noise buffering. Existing TKA coal-fmd plants are located along 
navigable waterways to provide barge access for transporting 

Strategy Tons 
D-Reference 52,073,962 -- 
J 51,253,835 
M - -- 52,163,285 - 
0 51 .I 87,739 

coal to the plant and/or as a source of boiler and cooling water. 
Aesthetic effens of a coal plant are difficult to address because 

such effects tend to be subjective. However, unless the plant is 
remote or obscured by hills, its facilities tend to be noticed by 
the public. Tall flue gas stacks, which are typical of coal-fired 
plants, can be seen from large distances depending on the stack 
height and surrounding terrain and often result in degradation 
of aesthetic character. Especially tall stacks may be visible for 
several miles. Svobe lights mounted on stacks are effective safety 
measures, but result in further aesthetic effects. Coal-fired 
plants can also have cooling towers. Natural draft cooling tow- 
ers may be as tall as the stacks and have visible water vapor plumes 
during most weather conditions. . 

Operational Effects 
Noise is almost always a concern in power generation from fos- 
sil sources. However, plant designs normally accommodate 
noise concerns. New plant construction would also meet any applic- 
able noise and emission limitations; however; such limitations 
are rare in the Valley. 

Other than potential impacts due to air pollutants, coal-fired 
generation options do not directly impact land resources as a 
result of their operation. However! coal plants can have fuel sourc- 
ing and waste generation effects. These are described below. 

Fuel Sourcing Effects 
TKA purchases about 35 to 40 million tons of coal per year to 
fuel its 11 existing fossil plants. The process of obtaining this coal 
involves land disturbances. Obviously, coal must be removed 
from the earth. According to recent figures. about 75 percent of 
WA's current coal demands are supplied from subterranean mines 
(i.e., underground or "deep mines"), while the remainder 
comes from surface (i.e., strip) mines. Coal supplied from 
deep mines results in minimum surface land disturbance. 
Supplying coal from strip mines results in surface disturbance. 
However. current mining regulations require coal operators to 
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Strategy Tom 
D-Reference 6,166,437 
J 5,809,790 
M 6,663,316 
n 5.826.405 

restore the land to its original approximate contour, which 
helps to reduce potential impacts. 

The amount of surface acreage affected by supplying coal 
varies and depends mainly on the thickness of the coal seam. 
For comparison. a coal seam one foot thick yields about 1,800 
tons per acre. Assuming the average TVA coal-fired plant 
requires 3.4 million tons of coal per year (37 million tons for 11 
plants), and that 25 percent of this total comes from surface mines, 
then about 840,000 tons of coal per year comes from surface mines. 
At a yield of about 1,800 tons per acre (for a I-foot thick 
seam), approximately 465 acres per year would be required. 
Thicker seams would reduce this acreage aCCOrdlIlgly (i.e., a twe 
foot thick seam would result in approximately 235 acres being 
disturbed). 

The table in Figure 22-29 gives the amual average coal use 
for the planning period for each strategy. All strategies use about 
35 percent more in an average year than the FY 1994 procure- 
ment level of 38 million tons. Compared to the reference strat- 
egy. only Strategy T has a significant ddference in coal usage, 
4 5 million tons less. or 12 percent less coal. 

Once mined, coal must be moved to the power plant. This 
can require the construction of new roads and/or rail lines and 
the consumption of additional acreage. From a fuel trans- 
portation standpoint. coal removed from existing mines would 
not likely result in additional effects to land resources. Because 
much of the coal is currently delivered via rail, construction of 
any new coal piants at greenfield sites could result in comc t ion  
of new rail lines to those plants. 

Waste 
Caal-fired power plants geneme various amounts of ash and other 
solid byproducts. For fiscal year 1995, TVA estimates that exist- 
ing coal facilities will generate about 3 million tans of fly ash, 
1.25 million tons of bottom ash/slag. 1.2 million tons of gypsum 
(from flue gas desulfurization control equipment - scrubbers), 
and 1 million tons of coal wash refuse. The amount and type 

Landfill and Natural 
Coalbed Methane Gas Total 

(Billions of (Billions of (Billions of 
Standard Standard Standard 

s m t w  -.-_Cubic F ~ t l  gbie FeetL--Cub@!%et) 
0 93.5 93.5 D-Reference. -- - _ - - -- . - 

J 45.8 64.9 110.7 --- -- -- 
M 34.8 41 .O 75.9 ----- - -- - 
0 44.2 53.9 -.-- 98.1 
0 48 9 68 4 117.3 

of solid waste depend on the technology used to collect this mate- 
rial, as well as the characteristics of the coal burned. All these 
plants generate ash of some sort, which must be discarded or 
used. This material is usually placed in ash ponds, slurried. or 
dry stacked. Ash disposal areas are typically located on-site or 
adjacent to the generation facility. The acreage required for d i s  
posal depends on the net ash generation rate of the facility and 
the per-acre storage capacity of the disposal area. 

Not all ash must he stored or disposed of on-site. Markets 
exist for coal combustion or pollution control byproducts. 
Depending on the ash collection system and the quality of the 
ash. ths material may be used in the manufacture of building rnate- 
nals. ma* gypsum products such as wall board (i.e., sheetrock). 
or as soil amendments, and as filler in paving and construction 
materials (e.g.. concrete.). Some existing coal plants dispose of 
a large proportion of their ash via commercial markets. 

A range of disposal site lifetimes exists at TVA's existing coal- 
fired plants. The rate of byproduct production and use contributes 
to the lifetimes of the dtsposaVstorage sites. Additional land acqui- 
sition and/or land use may be required over the life of the plants. 

The alternative energy strategies have a range of annual aver- 
age byproduct production from 5,238,745 tons for Strategy T to 
6,166.437 tons for the reference strategy during the 1996-2020 
planning period shown in the table in Figure D-30. TVA has an 
average byproduct utilization rate of 25.4 percent. By the year 
2000, the rate is projected to be over 33 percent. The current 
national average is about 21.8 percent. 

TVA analyzed a full range of possible byproduct applica- 
tions based on the chemical and radiologd properties and behav- 
ior of ash and slag from its plants in an environmental assess- 
ment. The assessment concluded that none of the applications 
examined would create significant environmental impacts. No 
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significant environmental impacts are anticipated from new stor- 
age or disposal areas that are permitted as landfdls by the states. 
However, site-specific environmental reviews would be done for 
any new disposal or storage area. 

NATURAL GAS-FIRED AND METHANE 
RECOVERY PLANT IMPACTS 
The environmental impacts of natural gas for the various strate- 
gies vary with the amount of natural gas and methane recovery. 
(See Figure Z2-31 for strategy use of natural gas and methane 
recovery.) The environmental impacts of natural gas and 
methane fuels are discussed in the following section. 

Site Effects 
Acreage required for natural gas-fueled power generating plants 
is comparable to that required for a coal-fired plant with simi- 
lar capacity. The overall facility *footprintn would be somewhat 
smaller than for a coal-fired fadry with the same generating capac- 
ity because fuel off-loading facilities (i.e., railyards, etc.) and ash 
disposal areas are not required. Flue gas stacks are typically the 
most prominent feature of gas-fired plants but are typically not 
as tall as stacks for coal-filled plants. Strobe lights mounted on 
stacks are effective safety measures, but result in further aesthetic 
detractions. These plants would not have cooling towers if an exist- 
ing coal-fired plant is repowered. Mechanical draft cooling cow- 
ers would be used at a new plant and would have a visible vapor 
plume during most weather conditions. 

Operational Effects 
The operation of gas-fired generation facilities causes few effects 
to land resources. Ash disposal areas are not required and 
there is very little solid waste (e.g.. ash). compared to coal-based 
generation. Power generation by natural gas-fueled facilities also 
causes minimal potential impact on land resources. 

Noise-related effects are similar to those for coal plants. 
Potential noise effects would be accommodated by plant design 
and siting criteria. 

Fuel Sourcing Effects 
Natural gas is a mixture of gaseous hydrocarbons, mostly 
methane, which occurs naturally in the earth. Natural gas 
deposits often accompany petroleum deposits and are found in 
various locations across the United States. An extensive network 
of pipelines distributes natural gas to users. 

Drilling, exploration activities, and delivery systems (pipehes) 
have the greatest potential for effects to land. This analysis 
assumes that delivery to the plant site would be by pipeline. 

Because there is an abundance of natural gas reserves. includ- 

ing capped wells, the likelihood of additional impacts to land 
resources from increased demand for natural gas is reduced. 
Nevertheless, drilling for natural gas is relatively innocuous and 
is not necessarily detrimental to land resources. 

Methane, the major component of natural gas, can be col- 
lected from landfills. Energy Vision 2020 considers this option. 
Landfill-generated methane is typically of lower quality (ire., less 
pure methane) and has a lower energy yield than naturally occur- 
ring methane. Depending on its quality, landfillderived methane 
may have to be purified to meet emission standards before use. 
Nevertheless, use of methane from this source would provide an 
alternative natural gas source and would have an overall bene- 
ficial environmental effect. 

Coalbed methane recovery is another technology for s u p  
plying gas-fired plants. Gas wells are drilled into a coal seam to 
recover the naturally generated methane. A system of wells would 
feed gas through a network of collection piping to a small gen- 
erating unit such as a fuel cell or diesel generator. This method 
of fuel sourcing could be land intensive, requiring access roads 
to reach well heads, rights-of-way for collection piping, and power 
transmission lines to decentralized power plants. Methane can 
also be recovered from existing coal mines. This would require 
less additional land area. 

The need to construct new gas pipelines as a result of build- 
ing new gas-fired plants or repowering existing plants is difficult 
to determine. For tkonomic reasons, repowering of existing gen- 
erating facilities with natural gas would most likely occur at those 
plants currently near transmission pipelines. 

Gas pipelines are usually located underground for safety rea- 
sons. On the land surface. a fxed right-of-way is maintained to 
prevent establishment of permanent woody vegetation. The 
right-of-way is maintained in a pasture-like condition or used for 
row crop agriculture; trees are not allowed. This situation does 
not preclude the use of the right-of-way for productive uses. 
However. forest fragmentation can occur if the pipeline crosses 
extensive forest areas. A pipeline requires approximately the same 
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acreage as a transmission line right-of-way, and potential effects 
are generally comparable to transmission line rights-of-way. 

Figure Z2-31 shows the range of natural gas and recovered 
methane in the altenytive energy strategies. Strategy M uses 19 
percent less gas tban the reference, or "No Acron," strategy. Strategy 
T has the lowest coal use and the highest gas use, 185 billion stan- 
dard cubic feet, or 98 percent higher than the reference strategy. 

BIOMASS-FUEL IMPACTS 
Biomass-related environmental impacts of the various strategies 
vary with the annual average tons of wood co-fuing detailed in 
Figure 7332. Wood ceftring in coa l - fd  plants is the only type 
of biomass included in the final strategies analyzed. However, 
this section discusses the environmental impacts of wood waste 
as a fuel, as well as other biomass. 

Site Effects 
Biomass fuels are usually mixed with coal as a supplement, and 
biomass fuel options typically involve modification of existing 
coal-fired plants. Therefore, there would be few, if any, addi- 
tional site-related impacts. Wood waste storage would have to 
be established, but such a facility would be compatible with the 
other industrial-type uses found at coal-fired power plants. 

Operational Effects 
Operational effects of burning biomass fuels are essentially the 
same as those for coal-firing because biomass fuels would 
likely constitute only a small or moderate percentage of the fuel 
burned in the botler. Thus, any unique emissions associated with 
biomass fuels would tend to be lost in the much larger emission 
volumes resulting from burning coal. Potential changes in 
emissions are one of the issues that would be examined in more 
detail in site-specific reviews. 

Fuel Sourcing Effects 
Fuel Types 
Wood waste is the primary biomass fuel. Mill and logg~ng residues 
are byproducts that can be an inexpensive fuel source. Mill residue 
is the wood discarded either by primary mills, such as sawmills, 
or secondary mills, such as furniture companies. Residues may 
be in the form of chips. bark. shavings, or sawdust. The main 
cost involved is transportation, so residue availabiliry depends 
on the number of forest product industries in a 50- to 75-mile 
radius of a power plant. Plants producing these residues do not 
always produce a consistent volume, as volume changes in 
response to economic conditions. 

Loggmg residues are the unused growing stock or sawumber 
volume of trees cut or killed by logging and left in the woods. 
Logging residues are generally composed of the tree crown (i.e., 

branches and limbs that are not large enough to be sold as tim- 
ber). The volume of timber operations in a 50- to 75-mile 
plant radius would determine supply availability. Depending on 
soil conditions, logging residues can provide valuable nutrients 
to the soil as it decays. Removal of logging residues could there- 
fore negatively impact nutrient cycling capabilities. 

Short rotation woody energy crops provide a source of woody 
biomass. Primary species include eastern cottonwood, sweet- 
gum, sycamoe, and black locust. S i  short rotation woody apps 
would be planted to replace conventional agricultural crops such 
as cotton, corn. and soybeans, a number of potential environ- 
mental benefits would result. These include: reduced erosion; 
reduced runoff of pesticides and nutrients: less risk of contamination 
of groundwater with nitrates. herbicides. and other pesticides: 
improved soil physical properties; increased storage of carbon 
above and below ground: and increased variety of mimrganisms. 
mammals. birds, and other wildlife. 

Short rotation woody crops involve intensive fores~y oper- 
ations such as seedling planting and fertilization and herbicide 
treatments (usually about once per "cropn rotation). Crop plan- 
tations would be grown on marginal-to-good former cropland 
with less than a 5 percent slope. Suitable areas within the 
Tennessee Valley region include limestone valley soils in north- 
em Alabama, alluvial delta and coastal plain soils in northern 
Mississippi, and delta lands and loess belt soils in western 
Tennessee. Produktion estimates range from 2.3 to 4.3 dry tons 
per acre per rotation. but tonnage production is projected to dou- 
ble in the next decade due to genetic improvement research. Crop 
rotation time is expected to be 5 to 6 years. 

Switchgrass may be another biomass fuel option. Although 
switchgrass is not currently produced for commercial sale, it may 
be a feasible biomass option since farm operators already own 
the necessary production and harvesting equipment. Production 
estimates range from 6 to 9 dry tons per acre per year. Energy 
yield is estimated to be 14.5 million Btu per dry ton. 

Amount of Biomass 
The amount of biomass required for power generation depends 
on whether it is the primary fuel or co-fired with coal. When 
biomass is co-fired with coal, the amount of biomass used will 
depend on the degree of energy input. Biomass can be a low 
energy input (1 to 5 percent), moderate energy input (10 to 15 
percent), or high energy input (20 to 50 percent). When bio- 
mass is the primary fuel, approximately 1.000 acres of short rota- 
tion woody crop plantations per megawan are needed for sourc- 
ing. This results in harvests of approximately 200 acres per year 
per megawatt. 

Final strategies examined for Energy Vision 2020 were lim- 
ited to wood co-firing at coal-fired plants. The reference strategy 
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uses no co-firing. All other strategies co-fire at a rate of 0.3 per- 
cent to the coal energy input for the existing coal-fired system. 

Noise and Aesthetics 
Biomass harvesting and transportation raise few concerns ass* 
ciated with noise. Also, there are no significant aesthetic con- 
siderations associated with mill residues, short rotation woody 
crops, and switchgrass. Short rotation woody crops would be 
harvested from recently converted traditional cropland, and would 
not likely result in the conversion of existing forest' lands. 
Switchgrass is harvested like hay. 

Waste 
Waste byproducts produced by a biomass co-fued plant are sim- 
ilar to those of a coal power plant, except that ash has a some- 
what higher carbon content. Some coal ash byproduct is cur- 
rently sold as a concrete additive. Research is underway to 
determine if the carbon content in biomass co-fired ash is too 
high to be used in concrete manufacturing. Biomass storage areas 
may also produce an acidic tannin leachate (mainly from wood 
bark). but common leachate conuol measures, as well as site best 
management practices, can satisfactorily reduce the risk of 
adverse impacts from such leachate. 

Transportation 
Transportation costs would dictate that distance from source to 
power plant be kept to a minimum for mill and logging 
residues, short rotation woody crops. and switchgrass, which are 
high-volume, low-value commodities. Transportation costs for 
wood are approximately three times that for coal on a Btu basis. 
Current cost projections indicate that biomass sources should be 
within 50 to 75 miles of power plant locations. Transportation 
impacts would be those typically associated with large truck uses. 
These would include some road surface deterioration. possible 
traffic impediments, and increased risk of accidents. these poten- 
tial problems would be examined in subsequent. option-specific 
environmental reviews. 

HYDROELECTRIC PLANT IMPACTS 
Only existing hydroelectric plants are included in the final 
strategies analyzed. The land-related environmental impacts of 
hydroelectric plants are discussed below. 

Site Effects 
Of necessity, hydroelectric plants are located at dams. Their amal 
plant 'footprint" is rypically small. In most instances, little land 
is consumed except for transmission facilities (e..g., switch- 
yards), maintenance areas. and parking areas. Their visual 
impact is minimal. since hydroelectric generating facilities are 
incorporated into the dam structure. Because no new hydroelectric 
facilities would be built under any of the strategies considered, 
there would be no additional site effects. 

Generation Effects 
Most options for biomass fuel usage in Energy Viiion 2020 involve 
co-firing with coal. Wood can be co-fired with coal in various 
ways: 

For low energy inputs, wood is co-pulverized with coal and 
fed to the boiier, along with coal. 
For moderate energy inputs, separate wood and coal handling 
systems and burners are required. 
High wood energy inputs perform best in fluidized-bed boil- 
ers. Use of switchgrass as a fuel may require it to be pelletized 
first. 

Co-firing options would not result in any additional plant siting. 
size, noise, or aesthetic considerations beyond those discussed 
for coal power plants. 

One option for biomass fuel usage is a whole-tree energy 
boiler power plant. This is a new direct combustion technology 
that depends entirely on short rotation woody crops as a fuel 
source. Siting "footprints" of a biomass-fired plant would be sim- 
ilar to that of a coal-fired plant. This option was not. however, 
included in TVA's final strategies. 

Operational Effects 
Hydroelecnic fadties produce no waste materials that affect land 
resources. They also produce low noise levels compared to coal- 
fired plants. Power generation from these facilities does not have 
significant effects on land resources. 

Fuel Sourcing Effects 
For purposes of discussion, water is considered to be the "fuel" 
used in hydroelectric production. Hydroelectric plants depend 
on hydrostatic pressure 6.e.. the pressure of deep water) to turn 
generators. This process produces electricity. A reservoir must 
be created to produce sufficient pressure and have the recharge 
capacity to maintain adequate depth at the dam. 

Covering land with water to create reservoirs removes it from 
productive use. Typically. these river bottom lands are fertile and 
constitute productive forest land, farmland, and wetlands. 
These uses are lost by flooding. See Volume 2? Document 1. 
Comprehensive Affected Environment. for additional inforrna- 
tion about effects of damming rivers. Because no new hvdro- 
electric facilities would be built under the strategies considered, 
there would be no additional "fuel sourcingv impacts from 
hydroelectric production. 
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WIND AND SOLAR IMPACTS 
Wind is one of the renewable energy resource options included 
in TVA's final seven strategies. The land-related environmental 
impacts of wind and solar power are discussed below. 

Site Effects 
Wmd-pawaed generation facilities usually have a network of wind- 
mills feeding a central switchyard. These windmills are typically 
located on ridge lines, ridge tops, and along bluffs where ambi- 
ent wind velocities are capable of providing adequate wind 
power. Such locations are generally visible from a long dis- 
tance. Thus, the potential for visual impact from new facilities 
is high. 

Solar facilities require large amounts of relatively flat, open 
areas in order to collect adequate amounts of solar radiation. 
Depending on location, the visual impact of new solar facilities 
could be objectionable. Solar facilities produce very little noise 
and no waste byproducts. Wind and solar power plants do not 
use any fuels or produce any emissions; therefore, only generation 
issues are discussed. 

Operational Effects 
Wind 
Wind-powered generatiori facilities are composed of a number 
of wind turbines connected to the utility grid system through one 
or more interconnections. Turbines produce approximately 
0.3 megawatts and are arranged one per 1 to 2 acres. 
Approximately 1,250 acres would be required for a %-megawatt 
power plant. Site requirements are highly smc. The best sites 
feature a minimum 2,000 to 3,000 foot elevation on abrupt. prorni- 
nent ridges. Two areas in or adjacent to TVA's Northeast 
Tennessee Service Area (one on the Cumberland escarpment and 
another near Johnson City) together have potential for 750 
megawatts of economically variable wind capacity. A nearby loca- 
tion in southwest Virginia has potential for another 1,250 
megawatts of economically viable wind capacity. 

Noise may result from wind power plants. It is caused by 
air moving over the turbine blades (aerodynamic noise) and by 
the turbine's mechanical components. However, m t  blade design 
changes have substantially reduced aerodynamic noise. In the 
past, television interference near wind plants occurred when metal 
components of older wind turbines reflected broadcast TV sig- 
nals. Composite materials are now used in many turbine com- 
ponents and reflection of television signals has been diminished. 
Cable signals are not affected by wind turbines. 

Wind power plants may impact wildlife populations. 
Although mammals do not appear to be affected very much, bird 
fatalities, especially raptors (birds of prey), have been reported 
at some plant locations. Avian casualties are caused by several 

factors indudmg electrocution from exposed contacts on the tops 
of riser poles and collisions with transmission lines, guy wires, 
and turbines. Steps can be taken to reduce bird fatalities, 
including capping all exposed terminals on risers. 

Strips of trees cannot be used for visual or noise buffering 
around wind power plants because of the need for a large acreage 
of open land free of trees. Turbine blades are high enough to 
allow multiple uses of land at plant sites. Typical uses include 
farming, randung, and some forestry activities. Some land is also 
left as open space. Typically 85 to 95 percent of the site can be 
used for nonpower-generating activities, depending on the 
turbine spacing required. 

Solar 
Solar-photovoltaic power facilities located in North America are 
most effective in lower-latitude areas with low cloud cover. In 
the Tennessee Valley. the Memphis region could have suitable 
sites. Because the best commercial solar cells operate at about 
12 percent conversion efficiency, the maximum power available 
is about 120 watts per square meter. A typical site size would 
require 0.5 square mile (320 acres) of land area for a 50- 
megawatt power plant. There is little noise associated with solar- 
photovoltaic power plants. 

NUCLEAR PLANT IMPACTS 
Only existing nuclear plants are included in the final strategies 
analyzed. Environmental impacts of TVA's nuclear plants are dis- 
cussed in site-spectf~c environmental impact statements and other 
environmental documents. 

Site Effects 
No Energy Vision 2020 strategies call for building new nuclear 
plants. Therefore, there would be no site effects due to new con- 
suuction. Some options involve converting partially-constructed 
nuclear plants, but these options would likely result in few addi- 
tional site-specific effects. 

Operational Effects 
Operation of TVA's existing nuclear power plants results in sev- 
eral different kinds of impacts. Small quantities of radioactivity 
are released to the air and water. Minor quantities of heat and 
non-radioactive wastewater are released to the Tennessee River 
and major quantities of heat and water vapor can be released 
to the atmosphere from plant cooling towers. Because of the size 
of the sites and their locations, noise is typically not a nuisance. 
However, because cooling towers are visible, they can be aes- 
thetically objectionable. 
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Waste 
Compared to the wastes or byproducts generated by coal-fired 
energy processes, nuclear generation produces relatively little 
waste. Nuclear waste storage is not expected to impact addi- 
tional land area in the Tennessee Mey. Cumndy, low-level radiogc- 
tive waste is disposed at a Barnwell, South C a r o b ,  facility. The 
states participating in the Southeast Compact Commission have 
selected North Carolina as the host state to design, license, and 
construct a new disposal site that is scheduled to open in 
1998. TVA plans to continue to use the Bamwell facility for low- 
level radioactive waste disposal until the North Carolina facil- 
ity is opened. Should either or both of the dlsposai facilities close 
unexpectedly, low-level radioactive waste will be stored in 
on-site facilities at the TVA nuclear plants. These facilities are sized 
to handle any anticipated storage needs for the foreseeable life 
of the plants. Operation of TVA's five nuclear units will produce 
about 115 metric tons of used fuel each year. High level 
radioactive waste, known as "spent fuel." is stored on-site in pools 
or dry storage until the Department of Energy (DOE) accepts phys 
ical custody. DOE is required by the Nuclear Waste Policy Act 
to take responsibility for the management and safe disposal of 
spent fuel that is generated in this country. DOE is to arrange 
shipment of spent fuel to a monitored retrievable storage facil- 
ity or to an underground repository for ultimate cjlsposal by bur- 
ial. The nation's first underground high-level waste repository 
is not expected to be in operation until at least 2010. Current spent 
fuel storage capacity is sufficient at Sequoyah until 2094 and at 
Browns Ferry until 2007. Based on one unit operating at Watts 
Bar, spent fuel storage capacity will be sd3cient until 2018. Several 
technologies are available to extend the on-site storage lives. 

There are no technological impediments to the safe trans- 
portation and storage of high-level radioactive waste. The fea- 
sibility of underground waste repositories has been demonstrated 
in studies and test projects. Waste repositories can be designed 
with multiple natural and man-made barriers that ensure radioac- 
tivity does not escape into the environment. The National 
Academy of Sciences. the National Research Council, and the 
Congressional Office of Technology Assessment have endorsed 
deep geological repositories for storage of high-level waste. High- 
level waste can also be transported with minimal risk. Specially- 
constructed casks are used and various regulatory controls 
apply to such shipments. 

- 

T-ion line Impacts 
LAND USE 
Construction of new generating resources at greenfield sites would 
require additional transmission line facilities. Prior to the deci- 
sion to construct such facilities, m m  detailed envimnmtal reviews 
would be conducted. Absent unusual site conditions, construc- 
tion of transmission lines typically does not result in significant 
physical environmental impacts. Mast vegetation on rights-of-way 
is removed, but there is some flexibility in locating rights-of-way 
and in placing structures so that impacts to sensitive resources 
can be avoided or minimized. The amount of m y  land committed 
to rights-of-way would be reduced by the multiple use of exist- 
ing transmission line rights-of-way. 

The construction of new transmission lines and the instal- 
lation of energyefficient electrical apphces could result in expos 
ing additional individuals to EMF. Expens disagree on the poten- 
tlal impacts of EMF exposures. Such impacts could depend in large 
pan on proximity to lines and field strength and would be 
addressed in site-specific environmental reviews. 

RIGHT-OF-WAY MAINTENANCE 
Safe operation of transmission line rights-of-way requires con- 
trol of vegetation height. This involves mechan~cal cutting or mow- 
ing or the use of chemical herbicides. 'The method selected is deter- 
mined on a case-by-case basis? taking into consideration factors 
such as terrain. right-of-way accessibgity, type of vegetation, land 
use. wetland status, and economics. 

If chemical control is used, only U.S. Environmental 
Protection Agency-registered nonrestrictive herbicides and 
licensed applicators would be used. Any use of herbicides must 
comply with Environmental Protection Agency label restric- 
tions and TVA guidelines for herbicide apphtions. 

"Danger" trees, those outside the right-of-way but tall 
enough to threaten the safety of the lines if they were to fall, are 
also periodically identified and selectively cut. 

Generation options directly affect land use. Impacts are caused 
by siting of the plant and the construction of transmission lines 
to connect the plant to the power system. Some plants will have 
little or no additional land requirements because they are located 
at an existing site. These include options at the Bellefonte 
Nuclear Plant, cogeneration options, some option purchase 
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agreements, hydroelectric improvements, and landfill methane 
recovery. Other options have varying site requirements that are 
listed in the table in Fguw 72-33 TI;U1SmiSSion rightd-way requue- 
ments vary widely, depending on plant location and the num 
ber of different plant sites used for an option. For the sake of sim- 
plicity, 0.5 acre per megawatt of capacity was assumed for 
most options not located at an existing plant site with transmission 
lines in place. 

Two notable exceptions to this assumption are coalbed 
methane reccxtery and wind tudhes. Coalbed methane may q m e  
a network of access roads to install and maintain the gas wells, 
collection piping, and power plants. The remoteness of the area 
being utilized, the distance between wells, and the size and dis- 
tribution of power plants would be the primary factors in the 
resulting land use. Also, transmission lines would be required 
to connect the power plants to the TVA power system. For these 
reasons, 5 acres per megawatt was assumed as a conservative 
estimate of land use for access and transmission. Wind turbines 
are typically located in remote regions because the wind 
resource is best at higher elevations on ridgelines and bluffs. Also. 
wind turbines have a low power density compared to most gen- 

eration options, so groups of wind turbines are interconnected 
to a common switchyard. Based on experience in wind turbine 
siting, 25 acres per megawatt was used to calculate the total of 
all types of land use. 

The resulting land uses for the options making up each mat- 
egy are stated in the table in Figure 12-33. Land use estimates 
range from approximately 10,300 acres for the reference Strategy 
to 62,000 acres for Strategy T, which contains 2,000 megawatts 
of wind turbine capacity using an estimated 50,000 acres. 

Aesthetics 
Transmission lines and structures are visually intrusive to most 
people: therefore, the addition of new transmission lines would 
be aesthetically impactive. The sigmf~cance of such impacts would 
depend on the subjective views of each individual and, in 
part. on the aesthetic setting of a new line. Aesthetic impacts 
of power plants are discussed in this section under specific types 
of fuel. 

Capacity in  Site Transmisrion/Acce~ Total 
Year 2020 Land Use Land Use land Use 

Strategy m e  (Megawatts) (AcreslNlegawatt) (AcreslNlegawalt) (Acres) 
D-Reference Combustion Turbines 5,700 0.05 0.50 3,13_5- 

Combined Cycle - Independent Power Producers 750 1.22 - - -- -- - - - -- - - - - -.- -- - -- - - -- 0 3 ! ? - .  1,290 .. . .. - . 
Integrated Gasification - Combined Cycle 3,675 0.40 0.50 3,308 
Combined Cycle 2,820 -. - -- -- -- - - - -- .. -- -- - --- - - - -. 0.07 0.00 - - 2 9 7  
Integrated Gasification - Cascaded Humidified 2.100 0.40 0.50 1,890 

-- --- - A d v v c e d i u r b i n e  - - . -  - - 
Combined Cycle - Cogeneration ----- 175 0.00 O . 0 0  0.00 
Coal - Independent Power Producers 300-- 1.22 0.50 516 
D Total 15,520 10,336 

J . Bellefonte IGCC Conversion with Coproduct 484 0.00 0.00 0 
1,000 5.00 5,030 - .  _-Coa!bedMeth_a_neR~o_very - 1.03 

Combustion -- Turbines 5,850 - 0.05 - 0.50 3,218 
Hydroelectric Improvements .. 162 0.00 0.00 0 
Integrated Gasification - Combined Cycle - 4,410 . . -- .. 0.40 - 3,969 0.50 -- . . 
Integrated Gasification - Cascaded Humidified 2,100 0.40 0.50 1,890 
Advanced Turbine - - . -- - - .- -. - -- -- - - - - -- - -- . -- -- --- -- - - -. - - 
Independent - -. Power Producers --- - . 1.950 0.50 3,354 -- . . -- - -- - l.22 
Landfill Methane Recovery 500 0.00 0.50 250 . -. - - - - - - -. . - - - - . -- - - - - 

16,456 17,711 J ?o t a l -_ - - - .  - - - .. -. ... . .. . . 
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Capacity in  Site Transmission/Acct~t Total 
Year 2020 Land Use Land Use Land Use 

Strate~y Type (Megawal) (AcresIMegawatt) (Acres/Megawatt) (Acres) 
M Coal 1,610 -- 1.22 0.50 2.769 
-. C@kd Methane Recovery- 1.000 003 5.00 5.030 

Combustion Turbines 5.550 0.05 - ------ 0.50 3,053 
Hydroelectric Improvements l 6 2  0.00 0.00 - 0 
Integrated Gasification - Combined Cycle 343-.- 0.40 0.50 3.308 
Integrated Gasification - Cascaded Humidified 2.1 00 0.40 0.50 1,890 
Advanced Turbine -. 

Landfill Methane Recovery _ _  200 - -- 0.00 0.50 250 
Shawnee Fosstl Plant Unit 11 -E CE. _ 0.00 0 
M Total 14,765 16,299 

0 Bellefonte IGCC Conversion with Coproduct 484 0.00 0.00 A 0 - - 
Coalbed Methane Recovery 1.000 0.03 5.00 5,030 - -- - -. . . - -. --- - -. - -. -. - . -- - - 
Combustion Turbines 5,700 0.05 ~ 0.50 3,135 
Hydroelectric lmpfivements ._3? . 0.00 ... - - 0.00 0 
lntegrated Gasification - CombinedCycle -- 0.40 0.50 Q,!' P- -- . ._ - _- -- .-. 3,969 
Integrated Gasification - Cascaded Humidified 2,100 0.40 0.50 1.890 

-- Advanced Turbine - - -. -- - . -- - - . - - -- . . -- - . -- - 
Independent Power Pro -- 1.050 -. - -. - . - - - - 1.22 0.50 - 1,806 
Landfill Methane Recovery 500 0.00 0.50 - - -. -- .- . - -- - 250 
0 Total 15,406 16,080 

484 Bellefonte IGCC Conversion with Coproduct __-. - 0---- 0.00 0.00 0 
-- Coalbed Methane Recovery -- 1,000 -- --- - - 5.00 0.03 --- 5.030 

- 4,800 Co@ustion Turbines 0.05 0.50 2,640 
Flexible Baseload 289 0.00 0.00 0 -. -. --- - .- -- - -- - --. - . 

- Flexible - Peakload 0 0.00 0.00 0 
Hydroelectric Improvements 162 0.00 0.00 ---- - - -. . -. . - --- - . - -. - . - - .. -- - - 0 
Integrated Gasification - Combined Cycle 5,145 0.40 - - - . . -. . - - - -- - - -- -- - . - - - - - - - -- - -- 4,631 0.50 
Integrated Gasification - Cascaded 2.520 0.40 0.50 2,268 
Humidified Advanced Turbine - .-- - - . .- -- . - -- - - - -- - - -- - - -- - - -- - 
Independent Power Producers .- - --- . -- -. - . -- 300 1.22 - 0.50 - 51 6 

500 Landfill Methane Recovery - - - - 0.00 OSO 250 - 
Peak Power Purchases - - - -- -- 0.00 0.00 0 -- --- - --- -- -- - - 
a Total 16.100 15,335 

-- -- - -- -- -- -- -- 
R Bellefonte - -. IGCC Conversion with Coproduct 484 - 0.00 - . -- 0.00 - 0 .. 

Combined Cycle 4 7 0  0.07 268 
Coalbed Methane Recovery -- - - 1,000 0.03 - 5.00 5.030 - 

4.950 0.05 combustion ~ u r b i n e ~  0.50 2,723 . 

Flexible Baseload 289 - 0.00 0.00 0 
Hydroelectric lmprovements -- 162 0.00 0.00 0 

- .- -- Integrated .- Gasification - Combined Cycle 5.1+-- 0.40 0.50- 4.631 - 

Integrated Gasification - Cascaded 2,520 0.40 0.50 2,268 
Humidified Advanced Turbine - 
Independent Power Producers 300 - 1.22--- 0.50.- 516_ 
Landfill Methane Recovery . - -. - - -- -- 500 - 0.00 0.50 250 -- 
Peak Power Purchases 900 0.00 -- 0.00 0-. 
R Total - - - - 16,720 15.685 
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Capacity in Site TransmissionlAccess Total 
Year 2020 Land Use Land Use Land Use 

Stratepy TYPe (Megawatts) (AcreslMegawalt) (AcreslMegawal) (Acres) 
S Bellefonte IGCC Conversion with Coproduct 484 0.00 0.00 - -- - 0 

Coalbed Methane R_eh?ry I .ooo 0.03 5.00 5,030 ' 
Combustion Turbines 5.850 - %!E--- 0 . 5 L  - 3,218 -- 
Hydroelectric Improvements 162 0.00 0.00 0 - -- - - 
Integrated Gasification - Combined Cycle 4.410 0 . 4 0 !  3 . 5 0  -- - - - - 3,969 -- -- 
Integrated Gasification - Cascaded 2,520 0.40 0.50 2.268 
Humidified Advanced Turbine - -- --- - - -- - - -- - - - - - - -- --- - - - -- 
I n d ~ n d e n t  Power Producers - --- 1,050 -- - - -- - -- I 9- -- - . -- -'Go_ -- -_!,806 - - 
Landfill Methane Recovery 500 _- . . . !%I0 0.50 --go 
S Total 15.976 16,541 

- - - - -. - - ---- -- -- -- - - - - 
T ---- 484 0.00 0.00 Bellefonte lGCC cmversion wth copro._ct--~ - --__ ---- --- -- - 0 _ - 

-- Compressed Air Energy Storage 1.01 1 0.04 - E O  _- 546 - - 
- Coal - *- - - - - - - - -- 71 0 -- - -- 1.22 - - - - - - - - 0.50 - - - - - -- - - 1.221 -- - - - 

1,000 5.00 5.030 CoaIbedMethane~ecolrv -- -- - .03_ - - -- - - 
- Combust~on Turbmes -- - -- 4.800 - -- - - - 0.05 - -- -- - - 0.50 -- -. - - - - - 2,640 ----- 

-- Hydroelectnc Improvements -_ - 162 .-.-----o.!!L -- 0.00 - - _ ---_- _- -- 0 -. 
Integrated Gasifcatton - Cascaded 1,260 0.40 0.50 1,134 

- "umidifiedAd"a"ced Turbine - -- -. - 
-. I ndepend_entw~Prod ! !3  - q?! 1.22 - --- 0.50 774 

0.00 0.50 250   and fill -nee- --- --- _ 30.. - .- -_- -. 
R e p o g  -- Existing Coal-Fired Plants 5,17!' Z,Z,Z,Z,Z,Z,Z,Z,Z,Z,Z,Z,Z, 0.07 0.00 362 --- 
Shawnee Fossil Plant Unit 11 --- 168 0.00 0.00 0 -- - - - - - - --- - --- - - ---- - 
Wind Turbines - . 2,000 -- - -- -- 20.00 50.000 5.00_- - - -  --- 
TTotaI - 17,715 61,957 - -- - - - -- - - - - - - -- - - - -- - -- - - - - - - - - -- -- 

There can be accidental injuries, deaths, and illnesses, both occu- 
pational and non-occupational, associated with power system 
activities. These activities include the direct effects of con- 
structing and operating power system facilities and indirect effects 
from activities such as fuel procurement and its transportation. 
Accidental injury or death to the public (non-occupational) from 
power facility construction or operation are especially unlikely 
because the public is isolated from these facilities, which are gen- 
erally secured from public access. One exception is boating and 
other water recreation near hydroelectric facility discharges 

where the public must take precautions and-heed warnings to 
avoid unnecessaq- risk. The risk of accidental injuries and 
deaths and illnesses are examined for TVA's nuclear plants and 
pumped storage facilities in site-specific environmental impact 
statements (TVA 197l,l972.1974? 1976). 

As decisions are made to add resources to the power sys- 
tem, project-specific environmental reviews will examine these 
issues to ensure that mitigation measures are considered. 
Because all strategies expand the power system to meet antic- 
ipated inaeases in power demand and energy use: it is reasonable 
to conclude that there may be some increase in accidental injuries, 
deaths, and illnesses. 
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SECTION 8: . 

Rather than selecting a discrete strategy as its long-term energy 
plan, TVA has identified as its preferred alternative a portfolio 
approach. The options in this portfolio are the options identi- 
fied in the final strategies that TVA developed during the IF@ 
process. In addtion, several other options that respond partic- 
ularly well to certain possible hture events (YunCetfainties") have 
been included in the portfolio. TVA believes that this portfolio 
approach will better achieve TVAs goals and the Energy Vision 
2020 criteria than any discrete strategy. 

Rationale for Partiolio Appruach 
After carefully analyvng 2.000 long-term energy resource strate- 
gies, TVA used the multi-attribute tradeoff technique to identify 
seven strategies' that achieve reasonably well all of the Energy 
2020 criteria, incl;ding environmental criteria. The mix of 
energy resource options in these seven strategies help mitigate 
the potential adverse environmental impacts assodated with meet- 
ing the energy needs of the TVA region and result in comparably 
low environmental impacts. 

One approach that TVA could use is to choose one of these 
strategies as its long-term energy plan and proceed to implement 
it. As events unfold, elements of the plan would be revised to 
account for the events (for example, an unexpected rapid 
increase in natural gas prices). Options in the plan would be 
Implemented differently than initially contemplated in the plan. 
or other options would be substituted for those in the plan that 
were better able to respond to the new event. 

One of the important conclusions that TVA has reached in 
Energy Vision 2020 is that no strategy is likely to be robust enough 
to adequately respond to all of the uncertain events of the future. 
The world has become too uncertain. Competition in the util- 
ity industry is likely to produce far-reaching changes. Events will 
happen that will require changes in a chosen. discrete strategy. 

This explains the irnponance of another conclusion that TVA 
reached in Energy Vision 2020. Flexibility is the key to respond- 
ing to future uncertainties. The ability to alter long-term plans 
as events unfold (the definition of flexibility) will be critical. The 
final seven strategies provide hedges against key uncertainties 
and this allows TVA to better manage risk. 

A second approach that provides more flexibility than 
choosing a single strategy is to maintain as many good resource 
options as possible for as long as possible. This would allow TVA 
to better respond to future events and needs. WA's portfolio of 
resource options contains all of the options that make up the 
final set of seven strategies. as well as a few other options that 
respond particularly well to certain uncertainties. Much like a 
portfolio of stocks is chosen to manage risk and accomplish spe- 
cific objectives. the portfolio approach to energy resource 
planning enables TVA to meet customer needs while hedging 
risks and balancing costs. rates. environmental impacts. debt, and 
economic development. 

(In the broadest sense. the portfolio approach is itself a strat- 
egy. However, unlike a traditional. discrete Energy Vision 2020 
strategy. TVA would not be purporting to decide to implement 
all of h e  options in the portfolio if it chooses the portfolio approach. 
The Short-Term Action Plan discusses the specific actions TVA 
will be taking 'in the short-term. The specific options that 
would actually be implemented from the portfolio would 
depend on future events. and would be decisions that are 
made later.) 

Analysis of Impacts 
The Energy Vision 2020 evaluation was summarized beginning 
on page 1 of this document. Because of the nature of the 
evaluation process (how strategies were developed: modified, 
and reanalyzed). the final seven strategies share many common 
characteristics. especially environmentally-important charac- 
teristics. These strategies and their potential environmental 
impacts are described in detail earlier in this document. 

Because they share many important environmental char- 
acteristics. all of the final strategies, except Strategy T, have very 
similar potential environmental impacts. Strategy T would per- 
form noticeably better environmentally than the other six strate- 
gies, except for potential land resource impacts. It has the 
lowest (best) air and water indices in all seven environmental 
impact categories. This occurs primarily because some of TVAk 
existing coal-fired units would be repowered with natural gas 
under this strategy and natural gas has fewer environmental impacfs 
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than coal. How TVA's existing coal-fired plants are operated in 
the future under each m'tegy largely dictates how well the strate- 
gies perform environmentally. 

The other important strategy presented in detail in Energy 
Vision 2020 is the reference strategy (WA's "No Action" strat- 
egy, Strategy D). This suategy assumes a typical coal-based expan- 
sion of the TVA system to meet future energy needs. Because 
it relies heavily on coal, it would have worse air quality impacts 
and worse or only slightly better water qual~ty impacts compared 
to any of the other final strategies. 

The potential impacts associafed with the podolio approach 
CrvA's preferred alternative) depend on which resource options 
are eventually implemented, when they are implemented, and 
how they are implemented. Future events will dictate this. 
Prior to implementation of resource options, for the future, any 
needed additional environmental reviews would be conducted. 
At the implementation stage, TVA will be able to idenufy poten- 
tial impacts on a site-specific basis, if appropriate. 

Although the impacts of the portfolio approach cannot be 
assessed definitively at this time, the impacts identified for the 
final seven strategies likely bound those impacts. Because the 
pordolio contains all of the options that kake up W s  best seven 
discrete strategies, it is highly unlikely that implementation of 
the podolio approach would aheve better or worse envinxlmental 
performance than these discrete strategies. At best, imnlemen- 
tation of the portfolio approach would produce the :.;me envi- 
ronmental results as Strategy T if future events led TVA to 
deploy only the options contained in that strategy. At worse. the 
pordolio approach would have the worst environmental impacts 
associated with the other six final strategies. 

All of the final strategies are expected to generally perform 
better environmentally than the reference, or "No Action." 
strategy. Unlike the seven best strategies. the "No Action" 
Strategy (Strategy D) was not formulated to achieve the best pos- 
sible resultsacross the Energy Vision 2020 criteria. Consequently, 
Strategy D performs poorly on a number of criteria. including 
environmental concerns. Because Strategy D contains resource 
options that have worse environmental impacts thar. the 
resource options contained in the portfolio, it is highly unlikely 
that implementation of the portfolio would produce impacts that 
are worse than those that would result from Strategy D. 

In conclusion? the potential envwomental impacts of 
TVA's preferred alternative (the portfi.40 approach) would 
likely be somewhat worse than those identified for Strategy T 
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but would be no worse than those impacts identified for the other 
six fml strategies. In all likelihood, the portfolio approach would 
perform better (probably much better) envi ronmdy than Smtegy 
D for most impacts. However, the subsequent environmental 
reviews that will be done at the implementation stage will 
more definitively identify potential impacts. The TVA decision- 
makers and the public can consider these impacts before 
implementation decisions are made. 

Emironmental Control Options 
TVA's Energy Vision 2020 also addresses the potential environ- 
mental impacts of alternative environmental control strategies (the 
ways WA could comply with Phase 2 sulfur &oxide acid rain con- 
trol requirements of the Clean Air Act Amendment of 1990 and 
achieve greenhouse emission goals). The proposed portfolio of 
options contain a number of control options that could be 
implemented to achieve these specific environmental objectives. 

The environmental control options contained in the port- 
folio include fuel switches, sulfur dioxide scrubbers, natural gas 
repowering, system improvements. and biomass cofiring. The 
actual implementation of specific control options depend on a 
number of factors that are specific to the issue of environmen- 
tal controls. This includes such things as the price of sulfur diox- 
ide emission allowances in the future, the enactment of new envi- 
ronmental legislation, and the promulgation of control-related 
environmental regulations. 

Implementation of specific control options also depends in 
part on the energy resource options that are eventually imple- 
mented. As indicated in Figure9-3, Volume 1. Chapter 9. envi- 
ronmental control options vary somewhat across the final 
seven strategies because the energy resource mix varies some- 
what, particularly in Strategy T. For example, the repowering of 
several existing coal units with natural gas, which is an option 
in Strategy T. would obviate the need to add scrubbers at sev- 
eral existing units. 

As with the process of implementing energy resource 
options. the implementation of specific environmental control 
options would be preceded by appropriate environmental 
reviews. These reviews would examine the site-specific impacts 
of proposed control. 
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of U I ~  Environment ad Enhancemeat o i  Lon!- 

The adoption and implementation of a long-term energy 
resource strategy would have various short- and long-term 
consequences. These depend in pan on the actual energy 
resource options that are implemented. Site-specific or option- 
specific environmental reviews will be conducted before final 
deasions are made to use certain resources and will examine poten- 
tial environmental consequences in more detail. 

In both the short and long term, TVA would continue to gen- 
erate electric energy to serve its customers and the public. 
The availability of electric energy will continue to sustain the eco- 
nomic well-being of the region and allow it to grow. Although 
the demand for electricity has slowed from the 7 percent annual 
increases experienced in the 1960s and the early 1970s, customers 
in both the TVA region and nationally continue to add more elec- 
tric appliances and equipment to their homes and businesses. 
Some of these energy uses can be met with alternative sources, 
such as natural gas. but most require electricity. Electricity has 
contributed and will continue to contribute to the enhancement 
of the quality of life in the Tennessee Valley both in the short 
and long term. 

However, the production of electric energy may have both 
short- and long-term environmental impacts. In the short term, 
the public may be exposed to elevated concentrations of vari- 
ous air pollutants that are emitted by coal-fired power plants or 
radioactive releases from nuclear units. The operation of hvdro- 
electric units can release water with low-dissolved oxygen and 
produce conditions detrimental to aquatic life. Other examples 
of potential short-term impacts are identified in this document. 

Potential long-term impacts have also been idendied in the 
environmental consequences sections of the document. These 

include potential decreases in the productive capacity ofsome 
agricultural lands. degradation of some building materials, and 
possible adverse effects on forest health. The exposure of some 
members of the public to certain air pollutants and electric and 
magnetic fields (EMF) may also have long term, adverse health 
consequences. Continued generation of nuclear waste will 
require that waste be stored safely for an indefinite period. This 
will require that some location or locations be devoted to long- 
term nuclear waste storage. 

Irreversible and Irretrievable 
Commitments of Resources 
The continued generation of electricity by TVA will irreversibly 
consume various amounts of fuels (natural gas. oil, coal. and ura- 
nium). Continued maintenance of TVA's existing energy resources 
and the construction of any new energy resources will irreversibly 
consume certain amounts of energy and materials. The siting of 
most new energy resources will essentially irremwably commit 
the sites used to an industrial use because of the substantial dis- 
ruptions to the sites that would occur and the relative perma- 
nence of the structures themselves. The continued generation 
of nuclear power will produce nuclear waste: therefore, some 
site or sites will have to be devoted to the safe storage of such 
wastes. Any such site would essentially be irretrievably committed 
to long-term storage of nuclear waste. 

A number of resource options included in TVA's preferred 
portfolio strategy are demand-side management and renewable 
energy resources such as wind or landfill or coalbed methane. 
Reliance on these resources would lessen the irreversible com- 
mitment of other energy fuel sources, but would still involve the 
irreversible commitment of materials and sites to such resources. 
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SECTION 8: MmMllON OF ADVERSE BYVlRONlYl8WU AND UMOIDIIBLE IMPACTS 

TVA will mitigate site-specific environmental impacts from the influence for the plant would be governed by: 
construction and operation of new power fadlities through a com- Extent of air pollutant fate and mnspon at non-negligible con- 
bination of planning, pollution prevention, and environmental centrations 
controls. However, one of the most important mitigative mea- Extent of water effects due to thermal rejection and wastewater 
s u m  associated with Energy Vision 2020 is the multi-attribute effluents 
tradeoff method used for the evaluation. This method allowed Extent of fuel procurement and use of transportation modes 
proposed strategies to be reformulated in order to reduce Other similar factors that occur off-site 
potential impacts. 

These planning data allow assessment (and possible avoid- 
ance) of did conmction impacts on the site, community infra- 
structure impacts, environmental justice effects, and effects on 

Planning allows assessment (and possible 
avoidance) of direct construction impacts 
of the site, community infrastructure. 
environmental justke, and local econ- 
omy. An effective planning analysis 
requires detailed and comprehensive 
knowledge about the natural resources, 
infrasmLaure, -nomy, and demographics 
in and around the site. These are the 
same factors that would be assessed for 
an environmental review under the National 
Environmental Policy Act. The table in 
Figure 72-34 contains a partial listing of 
factors and information requirements in 
these two areas. Population growth and 
demographic changes, expected urban- 
ization, and/or industrialization in the 
vicinity of a proposed site would also be 
considered. 

Site selection can affect both tempomy 
construction impacts and the long-term, 
cumulative impacts of operation. Also, the 
extent of the impacts requiring mitigation 
can be controlled and reduced. The site 
screening and selection process used by 
TVA evaluates the natural resources and 
socioeconomic factors both in the irnme- 
diate plant site vicinity and the larger 
area of influence of the plant. The area of 

Plant Siis and Vicinity Area of Influence 
NATURAL RESOURCES 

Hydrogeologic Survey 
Meteorology 
Ambient Air Quality 
Water Resources 
Water Quality 
Survey of Terrestrial and Aquatic Life 
Threatened and Endangered Species 
Sensitive Habiitllmportant Ecosystems 
Prime Farm Land 
Wetlands 
Recreation Resources 
Cultural Resources Survey 
Aesthetic Resources 
Ambient Noise 

SOCIOECONOMIC 
Population Demographic 

-Age. Race, Sex, etc. 
- Income 

Infrastructure 
- Transportation 
- Housing 
- Solid Waste Disposal 
- Wastewater Treatment 
- Other Utilities, Fire. Police, etc. 

Economy 

NATURAL RESOURCES 
Survey of Terrestrial and Aquatic Lie 
Threatenedand Endangered Species 
Sensitive Habimportant Ecosystems 
Air Q w l i  Data 
Meteorological Data 
Fuel Availability 

SOCIOECONOMIC 
Population Demographic 

- Age, Race, Sex 
- Infrastructure 
- Transportation 

Economy 
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the local economy. Proper planning can play an important role 
in minimiting long-term receptor exposure and the potential cumu- 
lative effects of air and water pollutants. 

Pollution Prevention 
Pollution prevention results from proc?ess design. That is, the selec- 
tion of fuel type, energy conversion technology, and other 
plant features provides inherent pollution reduction. For exarn- 
ple, some fuels such as hydro, wind, and solar have no direct 
air pollution. The final seven strategies continue the use of regional 
hydroelectric resources, and one strategy makes significant 
use of wind energy. Other fuels such as natural gas offer little 
potential for emission of some pollutants such as metals and sul- 
fur dioxide. Energy conversion cycles that require wet cooling 
towers to be economical must address concentration and dis- 
posal or discharge of water pollutants as coohg tower recirculation 
water dscharge or cooling pond concentration. Other technologies 
may have no such potential for pollution. 

Increased process efficiency reduces fuel requirements 
and offers inherent reductions in all related waste streams 
since less fuel is consumed for a given amount of electric 
energy produced. Energy Vision 2020 evaluated a wide range 
of efficient thermodynamic cycles including combined cycle, inte- 
grated gasification combined cycle, and integrated gasification 
with cascaded humidified advanced turbine, all of which were 
resource options in the final seven strategies. 

Efficiency through load conservation (demand-side man- 
agement) also reduces the fuel use and related pollution 
because of reduced electric production requirements. A num- 
ber of demand-side management programs are a feature of the 
final Energy Vision 2020 strategies. 

6rYiPonmen!iil Controls 
Environmental controls have commonly been used on new and 
existing plants to meet regulatory standards that protect human 
health and the environment. The most prominent use of con- 
mls are for air pollution and waste heat'release into surface water. 
AII pollution controls in particular have been costly to construct 
and operate and have either reduced plant efficiency or have 

significant power requirements themselves. Cooling towers 
prevent thermal release to surface waters but have cost and oper- 
ational penalties, as well as wastewater effluent. Nevertheless, 
these conuols are effective mitigation measures that can be engi- 
neered to meet regulatory requirements. 

That Cannot Be 
The mere adoption of a long-term energy strategy has no 
adverse environmental effects, but the implementation of that 
strategy would. The nature and potential sigdcance of the envi- 
ronmental effects will depend on the energy resource options 
eventually implemented under the strategy. However, there are 
resource options that are common in each strategy, including 
TVA's portfolio strategy, and these have associated adverse 
effects that cannot be realistically avoided. 

Under every strategy, TVA would continue to operate 
most of its existing energy resources (its coal-fired units, nuclear 
units. hydroelectric units, combustion turbines, and hydr* 
electric pumped storage units). The operation of these units can 
result in the release of various air and/or water pollutants, depend- 
ing on the kind of unit. Although the emissions and discharges 
from electric generating units are relatively well-controlled, 
certain residual emissions and discharges will continue to be 
released from TVA's existing units for the duration of Energy Vision 
2020. As has been discussed, these residual emissions and dis- 
charges can contribute to a variety of environmental impacts such 
as visibility impairment, acid rain, crop and forest impacts, or 
lowdissolved oxygen. The operation of coal-fired and nuclear 
units will continue to expose adjacent populations to small resid- 
ual quantities of radioactivity and other toxic pollutants. 

The implementation of new generating resources would 
unavoidably result in a change in land use unless new resources 
are located at existing generating sites. The conversion of land 
from a non-industrial use to an industrial use will either unavoid- 
ably result in the loss of agricultural capabilities or the destruc- 
tion of wildlife habitat. 

The generation and transmission of elecuic energy unavoid- 
ably produces elecuic and magnetic fields (EMF). Although the 
health significance of EMF exposures is uncertain, such exp* 
sures could have adverse health consequences. 
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A number of environmental consultation, review, and permit 
requirements would apply to the energy resource options that 
TVA eventually implements. The nature of these requirements 
vary depending on the kind of option. Fairly substantial require- 
ments would apply to the more environmentally impactive 
options. This has the effect of substantially reducing the poten- 
tial si@cance of impacts and profecting human health and other 
environmental values. Many of these requirements have asso- 
ciated opportunities for public review and comment. The fol- 
lowing identifies and briefly discusses the more important 
requirements. 

National Environmental Poky Act 
The National Environmental Policy Act (NEPA). 42 U.S.C. 4321 
et seq., requires all federal agencies, including TVA. to consider 
the potential environmental impacts of proposed actions before 
deciding whether to proceed with the actions. Under TVA's National 
Environmental Policy Act procedures and the regulations pro- 
mulgated by the Council on Environmental Quality, there are 
three levels of environmental review: (1) categorical exclusions. 
(2) environmental assessments, and (3) environmental impact 
statements (EIS). The significance of the potential impacts 
associated with a proposed action dictate which of these types 
of review are to be used. Analysis become more detailed and 
public involvement more extensive as an agency moves from 
a categorical exclusion review to an environmental impact 
statement. Energy Vision 2020 has been prepared as both an inte- 
grated resource plan and an environmental impact statement. 
Actual implementation of options identified in the plan would 
be 'tiered" off of Energy Vision 2020 and, as appropriate, 
would be preceded by more site-specific National Environmental 
Policy Act reviews. 

Air Pollulion Reviews 
All of the states in which TVA operates require potential major 
sources of air pollution to obtain construction and operating per- 
mits. A major source is generally a source that emits 100 tons 
or more of pollutant but smaller sources can be major sources 
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if they are located in a nonattainment area (an area that does 
not comply with a National Ambient Air Quality Standard) or if 
they emit hazardous air pollutants. Depending on the kind of 
source. its location, and the pollutants it emits, the source 
would be r e q u d  to employ the best available conad technology 
to reduce its potential emissions or even more stringent conuols. 
Other requirements also can apply, such as the need to offset 
emissions (obtain a better than one-to-one reduction from 
existing sources) in some areas. The U.S. Environmental 
Protection Agency (EPA) has the opporrunity to review and com- 
ment on permits for proposed sources. and there are usually mul- 
tiple opportunities for public review and comment. 

Wastewater Discharge Reviews 
All of the states in which TVA operates require potential khargers  
of wastewater to obtain a National Pollutant Discharge Elimination 
System (NPDES) stormwater permit before site preparation and 
construction activities can commence. A National Pollutant 
Discharge Elimination System permit must also be obtained for 
the direct discharge of pollutants to surface waters during facil- 
ity operation. National Pollutant Discharge Elimination System 
permit limits are set to protect water quality and water uses. The 
Environmental Protection Agency has an opportunity to review 
and comment on proposed permits, as does the general public. 

Solid and Hazardous Waste Management 
A number of !ocal, state, and federal laws and regulations 
govern how solid and hazardous wastes are to be managed. 
Typically. before solid waste can be disposed of on a plant site, 
state solid waste disposal permits must be obtained. This per- 
mitting process controls the design. monitoring, operation, 
and closure of disposal areas. The requirements for management 
of hazardous waste are even more stringent. Hazardous waste 
is regulated from "cradle to grave" (from the point of genera- 
tion to ultimate treatment or disposal). During the permitting of 
solid or hazardous waste disposal sites, the public typically has 
one or more opportunities to comment. 
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Because of their biological value, wetlands receive special p r e  
tection under federal law. Before most wetlands can be dlscurbed, 
a permit must be obtained from the U.S. Army Corps of 
Engineers under Section 404 of the Clean Water Act. The 
Environmental Protection Agency and the public typically have 
opportunities to review and comment on proposed permits. As 
part of the permitting process, the peninent state is asked to deter- 
mine whether the proposed action would violate state water qual- 
ity standards. Federal agencies are required to avoid impacting 
wetlands with new construction to the extent practicable and 
to otherwise minimize potential wetland impacts under Executive 
Order No. 11390 (Protection of Wetlands). Federal agencies are 
also directed to avoid occupying or modlfylng floodplains to the 
extent practicable and to otherwise minimize potential impacts 
to floodplain values under Executive Order No. 11388 (Floodplain 
Management). 

Endangered Species 
Under the Endangered Species Act, 16 U.S.C. 1536 et. seq.. fed- 
eral agencies are to ensure that their actions are not likely to jeop- 
ardize the continued existence of any endangered or threatened 
species or adversely modify any critical habitat of such sensi- 
tive species. If a proposed action may affect one of these 
species, the agency must consult with the U.S. Fish and Wildlife 
Service and obtain that agency's determination of the potential 
for impacting these species. 

Farmland Protection 
Under the Fannland Protedion Poky ACT, federal agencies are @ 
to identify and take into account potenual adverse effects of a pre 
posed action on farmlands. Typically, ardysis and review are under- 
taken as pan of a National Environmental Policy Act review. 

Other Review and Permit Processes 
A number of other review and permit processes may be impor- 
tant. depending on the nature of the proposed option and its 
potential environmental effects. These include reviews under or 
involving: 

Structures in navigable waters (Rivers and Harbors Act of 1898) 
The Safe Drinking Water Act 
The licensing and monitoring of nuclear facilities (Atomic Energy 
Act) 
The Toxic Substances Control Act 
The Noise Control Act 
The Federal Insecticide, Fungicide, and Rodenticide Act 
The Comprehensive Environmental Response, Compensation, 
and Liability Act 

Although the actual implementation of an enetgy resource 
could require the approval and involvement of other federal or 
state agencies, the selection of an energy resource plan, which 
is programmatic in nature, does not have review or consultation 
requirements. The selection of an energy resource plan for TVA 
is left to the discretion of TVA's Board of Directors. 

Cultural Resources 
A number of federal laws protect cultural and archaeological 
resources, including the National Historic Preservation Act and 
the Archaeological Resources Protective Act. Before disturbing 
cultural and archaeological resources that have honcal si@icance, 
an agency is required to consult with the State Historic 
Preservation Officer and in some circumstances, the Federal 
Advisory Council on Historic Preservation. 
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The following documents are related to TVA's Energy V i m  2020 
planning process. They can be found in TVA's Corporate 
Library. 

Final Environmental Impact Statement, Bellefonte Nudear Plant 
Units 1 and 2, Volumes 1 and 2,1974. 

FdEnvironmentalLmpaastafemen~BrownsFenyNuclearPlant 
Units 1,2, and 3,1974. 

Final Environmental Impact Statement, Policies Relating to 
Electric Power Rates, 1974. 

Final Environmental Impact Statement, Policies Relating to 
Sources of Coal Used by the Tennessee Valley Authority for 
Electric Power Generation, 1971. 

Final Environmental Impact Statement, Sequoyah Nuclear Plant 
Units 1 and 2, 1971. 

Final Environmental Impact Statement, Tennessee River and 
Reservoir System Operation and Planning Review, 1990. 

Final Environmental Impact Statement, Watts Bar Nudear Plant 
Units 1 and 2, 1972. 

F i  Supplement 1 to NUREG-0439, Final Environmental Impact 
Statement related to the operation of Warn Bar Nuclear Plant 
Units 1 and 2, (Nuclear Regulatory Commission, April 1995) 
(Adopted by the Tennessee Valley Authority, June 1995). 

Supplemental Environmental Review (Final), Operation of Wtts 
Bar Nuclear Plant Units 1 and 2 (Tennessee Valley Authority, 
June 1995). 

Final Environmental Impact Statement, TVA Raccoon Mountain 
Pumped Storage Project, 1976. 
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The development of Energy Vision 2020, using WA's interactive planning process, requires the careful, consistent use of certain 
key terms and phrases. Below are definitions of terms used often in Volume 2, Technical Document 2, Environmental 
Consequences. (Terms in definitions which are themselves defined in the Glossary are printed in italics.) 

A 
Add Deposition-The wet or dry d e p  
sition of acid chemical c~mpwnds from the 
atmosphere. 

Aefosol-A gaseous suspension of ultra- 
microscopic particles of a liquid or a solid. 

-The perception or appearance 
of visual features in relation to the sense of 
beauty. 

Air Toxins-Various man-made and nat- 
urally occurring materials that are known 
or suspected of causing serious public 
health impacts, but for which no National 
Ambtent Air Quality Standard! exist. 

Ambient-Surrounding. 

AmbientAirQualityS*mdaids--Naclonal 
standards set by the U.S. Environmental 
Protection Agency that are permissible 
concentration levels of certain pollutants 
(new anme, cucarba monmnde, p- 
(PM lo), susulfur diaxide, nitrogen d i d ,  
and lead) in the amtnent air. 

Aquatic-Characteristic of and/or per- 
taining to water. 

Archaeological Resources--Material 
remains of past human activity. 

Ash-The noncombustible component of 
coal or other fuels. 

At&memt Aieac-Those areas that meet 
all National Ambfent Air QuulQ Standards 
as determined by monitoring of air pollu- 
tant levels. 

B 
Benthic -An animal lack- 
ing a backbone or spinal column and liv- 
ing on lake bottoms. 

Bedm+&ganisms that live on or in the 
first few inches of mud, sand, gravel, or 
other materials that make up the bottom of 
streams and lakes, e.g. worms, snails, cray- 
fish, mussels, clams. 

-c menal. Often involves 
the harvesting of stands of close-growing 
whole trees, truck transport, tree stor- 
age, and drying using air heated by boiler 
@gas and combustion of whole trees in 
a special deepbed burner at the bottom 
of the furnace. 

Biomass Cofiring-The use of biomass 
as a secondary fuel supplement in a coal- 
fired plant. 

BLN-Bellefonte Nuclear Plant 

Bottom Ash-Heavier ash (noncom- 
bustible component of coal or other fuels) 
that settles in the bottom of the boiler rather 
than being camed out withjluegas. 

C 
Carbon ~ i o x i d e  (CO+A colorless, 
odorless, nonpoisonous gas that results 
from fossil fuel combustion and is normally 
a part of the ambrat air. Increasing lev- 
els of carbon dioxide in the atmosphere are 

Caibon Monoxide @)-A colorless, 
odorless, poisonous gas produced by 
incomplete fossil fuel combustion. 

CaSmdedHrnnidified-m 
(CSATl-An advanced Ericson cycle that 
employs intercoohg, recuperation, reheat, 
and humidification of a combustion l~rbrne 
with a cascaded topping turbine. 

CHAT-Cascaded Humrd@d Advanced 
Turbine. 

Class I Areas-Areas designated by the 
Prevention of Sigruficant Deterioration sec- 
tion of the Clean Air Act Amendments of 
1977 that includes national parks and 
wildemessareas,~gspeaalpraection 
for air quality and air quality-related values. 

Clean Air Act Amendments of 1970- 
Enabling legislation which instructs the 
Enuironmental Protection Agency @PA) 
to set air quality standards for pollutants 
of concern. 

CleanAirActAmendmentsof1!977- 
Legislation that provides greater regulatory 
authority and sets speafic provisions to pro 
tea national parks and wilderness areas des- 
ignated as Class I areas. 

CleanAirActAmendmentsof19!xb 
Legislation that adds additional regulatory 
authority to enforce compliance in non 
attainment areas. Also sets new require- 
ments for acid rain, hazardous airpollu- 
taw and monitors and reports air emisiom 

contributing to the greenhouse eflkct. 
Coal Gasification-Process of convert- 
ing coal into gas. 
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Coal Plant-A generation plant using 
coal as its main source of energy. 

CoanKd Methane-A gas that is present 
in all coal seams throughout the United 
States. 

Cogenemion-The sequential produc- 
tion of electricity and useful thermal 
energy (generally steam or hot water) 
from a single fuel source. 

Coproduction-A secondary product 
that is produced usually in an industrial 
pmess in addition to the primary product. 

Cradle-Tdinve--System including the 
generation (e.g., mining), transportation, 
storage, treatment, and disposal of a fuel 
or wastes. 

. . -rodsusedinintegrated 
resource planning. They are derived from 
issues or concerns. Examples include 
concerns over future rates, acceptable 
levels of environmental impacts, etc. 

Cultural Resources-Any prehistoric or 
historic district, site, building, hructure, or 
object that may yield information regard- 
ing past human endeavors. 

on the customer's side of the meter. 
Examples include home weatherization, 
use of compact fluorescent lighting, etc. 

DSM--Demand-Sde Management. 

E 
Ecosystem--Any unit that includes all 
organisms (i.e., the community) in a given 
area interacting with the physical envi- 
ronment. The flow of energy leads to a 
clearly defined trophic stmcture, biotic 
dwersity, and matenal cycles (i.e., exchange 
of materials between living and nonliving 
parts within the system). 

Effects-These include: (a) direct effects 
caused by an action and occur at the 
same time and place: (b) indirect effects 
caused by an action and are later in time 
or further removed in distance, but still 
reasonably foreseeable. EfTects and impacts 
as used in this document are synony- 
mous; 

Effluent-Wastewater-treated or 
untreated-that flows out of a treatment 
plant, sewer, or indusvial outfall. Generally 
refers to wastes discharged into surface 
waters. 

En&@ Specks-Any biotic species 
formally listed as in danger of extinction 
throughout all or a significant portion of 
its range. 

Energy-The amount of power con- 
sumed over a period of time, measured in 
watt hours, kWh, MWh, or GWb. - 

Environmental Mitigation-Making 
environmental pollutants less severe. 

Environmental Protection Agency 
WA)-A federal agency established to per- 
mit coordinated and effective govern- 
mental action for protection of the envi- 
ronment by the systematic abatement 
and control of pollution through integra- 
tion of research monitoring, standard set- 
ting, and enforcement activities. 

Flexible Option-An option that can 
be altered or modified in accordance 
with TVA needs. 

Flexible Strategy-A combination of 
options that an be easily altered over time 
to meet TVA's power needs. 

Delta-In load forecasting, the increase 
or decrease in the forecast sales caused by 
the high or low levels of any of the 
assumptions in the forecast. 

Demand-The amount of electric energy 
used at a specific point in time, mea- 
sured in watts (or multiples thereof, such 
as W W or CW). Demand is measured 
for individual customers, for groups or 
classes of customers, and for TVA's system 
as a whole. 

Demand-Side Management (DSMI- 
Activities which influence electricity use 
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Elecaic and Magnetic Fields (EMF)- 
Two types of energy fields which are 
emitted from any device that generates, 
transmits, and uses electricity. 

EMF-Electric and Magnetic Fields. 

Emission--Pollution discharged into the 
atmosphere from smokestacks, other 
vents, and surface areas of commercial or 
industrial facilities; from residential chim- 
neys; and from motor vehicle, locomotive, 
or aircraft exhausts. 

ELS-Environmental Impact Statement. 
-The degree to which resource 
decisions can be changed over time as 
events unfold and near-term futures 
become more clearly known. 

Flue Gas-Gaseous combustion prod- 
ucts from a furnace or boiler. 

Fly Ash-The small ash panicles that 
are d e d  out of a COmbllStOT with the exist- 
ing flue gas. These particles are collected 
by appropriate equipment prior to dis 
charging the flue gas to the atmosphere. 

Fossil Fuel Plant-A plant using coal, oil, 
natural gas or other fossil fuel as its source 
of energy. 



Fuel C e l C A  cell that converts chemical 
energy drectly into elecyical q, with 
electric power being produced as a pan of 
a chemical reaction between the elec- 
uolyte and a fuel such as kerosene or 
industrial fuel gas. 

6 
Gas-£ired Combined Cycle-A generat- 
ing unit consisting of a combustion turbine 
generator and a steam turbine-generator. 
The primary fuel will be natural gas. 

Geographic-Belonging to or character- 
istic of a particular region. 

Gigawatt (GW)-An amount of electric 
power equal to 1,000 W or 1 bfim watts. 

Gigawatt hour-4Wh. an amount of 
e n m u  equal to 1,000 MWh, or 1 billion 
watt-hours. 

Greenhouse Effec-The build-up of 
carbon diomde or other trace gases that 
allows light from the sun's rays to heat the 
Earth but prevents a counterbalancing loss 
of heat. 

Greenhouse Gas Emissions-A gas 
whose presence in the upper atmosphere 
contributes to the greenhouse effect by 
allowing visible light to pass through the 
atmosphere while preventing heat d a t i n g  
back from the Earth from escaping. 
Greenhouse gases from human produced 
sources include carbon dioxide, nitrous 
oxide, methane, and chloroJuoro-car- 
bons (CFCs). There also are even larger 
quantities of naturally occuning greenhouse 
gases, notably ozone and water vapor, 
whose concentrations may be affected 
by interactions with atmosphwic pollutants. 

Groundwater-Water within the Earth or 
geologic stratum that supplies wells and 
springs. 
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GW-Gigawatt, an amount of electric 
power equal to 1,000 or 1 billion watts. 

GWh-Gigawatt hour, an amount of 
energy equal to 1,000 MWh, or 1 billion 
watt-hours. 

H 
Habitat-The total environmental condi- 
tions on a unit of land including food cover, 
and water within the home range. 

Hazardous Waste-A byprodua of soci- 
ety that can pose a substantial or poten- 
tial hazard to human health or the envi- 
ronment when improperly managed. 
Possesses at least one of four characteris 
tics (ignitability, corrosivity, reactivity. 
or toxicity) or appears on special 
Environmental Protection Agency lists. 

L n t e g r a t e d ~ C o m b i a e d ~  
(1GCC)-Integration of a coal gasifica- 
tion plant with a combined cycle plant. A 
coal gasification plant is a facility that 
converts coal into a synthetic fuel gas. 

Integrated Resource Planning (IRF9-- 
A utility p h g  process that evaluates sup 
p@side resources and DSM resources on a 
level playing field to reliably meet the 
future energy needs of customers. 

Integration-As used in this document. 
integration means combining options to 
become strategies and uncertainties to 
become futures. Strategies are combined 
with futures to create scenarios. 

IFV-Independent Power Producer. 

W-Integrated Resource Planning. 

Herbicide-Any substance or mixture of 
substances intended to prevent the growth K 
of or destroy unwanted plants or vege- Kilowatt-kW. which is the amount of 
tation. power equal to 1,000 watts. 

Hg--Mercury . Kibwaht-hour-kWh, which is the amount 
of energy equal to 1,000 watt~hours. 

High-Lwel Waste--Material that is highly 
radioactive. In a nuclear power plant high- KIK-IWometer, unit of length equal to 1,000 
level waste is spent fuel. meters. 

Historic Site-Cultural sites more than j0  kW-Kilowatt, which is the amount of 
years old. power equal to 1.000 watts. 

Hydroelectric Power Generatio-The kwh-Kilowatt-hour, which is the amount 
movement of water from a higher to lower of energy equal to 1,000 wan-hours. 
elevation. The difference between the two 
elevations establishes potential energythat 
is used to generate electricity by allowing 
Water to flow through a hydro turbine. Lignite-An imperfectly formed coal! 

usually dark brown and often having 
woody texture. 

I 
Independent Power Producer ( I P P j  Low-Level Waste-Radioactive material 
Any person who owns or operates, in that is only slightly or moderately radioac- 
whole or in part. one or more new inde- tively contaminated. Low-level radioactive 
pendent power production facilities. waste consists largely of ordmary trash and 
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orheritemsthathavecwneintoamraawith 
radioactive materials. 

M 
Megawatt-MW, the amount of power 
equal to 1,000 KW or 1,000,000 watts. 

- Met#m,roBJr-Thsrience dealing with 
weather and weather conditions. 

pgImL--Micrograms per cubic meter. 

Mitigation-Measures taken to reduce 
adverse impacts on the environment. 

Mobile Sources-Transportation air pol- 
lution sources, primarily automobiles and 
trucks. 

Monhoffd-leStoragemt 
A temporary (40 years) collection and 
storage facility for spentfirel rods until a 
permanent waste repository is available. 

Multi-Attribute Tradeoff Analysis/ 
Technique-An approach designed for 
interactive participation by a group to 
make dual comparisons among ddferent 
attributes for many strategies. It provides 
an open framework for public involvement 
to investigate different attributes, futures, 
and strategies. 

MW-Megawatt, the amount of power 
equal to 1,000 KW or 1,000,000 watts. 

MWh-Megawatt hour, the amount of 
power equal to 1,000 kWh or 1,000,000 wau 
hours. 

NationalAdhtAirQualtrySFaadards 
(NAAQS)-Umform, national air quality 
standards established by the Erarironmental 
Protecfion Agemythat restrict ambient lev- 
els of certain pollutants to protect public 
health (primary standards) or public wel- 
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fare (secondary standards). Standards 
have been set for ozone, carbon monax- 
Ide, partrcrdates PM (lo), sulfur d w d e ,  
nitrogen, nitrogen dioxide, and lead. 

Natunl Resources-The elements of 
the natural environment that are evaluated 
as resources (i.e., water resources, forests). 

NEPA-National Environmental Policy 
Act. 

New Construction-Buildings and facil- 
ities that are constructed during the cur- 
rent year; it may also include major ren- 
ovations of existing facilities. 

Nitrogen or Nitrous Oxides (N-A 
product of combustion by mobile and 
stationary sources and a major contribu- 
tor to the formation of ozone in the tro- 
posphere and acid deposittion. 

Nonattainment Area-A geographic 
area that does not meet one or more of the 
National Ambient Air Quality Standards 
for the cliteria pollutants designated in the 
Clean Air Act. 

0 
Off-System Sales-Sales by TVA to utili- 
ties outside the TVA service area. 

Option-Actions TVA can take to resolve 
an issue. For example, if TVA forecasts an 
energy deficit, it has the option to meet it 
with DSM programs or other resources. 

Ozone (03 )-A substance found in the 
stratosphere and the troposphere. In the 
stratosphere (the atmospheric layer begin- 
ning 7 to 10 miles above the Earth's sur- 
face) ozone is a form of oxygen found nat- 
urally that provides a protective laver 
shielding the Earth from ultraviolet radia- 
tion. In the troposphere (the layer extend- 
ing up 7 to 10 miles from the Earth's sur- 
face), ozone is a chemical oxidant and a 

major component of photochemical smog. 
Ozone can seriously affect the human 

respiratory system and is one of the most 
widespread of all the cn'teria pollutants. 
Ozone in the troposphere is produced 
through complex chemical reactions of 
nitrogen oxides, which are among the 
primary pollutants emitted by combus- 
tion sources; hydrocarbons, released into 
the atmosphere through the combustion, 
handling, and processing of hydrocarbon 
products; and sunlight. 

P 
Particulate-Minute separate panicles. 

Peaking Capaciey-Capacity that is avail- 
able for use and used to meet peak load. 
Such capacity, usually represented by 
combustion turbtnes and pumped stor- 
age, often has low capital costs and high 
fuel costs, and is designed to operate for 
relatively short periods of time. 

Pesticide-Chemical materials used to 
control undesirable insects, animals, dis  
eases, vegetation, or other forms of life. 

Pulverized Coal-Crushed coal used to 
fuel a coal plant. Currently the principal 
electric generation technology in the 
United States. 

R 
Reactor Fuel Cycle-The process of 
exmcting fuels, preparing fuel elements and 
assemblies for use in a reactor. using these 
elements in reactor operation, recovering 
radioactive byproducts from spent f@ 
and reprocessing remaining fissionable 
material into new fuel elements. 

Renewable Resources-Power plants 
or other generating devices whose fuel . 
source is generally considered to be 
renewable. These include generators 



fueled by biomass, water, photovoltaics, 
solar, wave, or wind energy. 

Reoewahies--Wtnd, solar, landfill, methane, 
and biomass (nees and grasses used for fuel). 

RepoweringyReplacing or adding to 
the source of power of an existing electric 
generating station. 

8 
Scmario--The combining of one stmtqy 
with one future. 

Scrubber-A device that removes suljiur 
dioxide from flue gas using lime or lime- 
stone. 

Seedling.-Live rrees of cornrnerdal speaes 
less than 1.0 inch in diameter 4.5 feet 
above ground that are expected to survive 
and develop. . . 

Short Rotation Woody Crops-Plants 
grown on a relatively short rotation sched- 
ule for the explicit purpose of harvesting 
for use in power production. 

Slag-Ash that has been melted during the 
combustion process and then solidified as 
it is removed from the boiler. 

Soil-A dynamic natural medium com- 
posed of mineral and organic materials in 
which plants grow. 

spec is--^ class of indtviduals having com 
mon attributes and designated by a com- 
mon name. 

Spent Fuel-Nuclear fuel that can no 
longer economically sustain a cham reaction. 

Strategy-A combination of options 
intended to fulfill a parucular resource goal. 
For example. an energy deficiency in 
2007 might be met with a combination of 
supply-szde resources and DSM resources. 
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Streams-A continually, frequently, or 
infrequently flowing body of water that fol- 
lows a defined course. The three classes 
of streams are: 

Ephemeral: A channel that carries 
water only during and immediately 
following rainstorms. Also known as 
a "dry wash." 
Intermittent: A watercourse that 
flows in a well-defined channel during 
the wet seasons of the year, but not the 
entire year. 
Perennial: A watercourse that flows 
throughout the year or nearly so (90 per- 
cent of the time) in a well-defined 
channel. 

Sulfur Dioxide (W+A heavy, pungent, 
colorless, gaseous air pollutant formed pri- 
marily by the combustion of fossil-fuel 
plants. 

Supply-side Resource-Resources that 
meet customer needs by increased pro- 
duction of electricity (e.g. hydro, fossil, 
nuclear, combustion turbines, etc.). 

Surface Water-Streams, rivers. ponds, 
lakes. and man-made reservoirs. 

Surrogate Measw--A substitute mea- 
sure that varies in the same way as the pol- 
lutant and environmental effects it rep- 
resents. 

T 
lbeamd Species-Any species which 
is hkely to become an endangered species 
within the foreseeable future. 

Topography-The physical features of a 
place or region. Commonly refers to land 
forms and variation in elevation. 

TSP-Total suspended particulate matter. 

Turbine-A machine for directly con- 
verting the kinetic and/or thermal energy 
of a flowing fluid (air, hot gas, steam, or 
water) into useful rotational energy. 

U 
Uncertainties-Issues or concerns that 
may impact energy resources in the future. 

Y i i b i i i t y I m p g i r n a e n t o r ~  
Visibility Impairment or degradation is 
usually defined as aesthetic damage where 
the ability to discern form, color, or texture 
is reduced and therefore the scenic value 
is also diminished. Or, as stated in 40 CFR 
51.30(x), visibility impairment is ". . .any 
humanly perceptible change in visibility 
(visual range, contrast, coloration) from that 
which would have existed under natural 
conditions." 

Volatile Organic Compounds WOCsh  
Any organic compound that participates 
in aunospheric photochemical reactions 
except for those designated by the 
Enuironmental Protection Agency admin- 
istrator as having negligible photochem- 
ical reactivity. 

Watershed-The entire area that con- 
tributes to a drainage or stream. 

Wetland-Area with soils saturated with 
water during the growing seasons and sup 
porting plants characteristic of wet con- 
ditions. 

Wind Farm--Groups of wind turbines. 

Zebra Mussel-A non-native mussel 
which fouls, among other things, water 
intake structures. 
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Existing Power S y s tern 

Capabilities and Characteristics 
WA's existing power system of 25,600 megawatts is projected to 
provide 27,995 megawatts of summer net dependable capacity 
by 2005. Summer net dependable capacity is the amount of gen- 
erating capacity ava1lab1e to the system after accounting for inter- 
nal uses. Summer capacity is used because TVA anticipates 
summer as the most limited season in the future. This is due to 
a seasonal loss in generating capacity and the continued high 
er growth rate of summer demand as compared to other seasons. 

TVA's generating capacity comes from a mix of generating 
resources including hydro, coal-fired, combustion turbines, and 
nuclear plants. Figure 13-1 shows the projected generating mix 
for TVA. 

This projected capacity takes into consideration generation 
sources that will be added or modified through 2005. Specifically, 
TVA will begin generating power from Watts Bar Nuclear Plant 
Unit 1 and will restat Browns Ferry Nuclear Unit 3 during 1996. 
adding 1,170 and 1,065 megawatts, respectively. Ongoing 
hydro modernization projects will result in an additional 360 
megawatts available from existing hydro units. The installation 
of pollution control equipment at some steam plants may 

reduce generation capacity by approximately 35 megawatts as 
TVA implements Phase I1 compliance with the Clean Air Act 
Amendments. TVA will also see a loss of 72 megawatts due to 
the sale of steam from the Johnsonville Fossil Plant to a near- 
by industry. 

For the purposes of Energy Vision 2020, the additions 
and reductions in generation output described in the paragraph 
above are considered as part of the existing power system, since 
they are planned for the immediate future. 

Description of Mtk 6eneralh~ RGEOWCCI 
TVA'S HYDRO SYSTEM 
The TVA hydro system includes 109.conventional hydroelectric 
generating units and 4 pumped-storage units at Raccoon 
Mountain. These units are located at 9 main river and 20 uib- 
utary plants. 

Included with TVA's hydro power capacity is 405 megawatts 
available from the U.S. Corps of Engineers' facilities through 

Combustion 

Coal 

Turbines 
Nuclear 

Conventional 
Hydro 

Pumped-Storage 
Hydm 

Pumped-Storage Hydro 1.532 5 

Combustion Turbines 1,952 7 

Conventional Hydro 4.404 17 

Nuclear 5,517 20 

Coal - 14,590 51 

Total 27,995 100 

This figure shows TVA's generating mix and the percentage supplied by each lype of 
generating resource. 
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contracts with the Southeastern Power Administration and 321 As noted earlier, TVA's hydro generation capacity will be 
megawatts available from hydro units owned by Aluminum increased based on ongoing modernization projects. Initial 
Company of America and operated by TVA as part of the TVA projects will add apprmMmteiy 360 megawatts of genemhg capac- 
power system. Figure 73-2 lists W s  hydro generating units, ity and impme efficency by 3 percent by 2005. Subsequent mod- 
including information on location, capacity, years in service, etc. ernization projects could add 163 megawatts of capacity by 2005 

18SS Plant Cornmertial 
SmmerNel Operation 

Hydro Generating Unil Location Units Capacity (MW) 1 Date Comments 

Appalachia Polk County, TN 2 76 1943 Tributary 
Blue Ridge Fannin County, GA 1 10 1931 Tributary 
Boone Sullivan & Washington Counties, TN 3 99 1953 Tributary 
Chatuge Clay County, NC 1 10 1 954 Tributary 
Cherokee Jefferson County, TN 4 135 1942 Tributary 
Chickamauga Chattanooga, TN 4 130 1940 Main River 
Douglas Sevier County, TN 4 136 1943 Tributary 
Fontana Swain & Graham Counties, NC 3 235 1945 Tributary 
Fort Loudoun Lenoir Ci, TN 4 140 1 943 Main River 
FOR Patrick Henry Sullivan County, TN 2 36 1 953 Tributary 
Great Falls Rock Island, TN 2 32 1916 Tributary 
Guntersville Near Guntenville. AL 4 117 1939 Main River 
Hiwassee Cherokee County, NC 2 135 1940 Tributary 
Kentucky Near Paducah. KY 5 183 1 944 Main River 
Melton Hill Loudon County, TN 2 75 1 964 Tributary 
Nickaiack Near Chattanooga, TN 4 96 1967 - Main River 
Norris Near Norris, TN 2 100 1936 Tributary 
Notteiy Union County. GA 1 17 1956 Tributary 
Ocoee #l Polk County, TN 5 22 1912 Tributary 
Ocoee M Polk County, TN 2 18 1913 Tributary 
Ocoee #3 Polk County, TN 1 27 1 943 Tributary 
Pickwick Hardin County. TN 6 240 1938 Main River 
South Holston Near Bristol, TN 1 40 1951 Tributary 
Tims Ford 50 miles south of Nashville. TN 1 40 1972 Tributary 
Watauga Near Elizabethton, TN 2 60 1949 Tributary 
Watts Bar Near Spring Ci, TN 5 179 1942 Main River 
Wheeler Near Town Creek. AL 1 1  380 1936 Main River 
Wilbur Near Elizabethton, TN 4 11 1912 Tributary 
Wilson Near Muscle Shoals, AL 21 629 1925 Main River 

Total N A  Hydm 109 3,408 

SEPA Various 405 

TOTAL DISPATCHABLE HYDRO 4,134 

Raccoon Mountain 
Pumped-Storage Near Chattanooga. TN 4 1,532 1978 Pumped-Storage 

1 Bashl om 1995 SERC 1E 41 1 report. 

NA has 109 conventional hydro generating units located along the Tennessee River and its tribufaries. 
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and have been included as supply-side 
options for consideration TVA's integrated 
resource planning process. 

TVA's conventional hydro plants fall 
into two broad types: main river and 
tributary. Main river plants are located on 
the Tennessee River and are generally oper- 
ated to maintain seasonal lake levels, 
talung into account recent and predicted 
rainfall. Tributary plants are located on 
streams that feed into the Tennessee 
River and are generally the higher head 
(vertical change in water elevation) plants 

~yr tem 
in F i l  Year Capacity (MW) EAF (%) Total O&M ( S M )  Total A&l (WW) 
1994 (Actual) 4,044 97 7.7 13.3 
2005 4,404 97 7.6 6.1 

Hydro capacity is expected to remain a reliable generating source for NA, providing 
4,404 megawalts with an availability famr of 97percent 

located in mountain valleys with deep drawdown possible to 
provide flood storage capability. 

TVA's hydro facilities are generally operated on five basic 
considerations: 
1. Flood Control - In accordance with the TVA Act, the primary 

responsibility at the dams is flood control. 
2. Environment - Minimum flow, lake level, and water qual- 

ity considerations factor into hydro generation. 
3. Power Generation - In fiscal year 1994, TVA generated or 

purchased 20.2 billion kilowatt-hours of hydm energy, whch 
rqxesented approximately 15.4 percent of all TVA power gen- 
eration. In addition to significant power generation, the 
hydro system is operated to maintain system voltage and pro- 
vide ready reserve and peaking capability. 

4. Recreation - System operations are sometimes under con- 
straints to be compatible with white water rafting, fshing. and 
other recreational activities. 

5. Nav&tion - TVA has constructed an extensive system of locks 
to support river traffic from Paducah, Kentucky to Knoxville, 

Tennessee. In low rainfall periods, TVA must maintain min- 
imum river levels to support transportation. 

Operating reliability is measured by "equivalent availabil- 
ity factor." Equivalent availability factor (EAF) is the ratio of the 
energy a unit could have generated, if called on, and if sufficient 
water was available, to the energy the unit would have produced 
if it had run at full load over the entire period, expressed as a 
percentage. The hydro system equivalent availability factor for 
fiscal year 1994 was 97 percent. TVA projects the availability fac- 
tor for the plants to be 95 percent through 2005 and 97 percent 
for 2005 through 2020. The drop in availability factor through 
2005 is due to the hydro modemimtion program, which wiU requtre 
that some units be removed from service for refurbishing. 

Hydro generation is TVA's lowest cost generation source. 
Operating and cost features of TVA's hydro generation system. 
including capacity, equivalent availability factor (EM), opera- 
tions and maintenance (W) cost, and additions and irnprove- 
ments (A&I) costs, are listed in Figure T3-3. 
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Commercial 
1995 Plant Operation Date 

Coal-Fired Summer Nel (Fint Unit) 
Generatin Plants Location Comments 

Allen Memphis, TN 3 744 May 1959 Cyclone Fumace 
October 1959 

Bull Run Oak Ridge, TN 1 879 June 1967 Supercritical Pulverized Coal 
Colbert Near Muscle Shoals, AL 5 1.179 January 1955 Pulverized Coal 

November 1965 - 
Cumberland Cumberland Ci, TN 2 2,448 March 1973 Supercritical Pulverized Coal 

November 1973 with Scrubbers 
Gallatin Gallatin, TN 4 976 November 1956 Pulverized Coal 

August 1959 
John Sevier Rogersville, TN 4 704 July 1955 Pulverized Coal 

0ciober 1957 
Johnsonville New Johnsonville, TN 10 1,206 October 1951 Pulverized Coal 

August 1959 
Kingston Kingston, TN 9 1,434 February 1954 Pulverized Coal 

December 1955 
Paradise Drakesboro, KY 3 2.1 59 May 1953 Supercritical Pulverized Coal 

, February 1970 Units 1 & 2 Have Scrubbers 
Shawnee 1-9 Paducah, KY 9 1,206 April 1953 Pulverized Coal 

~ u n e  1957 
Shawnee 10 Paducah, KY 1 140 December 1989 Atmospheric fluidized Bed 

(AFBC conversion) Combustion 
Widows Creek Bridgeport, AL 8 . 1,610 July 1952 Pulverized Coal; 

February 1965 Units 7 & 8 Have Scrubbers 
TOTAL 59 14.W 

Watts Bar (Idle) Near Spring C i ,  TN 4 240 Pulverized Coal 

1 Based on 1995 SWC IE 411 Repon 

TVA has 59 coal-fired units available for service with a generating capacity of 14,685 megawatts. 
- 

TVA'S COAL-FIRED SYSTEM 
TVA has 59 active coal-fired units at 11 sites. Four 60-megawan 
d-fired units are now out of service at a twelfth site on the Ekrs 
Bar Reservation. The coal-fired units range in size from 107 
megawatts eachfor units 1-4 at the Johnsonville Fossil Plant to 
1,224 megawatts for each unit at Cumberland. TVA's old- active 
coal-fired unit was placed in service in 1951. The newest unit 
was placed in service in 1973. One unit at Shawnee was con- 
verted to atmospheric fluidized bed combustion (AFBC) in 
1989. The average age of TVA's cd-fmd genmting units is almost 
40 years. However, a recent miew identified no technical prob 
lems that would prevent the continued operation of these 
plants through the Energy Vision 2020 study period. 

Figure T3-4 lists key characteristics and locations of TVA's 
coal-fired facilities. 

TVA's coal-fired units have a 1995 combined net summer 
capacity of 14,685 megawatts. TVA anticipates reductions in coal 
system capacity for: (1) loss in JohnsonviUe capability due to sup 
plying steam to a nearby industry and (2) a possible loss from 
various units if scrubbers (pollution control equipment) are added. 
The installation of scrubbers is planned as part of a clean air strat- 
egy that is included in the integrated resource plan. 

TVA is meeting Phase 1 of the acid rain control program of 
the 1 9 0  Clean Air Act Amendments (CAAA) by the addition of 
sulfur dioxide scrubbers at Cumberland Units 1 and 2 and by 
the purchase of lower sulfur coal. In addlttion, low nitrogen oxides 
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I 
Sulfur Dioxide I Nitrogen Oxidat Carbon Dioxide 

AVERAGE 1990-1994 ' ESTIMATED CY95 : AVERAGE 1990-1994 ESTIMATED CY95 ! AVERAGE 1990-1994 ' ESTIMATED CY95 

Plant1 LBSW : LBSW, U N W  iJ N W  CW CW 
CAMPhwe Tons SO2 MMBTU -Tons S& MMBN Tons N& MMBTU ' Tom N& MMBTU Tons C& MMBTU ' Tons CO2 MMBTU 
Allen 66,120 3.34 ' 25,205 1.00 ; 33,729 1.70 42,849 1.70 4,094,359 205 5,167,025 205 
Phase l 
Bull Run 45,087 1.75 {77,775 2 . 5 0 :  15,659 0.60 18,666 0.60 5,317,540 205 t6,377,550 205 
Phase II 

Cumberland 325,956 4.48 : 28,334 0.29 i 97,119 1.36 ,127,017 1.30 :15.257,644 205 20,518,050 210 
Phase I 
Gallatin 129,241 4.24 82,335 3.30 ' 18,345 0.60 11,228 0.45 : 6,307,466 205 5,114,750 205 
Phase l 
Johnsonville 95,044 2.79 94,908 3 . 3 0 ,  26,518 0.83 13,674 0.48 7,064,874 205 5,895,800 205 
Phase I - 
John Sevier 57,549 2.35 57,450 2.50 : 15,308 0.64 13,788 0.60 5,045,858 205 4,710,900 205 
Phase II 
Kingston 87,630 1.86 90,252 2.60 33,013 0.70 90,252 0.70 9,651.209 205 90,252 205 
Phase II 
Paradise 138,684 2.45 177,349 2.50 i20.247 1.74 127.638 1.80 '14,543,214 205-210 14,729,700 208 
182 Ph 11,3 Ph I 
Shawnee 55,117 1.62 71,330 1.46 29,803 0.88 40,578 0.83 7,330,461 205-210 10,044,600 206 
1-9 Ph 11.10 Ph I 
Widows Creek ,. 32,685 0.77 54,777 0.95 31.955 0.79 43.316 0.75 8,893,920 205-210 11,938,700 208 
Phase II 

This figure shows the historical average for calendar years 1990 - 1994 and 1995 estimate of sulfur dioxide, nitrogen oxides, and carbon dioxide 
in tons peryear and annual average pounds per million Btu by plant. The average is for calendar years 1990 - 1994 with the tons per year being a 
simple average and the pounds per million Btu being a weighted average. 

burners will be added to numerous small units by the end of 1995; 
also a combination of low nitrogen oxides burners and, possi- 
bly, coal rebum at other units will be implemented by 2000. 

Phase I1 sulfur dioxide compliance with the Clean Air Act 
Amendments will be guided by Fkqy Vion 2020. Options being 
considered include sulfur dioxide scrubbers at Paradise Unit 3 
and at the Allen Fossil Plant, fuel switching at a number of loca- 
tions, and natural gas combined cycle repowering of various 
coal units. 

Figure T3-Slists the coal-fired plants and the average emis 
sions for 1990-1994 and an estimate for 1995 of sulfur &oxide, 
nitrogen oxides, and carbon dioxide. 

Major capital expendim are anticipated through 2000 (and 
possibly longer) for compliance with the Clean Air Act 
Amendments and major overhauls of the large coal-fired units. 
Capital costs will average between $150-200 million annually for 
Clean Air Act Amendment compliance and more than $300 mil- 
lion for overhauls to coal-fired plants through 2000. 

Figure T3Gprovides cost and performance characteristics 
for the coal-fired system, including capacity, equivalent avail- 
ability factor (EM), heat rate, fuel cost, operations and rnain- 
tenance cast, and additions and improvements (A&I) cost. 
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WA 6qm3s some d e w  in pcnenb'ng capacity from its coal-fired plants by 2005 due to the installation of 
additional pollution control equipment and the diversion of steam that will be sold to a local industry. 
Availabil~ factor is expecW to incrsase by 2lW5 due to plant improvements that will increase plant etficiency 
and relhbillity. 

TVA'S COMBUSTION TURBINES 
WA has 48 combusdon turbines located at 4 coal-fired plant sites. 
Twenty-eight of these combustion turbines are capable of 
burning natural gas or oil; the other 20 combustion turbines have 
oil capability only. Combustion turbines have a low fixed cost 
but very high operating cost due to the relatively high cost of 
gas and oil. These units are normally reseived for use during peak 
periods only. 

The combined summer net dependable capacity of these 
combustion t u r b i i  is 1,952 megawatts. The average age of WA's 
combustion turbine units is approximately 23 years. All units 
are anticipated to be available through the Energy Vision 2020 
study period. 

Figure T3-7 lists the locations and capacities of the com- 
bustion turbines in the TVA system. 

TVA recently upgraded the reliability of its combustion tur- 
bines. Forced outage factor (FOF) is a measure of combustion 
turbines' reliability. Forced outage factor is defined as the 
number of hours a unit is on forced outage divided by the total 
hours in a period and is expressed as a percentage. A forced 
outage is defined as those hours when the system needs gen- 
eration from a unit, but the unit is not able to generate power. 
Hours when a unit's outage has been planned (for example, s c h d  
uled maintenance) do not count as a forced outage. ' 

Figure T3-8 shows significant performance and cost char- 
aaeristics of TVA's combustion turbines? induding capaaty, forced 
outage factor (FOF), heat rate, fuel cost, operations and main- 
tenance (W) cost, and additions and improvement (A&I) cost. 

Commercial 
1995 Plant Operation Date 

Combustion Turbine Summer Net (Fist Unit) 
Generating Plants Lowtion Units Capacity (MW) (Last Unit) Comments 

Allen Memphis, TN 20 488 June 1971 Natural Gas or 62 Fuel Oil 
September 1972 

Colbert Near Muscle Shoals. AL 8 384 September 1972 Natural Gas or #2 Fuel Oil 
Johnsonville New Johnsonville, TN 16 784 June 1972 #2 Fuel Oil 
Gallatin Gallatin,TN 4 296 July 1975 #2 Fuel Oil 

mAL 4a 1,952 

TVA has 48 combustion turbine plants located at four steam plant sites. Combustion turbines, used primarily for peaking power; 
have a generating capacity of 1,952 megawatts. 
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Combustion Summer Net 
Turbines Capaclty FOF Heat Rate Fuel Cast Total O&M Total A&l 
In Fiscal Year (Mw) %) % 
1994 (Actual) 1,952 3.5 12,500 51.1 1.7 4.7 
2005 1,952 2.0 12,500 46.9 2.5 0.4 

I 1 A k n  17-20 M n W  tor oil fwl  is piva as npnsrntsthn of ryJtam wnpe. I 
Combustion turbines are expected to remain a reliable source of power through 2005 with a reduction in 
f o m d  outage factor due to plant upgrades. 

N A Y S  NUCLEAR PLANTS 
Five nuclear units, located at three sites, are included in exist- 
ing generating assets-Browns Ferry Nuclear Plant Units 2 and 
3, Sequoyah Nuclear Plant Units 1 and 2, and Watts Bar Nuclear 
Plant Unit 1. Figure T3-9 gives the locations and capacities of 
these units. 

In 1985 TVA shut down i s  nudear operation and const~~ction 
program to correct significant weaknesses. Operating charac- 
teristics since restart from this regulatory outage are anticipat- 
ed to be more representative of future operations because of 
the changes in personnel, procedures, and equipment as com- 
pared to the pre-1985 period. Since return to service from the 
regulatory outages, Sequoyah Units 1 and 2 and Browns Ferry 
Unit 2 have recorded, respectively, a 66 percent, 65.4 percent, 

and 80.6 percent equivalent availability (explained previously 
in the section covering TVA's hydro system). 

Figure 73lOgives the sigmficant characteristics for TVA's 
nuclear system, including capacity, equivalent availability fac- 
tor (EAF), heat rate, fuel cost, operations and maintenance 
(O&M) cost, and additions and improvement (A&D cost. 

Although TVA has scaled back its nuclear construction 
program, nuclear generation is expected to play a vital role in 
helping TVA meet energy supply demands through the Energy 
Viion 2020 study period. The nuclear units at B r o w  Feny will 
reach the end of their operating licenses during the study peri- 
od (2014 for Browns Feny Unit 2 and 2016 for Browns Feny Unit 
3). It is anticipated that these two units will be excellent candi- 
dates for license extension for two reasons. First, boiling water 

Commercial 
1996 Plant Operation Date 

Nuclear Summer Net (First Unit) 
Generatinn Planb Location Units Capacity (MW) (last Unl) Comments 

Browns Ferry Near Athens, AL 2' 2.130 1975 General Electric Boiling Water 
1977 Reactors 

Sequoyah Near Chattanooga, TN 2 2,217 1981 Westinghouse Pressurized Water 
1982 Reactors 

Watts Bar Near Spring C i i ,  TN l 2  1,170 Projected COD in Westinghouse Pressurized Water , 

N 1996 Reactor 

TOTAL 5 5,517 

1 Bmws Ferry Unit 1 har been idled since 1983. Major mod'fiatMm a n  required to brinp me panr to current standards. Recovery of this unit is 
included as a suppty-side option within me IRP. 

2 Wans Bar Unit2 is apprmjmshly 68 percent m p l s h .  Completion of !hiis unit is induded ts a supply-side option within Me IRP. 

Five nuclear units are expected to provide 5,517 megawatts of TVA's generating capacity. 
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Summer Net 
Nuclear Capacity EAF Heat Rate Fuel Cost Total O&M Total A&l 
in Fiscal Year (MW) (%) ~Btu/kWl~) (SMwh) (SW) ( S I W  

1994 (Actual) 3,282 65.6 10,140 11.02 90.7 29.8 3 

2005 5,517 67 10,475 5.4 113.6 19.1 

~ s r p w y h 2 ) * 1 1 ~ g i v a n h t y p i p l o f a l l ~ ~ .  
2 1 n 1 8 9 ( N ~ t o o t ~ ~ t o w r i t r O n ~ k ~ m t c l l r ~ m ~ ~ i ~ r ~ .  ~ w i l l n w l t i n f u t u n f w l ~ ~  
lhd~1~lorrcrbutmmhlinmmulctmcrr. 

3 W p i a J ~ m t o r S P N l 1 ~ 2 m d B F ~ 2 p * r ~ ~ N ~ ~ ~ .  

TVA wecB an increase in ~ 7 a b i l C  factor r h n e a r  m due p t  p g d e  Fuel costs are pro- 
jected to drop signithnily fOllowing the wrilpoffof intenrst charges on excess fuel inventory in 1994. 

reactors, such as those at Browns Ferry, are not as susceptible 
to vessel aging as pressurized water reactos; second, these units 
have been brought up to current standards. TVA will follow close- 
ly the proposed Nuclear Regulatory Commission rule making on 
license extensions, but TVA anticipates these facilities will be avail- 
able over the Energy Vision 2020 study period. 

TVA has esrablished a nuclear decommissioning fund for all 
of its operating nuclear reaaors. Invesrments of power funds have 
been made since 1982 to provide for the accumulation of funds 
for decommissioning nuclear plants. By September 1993, the low- 
est interest rate environment in 20 years resulted in a situation 
whae the market value of the decommissioning investments was 
significantly higher than their book value of $210 million. TVA 
elected to exercise the flexibility of the internal fund, and sold 
the investments through a competitive bid for $373 million. 

TVA elected to return the proceeds to the decornrnission- 
ing fund over a three yearperiod beginning in fscal year 1994. 
At the end of fiscal year 1994 the fund had $150 million. Plans 

are to add an additional $100 million by the end of fiscal year 
1995 and an additional $123 million by the end of fiscal year 1996. 

TVA's policy is to collect funds for decommissioning 
through rates based on a constant dollar amount adjusted for 
inflation over the life of the operating license of a nuclear plant. 
This policy is based on the theory that all ratepayers that ben- 
efit from the electric production of a nuclear plant should 
share equally in the cost of decommissioning. If TVA front-loaded 
the collection of the nuclear plant decommissioning funds, 
this would put an undue burden on the ratepayers mxiving power 
generated during the early years of opsration of the nuclear plant 
On the other hand, if not enough funds were collected through- 
out the life of the plant, the ratepayers receiving power at the 
end of the operating license would have an unfair decornmis- 
sioning burden. 

Decommissioning expense has been recovered from 
ratepayers annually based on the present value of amounts not 
provided through earnings on the fund. In fiscal year 1990, these 

BLOCK 1 BLOCK 2 BLOCK 3 
YEAR Quantii(MW) Rice SMWh Quantity (MW) Price W W h  Quantii (MW) Price SMWh 

1995 250 23 250 27 1800 40 
2000 300 27 300 32 1500 56 
2005 0 NIA 300 39 1500 75 
201 0 0 NIA 0 NIA 1100 106 
201 5 0 NIA 0 NIA lo00 135 
2020 0 NIA 0 N/A lo00 165 

This figure shows the amount of power expected to be available thmugh the interchange system through 2000. For each yea( power is shown to be 
available in blocks witfi w n g  cost. 
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collections amounted to $18 d o n .  TVA temporarily suspended 
deaxnmissioning collections fm customers after operating license 
life extensions were obtained for Browns Ferry and Sequoyah. 
The temporary suspension was made in an effort not to front- 
load decommissioning collections. Cashing in the gain on the 
market value of the fund in 1993 has resulted in a reduction of 
the annual decommissioning expense collection through rates 
to $13 million currently based on a projected long-term return 
of 8 percent. If alternative investments with a higher rate of return 
could be achieved, the annual collection could be lowered fur- 
ther. Collections for the decommissioning fund will resume in 
fiscal year 1995. 

Interchanges with Nei~hboring Mlities 
TVA has various types of interchange arrangements with neigh- 
boring electric systems that allow TVA and these utilities to buy. 
sell, and exchange power at times when it is mutually benefi- 
cial to do so. TVA anticipates that there will be some quantities 
of non-fm spot market power available, even during peak peri- 
ods, for the future. Spot market power is power that is available 
for purchase on the open market, usually surplus power that may 
be available at any given time from a generating utility. "Non- 

firm" implies that TVA will not pay capacity charges for the power, 
and other utilities will not guarantee that it is available. 

For planning purposes, TVA has assumed the quantities and 
price shown in Figure 73-11. These blocks are representative 
of purchase power from neighboring utilities. Depending on 
the economic loading of the power system, these blocks can be 
used to offset more expensive internal generating resources. 

TVA also anticipates that it will be able to make off-system 
sales because of differences in timing of system peaks between 
TVA and neighboring utilities. Over the Energy Vision 2020 study 
period. these interchange purchases and sales are anticipated 
to be roughly in balance. 

Transmission System 
TVA's transmission system serves an area of more than 80,000 
square miles, serving a population of approximately 7.7 million. 
The system includes approximately 16,000'miles of transmission 
line, including 9.800 miles of 161,000 volt lines and 2,400 miles 
of 500,000 volt lines. 

The system is used to transmit power to 160 distributors of 
TVA power. These distributors include 50 electric coopera- 
tives. 107 municipal electric systems, and 3 county-operated sys- 

Neighboring Utilities with Transmission Ties lnterconnections 

Associated Electric Cooperative Incorporated 1 
Appalachian Power Company 7 -. 

7 
Carolina Power & Light 1 

Central Illinois Public Service 1 
East Kentucky Power Cooperative 6 
Electric Energy, Inc. (DOE P a w )  8 
Energy services (Arkansas Power 
& Light and Mississippi Power & Light Co.) 6 - 
Kentucky Utilities Company .-- 8 
Louisville Gas & Electric Company I- 
Nantahala Power & Light Company - 1 -- 
Southern Company (Alabama Power and Georgia Power) 9 
Union Electric 1 

TOTAL 57 

1 Del'iev points tor power purchased by Big Rivers tmrn the Southeastern Power Adininstration. 

NA has the capabil~ty to exchange power with 13 neighboring utilities which allows power 
to be bought, sold, or wheeled to meet utility needs. 

tems. TVA also directly serves over 60 large 
industries and Federal installations. In addi- 
tion, the transmission system is connected 
ckrectly with 13 neighboring uthties. These inter- 
connections allow TVA to buy power from and 
sell power to other utilities and to wheel elec- 
tricity from one utility to another using TVA's 
power transmission system. 

Figure 73-12 lists the electric utilities 
with which TVA has exchange agreements 
and the number of interconnections TVA has 
with each. 

TVA is a member of the Southeastern 
Electric Reliability Council, a voluntary indus- 
try oversight organization dedicated to pro- 
moting electric system reliability by identdymg 
and enforcing good engineering and operat- 
ing practices. The Southeastern Electric 
Reliability Council is a subgroup of the North 
American Electric Reliability Council, which pro- 
vides oversight for the entire North American 
grid. Through these arrangements, TVA has 
access to emergency backup power. 
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Evaluation Criteria 

The four major sections of this document named below are working papers that were presented by TVA to support discussions . 
on evaluation criteria during the development of Energy Vision 2020 . 
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1. What are cost-benefit tests? 
Cost-benefit tests are a means for any organization to determine 
if the cost of taking an action is greater than the benefit that is 
gained from that action. At TVA, cost-benefit tests were used to 
determine if a given supply-side resource and demand-side man- 
agement goal can help achieve certain company goals. 

2. What cost-benefit tests are used by WA in the Energy 
Vision 2020 integrated resource plan? 
To determine cost-effectiveness, the standard tests used are: 

Participant Test - Examines the costs and benefits from the 
perspective of participants in demand-side management 
programs. Programs that do not pass the participant test have 
little chance of success. 
Rate Impact Measure (RIM) -Takes the perspective of non- 
participants and measures the impact of resource options on 
rates. A program that passes the Rate Impact Measure test will 
not cause rates to increase and therefore will benefit both pro- 
gram participants and non-participants. 
Total Resource Cost (TRC) - Considers the options of both 
participants and non-participants and is a measure of eco- 
nomic efficiency for society. Programs that pass the Total 
Resource Cost test provide energy service at the lowest 
cost to society as a whole. 

Figure T4-I illustrates the differences among the tests. 

3. What assumptions are made to apply the standard tests? 
The ability of the standard tests to measure the potential 
achievement of h e  desired goals depends on a set of assump- 
tions that are often not acknowledged, namely: 

Customers use the same amount of energy service both 
before and after the program 
Customers receive the same quality of energy service both 
before and after the program 
Customers do not change their usage of energy services 
due to program-induced rate changes 

In short, all of the reasons that customers ch&se not to 
install a DSM measure (the hidden or market bamer or trans- 
actions costs) are assumed to be completely eliminated by the 
utility program according to the standard tests. These are 
strong assumptions that often do not hold true even though 
the standard tests assume they do. 

4. How does WA take into account that the test assump- 
tions named do not always hold true? For example, the 
purpose of demand-side options is to negate the first 
assumption-that "customers use the same amount of 
energy service both before and after the program. " 
TVA realizes that the assumptions upon which the standard tests 
are based do not always hold me .  For example, a demand-side 
option may offer an incentive program for purchases of more 
energy &dent rnanufaauring equipment. This equipment increa~ 
es productive efficiency even though it may use more elecuic- 
ity. This makes the first assumption untrue because the amount 
of energy used would not remain the same. In response, TVA 
uses the Value Test to measure the value of this increased pro- 
ductivity. Although the Value Test is not one of the standard tests 
used by regulated utilities, all of the additional measures includ- 
ed in the test are mentioned in the California Standard Practice 
Manual, Economic Analysis of Demand-Side Management 
Programs. 

5. What is the economic basis for the Value Test? 
The Value Test is developed rigorously from the principle of ece  
nomic efficiency. A program that increases economic efficien- 
cy is one that increases customer value by either lowering 
energy service costs or increasing the quality of services. Since 
the Value Test is a complete measure of economic efficiency, it 
allows for the relaxation of the four assumptions discussed above 
associated with the standard tests of cost-effectiveness. 

ENERGY VlSlON 2020 74.1 



T E C H N I C A L  DOCUMENT 4 :  E V A L U A T I O N .  C R I T E R I A  

6. Are there any other advantages to the Value Test? 7. Are the components of the Value Test more difficult 
Because the Value Test is a complete test of economic efficiency tO measure? 
that acknowledges the fallacy of the assumptions of the standard Virtually all costs and benefits associated with customer senice 
tests, the Value Test allows all types of Customer Service and supply-side options are estimated and involve some degree 
Options (including DSM) to be evaluated on a level playing field. of uncertainty. The techniques that have been developed for the 
Customer Service Options include anything that TVA and dis- Value Test provide means to develop parameters for the range 
tributors can do on the end-use customers' side of the meter to of uncertainty associated with the estimates of the different costs 
increase the value of electricity consumption, making this is a and benefits. 
useful test for Energy Vision 2020. 

RATE IMPACT MEASURE (RIM) TOTAL RESOURCE COST 
PARTICIPANT TEST (NON-PARTICIPANT IMPACTS) (TRC TEST*) 

BenefQ: +Electric Bill Reduction $226,868 +Avoided Supply Costs $173,420 +Avoided Supply Costs $173,420 
+Incentives $46,664 

Cwtt: -Participant Costs $90,944 -Utility Costs $13,539 -Participant Costs $90,944 
-Incentives $46,664 -Utility Costs $13,539 
-Revenue Loss $226,868 -- 

Net Benefits $182,588 Net Benefits - $1 13.650 Net Benefits $68,937 
Benefiiost Ratio 3.01 BenefiWCost Ratio 0.60 Benefiiost Ratio 1.66 

*Note: The TRC is the sum of participant and RIM or non-patticipant impacts. 

Note: The value test--as shown below-adds components to the parb'cipant test and the RIM (non-participant) test that have been omitted 
as a result of simplifying assumptions. 

PARTICIPANT WON-PARTICIPANT IMPACTS TOTAL VALUE 

Benefi: +Electric Bill ~eduction $226,868 +Avoided Supply Costs $1 73,420 +Avoided Supply Costs $173,420 
+Incentives $46,664 +Benefits due to low 
+Benefits due to low price of services $12.441 

price of semces 1 $12,441 +Reduction in mM barrier $6.268 
+Reduction in mkt barrier costs 2 

costs 2 - $6,268 - 

Costs: -Participant Costs $90,944 -Util~ty Costs $13.539 -Utility Costs $13.539 
-Transactions Cost3 $38,021 -Incemves $46,664 -Participant Costs $90,944 

-Revenue Loss $226,868 -Transactions Cost 3 $38.021 
-Long-Run Rate Impact4 $2,585 -Long-Run Rate Impact4 $2.585 

Net Benefits $1 63,276 Net Benefits - $1 16.235 Net Benef i  $47.040 
BenefiCost Ratio 2.27 BenefitICost Ratio 0.60 BenefitlCost Ratio 1.32 

Listings in italic type indicate additions to participant test and non-participant test that differentiate the value test fmm the TRC test 
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Environmental values are a fundamental pan of the American 
value system. No enterprise in today's society can safely proceed 
in ignorance of the environmental consequences of its activities. 
TVA Board Chairman Craven Crowell has said: 

In the p r s  ahead, no major corporation will succeed with- 
out a high regard for the environment.. . We must blend 
environmental consciousness into everything that we 
d e f r o m  managing ourpowersystem to managing our 
system of lakes and dams, from managing our land use 
to promoting rural development in ways to support envi- 
ronmental quality. 

There are potentially significant differences in environmental 
impacts between energy resource strategies. Those differences 
can result in widely differing economic effects in the form of 
increased or lessened pollution control costs. Those differ- 
ences can also result in greater or lesser public acceptance of 
resource plans. 

Environmental Responsibility 
and Enerm Lion 2020 
Recogizlung the importance of environment values, the TVA Board 
included environmental responsibility among the four broad strate- 
gic goals for TVA. Those goals are: 

1. Customer Driven 
2. Employee Sensitive 
3. Environmentally Responsible 
4. Growth Oriented 

The ultimate objective of Energy Vision 2020 is to develop a 
resource plan that will enhance TVA's competitiveness in a rnan- 
ner that meets or exceeds customers' expectations. TVA has defined 
"competitiveness" broadly to include promoting "sustainable" eco  
nomic growth. 

National ~vironmental Policy Act 
One of the tools to help TVA in this task is the National 
Environmental Policy Act and its implementing regulations. 
Since the enactment of the National Environmental Policy Act 
on January 1, 1970, federal agencies (including TVA) have 
been required to consider any significant environmental impacts 
that may result from their proposed actions. The National 
Environmental Policy Act and its implementing regulations 
define a process to guide federal agencies in evaluating envi- 
ronmental impacts and involving the public in reviewing this wd- 
uation. The most comprehensive level of review in the process 
is the environmental impact statement. It provides a structure 
for invohg the public and sets certain minimum a d p a l  requtrP 
ments, such as the identification of reasonable alternatives to the 
proposed action. 

TVA has prepared an environmental impact statement as 
part of Energy Vision 2020. This allowed TVA to use the envi- 
ronmental impact statement process to obtain public input. to 
inform the public about potential environmental impacts, and 
to ensure that the environmental impacts of alternative strate- 
gies are considered. 

TVA prepared a "programmatic" level environmental 
impact statement as opposed to a "project" or site-specific envi- 
ronmental impact statement. This is in keeping with the kind 
of action under consideration-the formulation of a long-term 
energy suategy. Because of the programmatic nature of the action. 
the environmental analyses focuses pnrnanly on regional or broad- 
scale environmental impacts and those impacts that are normally 
associated with certain categories of energy options. The envi- 
ronmental impact statement and TVA's integrated resource 
plan have been merged and collectively consist of Volume 1 and 
Volume 2. 

A particular energy resource strategy may eventually result 
in individual projects with site-specific impacts. The potential 
impacts of future resource projects would be addressed through 
site-specific environmental reviews prior to their development. 
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Acid Rain 
Acid Rain StrategyPollution 
Credits 
Aesthetics 
Air Toxics 
Chlorofluorocarbons (CFC) 
Clean AirIAir Quality/Fossil 
Pollutants 
Clean WaterMlater Quality 
Coal-Mine Reclamation 

Electric and Magnetic Fields 
(EMF) 
Environmental Regulations 
Externalities 
Global 
WarrninglGreenhouse 
GaseslCarbon OffseWCO;! 
Constraints 
Human Health 
Lake Levels 

Land UseRand Impacts 
Nuclear Safety 
Nuclear Waste 
Polychlorinated Biphenyls 
(PCB) 
Refuse-Derived Fuel (RDF) 
Regional Forests 
RigM-&Way Maintenance 

SmogNolatile Organic 
Compounds 
Solid Waste 
SustainabililProtection of 
Natural Resources - 
Visibility 
Wetlands 

-. 
Wildlife 
Zebra Mussels 

Treatment of Environmental 
Concerns and Issues 
The analytical process for environmental issues started with the 
identification of environmental concerns. Through interactions 
with the public and various stakeholder groups, such as the Energy 
Vision 2020 Review Group, TVA identified an initial list of 
environmental concerns. In no particular order of importance, 
the environmental concerns are identified in Figure 4-2. Since 
the National Environmental Policy Act requires that the envi- 
ronmental impacts of alternatives be considered by the decision- 
maker, a process was developed to link these concerns to 
environmental impacts or consequences. 

First, these environmental concems were lmked with sci- 
entific or regulatory environmental issues based on the associ- 
ated pollutants or activities. 

The public's stated concerns were translated into commonly 
used scientific or environmental terms that are more concise and 
amenable to analysis. For example, "smogn from a technical stand- 
point is associated with ozone, regional ozone, and particulate. 
TVA's proposed linkage of these concerns with issues/pollutants 
is identified in Figure T4-3. 

Second, the environmental impacts or consequences of the 
environmental issues were identified. 

'Ihlrd, issues that ConnibUte to the same envitonmental impaa 
or cONequences were then grouped together and measures devel- 
oped to provide capability for quantitative evaluation (see 
Figure T44). Constraints were also identified for certain envi- 
ronmental issues, which are discussed later in this section. 

Environmental Impacts and Measures 
Each of the issues from Figure T44 was associated with an envi- 
ronmental impact measure in order to combine the multi- 
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attribute trade-off analysis approach with the National 
Environmental Policy Act requirement that the decision-maker 
consider the environmental consequences or impacts of alter- 
native strategies under consideration. These impacts, typical of 
those evaluated in other environmental impact statements, are 
treated as evaluation aiteria. The relarive magnitude of these impacts 
have been analyzed among alternative energy strategies. 

In many cases, more than one issue will contribute to an 
impact. For example, human health impact through inhalation 
pathways is associated with the acid aerosol (sulfate), ozone, 
indoor air quality, and hazardous air pollutants (e.g., mercury). 
Both regional ozone and acid deposition issues contribute to 
crop damage. Other impacts may be linked to only one issue. 
Figure T44 identifies the proposed environmental impacts and 
shows the relationship between environmental issues (derived 
from concerns) and these environmental impacts. 

Comparing the relative environmental impacts of strategies 
requires identification of measures that either directly or indi- 
rectly indicate the impaa area. Where multiple measures are asso 
ciated with an impact, the importance of each measure is 
considered. 

Some of these measures are relatively straightforward and 
can be considered direct measures of the risk of impacts. For 
example, the possibility of impacts to fish and aquatic life 
from the discharge of heated condenser cooling water can be 
measured by the heat (BTUs) discharged to the rivers. 
Measurements for other issues/pollutants are not so straight- 
forward, but certain pollutants that contribute to or cause an 
impact can serve as indirect measures of impacts. For example, 
sulfur dioxide (SO2) and nitrogen oxides (NOx) are precursor 
pollutants that are the primary contributors to acid deposition 
and associated impacts on forests, crops, fish and other aquat- 
ic life and materials. By measuring these pollutants for various 
strategies, it is possible to obtain some understanding of the poten- 
tial relative effect of a strategy on environmental impacts. 
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Environmental Concern Issue~Pollutant (Linkape) 

Acid Rain Acid aerosols, acid deposition, acid clouds 
Acid Rain Strategy, Pollution Credits Alternative reoresentative strateoies will be evaluated in the IRP 
Aesthetics New construction. windmills 
Air Toxics Hazardous air pollutants, mercury inhalation/depos~tion 
Chlorofluorocarbons (CFC) Unimportant IRP issue - being phased out by law 
Clean Air, Air Qualrty, Fossil Pollutants Acid aerosols (sulfate), ozone, particulates, indoor air quality, hazardous air pollutants. region- 

al ozone, acid deposition, acid clouds, combustion byproducts, natural gas leakage, landfill/ 
coal mine, methane, visibility 

Clean Water. Water Quality Point source releases. solid waste, fuel production, air emissions, construction site runoff. 
general site runoff, acid mine drainage (non-point source pollution), low dissolved oxygen, 
hydro power releases, releases of nutnenwoxygen demanding substances, discharge of heat- 
ed condenser coolmg water, acid deposition, surface water intakes (including pumped stor- 
age), facilrty construction and operation, mining operatrons, evaporative water losses and 
cooling tower drift (consumption), water withdrawal (usage), ground water contamination. 

Coal Mine Reclamation Fuel production, acid mine drainage 
Electric and Magnetic Fields Addressed oualitativelv in IRPEIS - - 

Environmental Regulations Captured as uncertainties in the analysis 
Externalities Captured by multi-attribute analysis - addressed qualitatively in IRPEIS 
Global Warming, Greenhouse Gases, Carbon Combustion byproducts, natural gas leakage, IandfilVcoal mine methane 
Offsets. C02 Constraints 
Hazardous Waste Hazardous waste 
Indoor Air Quality Indoor air quality 
Lake Levels Addressed in NA's Lake Improvement EIS; IRP assumption 
Land Use. Land Impacts New construction, new plants, new dams, new coal mines, new rights-of-way, energy crops. 

nuclear and hazardous wastes generated, combustion byproducts and management 
(ash and pollution control byproducts), generation, transmission, windmills, strip mining 

Nuclear Safety Addressed as a financial uncertainty (nuclear moratorium), addressed qualitatively in IRPIEIS 
Nuclear Waste Low- and hioh-level nuclear waste -. - - . . -. . . - - -. . . - - . - - . . . - - - - 
Polychlorinated Biphenyls Unimportant IRP issue, being phased out on N A  system (PCBs) 
Refuse-Derived Fuel (RDF) RDF is treated as an IRP option 

- - 

Regional Forests Regional ozone, acld deposition, acid clouds 
Right-of-way Maintenance To be addressed qualitatively in Energy Vision 2020 
Smog. Volatile Organic Compounds Ozone, regional ozone, particulates 
Solid Waste Combustion byproduct 
Sustainabillty, Protection of Natural Resources Addressed qualitatively in IRPEIS; components of sustainability are captured by criteria 

(environmental impact, economic impact, energy efficiency) 
Visibility Acid aerosols (sulfate), ozone, particulates 
Wildlife New construction, new plants, new rights-of-way, strip mining, windmills, energy crops 
Wetlands Unimportant IRP issue; site-specific 
Zebra Mussels Point source releases, surface water intakes, water withdrawal 

Developing measurements for some impacts is even more ENVIRONMENTAL CONSTRAINTS 
difficult; therefore, for a number of impacts, sunogate measures 
were used. For example, the amount of coal burned provides 
an indication of the amount of pollutants affecting aquatic life 
and biodiversity. Finally, for a few impacts, TVA has not been 
able to ident@ reasonably, appropriate direct, indirect, or sur- 
rogate measures. These potential impacts have been considered 
qualitatively in Energy Vision 2020. Figure T44 shows the 
measures proposed for each environmental impact. 

A constraint is an absolute limit on a measure. These can be 
externally imposed in the form of a legal requirement or inter- 
nally imposed as a policy. A constraint can also result from phys- 
ical limitations such as the maximum loading that a transmission 
line can carry or the maximum capacity of a generating unit. 

Two environmental constraints have been identified: one 
affects sulfur dioxide emissions, and the other affects greenhouse 
gas emissions. In addition, two assumptions have been made 
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laciat/Pollutmnts Environmental Impact MeasurementslTmatment 

Acid aerosols (sulfate), ozone, particulates, indoor air quality, Human heaith-inhalation S02, NOx, TSP, mercury 
hazardous air pollutants, mercury inhalation emissions-also Qualitative 
Acid aerosols (sulfate), ozone, particulates Visibility Sop. NOx, VOC-also Qualitative 
Regional ozone, acid deposition, acid clouds Forests, crops Son, N k a l s o  Qualitative 
Acid deposition, ozone Materials (structural and cultural) Son, NOx-also Qualitative 
Point source releases. hazardous air pollutants, mercury deposition. Human healthingestion Nuclear power sales, fossil power - .  

groundwater contamination, f a c i l i  operation sales, hydro peaking power sales- 
also Qualitative 

Discharge of heated condenser cooling water, point source releases, 
mining operations, evaporative water losses and cooling tower drift 
(consum~tionb water withdrawal (usasel, facility construction and 
operation. groundwater contamination . 
Point source releases, solid waste, fuel production, air emissions, 
mercury deposition, construction site runoff, general Site runoff, 
acid mine drainage (nonpoim source pollution), low dissolved oxygen, 
hydro power releases, releases of nutrients/oxygen demanding 
substances, discharge of heated condenser cooling water, acid 
deposition, surface water intakes (including pumped-storage), 
facilitv construction and operation 
New constructm windmills 

Water supply, waste assimilation Thermal rejection to river, water 
consumed, hydro peaking power 
sales-also Qualiitive 

Aquatic life, biodiversity Thermal rejection to riier, water 
used, coal burned, nuclear power 
sales, fossil power sales, hydro 
peaking power sales, new power 
plants--also Qualitative 

----- 
Aestheticslvisual Qualitative 

New coal mines, new plants and dams, energy crops Agricultural land loss Qualitative ----- 
New coal mines, new plants, new rights-of-way, energy crops Biodiversty -- Qualitative 
Low- and high-level nuclear and hazardous waste generated, new Land consumption, land Qualitaze 
plants, new rights-of-way, new dams, strip mining, combustion by- management 
products and management (ash and pollution control byproducts) - 
Combustion byprodiicts, natural gas leakage, IandfilVcoal mine Greenhouse gas emissions COz-also Qualitative 
methane, carbon sequestration - -- 
Indoor air quality - Qualiive 
Right-of-way maintenance Qualitative 
Electric and magnetic fields Qualitative 
Sustainability, protection of natural resources - Qualitative 

for purposes of analyses. These assumptions behave like con- 
straints: one involves those formulated in TVA's Tennessee 
R i m  and Resenx)ir System Operation and Planning Review, more 
commonly known as TVA's Lake Improvement Plan. The other 
environmental constraint involves releases from new fossil 
plants. These constraints and assumptions are described below. 

System Sulfur Dioxide (802) Emissions Constraint 
Sulfur dioxide emissions from TVA's fossil-fuel units must meet 
acid rain control requirements on a system-wide basis. 

Greenhouse Gas Emissions Constraint 
TVA has committed, along with some 60 other utilities, to par- 
ticipate in the President's Climate Challenge Program, which is 
a voluntary greenhouse gas reduction or stabilization program. 
Program participants have substantial flexibility in formulating 
reduction or stabilization strategies. TYA has agreed to volun- 
tarily reduce equivalent TVA carbon dioxide emissions by the 

year 2000. These commitments will have to be met by all Energy 
Vision 2020 strategies. 

Lake Improvement Plan Assumption 
In 1991, TVA committed to improving water quality and aquat- 
ic habitat by increasing minimum flows and aerating releases from 
a number of TVA dams. TVA is also committed to extending the 
recreation season on a number of TVA reservoirs by delaying 
the drawdown of reservoirs for other operating purposes, pri- 
marily hydropower generation. These commitments will be 
met regardless of the strategy. 

Minimum Fossil Fuel Plant Releases 
Because of the trend toward increasing environmental regu- 
lation, it is assumed that all new fossil fuel-fired units will have 
minimal water discharges as well as lined waste storage 
areas and will employ best available technology to control air 
emissions. 
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CIILCUlMlON OF EIWIRONMENBU INDICES 

TVA's existing energy resources and many of the resource Step 3. Sum the index components across for each strategy (raw 
options considered for Energy Vision 2020 can affect the nat- index) and divide by the raw index for the reference strategy 
ural environment in different ways. Indices were developed to to obtain the Forest and Crop Productivity Index for each strat- 
help characterize how TVA power system operations and alter- egy baselined to the reference strategy. 
native energy strategies might affect the environment. All 
indices were calculated relative to the reference strategy, which MEASUREIWEIGHTING FACTOR 
was used as a baseline for comparison (See Technical Document 
8, Resource Integration). The reference snategy is TVA's 'No Actionn 
alternative for purposes of its environmental review. 

Each measure was normalized to cancel out the engi- 
neering units whch may vary among the measures. An illustrative 
example of computing the air quality index for forest and crop 
productivity for three strategies is given at the right. 

Strategy Sulfur 0ioxidel.25 Nitrogen 0xides1.75 

Reference 0.208 ---- 0 . 6 4 3 - -  
Strategy - A a.25- 0.75 
Strategy . - B 0.133- 0.536 

Strategies Forest and Crop Productivity Index 

Reference 
Step 1. Select strategies and determine values for the measures 
(Tons of SO2 and NOx for the Forests and Crops Productivity 
Index) Strategy A 

(0.254.75) ;: 

(0.208+0.643) 

MEASUREIWEIGHTING FACTOR (0.1 33+0.536) = 0.786 Strategy B 
Strategy Sulfur Dioxidel.25 Nitrogen Oxidesl.75 (0.208+0.643) 

- 
Reference - 500,000 Tons 300,000 Tons 
Strategy - A 600,000 Tons 350,000 Tons 

~~g~ B 400,000 Tons 250,000 Tons 

Step 2. Divide each measure quantity by the maximum measure 
quantity and multiply by the Weighting Factor for that measure. 

MEASUREIWEIGHTING FACTOR 

Strategy Sulfur 0ioxidel.25 Nitrogen Oxides1.75 

Reference - 0.833 x 0.25 0.857 x 0.75 
Strategy A 1 .Ox 0.25- 1.0x0.75 - 
Strategy B 0.667 x 0.25 0.714 x 0.75 
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TW8 APPROACH TO EVIWMlN6 MWNALmE8 B U U I N C  FROM 
TIL PRODUCTION AND CONSUMPTION OF 88C1RIClTY 

~areaaivitiesthatresuhfromtheproductionandcon- 
sumption of goods and Services that impose costs or benefits on 
society that  an^ not reflected in the prices of those goods or ser- 
vices. For example, negative externalities such as pollution and 
sonic booms can impose costs on a society that are not reflect- 
ed in the prices of those goods associated with the pollution or 
sonic boom. Not all externalities impose costs. Positive exter- 
nalities create benefits to society that are not reflected in those 
goods and services. For example, positive externalities can 
result from public parks, flood protection, and the shade result- 
ing from the neighbors' recently planted tree. 

Since the costs or benefits of externalities are not reflected 
in prices or costs of goods and services, the economic allocation 
of resources is inefficient because consumers and purchasers 
do not account for external costs and benefits in their resource 
decisions. 

Discussions of extemalities in the utility industry have 
generally dealt with environmental externalities arising from var- 
ious forms of pollution. Although most of the discussion in this 
section deals with environmental externalities, it should be 
noted that the principles would also apply to other negative or 
positive externalities. 

From an economic viewpoint, economic efficiency can be 
maximized by reducing negative extemalities to the point 
where the marginal benefits from reduced externalities equals 
the margd cost of reduang the externalities. The marginal ben- 
efits of reduced negative externalities are generally measured 
by the reduction in the marginal environmental costs imposed 
on society. The general economic recommendation to reduce 
environmental externalities is to internalize in prices of prod- 
ucts and services the external costs of the externality. 

These concepts have led to the policy of social costing in 
the electric utility industry. Generally, it is stated that economic 
efficiency can be improved if the external costs of an activity 
can be included in the private costs for utility decision-making. 
The external costs of various pollutants are monetized, a value 
is put on external costs and added to the private costs as indi- 
cated in Figure T4-5. 

In the example in Figure T4-5, the private costs (fuel, oper- 
ation and maintenance, and capital costs) of a combined cycle 

14.8 ENERGY VISION 2020 

exceed those for a coal-fired plant. If the external costs assodated 
with sulfur &oxide, nitrous oxide, and carbon dioxide are 
included, the combined cycle plant has lower costs than the coal- 
fmd plant. 

The inclusion of those external costs in utility planning and 
operation (i.e., system dispatch) has been the subject of debate 
in the electric utility industry in the last several years. 

This section provides a brief summary of industry experi- 
ence, issues in the application of externalities, and the poten- 
tial application at TVA. 

Enviromntal Externalities - World, Urn#rn, 
and B S l i  Experience 
The application of various policy instruments in pollution con- 
trol or the reduction of external costs is shown in Figure T44for 
the United States, Canada, and other countries. Other countries 
are represented primarily by the European community. 

The United States and Canada have experience with com- 
mand and control policies and market approaches where lim- 
its are placed on emissions with trading of offsets or allowances 

Total 
Cost 

Coal Combined 
Cycle 
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COMMAND AND CONTROL 
MARKR Pollution 

Pollutant Trading1 Emissions Fuel Choice Technology Reduction 
0 

US. 
SO2 Canada 

Others 0 0 

U.S. 0 0 0 0 

NOx Canada 0 0 

Others 0 

US. j 
VOC Canada 

Others 

U.S. 0 

CFC Canada 
Others 

US. 
CH4 Canada 

Others 

US. 
N20 Canada 

Others 

simdar to the policy approach to acid rain. Other countries, par- 
ticulariy European countries, have experience with the same tech- 
niques but also have substantial experience with the use of taxes 
to control or reduce pollution. 

Figure T4-7 indicates the methods various state regulatory 
agencies (public utility commissions) have used to incorporate 
externalities into utility planning and operations. Currently, 
eight states monetize externalities as of early 1993. States use a 
variety of techmques from percentage cost adders for certain tech- 
nologies to qualitative treatment of external costs. Several states 
have rejected a monetization of externalities. including Midugan, 
Alaska, Colorado, Delaware, and Connecticut. 

For the states that have included external costs in u d q  resource 
decisions, the values used to represent the external cons are shown 
in Figure T4-7. There are two features in Figure T4-7 that 
should be noted. First, there is a wide range of value estimates 
for external costs of any particular pollutant. Second, most of the 
pollutants involved are air pollutants. 

Issues in ihe Application 
of Monetizing Externalities 
Below is a summary of arguments both for and against for mon- 
etizing externalities in the electric utility industry. 

PROS 
I. Society's resources would be allocated more efficiently. 
As previously discussed, internalizing the external costs and ben- 
efits of an externality in the production of goods and services 
would increase the economic welfare or well-being of society. 

2. The risk of future environmental control costs would be 
reduced. 
Another argument for internalmng externalities stems from a desire 
to mitigate the risk of future environmental control costs or other 
abatement strategies, such as carbon taxes, that could lead to 
future increases in a utility's costs and to rate increases. One exarn- 
ple is the Wisconsin Public Service Commission's decision "to 
purchase 'insurance' against the risk offuture costs" by adopt- 
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ing adders for greenhouse gases and promoting resources that encourage resource developers and/or bidders to develop 
will reduce emissions of these gases now and at a cheaper price options that are relatively envmxlmentally dean, since these options 
than would ormr by waiting for future qdations requiring reduc- will have a relative competitive advantage, when compared to 
tions in emission of such gases. resource options with greater environmental impacts. 

3. Difrent resources can be compared consistently. CONS 
Proponents also believe that explicit recognition of the envi- I. Commission action is inefficient and unnecessary. - 
l~~nental effects of different demand and supply options is nec- Many opponents of environmental ~gulation by state commissions 
e s q  to make consistent comparisons among resource options contend that adding externalities to the regulatory agenda is inef- 
with different prices, environmental impacts, and non-price fea- ficient and unnecessary. They argue that additional action by 
tures. The use of adders and other techniques, they argue, will state commissions is unneeded, given the existence of state and 

POLLUTANT 

AGENCYIREGION SO2 NOx VOC CO TSP Con CHI N20 Water Use Land Use 

New York PSCA 0.637 3.0405 0.1665 0.0006 O.l/kWh OA/kWh 
----l_---_l__l____l__ ------ ___-I_-_. 

Massachusetts 0.85 3.6 2.95 0.48 2.2 0.012 0.12 2.2 
DPU 0 -- 

Nevada PSC 0.822 3.583 0.622 0.485 2.203 0.012 0.116 2.182 ------ ---I--..----- - -  
California PUC 11.745 15.724 11.231 3.402 0.0042 

(SDG&E/SCE) 
California P.UC 2.243 4.56 2.118 1.312 0.0042 

(PGELE) - - - -  - - I - - _ _ - - - - - - _ _  

CA PUC 0.86 3.733 0.6505 2.304 0.0042 
(attainment 
areas) D - ------ --- 

BPA 0.79 0.466 0.812 0.0032 0.00021'kWh 0.0002/kWh 
(west side) ---- ------ L 

BPA 0.79 0.0364 0.088 0.0032 
(east side) -- - - -- ---- --------- --- 

Wisconsm 0.0075 0.075 1.35 
PSC F 

1 Volatile Organic Compound (VOC) n l m  for C1Mom~ represent R f f i  (reactive oqlanicgaShS)-a more inclusive definition, which includes the WCprscs anda few others 
2 To61 Suspended PanicuIates (ISP) nlucs for WIifomia represent values forPM10 - a  more Sped& definition Miich includes particulate maUer mwt harmful to 

human health. 
3 C02 values tor #PA wen dnncost No final cost wss issued. 

The implicit price deflator for Gross Domestic Product is used to convert the adders to 1992 dollars. The deflators for 1987, 1989. 1990. and 1992 
are 101.2, 110.1 115.0 and 121.2, respective& (Economic Report of the President, U.S. Government Printing Office, Washington, DC, Table 8-3, 
January 1993.) 

SOURCES: 
* New YorkSmc Energy Oliice. Onft New Yo* State Energy Plan. Vol. 3. July 1991, pp.-18(iswe 8). andpp. 1-51 (issue9). 
B Massact~usens bpartment of Public uti~itns, ~/nvestiQnion by the DepamnentofpubI~c utiiities on its own motion as to the enwronmenta~ cnema~iiy MIUCS to k used in resoune cost-~lfsctivc 

nass tests by eh?dric companies subjmrto the Depammrsjurisdiction, " D.W. 91-131, Mvember 10. 1992. 
c Mitchell, cymhia. %tc ~spulatoty ~xpcnenca in Anempvnp to ~uantiiy and ~ncwpontc EnvironmenW ~~~crml i t i es :   he Nevada 

Experiencts." 1991. 
D California Public Utilitis CommSion. Decision 91-06-022 June 5,1991. 
E Buchanan. Shepard C., "Dancjnp WI me #eat Lcuons Learned in Appmg Extemalay C W  to Real World Resources. "prpcrpmentedat me hbtiondIAssociation of Regulatory 

Otil#y Comm~ssionenN.S. Depament of Energy Fourth National Integrated Resourn Plannfng Conference. Burlington. VT. September 15, 1992. 
f "Wswnsin PSC O d r s  thatSlylon CO? Value Be Added to UMity Power Project Plans. " utiliry Environment Report, May 29, 1992. p. 1. 

14.10 ENERGY VlSlON 2020 



federal environmental regulators and the large expenditures on 
environmental controls. Further, if the existing regulations are 
inadequate, they feel state commissions are not well-posi- 
tioned to make corrections. 

2. Further regulations of electric utility industry could 
reduce economic benefits because of piecemeal problems. 
One of the key principles for reducing external costs is that all 
external costs and benefits that result from a full range of rel- 
evant pollutants from all sources should be considered in order 
to minimize total social cost. Not adhering to this principle can 
result in a host of so-called "piecemealn problems. "Piecemeal" 
problems are costs or benefit changes that potentially increase 
social costs due to situational, rather than broad-based, devel- 
opment and application of policies designed to address exter- 
nal cons of pollutants. % could occur by singltng out one source 
of pollution out of many sources, one geographic area out of 
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many areas, one economic sector of indus 

resource efficiency through the increased use of existing 
resources that may have higher emissions rates. 

3. Current valuation methodologies are flawed. 
Another common theme in opponents' arguments stems from 
doubts about the current methodologies used to estimate exter- 
nality values. In particular, they are critical of the cost-of-con- 
trol method, which they argue does not reflect a valid benefitcost 
analysis because the political process that produced a given level 
of control reflens more than just the value of the remaining envi- 
ronment impacts. 

4. Uncertainty exists in the quality of the damage cost 
estimates. 
A major uncertainty is the quality of the estimates of the exter- 
nal cost of environmental externalities. The preferred method 
is to estimate the external costs based on the cost of the dam- 

industry accounts for only 36 percent of car- 
bon dioxide emissions, while industrial 
and transportation sectors account for 
approximately 52 percent of total U.S. 
emissions. If the external costs of carbon 
dioxide are included only in electric utili- 
ty planning and operation, there may be 
undesirable cost changes or actions creat- 
ed in the electric utility sector. 

Some of these undesirable changes or 
distortions in minimizing social costs would 
include fuel switchmg from electricity to other 
fuel and economic dislocation between 
mars of the economy (e.g., electriaty, tram 
portation). The economic distortion could 
~nclude the movement of industry from areas 
that include external costs to areas that 
exclude external costs, and changes in 
production and consumption patterns with 
overproduction (compared to optimum) of 
products without external costs included in 
the price to underproduction (compared to 
optimum) of products with external costs 
included in the price. 

Another example of a "piecemealn 
problem is that many regulatory agencies 
are including external costs only in new 
resource decisions. which could bias 

Sulfur Oxides Nitrogen Oxides 

Particulates Non-Methane VOCs 

Carbon Monoxide Carbon Dioxide 

Utilities . Transportation . Industry Other 
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age resulting from the pollutant. From an economic efficiency 
perspective, social costs are minimized by reducing a pollutant 
up to the point at which the reduction in marginal damage is 
equal to the marginal costs of reducing the pollutant. Emissions 
of sulfur dioxide may cause increased costs of health care or ill- 
ness. Increased carbon dioxide emissions may result in global 
warming with its associated costs. 

One of the m a p  unceRainties in dealing with the externality 
problem is the difficulty of estimating the n w g d  damages from 
theemissionsofanexmnahy.SulfurdMde~maycause 
health problems with individuals, it may damage watersheds and 
forests, and it may affect agriculture production. Estimating the 
costs of these effects is extremely W~cult; therefore, any result- 
ing estimates may be highly uncertain, as previously indicated 
in Figure T4-7. 

5. Some air emissions are already regulated. 
Existing regulaum already or soon will internalize all costs result- 
ing in a zero value for the costs of residual emissions. For exam- 
ple, the Clean Air Act provisions for the qdamns of sulfur dioxide 
permit the trading of allowances for emissions below the reg- 
ulated limits. The value for allowances is an estimate of the exter- 
nal cost of residual emissions. Thus, further monetization of 
externalities is not necessary. 

Given the many difficulties of monetizing externalities and the 
lack of coherent position within the elecuic utility industry, TVA 
does not monetize externalities in the Energy Vision 2020. 

Rather, TVA has addressel"; memaltties by using several envi- 
ronmental measures as part of the evaluation criteria used in 
Energy Vision 2020. Emissions of sulfur dioxide, carbon diox- 
ide, nitrogen oxides, and several other pollutants are measured 
for resource options. The environmental measures are then used 
in the multi-attribute trade-off analysis. In addition, externali- 
ties have been qualitatively considered through the program- 
matic environmental review. 

In Energy Vision 2020, the potenual for future environmental 
regulations (specifically, carbon dioxide legislation which 
imposes a dollars per ton tax on carbon dioxide emissions) is 
explicitly identified. Resource options or strategies that meet envi- 
ronmental future regulations are evaluated based on this eval- 
uation criteria. 
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Commissions for Not M o m  Ex te rd i  
A number of public utility commissions (PUCs) have offered rea- 
sons or stated a rationale for not monetizing environmental mer- 
nalities. Below is a summary of those statements. 

Alash The Alaska Public Utilities Commission said in its review 
of the Healy Clean Coal Project that it believes externality 
requirements to be beyond its current authority. (Docket #U-92- 
11) (EPRINET', 1994) 

Cobrado. The Public Utilities Commission rejected monetization 
of externalities in integrated resource planning. In a 1993 deci- 
sion, the commissioners stated that: " . ..the methods for quan- 
tlfication of externalities are highly complex, and, at this time 
still speculative.. . Given thls state of knowledge, it would be pre- 
mature to mandate utilities to monetize externalities." (Docket 
q1R-642E) (EPRINET, 1994) 

ChnmdcW The Public Utilities Commission ruled in December 
1993 that it will not require utilities to use monetized adders to 
value externalities in least cost planning. Rather, utilities will be 
dmcted to use "trade-off analysis" which involves the use of corn 
puter models to compare the external cost and benefits of power 
plan ~cenarios.~ The process was developed by researchers at 
Massachusetfs Institute of Technology. (EPRINFT, 1994) However, 
the PUC accepted United Illuminating's voluntary use of a 25 per- 
cent credit for demand-side management programs without requir- 
ing the credit of other utilities. 

Florida. The Department of Environmental Regulation (DER) 
was directed to review the state's power plant siting process to 
consider how externalities should be considered. Monetization 
of externalities was not recommended, but consideration of envi- 
ronmental factors in the selection and evaluation of new 
resources was suggested. (EPRINET, 1994) 

The Public Service Commission stated that it does not believe 
it should consider environmental externalities when evaluating 
cost effectiveness in need determinations. The Public Service 
Commission has stated that it " . ..has neither the expertise, the 

1 The externalities to be modeled include EMF, economic development, elec- 
Uic system ehabiliry, fuel mk, and impacts on air, land, and water. For air emis- 
sions, only NO, and VOCs were determined not to already be fully internalized 
by regulatory efforts. The impacts of C@ were to be assessed by utilities. Other 
extemaLtles determined to be fully internahzed were m, ash. sludge; hazardous 
waste disposal; nuclear waste; and noise, visual, and property impacts. 
(EPRINET, 1794) 
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personnel, nor a statutory directive to consider such environ- 
mental issues. These matters, traditionally and statutorily, have 
been considered by the DER and not the Public Service 
Commission. (EPRINET, 1994) 

Idaho. The Public Utilities Commission found that the quan- 
tification method requires further exploration and environ- 
mental externalities be quantified as part of the statewide 
energy planning pniess on the basis that insufficient record evi- 
dence existed to make an informed decision. The ICC later con- 
cluded that the externalities issue requires further study, and that 
an adversarial approach is appropriate for determining an 
approach for incorporating externalities into utility planning. 
(EPRINET, 1994) 

Maine. The Public Utilities Commission was directed by leg- 
islation to study the extent to which externalities should be includ- 
ed in utility planning. The subsequent Public Utihties Commission 
report strongly recommended against externality requirements 
at this time. (EPRINET, 1994) 

Michigaa The Public Service Commission seems to concur with 
its administrative law judge, finding that "implementation of a 
system to evaluate environmental factors to take into account 
the differences between combustion and non-combustion 
resources bids is not appropriate at this time." (Case *U-9586) 
The administrative law judge also ruled that the Public Service 
Commission is not authorized to handicap a particular resource. 
(EPRINET, 1994) 

In April 1992, another administrative law judge rejected the 
consideration of environmental externalities as a requirement 
on the grounds that the Public Service Commission has no spe- 
cific legislative mandate to engage in environmental protection 
activities. The Public Service Commission staff had agreed that 
the Public Service Commission does have authority to address 
externalities, and that environmental costs can be estimated. 
(EPRINET, 1994) 

Vugini;l. Although the Virginia State Corporation Commission 
indirectly requires utilities to consider environmental external- 
ities, it has stated that the potentially higher rates associated with 
a resource mix chosen with environmental externalities in mind 
would be speculative and thus not consistent with its legal 
authority. The Commission suggests that the environmental 
externalities are best left to U.S. Congress and the General 
Assembly of Virginia. (EPRINET, 1994) 

Public Senrice Comnrkioll Testinnmy 
Regardin! Monetization 
In an Edison Electric Institute publication (19921, 18 testi- 
monies from Public Service Commissions were summarized with 
the intent of presenting representative views on the issue of mon- 
etizing environmental externalities. Of these testimonies, eight 
argued against monetization as follows: 

A. James Barnes2 on behalf of Massachusetts Electric 
Cornpany argued that the monetized 'values derived by the Tellus 
Institute and used by the State were based on faulty assumptions. 
The Tellus Institute used the xnagnal cat of m m l  as the revealed 
preference for the cost of environmental externalities (the 
residual emissions). Barnes argued that existing environmental 
regulations have resulted in past externalities being internalized; 
that is, the residual emissions are not of si@cant value or con- 
cern (a value of zero). 

Marc Goldsmith3 on behalf of several Illinois utilities tes- 
tified that the qual~ty and quantity of available data on environmenml 
impacts are insufficient to justify assignment of monetized val- 
ues. Another opinion given was that unreliable data or incom- 
plete methods may cause increases in the cost of electricity, but 
not other energy sources not subject to monetized externalities, 
which raises competitiveness issues, and increases potential for 
higher ratepayer costs by biasing supply planning toward high- 
er cost generation. ' 

Alfred ICahn4 on behalf of Tampa Electric Company testi- 
fied that there are possible distortions and inefficiencies in 
imposing additional environmental costs on only selected seg- 
ments of the energy market that happens to be regulated by the 
Public Utilities Commission. 

Lester Iave5 on behalf of Western Massachusetts Electric 
Company testified that the marginal benefit of abatement rather 
than the marginal cost of control should be used for valuation. 
According to Lave, the benefits of further abatement are negli- 
gible for health for most poliurants in areas where National Ambient 
Air Quality Standards (NAAQS) are being met (an exception is 
induect ozone formation effects). Some small benefits were assigned 
for visibility and "other." The resulting ranges of externality val- 
ues are considerably lower (especially the low range value) than 
most estimates using damage costs or cost of control. 

2 Dean, School of Public and Environmental Affairs, 
Indiana University. 

3 President, Energy Research Group, Inc. 
4 Special Consultant, National Economic Research Associates. 

Professor of Economics and Professor of Engineering and Public 
Policy, Carnegie-Mellon University. 
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Richard Lester6 on behalf of the National Independent Energy 
Producers recommended suspension of Massachusetts' envi- 
ronmental externalities policy until negative environmental, 
economic, and public policy consequences are addressed. 
Specifically, he stated that as a policy option, monetized exter- 
nalities appear to fail in meeting three objectives: (1) effica- 
cy-because emission reductions are not effective since only new 
1.esource decisions ae affected, (2) cost eff- . .  . 'on 
of mitigation cons are not achieved, and 0) increased costs are 
passed directly to the consumer. The Massachuseus policy of using 
externalities only for evaluation of new resources excluded the 
source of most pollution, the existing power plants. Also, it was 
asserted that the remaining sulfur dioxide externality was zero 
and that the cost of control cannot be applied for carbon diox- 
ide smce without regulation there was no basis for choosing a 
control technology. On the topic of fuel switching, it was 
pointed out that if monetized externalities cause a s ignkmt  rate 
increase, the end-use switching to non-electric fuels may result 
in an increase in pollution. The use of state-imposed regulations 
to solve regional or global problems may cause competitive dis- 
advantages within the state unless uniform policies are adopt- 
ed in neighboring states. 

Larry ~u f f '  on behalf of Delaware Power and Light 
Company recommended that the Public Utilities Commission not 
adopt monetized environmental externahties using a cost of con- 
trol methodology. He suggested that further study be con- 
ducted on society's willingness to pay and that the environmental 
and regulatory situation in Delaware be reviewed. Ruff argued 
that a system-wide approach to utilizing existing capacity, not 
the modification of new resource decisions, is the key to cost- 
effective emissions reductions. He also contends that an inac- 
curate estimate of an externality improperly applied can easily 
be worse than assuming a value of zero. Also, he believes exter- 
nalities is not a policy that can be applied on a piecemeal basis, 
if no evaluation of existing capacity or competitive energy 
resources. 

Richard schmalensee8 on behalf of Massachusetts Electric 
Company presented three conclusions regarding the develop- 
ment, application, and role of externality values in IRP: (I) the 
marginal cost of control used by the Tellus Institute and adopt- 
ed by the Public Utilities Commission is incorrect in principle; 
(2) if values are to be calculated, they should be based on non- 
i n t e e d  residual damages and applied only to net incremental 
emissions after offsets; and (3) in lieu of a piecemeal approach 
to environmental protection, the Public Ur&ties Commission should 
address broader environmental concerns by promoting least- 
cost control strategies. In regard to conclusion 1, Schmalensee 
contends that there is no support for the view that Congress or 
state legislators have "revealed" through their actions that 
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residual damages have the values calculated by Tellus. 
Concerning the use of residual damages to determine externality 
values, the values must be applied to all sources, not just elec- 
tric utdities, to avoid a piecemeal approach to environmental 
protection. And because residual damages may differ, depen- 
dent on the location of emissions, the values from other states 
or regions should not necessarily be used, should differ with 
location of each power plant, and should take into account envi- 
ronmental regulations already in place. Schmalensee also 
argued that an sulfur dioxide externality had no economic mean- 
ing in light of the 1990 Clean Air Act and that it would not change 
the overall level of sulfur dioxide in the U.S. He also said that 
it made no environmental or economic sense to impose a "largen 
carbon dioxide emissions value. 

Department of Energy comments to the Texas Public 
Service Commission made the following points: (1) Department 
of Energy prefers damage-based values since other proxy mea- 
sures such as the highest marginal cost of control are unlikely 
to have any relationship to damages. Department of Energy point- 
ed out serious flaws in both the TeUus and Pace University stud- 
ies and that values from these studies differed by as much as a 
factor of 16; (2) net system impacts of all alternatives (DSM and 
generation) should be considered before applying externalities 
(for example, an alternative with the highest capacity factor will 
displace more existing generating capacity, and therefore ernis- 
sions, than an alternative with a lower capacity factor, where the 
net system impact is the increase in pollution from the new alter- 
native minus the decrease in pollution from existing generation, 
which will operate less often because of the new alternative): 
(3) sulfur dioxide will be fully internalized after the year 2000 
and should have a value of zero, and it is premature to assign 
a value to carbon dioxide because of uncertainty in damage costs; 
and (4) Department of Energy advises against a cost penalty for 
other criteria pollutants unless it is clear that existing programs 
have not fully internalized the costs. 

6 Professor of Nuclear Engineering and Executive Director of the 
Commission on Industrial Productivity. Massachusetts Institute 
of Technology. 

7 Director. Putnam, Hayes 8; Banlen, Inc. 
8 Professor of Economics and Management and Director of the 

MIT Center for Energy Policy Research, Massachusetts Institute 
of Technology. 
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Load Forecast 

This technical document has two major sections that were originally separate information items . These were the basis for var- 
ious discussions on load forecast that TVA used to develop Energy Vision 2020 . 
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Load Forecast 

ENERGY V1810N 2020 LOAD FORECAST SUMMARY - 1884 

Introduction 
Like many utilities, TVA forecasts the long-term energy and peak 
demand outlook 20 to 25 years into the future. The long-term 
forecast is developed from individual forecasts of residential, 
commercial, and industrial sales. These forecasts serve as the 
basis for planning the TVA power system, budgeting, and 
financial planning. The Energy Vision 2020 forecast is based on 
five elements necessary for state-of-the-art forecasting: 

TVA's system energy forecast is the sum of forecasts by sec- 
tor. Figure T5-2 shows the breakdown of the medium forecast 
into the residential, commercial, and manufacturing sectors. 
Total energy requirements in 1994 were 35 percent residential, 
25 percent commercial. 30 percent manufacturing, and 10 per- 
cent other sales and system losses. The commercial and manu- 
facturing sectors are expected to increase faster than residential 
from 1994 to 2000. From 2000 to 2020, the directly served por- 

e Accuracy 
Use of best information 
Use of best methods 
Explicit treatment of uncertainty 
Continuous improvement 

Summary of Results 
The range of long-term peak load forecasts 
developed for Energy Vision 2020 is shown 
in Figure T5-I. For the medium forecast, 
peak loads are expected to increase 2.2 per- 
cent per year from 1994 to 2000 and 1.9 
percent per year from 2000 to 2020. 
Recogtllzlng the uncertainty in forecasting, 
TVA's high load forecast annual 
growth is approximately 3.3 percent from 
1994 to 2020, and the low forecast is less 
than 1 percent from 1994 to 2020. 

tion of the manufacturing sector is expected to grow less than 
the other sectors. 

Thousands of 
Mepawatts Lou Mndfnm Hlph 

1970 - 1994 1.8% 
1979-1990 0.6% 
1990-1994 20% High 

50 1994- 2000 0.0% 22% 3.4% 
mnn-3mn n l lu  i a 23% 

Actual and projected growth of system peak needs are shown. High, medium, and 
low forecasts were developed to address uncertainties in the future. Under the 
medium forecasr, peak demand is projected to be approximately 40,000 
megawatts by 2020. 
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Forecasting is inherently uncertain. 
However, TVA's load forecast accuracy 
since 1985 has been within 5 percent 
(plus or minus) of actual loads, as shown 
in Figure 5 3 .  'Ibis is wdwithin the in& 
aystandardofphsorminus8pemmtaax- 
racy. A'1991 review of TVA forecasts by 
Barakat & Chambedin, Inc. concluded 
that: "...on a comparative basis, TVA's 
forecasting procedures compare very 
favorably with the best-practice proce- 
dures in the United States utility industry." 

FORECASTING IN THE 1970s 
TVA's load forecasting has changed dra- 
matically over the last 20 years. Until the 
late 1970s, forecasting at TVA consisted of 
examining the historical trend of energy 
sales and projecting future sales based on 
past growth. These early forecasts were 
based ori a generally stable picture. 
Underlymg ham such as the prim of elec- 
tricity and the economic situation were not 
considered, causing the forecasts of the 
1970s to be very optimistic. TVA's 1970 and 
1975 forecasts? shown in Figure T54, 
illustrate the error rate for these forecasts. 

During and after the oil embargoes 
of the 1970s, the world economy expe- 
rienced a long recession and steadily ris- 
ing energy prices. These changes caused 
TVA to look to new forecasting tech- 
niques that recognized fundamental 
changes that were taking place in ener- 
gy costs and patterns of energy use. The 
old methods were producing large inac- 
curacies and simply no longer worked. 

Billions of kwh 

--- I C6 Otber 
Matllltrctudng - Dimd Served 

ANNUAL INCREASE IN SALES % 

Manufacturinn 
Residential Commercial Distributor Served ~ i r e c t  Sewed Other 

1970-94 2.4% 4.3% 3.2% -1 5% -1.7% 
1979 - 90 1.6% 3.6% 2.2% -3.4% -6.7% 

Electric~Iy sales are shown for the customer classes of residential, commercial, and manufac- 
turing. Electricity sales for the maniifacturing customer class are divided into sales to industrial 
customers served by distributors and sales to industries served directly by NA. The "other" 
category includes outdoor lighting sales and power sales to other federal agencies. 

Foracatt Forecast 
Year Forecast Target Peak Actual Enor 
Prepared Year (Mw) (Mw) (Penent) 
1983 1988 22,610 20,684 9.3 
1984 1989 22,546 21,149 6.6 
1985 1990 21.669 21,142 2.5 
1986 1991 22,348 21,810 - 2.5 
1987 1992 21.493 22,533 -4.6 
1988 1993 23,119 23,354 -1 .O 

Average Absolute Error 4.4 - 

Since 1985, WA's load forecast for five years ahead has been within 5 percent (plus or minus) 
of actual loads. 
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Billions of kwh 
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Forecasting techniques used in the 1970s proved to be 
roo optimistic. Earlier forecasts did not explicitly consider 
uncertainty in prices and economic variables. 

FORECASTING IN 
THE 1980s AND 1990s 
New approaches adopted by TVA in the late 1970s included 
using better quality data in the forecasts, using econometric and 
end-use models, and making special provisions to deal with 
uncertainty. 

WA's econometric models link electricity sales to several 
key factors in the market, such as the price of electricity, the price 
of natural gas. and growth in economic activity. These models 
are used to forecast sales growth in the residenttal and commeraal 
sectors and in each industrial sector. 

Underlying trends w i h  each sector, such as the use of var- 
ious types of equipment or processes, also play a major role in 
forecasting sales. To capture these trends, TVA uses a variety of 
state-of-the-art end-use forecasting models. For example, in the 
residential sector, sales are forecast for space heating, air con- 
ditioning, water heating, and several other uses. In the comrneraal 
sector, a number of end-use categories incluhg lighting, cool- 
ing, refrigeration, and space heating are examined. 

End-use and econometric models have vastly increased the 
amount of data used in TVA forecasting. TVA uses a cutting-edge 
Regional Economic Simulation Model (RESM) to forecast region- 
al economic activity. The regional economic forecasts are based 
on national economic forecasts provided by DRVMcGraw-Hill. 

Forecasts of the price of electricity are provided from 
lVA's financial modelylg. In addition, during the 19&, TVA began 
conducting numerous surveys of its residential and business cus- 
tomers. This continuing survey effort provides valuable infor- 
mation on TVA customer market shares, the kinds of electric 
equipment used, and equipment effiaency. Finally, the inaccurate 
forecasts of the 1970s demonstrated to utility planners that 
there is much uncertainty in even the best forecast. In the 1980s. 
W A  began to deal with this uncertainty by using high and low 
forecasts to bracket the medium forecast. 

Figure T5-;showsthe improved accuracy of TVA forecasts 
developed in the 1980s. While the 1981 and 1983 forecasts had 
errors relating to large declines in Department of Energy (DOE) 
contracts, they are still more accurate than their predecessors. 
Since 1985-when most of the improvements were fully imple- 
mented-very load forecast has been within plus or minus j 
percent accuracy. 
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Forecasting techniques were improved in the 1980s. resulting in a more 
accurate forecast. Since 1985, WAS load forecast has been within plus or 
minus 5 percent accuracy. 

Key Variables Afhdno ibe Mecast 
Four key variables are used in the load forecasts and in each of 
the residential, commercial, and industrial sectors. 

Economic activity 
Price of electricity 
TVA's level of competitive success 
Price of substitute fuels 

The impact of these variables on the use of electricity is not 
measured by a single value. Instead, a range of values is devel- 
oped from which a range of load forecasts is derived. The uncer- 
tainties seaion of this technical document discusses how the range 
of load forecasts is developed. The key variables are discussed 
in greater detail below. 

ECONOMIC ACTIVITY 
TVA produces its own forecasts of regional economic activity 
using a Regional Economic Simulation Model (RESM), an 
econometric model of the TVA region's economy. TVA's fore- 
casts are based on forecasts of the national economy by 
DRVMcGraw-Hill, an internationally recognized forecasting 
senice. However, RESM does not blindly attribute national trends 
to the TVA region. Instead, it recognizes differences inherent 

in the region's economic structure that cause it to perform dif- 
ferently than the United States. 

The most likely outlook is for the region to continuk to 
outperform the nation (Figure T5-61. Gross Regional Product 
(GRP) is forecast to grow 3.5 percent annually from 1994 to 
2000 and 2.4 percent from 2000 to 2020, while national Gross 
Domestic Product (GDP) is expected to grow at 2.5 and 
1.8 percent for the respective periods. This compares favor- 
ably with the historical performance of GRP and GDP shown 
in Figure T5-6. 

The region's economy is expected to grow faster than the 
rest of the nation's, largely due to the region's advantages in man- 
ufacturing. In 1994, about 29 percent of total product in the rwon 
was in manufacturing, as opposed to 19 percent for the United 
States. Manufacturing's predominance in the regional economy 
is due to several factors: 

A location in the South between the markets of the Northeast, 
Midwest, Southwest, and Florida 
A good transporntion system allowing goods to be shipped 
to these markets by interstate, rail, and barge 
A good, low wage (for the United States) workforce 
Relatively low-cost, abundant resources including water, 
electricity, and land 
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Percent 

This figure shows the most likely outlook is for the Tennessee 
Valley to continue to outperform the nation. This is largely due to 
the region's advantages in manufacturing. Manufacturing output 
in the Tennessee Valley is expected to surpass national average 
growth rates, continuing the trend since 1985. 

Because of these advantages, the regional economic model 
forecasts manufacturing in the region to outperform manufac- 
turing in the United States, continuing the trend since 1985. Before 
1985, manufacturing was adversely affected by exceptionally 
high oil and energy prices, high interest rates. and the high value 
of the dollar compared to other currencies. These factors have 
returned to relatively low levels and are expected to remain rel- 
atively low in the future. Given the region's dependence on man- 
ufacturing. this sets up favorable conditions for the region's 
economic growth. 

Within the manufacturing sector of the regional economy, 
several industries are showing favorable growth trends. Durable 
goods production has expanded while, at the same time, non- 
durable~ have held up better than in the rest of the United States. 
Although there are several examples of newer durable indus- 
tries growing in the TVA region, such as machinery and furni- 
ture, the prime example is motor vehicles. Employment in the 
motor vehicle industry has grown much faster in the region than 
the nation, with considerable potential for continuing expansion. 

Over the rest of the decade, the region's performance is 
expected to be similar to that of the 1985-1994 period as newer 

manufacturing industries continue to expand and national eco- 
nomic conditions remain favorable. Beyond the year 2000, 
manufacturing is expected to continue to provide enough 
impetus for the region to expand at a somewhat faster rate than 
the United States, but the region's growth is expected to be slow- 
er than before 2000 as the region's newer manufacturing indus- 
tries reach maturity. The region does not have particular 
advantages in the commerd sector as it does for manufacturing. 
Thus, with the slowing of manufacturing growth, the overall *on- 
a1 economy is expected to grow at a rate closer to the nation's 
economic growth. 

From the economic forecast, several variables are used as 
drivers to the load forecasts. For the residentla1 sector, population, 
households, and per capita income drive the load forecast in the 
Valley. For the commercial and industrial sector. output or 
Gross Regional Product are key drivers. The historical and 
predicted growth rates for the medium forecast of the economic 
variables are shown in Figure T5-7. 

To account for uncertainty, high and low regional economic . 

forecasts are derived by using corresponding national forecasts 
and the TVA low and high electricity price forecasts. In addition, 
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Economic forecasts for the NA region are developed as part of the load forecast process. 
Historicaland predicted growth rates for economic variables are shown for the medium 
regional economic forecast. Economic growth is expected to slow from the 1970-1994 rates. 

explicit assumpurn are made concerning national and intarmflonal 
developments. The high scenario assumes that the region will 
develop a commercial sector that more closely matches that of 
the'nation. On the other hand, the low scenario assumes that 
the Valley is more affected by foreign competition and that the 
commercial sector does not develop further. 

Additional dormation on rhe economic forecasts is avail- 
able from TVA in a report titled "Economic Outlook." 

PRICE OF ELECTRICITY 
TVA has not increased electricity prices since 1987 and is 
committed to no rate increases through 1997. This has been 
achieved through a combination of efforts including control- 
ling costs, refinancing debt, and efficiency improvements. 
Holding rates constant is expected to continue to have a pos- 
itive impact on electricity sales. 

The real wholesale price of electricity (excluding inflation) 
is expected to decline 1.3 percent per year from 1994 to 2000 
and decline further at 0.1 percent per year from 2000 to 2020 
as shown in the medium forecast in Figure T5-8. For the low 
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2 Low 

The wholesale price of electriciiy without inflation is expected to decline through 
2020 under the low and medium forecasts. 

forecast, the price of electricity will decrease by 3.3 percent per 
year from 1994 to 2000 and 0.6 percent per year from 2000 to 
2020. For the high forecast, the price of electricity will grow at 
2.3 percent per year from 1994 to 2000 and 1.1 percent per year 
from 2000 to 2020. 

Forecasts of the price of electricity are based on estimates 
of the total revenue required to operate and maintain the power 
system. Forecasts of total revenue requirements are based on 
estimates of key costs such as fuel, operations and maintenance, 
depreciation, and interest costs. Therefore, the high and low 
electric price forecasts are derived from variations in the 
same factors: fuel. operations and maintenance, deprecia- 
tion. and interest costs. 

TVA'S LEVEL OF COMPETITIVE SUCCESS 
In recent years, the electric utility industry has undergone a fun- 
damental change. The world of regulated monopoly is being 
replaced by a world of competitive pressures. Wholesale 
open access (the right of wholesale customers to buy power 
from generating utilities other than the one whose lines serve 
them) can be mandated by the Federal Energy Regulatory 
Commission (FERC). Retail firms, such as large industrial cus- 
tomers, are looking for the same privilege: and retail open access 
is beginning to be mandated by some state regulatory bodies. 

In a more competitive market, TVA's success as a generating 
company will be greatly affected by whether TVA is success- 
ful in being a low-cost producer. 

TVA has incorporated different competitive scenarios into 
its forecasts. In the medium forecast, TVA's price of electricity 
is expected to remain competitive with other utilities. Market and 
regulatory changes would have less impact in the medium 
case than in the high or low cases. As a result, the net impact 
of competition in the medium forecast is that TVA will retain its 
current customers. 

The prospect of increasingly competitive markets increas- 
es the uncertainty in the forecast. If TVA operates at lower costs 
than the competition and regulations p m t ,  TVA may have oppor- 
tunities to gain customers. This is termed high competitive suc- 
cess. Likewise, if TVA is a higher cost producer than its 
competitors, it is likely to lose customersdescribed as low com- 
petitive success. Both cases assume that deregulation of the elec- 
tric market continues. The high and low forecasts recognize the 
risks and opportunities of increased competition. 

TVA analyzed competitive impacts for all sales. The effort 
was aimed at looking at the market rather than specific customers. 
In the low competitive success case, TVA will lose customers to 
competing electric utilities. In order to estimate the potential for 
losing sales to competition, WA's customer survey-complet- 
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Natural gas prices without inflation are expected to increase 3.7 percent annually 
through 2000 and 2 percent per year from 2000 to 2020 under the medium 
forecast. 

ed by many of TVA's distributors and directly served cus- 
tomers-was used to identify the amount of load that appeared 
to be at high risk. 

In the high competitive success case, TVA will gain customers 
from its competition. To estimate the potential for this gain in 
the wholesale markets, loads of municipal and cooperative dis- 
tributors in neighboring regions were used. The chance of 
gaining any distributor was partly ~nfluenced by the wholesale 
price paid by that distributor. Because a very large percentage 
of TVA's sales are wholesale compared to neighboring utilities, 
the potential gam in the wholesale market in the high competitive 
success case was smaller than the potential loss in the low com- 
petitive success case. 

For directly served customers, less specific information on 
nearby opportunities was available. Because TVA is surround- 
ed by states with large industrial loads, a judgment was made 
that potential gain is hlgher than potential loss of industrial loads. 

Wholesale and retail gains in load were assigned the high- 
est probability for the low electric price forecast, making TVA 
more competitive. A more complete discussion of all uncertainties 
in the forecast can be found in the uncertainty section. 

PRICE OF SUBSTITUTE FUELS 
The potential for substitution between 
electricity and fossil fuels, primarily oil 
and natural gas, will depend on relative 
prices and technological factors. Changes 
in the TVA price of electricity compared 
to the price of natural gas and other 
fuels will influence consumers' choices 
of appliances-either electric, gas, or 
other fuels. While other substitutions 
are possible, natural gas prices are the 
benchmark for determining substitution 
impacts in the load forecasts. 

In preparing the medium natural 
gas price forecast, TVA relied on fore- 
caas by Energy Ikmm Analysis: Inc., Jofree 
Corporation, and ICF Resources. The fore- 
cast for natural gas prices is higher than for 
electricity. Natural gas prices in real terms 
are forecast to increase at 3.7 percent 
from 1994 to 2000 and at 2.0 percent from 
2000 to 2020 as shown in Figure T5-9. 

The high and low forecasts for gas 
prices were derived using several nation- 
ally recognized forecasters such as Gas 
Research Institute, American Gas 

Association, DRI/McGraw-Hill, and the Energy Information 
Administration. The high forecast is for growth rates of 8.0 per- 
cent per year from 1994 to 2000 and 4.4 percent per year from 
2000 to 2020. The low is for -2.1 percent per year and -0.4 per- 
cent per year over the same periods. 

TVA Uses the Best Methods Available 
TVA stays abreast of issues and procedures relating to energy fore- 
casting and continually incorporates new mforrnation into its fore- 
casting process. The use of multiple forecasting models makes 
it possible to avoid bhd spots that could result with a single model. 
At TVA, several advanced forecasting models and techniques have 
been incorporated to form a complete forecasting system from 
data collection to evaluation of forecast uncertainties. To deal with 
uncertainty, the forecast does not rely on a single estimate, but 
provides decision-makers with a range of forecasts. An overview 
of the TVA forecasting process is shown in Figure T5-10. 

The system forecast is built up from its major sectors: 
residential, commercial, and industrial. The outputs of several 
models for each sector are systematically compared, and mends 
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such as 7' ~naoduction of mandated efficiency standards or the 
a-. 

arrival c w technologies. 
Concll~onal demand and qualttative choice analysis is a hybrid 

of econometric and end-use modeling. TVA uses this analysis 
in the residential seaor and is developing a cxmmmd conditional 
demand model. This anatysls is useful in estimating the relationshtp 
between electricity co~lsumption and demographic bcteristics.  
These models incorporate the best of econometric and end-use 
models and allow for a more detailed analysis of each sector. 

Best methods available include the following models, 
which are used in the Energy Vision 2020 forecast. 

Residential Conditional Demand Model (RCDM) 
Residential Energy End-Use Planning System (REEPS) 
Electricity Forecasting Model (EFM) 
Commercial Energy End-Use Model (COMMEND) 
Industrial Energy End-Use Model (INFORM) 
Regional Economic Simulation Model (RESM) 
Financial Model used in price of electricity (FINESSE) 
Hourly Electric Load Model (HELM) 

RESIDENTIAL SECTOR FORECASTING MODELS 
Residential Conditional Demand Model (RCDM) 
This model is based on econometric analysis of data from 
TVA's residential surveys, which is used to estimate unit ener- 
gy consumption of major appliances, along with price and 
income elasticities. This allows indiwdual components of the res 
idential model to be forecast. The estimates of unit energy con- 
sumption are used in conjunction with saturation forecasts by 
appliance types to produce forecasts of total residential sector 
electticity use. The estimates of unit energy consumption are also 
used in calibrating Residential Energy End-Use Planning System 
(REEPS), using TVA service temtory data. 

Residential Energy End-Use Planning System (REEPS) 
REEPS is an  end-use econometric model of electricity con- 
sumption developed with the Electric Power Research Institute 
(EPRI). REEPS forecasts residential energy consumption by 
end-use, fuel type, and market segment in order to forecast mar- 
ket potential and saturation of residential end uses by fuel type 
and market segment. This model also analyzes the impacts of 
mandated or utility-sponsored demandside management pro- 
grams. REEPS generates aggregate forecasts for the entire res- 
idential sector by calculating a weighted sum of all residential 
market segments. Thus, TVA can evaluate forecast impacts on 
each market segment, rather than simply assessing behavior of 
the "average" household. 

Electricity Forecasting Model (EFM) 
This is an aggregate time series econometric model. For the res- 
idential sector, consumption per customer is the major variable. 
The independent variables are average real price of electricity, 
average real price of natural gas, and real annual per capim income. 
By multiplying sales per customer by the projected number of 
residential customers, a forecast for the total sector is derived. 

COMMERCIAL SECTOR FORECASTING MODELS 
Commercial Energy End-Use Model (COMMEND) 
COMMEND, widely used by utilities and regulamly agencies, was 
developed by Elecuic Power Research Institute. It forecasts ener- 
gy consurrrption by building types and end uses. COMMEND allows 
its user to assess the impacts of energy price changes, technology, 
efficiencies, and economic growth. It also identifies and eval- 
uates demand-side management opportunities. The model 
allows up to 20 building types to be addressed, each with a vari- 
ety of end uses. 

Electricity Forecasting Model (EFM) 
EFM is an econometric forewring model for the commercial sec- 
tor. EFM divides the commercial sector into six subsectors--(l) 
regulated industries, (2) wholesale/red trade, (3) f+ce/insur- 
ance and real estate, (4) service, ( 5 )  government, and (6) 
unclassified. Electricity demand is derived for each sector based 
on Gross Regional Product, employment, the real price of 
electricity, and the real price of natural gas. 

INDUSTRIAL SECTOR FORECASTING MODELS 
Industrial Energy End-Use Model (INFORM) . 
INFORM is an industrial end-use model developed by the 
Electric Power Research Institute. TVA began using this model 
in 1992. The model categorizes energy sales by subsector and 
end use. 

Electricity Forecasting Model (EFM) 
EFM is an econometric forecasting model for the industrial sec- 
tor. It is divided into subsectors for food, machinery, paper. tex- 
tiles, chemicals, pnmary metals, other nondmble goods, and other 
durable goods. The dependent variable is energy use, and the 
independent variables are Gross Regional Product, employ- 
ment, the real price of electricity, and the real price of natural gas. 

OTHER FORECASTING MODELS 
Regional Economic Simulation Model (RESM) 
RESM is an econometric model of the TVA region that maps out 
the regional economy with its major linkages and feedbacks and 
its relations to the United States economy. This model uses 
state-of-the-art methods comparable to those of the major nation- 
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Low 

Actual and projected growth of electricity needs are shown. High, medium, 
and low forecasts were developed to reflect future uncertainty. Energy require- 
ments a n  projected to be 219.7 billion kilowatt-hours by 2020 under the 
medium forecast. 

a1 forecasters. Several professional papers have been presented 
on the model including presentations at the Electric Power 
Research Institute (EPRI) forecasting conference in 1991. 

The two major inputs, or key assumptions, to RESM are the 
national economic forecast from DRVMcGraw-Hill and indus- 
trial electricity prices. 

RESM is a highly disaggregated model which uses two-digit 
standard industrial classification (SIC) detail. With regard to the 
manufacturing sector. there are equations for chemicals, appar- 
el, primary metals, etc. For the commercial sector there are equa- 
tions for eating and dnnlung establishments, health services, hotels, 
etc. This allows for linkages between industries-for instance, 
wholesale trade is linked to retail trade. 

RESM does not simply capture trends, but rather, it captures 
the differences inherent in the regional economic structure 
that leads the region to perform differently than the nation as 
a whole. 

Further details on the forecast methodology and accuracy 
may be found in "Economic Forecasting Methodology and 
Validationn included in this document. 

Financial Model (FINESSE) 
This model, developed in-house by TVA, 
estimates TVA's total revenue requirements 
over time. The forecast of revenue require- 
ments is based on forecasts of the individual 
cost components. These cost components 
include the load forecast, capital costs,addl- 
tions and improvements (A&I) costs, interest 
rates, fuel costs, and operating and mainte- 
nance (O&M) costs. 

Hourly Electric Load Model (HELM) 
HELM was developed in parmership with TVA, 
Electric Power Research Institute, and ICF 
Resources during the early 1980s. It pro- 
duces an hourly load or peak load forecast 
based on forecasts of energy consumption. 
HELM analyzes the load-shape impacts of many 
changing conditions, including conservation 
and load management programs, rate design 
alternatives, market penetrations of new 
electricity-using technologies, changes in 
the mix of customers or end uses, and alter- 
native weather conditions. 

Load Forecast Results 
The medium forecast for total system energy for Energy Vision 
2020 is 155.5 billion kilowatt-hours in 2000 and 219.6 billion kilo- 
watt-hours in 2020. as shown in Figure T5-11. The medium load 
forecast is based on the medium forecasts of all the variables 
discussed in the previous section. The medium forecast assumes 
the TVA region will experience moderate economic growth of 
2.7 percent annually through 2020. It assumes that TVA can main- 
tain its "no rate increase" policy through 1337 and thereafter rnain- 
tain competitive rates. It is also assumed TVA is able to 
successfully defend its current market if a less-regulated and more 
competitive marketplace develops, as expected. F d y :  the medi: 
um forecast assumes any inroads made by natural gas are not 
severe, due to TVA's ability to maintain its price versus the price 
of natural gas. 

The Energy Vision 2020 high load forecast is for 170 bil- 
lion kilowan-hours in 2000,238 billion kilowan-hours in 2010, 
and 317.5 billion kilowatt-hours in 2020. The primary factor mflu- 
encing the high load forecast is high economic growth. 
Competitive success and continued relatively low electric 
prices also contribute to TVA's success in the high forecast. The 
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Energy Vision 2020 low load forecast is for 
135.1 billion kilowatt-hours in 2000, 129.9 bil- 
lion kilowatt-hours in 2010, and 126.3 billion 
kilowatt-hours in 2020, with growth generally 
less than 1 percent. Low annual economic 
growth is a major influence in the-low load 
forecast. The low economic scenario can be 
summarized as follows: the recovery falters 
and, in the long term, the United States and 
the TVA region become less competitive 
globally, interest rates become unstable, and 
inflationrises. Inshort,theTVAregionhasman 
ufacturing output growth of 0.2 percent and 
commercial output growth of 1.3 percent 
through 2020. 

RESIDENTIAL SECTOR FORECAST 
Long-ferm sales forecasts for the residential cus 
tomer sector are shown in Figure T5-12. In 
the medium forecast, residential sales are 
forecast to be 51.4 billion kilowatt-hours in 2000. 
63.4 billion kilowatt-hours in 2010, and 74.3 
billion kilowatt-hours in 2020. Corresponding 
growth rates are 1.7 perrent per year from 1994 
to 2000 and 1.9 percent per year from 2000 to 
2020. For the high residential sales forecast, 
the perrent per year p w t h  is 2.7 percent from 
1994 to 2000 and 3.0 percent from 2000 to 2020. 
The low forecast is -0.1 percent from 1994 to 
2000 and 0.4 percent from 2000 to 2020. 

The residential forecasts are influenced 
by six factors: per capita income, population, 
residential electric prices. residential gas 
prices, household types, and efficiencies, as 
shown in Figure T5-13. 

Residential End-Use Energy Forecast 
The residential forecast is developed from fore- 
casts of end uses of electricity. Major end uses 
include space heating, space cooling, water 
heating, refrigerators, freezers, and cooking. 
The share of residential electricity sales anrib 
utable to each of these end uses and miscel- 
laneous use is shown in Figurc 7514. The 
largest increase in the share of total residen- 
tial electricity use is for the '.othern category, 
which moves from 31.5 percent to 41.1 per- 
cent. The miscellaneous category includes a 
number of appliances, such as dishwashers. 
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Billions 01 kwh law Medim High 
1970-1994 2.4% 
1979-1990 1.6% 
1990-1994 2.4% 
1994-2000 -0.1% 1.7% 2.7% 
2000-2020 0.4% 1.9% 3.0% 

Residential sales are expected to increase to 74.3 billion kilowatt-hours by 2020 
under the medium forecast. 

GRP - Per Capita Net 
Income Migration 

Wholesale Residential End Use Price of Price of - Population 
Electricity Electricity 

Residential forecasts are influenced by six factors: per capita income, population, 
residential electric prices, residential gas prices, household types, and efficiencies. 
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Cooling 16.5% 

TVA anticipates changes in the way residential consumers use electricity through 2010. The largest increase in the share of 
total residential electricity use is for the "other" category The largest decrease in the share of total residential electricify use is 
for the heating category 

Percent 

"4 

Resistance Heat Pump Wood/Electric Gas 

Electric heat pumps and naturalgas heating units are expected to continue to gain 
favor with consumers at the expense of resistance electric heating and wood- 
burning stoves. 

clothes washers, clothes dryers, and the 
increasing use of elect'ronic equipment in 
the home. for which room for growth remains 
as incomes increase. The heating share drops 
the most as total heating energy rises only slight- 
ly over the forecast period. 

Residential Saturations 
Major factors in the changing end-use ener- 
gy forecasts are changes in the saturation of 
appliances. Saturation is defined as the per- 
centage of total households that have a par- 
ticular appliance. In the long term. consumers 
switch to more efficient end-use appliances, 
as well as those using fuels that are declining 
relatively in price. Changes in space heating 
saturations are shown in Figure TS-15. Heat 
pumps are substituted for resistance heat. 
espedv  in areas where natural gas is not avail- 
able. Heat pumps increase in saturation from 
21 percent of total households in 1994 to 
26 percent in 2000 and 36 percent in 2020. 
These heat pumps provide both heating and 
cooling. Electric resistance space heat declines 
from 29 percent in 1994 to 27 percent in 
2000 and 20 percent in 2020. Natural gas 
used for space heating increases from 30 
percent in 1994 to 31 percent in 2000 and 35 
percent in 2020. Electric backup for wood heat 
is expected to decline due to the decline in 
wood as a primary heating fuel. The gains by 
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both heat pumps and gas furnaces are at 
the expense of the dwindling wood heat 
market and declining resistance heat. 

Cenual air conditioning other than heat 
pumps increases from 29 percent in 19% 
to 31 percent in 2000 and 37 percent in 
2020, as shown in Figure 75-16. Wmdow 
air conditioning saturation drops from 
33 percent to 20 percent by 2020. Total air 
conditioning saturation increases from 
84 percent in 1994 to 92 percent by 2020. 

-=-is- 
by electricity. The sattmion of elecuic resis 
tance water heating decreases slightly 
from 77 to 75 percent. Natural gas water 
heamgsatmukmincreasesmodgaelyfrwn 
22 to 25 percent over the same period. 
Declining electricity prices support the elec- 
tric water heating market share in spite of 
increasing competition from natural gas. 

Residential Efficiency 
Improvements 
Another major factor in changing end-use 
energy forecasts is improvement in effi- 
ciency of the appliances. These improve- 
ments reduce the amount of fuel needed 
to provide a given level of service. As a 
result, forecasts of efficiency improve- 
ments will reduce the forecast of electricity 
sales. End-use efficiency improvements for 
the residential customer class are shown 
in Figure T5-I Z The efficiency improve- 
ments are in terms of the percentage 
reduction in energy use by the years 
2000 and 2020. For example, heat pump 
efficiency i n w s  by 12 percent over cur- 
rent levels by 2020, air conditioning effi- 
ciency increases by 11.2 percent, and 
water heating decreases by 7 percent. 
Efficiency improvements estimates incor- 
porate requirements of the Energy Policy 
Act of 1992. 

Percent 

100 

I Heal Pump ' Other Central Window ' Total 

- 2000 2005 2015 2020 1 M 7  1990 .I994 -- 

Air conditioning saturation is projected to increase to 92  percent by 2020. 

Water Heating -7.0% 
Resistance Heatina 0.0% 
Central Air Conditioning 11.2% 
Heat Pump Heating 12.0% . 

Heat Pump Cooling 13.6% 
Freezer 20.2% - 
Refrigeration 59.4% , 

Total Residential Improvements 7.2% 

Efficiency improvement. . home appliances and heating and cooling equipment will affect 
future load by reducing mr imount of energy needed to provide a given level of service. 
Because dlrect electric hearrnp is 100 PerCent efficient, little opportunity exists for efficiency 
improvements in water heating and resistance heating. The declining efficiency for water heat- 
ing is a result of consumers becoming less concerned with the insulation levels of their water 
heaters as electricity prices fall. 
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Billions of kwh -- - . . 

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 
Year 

Commercial sales are expected to be 56.9 billion kilowatt-hours in 2020 for the 
medium forecast 

GRP by 
Sector 

End Use Commercial Wholesale 

Efficiencies Priceof f'riceof 
Electricity Wricity 

The commercial sector sales forecast is driven by economic activffy (in terms of 
GRP by secror), the pr~ce of electrict& the price of competing fuels, efficiency 
improvements, and technology. 

COMMERCIAL SECTOR FORECAST 
Long-term sales forecasts for the comrner- 
cia1 sector are shown in Figure 5 1 8 .  In the 
medium forecast, commercial kilowatt-how 
sales are expected to be 38.2 b i o n  kilowatt- 
hours in 2000 and 56.9 billion kilowatt- 
hours in 2020. Corresponding gro* rates 
are 2.3 percent per year from 1994 to 2000 
and 2.0 percent per year from 2000 to 2020. 
For the high commercial sales forecast, the 
growth rates are 3.1 percent from 1994 to 2000 
and 3.2 percent from 2000 to 2020. The cor- 
responding sales growth in the low forecast 
is 0.1 percent from 1994 to 2000 and -0.2 per- 
cent from 2000 to 2020. 

The commercial sector sales forecast is 
driven by economic activity, the price of elec- 
tricity, the price of competing fuels, efficiency 
improvements, and technology, as indicat- 
ed in Figure T5-19. 
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1995 201 0 
Water Heating 6.1% 

Other 20.4% 

Off~ce Equ~pment 8.0 
Refrigeration 10.6% 

Space Heatlng 5.1 % 

Commercial sales for cooking, oofce equipment, and miscellaneous uses are expected to increase thmuQh tfie next 15 years. 

Commercial End-Use 
Energy Forecasts 
In the commercial sector, the major end 
uses are space cooling, lighting, space heat- 
ing, refrigeration, and office equipment. 
The share of commercial electricity sales 
attributable' to each of these end uses is 
shown in Figure 7520. Cooking, office 
equipment, and miscellaneous uses show 
increasing shares of the total energy con- 
sumption between 1994 and 2010. 

As in the residential sector, end-use 
energy forecasts are influenced by two 
major factors, the saturations of each appli- 
ance and improvements in efficiency of 
the appliances. 

Commercial Saturations 
Space heating saturations by fuel type are 
shown for the commercial sector in Figure 
T5-21. The saturation of electric space heat 
increases from 30 percent in 1994 to 36 per- 
cent in 2020. Narural gas saturation declines 
from 41 percent in 1994 to 34 percent in 2020 
as gas prices inaease. Oil, liquefied petroleum 
(LP) gas, and other fuels used for space 
heating decline from 11 to 10 percent. 

Other saturations also impact commer- 
aal sales. ?he toml samtion of air conditioning 

Electric Gas Oil Total 

Electric heating for commercial customers is expected to increase through 2020 at 
the expense of gas and oil. Rising gas and oil prices will influence this change. 

increases from 66 percent in 1994 to 71 percent in 2020. The ing saturation declines slightly from 36 to 31 percent, and oil water 
saturation of electric water heating is 43 percent in 1994 and 53 hea$ng declines from 3 to 1 percent. The saturation of electric 
percent in 2020. Over the same period, natural gas water heat- lighting is very nearly 100 percent. 
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Resistance Heating 0.0% 
Space Cooling 6.6% 
Refrigeration 4.9% 
Lighting 8.4% 
Heat Pump Heating 12.8% 
Office Equipment 22.3% 

Total Commercial Improvements 9.4% 

Efficiency improvements in commercial lighting 
and space cooling will have significant impact on 
commercial energy usage since lighting and cool- 
ing currently consume about half of fhe energy 
used in the commercial sectOK 

Commercial Efficiency Improvements 
The impact of efficiency improvements and 
alternative technologies on the commercial long- 
term sales forecast is shown in Figure T5-22. The 
major impact is in the improvement in efficien- 
cy in lighting of 8.4 percent from 1995-2020 
and the improvement in space cooling of 6.6 per- 
cent over the same period. Efficiency improve- 
ments in lighting and cooling have large impacts 
because lighting and space cooling consumed 48 
percent of the energy in the commercial sector 
in 1994. The impact of efficient office equipment. 
primarily more efficient computers, is also sig- 
nificant. Efficient office equipment and lighting 
also generate less heat and reduce cooling 
requirements. The efficiency improvements com- 
ply with the provisions of the Energy Policy 
Act of 1992. 

MANUFACT URlNG SECTOR FORECAST 
The medium manufacturing sales forecast, shown 
in Figure T5-23, has growth rates of 3.1 percent 
per year from 1994 to 2000 and 1.6 percent per 
year from 2000 to 2020. The medium forecast of 
manufacturing kilowatt-hours sales is reason- 
ably bounded by the high and low forecasts, which 
have 1994 to 2020 growth rates of 5.9 and 4.3 per- 
cent per year, respectively. 

Manufacturing sales are forecast for indrvldual 
industry groups or standard industrial classifica- 
tion (SIC) codes. In each industry group the 
sales are d u e n d  by the five major factors shown 

- - - - . - - --. . - . - - 

Billions of kwh tow Modimn High 
1970- 1994 0.5% 
1979-1990 -1 .O% 
1990-1994 1.3% 

120 1994-2000 -0.3% 3.1% 5.9% 

Med 

Energy sales to manufacturing customers are expected to increase to over 65 
billion kilowatt-hours by 2020. 

L Industrial End Use Wholesale ' 

Price Of - Efficiencies Price of 
aectricity Electricity 

Factors affecting sales to manufacturing customen include economic activity (in 
terms of GRP by sector), price of electrici& price of industrialgas, efficiency 
improvements, and technology. 
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in hgure 23-24 economic activity, price of 
electricity, price of industrial gas, efficien- 
cy improvements, and technology. 

These inputs are used in the indusui- 
a1 forecast models to forecast manufactur- 
ing sales. In addition, a general survey of 
business conditions is made for each major 
industry group. This survey inciudes major 
products, technology, and business condi- 
tionsspeafictoanindusuygmup.Also,each 
industry is considered from an interna- 
tional, national, and regional perspective, 
emphaslnng the competitive situation, new 
products, environmental concerns, and 
other related issues. 

The forecasts of manufacturing by 
industry groups are shown in Figure T5-25. 

Distributor Served lndustries 
Manufacturing sales by the 160 power dis- 
tributors within the TVA service area were 
23.1 billion kilowatt-hours in 1994. These 
sales accounted for 58 percent of the total 
manufaawing sales in 1994 and are expect- 
ed to increase to 61 percent in 2020. 
Distributor served sales have experienced 
2.8 percent growth since 1979 in contrast 
to the -3.0 percent growth in TVA dlredy 
served sales. This trend is expected to con- 
tiwe with a 2.2 percent growth in distrib 
utor served industry sales through 2020. 
Figure T5-26shows the kilowatt-hours and 
average annual growth rates for distributor 
served industry sales. 

Other nondurables are expected to 
be the leader in growth with 4.5 percent 

Billions of kwh Average Annual G m t h  Rate 
1979 1994 2020 1979-1934 1994-2020 

Fwd 1.5 2.8 5.7 4.3% 2.8% 
Textiles & Apparel 1.9 2.4 3.3 1.6% 1.2% 
Paper 2.2 4.8 8.6 5.3% 2.3% 
Chemicals 11.7 9.5 11.2 -1.4% 0.6% 
Primary Metals 17.1 6.4 9.1 -6.3% 1.4% 
Machinery 3.0 4.4 6.9 2.6% 1.8% 
Other Durables 2.8 5.6 9.1 4.7% 1.9% 
Other Nondurables 1.9 3.9 11.9 4.9% 4.4% 

Total Manufacturing 42.1 39.8 65.8 0.4% 2.0% 

Electric sales to manufacturing customers are expected to reach 65.8 billion kilowatt-hours 
by 2020. Other nondurables, food processing, and paper manufacturing are expected to 
lead in average annual growth rates among Valley industries. 

Billions of kwh Average Annual Growth Rate 
1979 1994 2020 1979-1994 1994-2020 

Fwd 1.5 2.8 5.0 4.2% 2.3% 
Textiles 8 Apparel 1.9 2.4 3.3 1.6% 1.2% 

Paper 0.8 I .I 1.7 2.1% 1.7% 
Chemicals 2.6 2.7 2.9 0.3% 0.3% 
Primary Metals 1.5 2.2 2.2 - 2.6% 0.0% 
Machinery 2.5 3.7 5.7 2.6% 1.7% 
Other Durables 2.6 4.5 7.8 3.7% 2.1% 
Other Nondurables 1.9 3.7 11.7 4.5% 4.5% 

Distributor manufacturing sales are expected to reach 40.3 billion kilowatt-hours by 2020. 
The growth leader is expected to be other nondurables at 4.5%. 

annual growth rate through 2020. Nondurables consist prirnar- 
ily of printing and publicarions, miscellaneous plastics, and peuo- 
leum products, among other industries. The food industries are 
expected to follow with 2.3 percent annual growth rate. 

Directly Served Industries 
The directly served indusulal class consists of relatively large cus- 
tomers served directly by TVA. They account for 42 percent of 
manufacturing sales and 13 percent of total TVA sales. These sales 
are spread among 54 companies and are concentrated in 3 indus- 
tries-primary metals, paper, and chemicals. A close look at each 
customer is required because these customers have a si@cant 

' impact on TVA sales. 
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The forecast for directly served industries is built up on a 
company-by-company basis. The outlook for the company 
and the industry is developed from several sou~ces of dormation. 
Th~s includes specific company dormation, industry outlooks, 
and national economic industry forecasts. 

Forecasts for major directly served industries are shown in 
Figure 5-27. Total energy sales for directly served industries are 
expected to increase from 16.8 billion kilowatt-hours in 1994 to 
25.4 b k n  kilowatt-hours in 2020. Historically, total diredy sewed 
sales have declined by 3.5 percent per year, largely based on the 
decline in primary metals and to a lesser degree in chemicals. 
From 1994 to 2020, directly served industry sales are expected 
to increase 1.6 percent per year. 
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Billions of kwh : Average Annual Growth Rate 
1979 1994 2020 ! 1979-1994 1994-2020 

Primary Metals 15.6 4.2 6.9 -8.4% 1.9% 
Chemicals 9.0 6.9 8.2 -1.8% 0.7% 

Chlorine 3.4 4.2 4.7 1.496 0.4% 
Fibers 2.2 2.0 3.0 -0.1% 1.6% 

Other Chemicals 3.4 0.7 0.5 -1 0.0% -1.3% 

PWr 1.4 3.7 6.9 6.7% 2.4% - 
Other 0.7 2.0 3.4 7.3% 2.1% 
Total Direct Served 26.7 16.8 25.4 -3.0% 1.6% 

Energy sales to industries served directly by WA are expected to increase to 25.4 billion 
kilowait-hours annually by 2020. 

Cogeneration 
Cogeneration is the production of electricity by an industry for 
its own use. Cogeneration by directly served industries is fore- 
cast to increase from 2.3 billion kilowatt-hours in 1994 to 3.1 
billion kilowatt-hours in 2000 and to 6.1 billion kilowan-hours 
by 2020. It is expected that cogeneration will continue to 
increase as long as it proves beneficial to industries or the envi- 
ronment. Presently, customers most likely to produce their own 
electricity are those with pmcess steam needs, in particular, oper- 
atiom involving paper, chemicals, and textiles. For example, ener- 
gy produced during the recwery cyde of the paper manufacnuing 
process is often sufficient to meet the energy needs of the pulp 
industry. In addition, the lumber industry is becoming increas- 
ingly interested in cogeneration because landfis, in many cases, 
are either charging more for dumping waste sawdust or refus- 
ing to accept it. 

A load forecast is inherently uncertain for 
two reasons. First, there is uncertainty in 
the future values of the key variables that 
determine the level of future electricity con- 
sumption. For the Energy Vision 2020 
forecast these variables are: 

Economic activity 
Price of elecuicity 
Competitive success 
Directly served load 
Price of substitute fuels 

The second reason for load uncertainty 
is due to the relationships between the key 
variables and future electricity consump 
tion. Customer preferences and behaviors 

will change over time. Therefore, the relationships between them 
and the consumption of electricity will change. 

In the Energy Vision 2020 forecast, TVA has dealt with uncer- 
tainty using the following methods. 
1. Evaluating alternative levels (high, medium, and low) of the 

key variables for their impacts on future electiicity con- 
sumption. This process is based on probability and results in 
a wide range of alternative load forecasts. 

2. Use of several quantitative models to evaluate the relation- 
ship between the major variables and their impact on future 
elecuicity consumption. Both econometric and economic end- 
use models are used. 
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Medium Forecast 

DECREASES INCREASES 

1- I 
Low Economic High Economic 

Growth Growth 

LowCw we !EL High Competitive 
Success 

High Electricity Low Electricity 
Price Price 

Low Directly High Directly 
Served Served 

Low Gas High Gas 
Prices Prices 

Uncertainty about the future requires a broad review of key variables and their impacts on 
system energy requirements. Load growth is most alfected by economic activ& competi- 
tion, and the price of electn'cw. 

Medium Forecast 

DECREASES INCREASES 

1. I 
Low Economic High Economic 

Growtn Growth 

Low Competitive High Competitive 
Success Success 

High Electricity Low Electricity 
Price Price 

LOW Directly 
Served 

High Directly 
Sewed 

Low Gas 
Prices 

High Gas 
Prices 

Uncertainty about the future requires a broad review of key variables and their impacts on 
system energy requirements. Load growth is most affected by economic activrty, 
competition, and the price of electricity 
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ALTERNATIVE LEVELS OF 
KEY VARIABLES 
The high, medium, and low load forecasts 
retlect changes in the key variables which, 
in turn, impact load growth. The medium 
load forecast is based on the medium or 
expected level of each key variable. The 
high and low levels of each key variable 
are quantified, and models are used to 
determine the hlgh and low sales levels. 

The incremental impacts above or 
below the medium sales forecast are 
shown for each key variable for 2000 
and 2015 in Figures T5-28 and T5-29. 
For example, Figure T5-28 shows that 
the impact on system energy require- 
ments in the year 2000 of going from the 
medium to the high level of economic activ- 
ity would be to increase system energy 
requirements by 7 billion kilowatt-hours. 
In 2015, as shown in F g m  BB, the inat- 
mental impact of going from the medium 
to the high level of economic activity 
would be to add 45 billion kilowatt- 
hours-raising the forecast from 205 bil- 
lion kil~watt~hours to 250 billion 
kilowatt-hours. 

As shown in Figures T5-28 and 
T5-29, considerable uncertainty exists in 
the key variables and their impacts on sys 
tern energy requirements. Economic activ- 
ity, compention, and theprice of elecaicity 
have the greatest impact on possible 
changes in load growth. In 2000 the 
range of sales due to uncertainty in eco- 
nomic activity is 15 bdlion kilowatt-hours, 
increasing to 82 billion kilowatt-hours 
in 2015. The range on electricity price 
impacts is 15 b ion  kilowatt-hours in 2000 
and 48 billion kilowatt-hours in 2015. 
The range on competitive success is 16 bil- 
lion kilowatt-hours in 2000 and 56 billion 
kilowatt-hours in 2015. 

The range of load growth vnpacfs from 
the low to the l q h  levels of economic acfiv- 
ity, competition, and electricity prices 
does not include any impacts on the 
directly served sector since this sector 
reacts differently to changes in econom- 
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Economic Substitution Price of DireT Competition 
Activity Electricity Serve 

High - 
Low F 

High and low load forecasts are developed by determining the probabilities assigned to 
alternative levels of the key variables, what is the likelihood that economic activity, for exam- 
ple, will be high or low for any given forecast period. 

ic activity and electricity prices. The range of incremental 
impacts on net system requirements from the directly served sec- 
tor is 13 billion kilowatt-hours in 2000 and 30 billion kilowatt- 
hours in 2020. The incremental impact of substitution of 
electricity for natural gas based on changes in natural gas 
prices has a range of 7 billion kilowan-hours in 2000 and 25 bil- 
lion in 2020. 

PUTTING THE NUMBERS TOGETHER - SELECTING THE 
HIGH AND LOW FORECASTS 
Selecting the high and low forecasts involves organizing the 
alternative load growth scenarios with a tree diagram (Figure 
T5-30). There are five alternative branches in the tree--one for 
each of the five major determinants of load growth: econom- 
ic activity, substitution (price of natural gas), price of electricity, 
directly served industry, and competitive success. Combinations 
of these five major determinants of electricity consumption pro- 
duce alternative load forecasts. For example, high economic 
activity, high competitive success, high price of natural gas (high 
substitution), low price of electricity, and high directly served 
industry would produce the highest load forecast as represented 
by the top branch of the tree. Conversely, the alternative lev- 

els of the determinants of electricity con- 
sumption represented by the bottom branch- 
es of the tree would produce the lowest load 
forecast. 

The numbers in parentheses represent 
the probabilities assigned to the alternative 
levels of the key variables. For example, high 
economic growth is assigned a .25 probability, 
medium economic growth is assigned a 50 
probability, and low economic growth is 
assigned a .25 probability. Some of the vari- 
ables are not independent. An explanation of 
the detailed probability assessment will be fur- 
nished upon request. 

The probabilities associated with the p a -  
sible forecast outcomes are used as a guide- 
line in selecting those forecasts that will be 
evaluated explicitly in the decision process. 
A cumulative probability distribution, shown 
in Figure T5-31, indicates the distribution of 
probabilities associated with the entire range 
of possible forecasts. The cumulative prob- 
ability distribution helps select a set of three 
forecasts that sufficiently bound the range of 
uncertainty. The cumulative probability dis- 
tribution indicates the probability that the arm- 
a1 load will be lkss than the forecast load. 

TVA's high load forecast has a 90 percent probability that the 
actual load will be less than the forecast load. The medium fore- 
cast has a 50 percent probability that the actual load will be less 
than the forecast load, and the low load forecast has a 10 per- 
cent probability. 

As indicated by the cumulative probability &bution, there 
are several potential forecasts that will be either greater than the 
high load forecast (90 percent) or lower than the low forecast 
(10 percent). Conditions that would result in load growth 
greater than the hlgh load forecast, for example, are lower elec- 
tricity prices. One condition that could result in load growth being 
lower than the low forecast would be lower natural gas prices. 
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High, medium, and low load forecasts have assigned probabilities that the actual load will 
be less than the forecast load. In the high load forecast for example, there is a 90 per- 
cent probability that the actual load will be lower than projected. 
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TVA recognizes that the world is rapidly 
changing and its processes and products 
must continually be assessed to maintain 
credible load forecasts. TVA therefore con- 
tracted with Barakat & Chamberlin, Inc., to 
evaluate the TVA load forecasting system in 
1991. Barakat & Chamberlin, Inc., conclud- 
ed that, 'on a comparative basis, TVA's fore- 
casting procedures compare very favorably 
with the best-practice procedures in the 
United States utility industry." Several of 
Barakat & C l m b d i d s  recommendations have 
been incorporated into the TVA load forecast: 

In 1992 TVA began using an industrial end- 
use model. 
A cornrnerciai conditional demand model 
is being developed. 
TVA is updating residential conditional 
demand studies. 
The uncertainty analysis has been expand- 
ed to include additional factors. 
Industry surveys are made continually to 
monitor closely the important inchrsnial sec- 
tors of the TVA market. 
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TVA produces its own forecasts of regional economic activity. 
These forecasts are based on forecasts of the national econo- 
my developed by an internationally recognized forecasting ser- 
vice, DRVMcGraw Hill. 7VA uses its regional economic forecasts 
for budget planning, the planning of locks and other naviga- 
tion facilities, and economic development activities. These 
forecasts are publicly distributed throughout the Tennessee Valley 
and are used by four regional universities as the basis for their 
own publicly released economic forecasts of their local areas. 
(The regional universities that use the TVA forecasts as the dri- 
ver in their own local area economic model forecasts are: Eastern 
Kentucky University, Mississippi State University, the University 
of Alabama in Huntsville, and Western Carolina University.) The 
regional economic forecasts are also the major "key assump- 
tion" to TVA's load forecasts. 

These forecasts are based on five.elements necessary for 
state-of-the-art forecasting: accuracy, use of best information, 

use of best methods, explicit treatment of uncertainty, and 
continuous improvement. 

Accu~acy 
Figure T5-32 summarizes the accuracy of TVA's five-year fore- 
cast for Gross Regional Product (the sum of the value in dollars 
of all final goods and services produced) and DRI's forecasts for 
Gross National Product. (DRI has been used for national fore- 
casts since 1988. Prior to that. the WZFA Group forecasts 
were used. However, both companies' long-term forecasts of gross 
national product have been very similar over the years.) These 
forecasts were made annually during the 1980s. For example, 
a regional and a national forecast for 1985 (the target year in Figure 
T5-32) were done at the stan of 1981, with 1980 as the latest his- 

Gross Product in Billions of Dollars 
REGIONAL NATIONAL 

Year of Tarpet GRP GRP Forecast GNP GNP Forecast 
Forecast Year Forecast Actual Enor Forecast. Actual Ermr 
1980 1985 $105.3 $91.5 15.1% $4,746 $ 4 ~ ~ 5 ~  - -  17.1% - 
1981 1986 $114.5 $98.1 16.7% $5.16-4 $4,278 20.7% . 

1 982 1987 $114.6 $1 06.6 7.5% $51~49  $4,545 13.3% 
1983 1988 $117.5 $114.9 2.3% $59l96 $4,908 5.9% 
1984 1989 $124.1 $124.1 0.0% - $5.519 $5.267 4.8% - 

1985 1990 $1 27.4 $130.7 -2.5% $2,673 $5,568 1.9% 
1986 1991 $143.4 $137.6 4.2% $6,116 $5,741 - 6.5% - . - - . . 
1987 1992 $145.8 $149.1 -2.3%--- $ 6 ~ ~ ~ ~  ------ $6,026 2.4O/o . 
1988 1993 $1 61.7 $159.6 1.3% $6.862 $6,348 8.1% ------- 
1989 1994 $174.7 $172.7 1.1% $6.863 $6,727 2-00/p-_--- 

Average Absolute Error (1 988-1 994): 2.0% - ---------- 4.5% -- 
Average Absolute Error (1985-1 994): 5.3% 8.3% --- 

This chart summarizes the accuracy of WAS five-year economic forecasts for the region and the nation. 
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torical year (the year of fmcast in Iigure 75- 
32). Likewise, forecasts for 1994 were done 
at the beginning of 1990, with 1989 as the 
latest historical year. Figure 2332 shows the 
percentage of error between the forecasted 
value and actual data (expressed as-a pos 
itiv40recast was too hi-r negative- 
forecast was too low-value) for both the 
regional and national forecasts. 

Figure 532 indicates that the perfor- 
mance of TVA re@ economic forecasts 
has improved over time and that the per- 
formance has been favorable compared to 
that of the national economic forecasts. 
For the forecasted years of 1988 through 1994, 
the average ernx in the regmal forecasts for 
total gross produa was good, within plus or 
minus 2 percent. 

The regional economic forecast per- 
formance has impwed due to the better per- 
formance of the national forecasts and to 

-- . - - . . - . - . 
4 b - 

Employment et Personal - 
Relative - income - 

- .  
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Population Financial Regional 
Product 

Major inputs into the Regional Economic Simulation Model are the national economic 
forecast and TVA industrial electriccify prices. 

improvements in the TVA economic forecasting process, indud- 
. ing the validation procedures. TVA does reviews of long-term 
forecasting performance (as per the example above), as well as 
annual reviews of new economic data. Economic forecasts 
over the historical period are also done annually to test WA's 
economic model performance versus actual data. 

To improve the process, TVA began a program with uni- 
versifies around the Wey to share economic information in 1985. 
Currently, there are 11 university partners: The University of 
Alabama in Huntsville, Eastern Kentucky University, Western 
Kentucky University, Mississippi State University, Western 
Carolina University, East Tennessee State University, Middle 
Tennessee State University, Tennessee State University, The 
University of Memphis, The University of Tennessee at Manin, 
and Virginia Polytechnic and State University. TVA's regional e m  
nomic forecasts are allocated to economic subqgons of the Valley. 
The universities then review both the regional forecast and the 
forecasts for their subregions on an annual basis. All of this infor- 
mation is incorporated into the economic forecasting process and 
used to validate the regional economic forecasts. 

The TVA regional economic forecast used for the Energy 
Vision 2020 process has been favorably reviewed by the region- 
al universities. Further, the latest State of Tennessee long-term 
economic forecast, developed by The University of Tennessee 
at Knoxville, is consistent with it. The University's independently 
forecast average annual rate of growth for Tennessee total 
gross product of 3.8 percent from 1993 through 2002 compares 

well with the TVA forecast rate for regional total gross product 
growth of 3.5 percent for the same period. (See Murray, 
Matthew N., 7he brig-Term Outlook for T- Three Trends 
Will Determine the State's Economic Future," S u q  OfBm'nes~, 
Center for Business and Economic Research, The University of 
Tennessee, Knoxville, (Winter 1994),'~~. 39, for information on 
the university forecast.) 

Use of Best Information 
TVA strives to use the best information available for its economic 
forecasting. As stated previously, the national economic forecasts 
are purchased from DWMcGraw-Hill. DRI forecasts are well rec- 
ognized and widely used. Among DRI clients are a great num- 
ber of utilities, federal and state agencies, universities, and 
Fortune 500 companies. DRI forecasts are quoted by the Wall 
Street Journal and other m o r  business publications and used 
in Congressional hearings and legal cases. 

The source historical economic data for the regional fore- 
casts come from the federal government: the Bureau of 
Economic Analysis and the Bureau of the Census, U.S. 
Department of Commerce, and the Bureau of Labor Statistics, 
U.S. Department of Labor. The federal government has improved 
these data over the years. Further, TVA has improved its use of 
these data to get a better and more current picture of the region- 
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a1 economy. For example, by using the monthly state employ- 
ment data from the Bureau of Labor Statistics, TVA can estimate 
regional employment in a more timely manner than by using 
estimates from other sources. 

TVA has also improved its information by supplementing 
the data discussed above with information from other sources, 
indudmg detailed employment and payroll data from state 
employment agencies, information on indusuy trends from 
trade journals and federal government publications, and infor- 
mation from the regional universities (discussed above) about 
the status of their local economies and industries. 

llse of Best Methods 
TVA uses its Regional Economic Simulation Model to produce 
its regional economic forecasts. The model uses state-of-the-art 
statistical methods comparable to those of the major econom- 
ic forecasters in the country. TVA has been a leader in the util- 
ity industry in the use of econometric forecasting models that 
have now become the industry standard. 

As seen in Figure 75-33, the two major inputs to RESM are 
the DRI national economic forecasts and TVA industrial electriciry 
prices. RESM does not merely allocate national trends, bur 
captures the differences inherent in the regional economic 
structure that affect regional performance. RESM is updated on 
an annual bass and has a high degree of industry detail (for exam 
ple, chemicals, apparel, etc., in manufacturing; food stores, health 
services, etc., in the commercial sector). This allows for 
interindustry linkages-for instance, wholesale trade is lmked 
to retail trade. (See Gonzalez, Juan E., "The TVA Regional 
Economic Simulation Model," Proceedings: Eightb Electric 
Utilzty Foretasting S'pan'um, (EPRI TR-1003%), Electric Power 
Research Institute, Pa10 Alto, California, April 1992, pp. 39-1 to 39- 
11, for a more detailed discussion of RESM.) 

Explicit Treatment of UncerMQ 
Forecasting is inherently uncertain. First, there is uncertainty in 
the major inputs to the regional forecast. Many events, especially 
those that are not economic in nature, such as the Gulf War or 
the breakup of the Soviet Union, may throw the national econ- 
omy from its expected growth path. Likewise, there is uncertainty 
related to the TVA elecuicity price forecasts. In addition, there 
is uncertainty as to how the wonai economic structure will change 
over time. 

To deal with uncenainty, TVA supplements its modeling with 
industry analyses and studies of speak  major issues such as the 
effects of changes in the value of the dollar or interest rates on 
the Wey economy. This is an effort to continually improve TVA's 
understanding of the Valley economy and its ability to produce 
accurate economic forecasts. 

Funher, TVA deals with uncertainty by producing high and 
low regional economic forecasts that provide a range of possi- 
ble future economic outcomes. These are derived by using DM 
national high and low economic forecasts and TVA low and high 
electricity price forecasts, respectively. Also, explicit assumptions 
are made as to possible events that are not considered most like- 
ly, but are feasible developments from emerging historical 
events. Thus, in the current high economic forecast, the assump 
tion is made that the region will develop a commercial sector 
that more closely matches that of the nation. Likewise in the low 
forecast, the assumption is made that several of the Valley's man- 
ufacturing industries expenence large negative effects due to for- 
eign competition. 

TVA is continuously improving its economic forecasting process. 
Specific efforts have been discussed previously for accuracy, use 
of best dormation, use of best methods, and explicit treaunent 
of uncertainty. For example, TVA has made efforts to improve 
accuracy by working with regional universities. Efforts to 
improve information include supplementing data from various 
sources. In using the best methods, the Regional Economic 
Simulation Model is updated on an annual basis to improve esti- 
mates. Finally, to improve the treatment of uncertainty, TVA sup 
plernents its modelmg with industry analyses and studies of speafic 
major issues. 
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This technical document has a description and the chatactexistics for each supply-side option that was identified for consid- 
eration in Energy Vision 2020 . 

Option 1.1.1 . 1. Supercritical Pulverized Coal-Fired Plant (1x300 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6 .15 

Option 1.1.1.2. Supercritical Pulverized Coal-Fired Plant (4x300 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6 .15 

Option 1.1.1.3. Atmospheric Fluidized Bed Combustion Repowering, Generic (1x325 Megawatts) . . . . . . . . . . . . . . . . . . . .  .T6 .15 

Option 1.1.1.4. Circulating Atmospheric Fluidized Bed Combustion Plant (1x200 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . .  T6.15 

Option 1.1.1.5 Subcritical Pulverized Coal-Fired Plant (4x300 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~6.16 

Option 1.1.2.1. Simple Cycle Combustion Turbine Plant (1x1 50 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.16 

Option 1.1.2.2. Natural Gas-Fired Combined Cycle Plant (1x470 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6 .17 

Option 1.1.2.3. Combined Cycle Repowering, Generic (1x425 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.17 

Option 1.1.2.4. Small Cogeneration Combined Cycle Plant (3x10 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.17 

Option 1.1.2.5. Small Combined Cycle Plant (1x42 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.18 

Option 1.1.3.1. Refuse-Derived Fuel-Fired Stoker (1x40 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6 .I8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.1.5.1. Lead Acid Battery Energy Storage (1x20 Megawatts) T6.19 

Oprion 1.2.1.1. State-of-the-Art Pulverized Coal-Fired Power Plant (1x400 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.19 

Option 1.2.2.1. Compressed Air Energy Storage Plant with Humidification (3x337 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . .  T6.20 

Option 1.2.2.2. Compressed Air Energy Storage Plant with Recuperation (3x337 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . .  T6.20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.2.3.1. Biomass Whole Tree EnergyTM Boiler Power Plant (1x100 Megawatts) T6.21 

. . . . .  Option 1.3.1.1. First Generation Pressurized Fluidized Bed Combustion Repowering, Generic (1x156 Megawatts) T6.23 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.3.1.2. First Generation Pressurized Fluidized Bed Combustion (1x340 Megawatts) T6.23 
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. . . . . . . . . . . . . .  Option 1.3.1.3. Integrated Gasification Compressed Air Storage with Humidification (1x410 Megawatts) T6.23 

............ Option 1.3.1.4. Integrated Gasification Combined Cycle with Fertilizer Coproduction (3x227 Megawatts) .'I624 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.3.1.5. Integrated Gasification Combined Cycle (3x245 Megawatts) T6.24 

Option 1.3.1.6: Compressed Air Storage with Humidihcation with Integrated Gasification and Natural Gas Peaking - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1x850 Megawatts) .T6 25 

Option 1.3.1.7. Advanced Pressurized Fluidized Bed Combustor with Development Cost (1x300 Megawatts) .......... T6.26 

Option 1.3.1.8. Advanced Pressurized Fluidized Bed Combustor with No Development Cost (1x300 Megawatts) . . . . . .  T627 

Option 1.3.1.9: Pannered Integrated Gasification Combined Cycle with Coproduction . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Greenfield Site ( 1x530 Megawatts) T6.27 

Option 1.3.1.10: Integrated Gasification Combined Cycle with Coproduction, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Greenfieid Site (1x498 Megawatts) T627 

Option 1.3.1.11: Integrated Gasification Cascaded Humidiiied Advanced Turbine 
with Coproduction, Greenfield Site (1Xj98 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.27 

Option 1.3.1.12. Coal RefineryAntegrated Gasification Combined Cycle, Greenfield Site (1x530 Megawatts) . . . . . . . . . . .  T6.27 

Option 1.3.1.13: Coal RefineryAntegrated Gasification Cascaded Humidified Advanced Turbine, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Greenfield Site (1x530 Megawatts) ., . . . . . . . . . . . . . . . . . . .  T6.27 

Option 1.3.1.14: Coal Refineryhtegrated Gasification Cascaded Humidified Advanced Turbine with Coproduction, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Greenfield Site (1x180 Megawatts) T6.28 

Optlon 1.3.2.1. Fuel Cell - Molten Carbonate or Solid Oxide (1x2 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.28 

Option 1.3.2.2. Intercooled Aeroderivative Combustion Turbine (1x125 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.30 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.3.2.3. Cascaded Humidified Advanced Turbine (F series CT) (1x288 Megawatts) T6.30 

Option 1.3.2.4: Integrated Gasification Cascaded Humidiiied Advanced Turbine 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  with Coproduction (F series CT) (2x303 Megawatts) T6.30 

Option 1.3.2.5 Integrated Gasification Cascaded Humidified Advanced Turbine (F series CD (2x303 Megawatts) . . . .  T6.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.3.2.6. Cascaded Humidified Advanced Turbine (G series CT) (1x400 Megawarn) T6.30 

Option 1.3.2.7: Integrated Gasification Cascaded Humidified Advanced Turbine 
with Coproduction (G series CT) (2x420 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6 .30 

. . . . .  Option 1.3.2.8. Integrated Gasification Cascaded Humidified Advanced Turbine (G series CT) (2x420 Megawatts) T6.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Option 1.3.2.9. Integrated Fuel Cell/Combustion Turbine (1x2 j Megawatts) T6.31 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.3.3.1. Large Solar-Photovoltaic Fixed Flat Plate (1x50 Megawatts) .T6 .31 

................................................................. Option 1.3.3.2. Landfi Methane (1x2 Megawatts) T6.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 1.3.3.3. Coalbed Methane (1x2 Megawatts) T6.32 

Option 1.3.3.4. Biorefinery - Coproduction of Electricity and Chemicals from Biomass (1x100 Megawatts) . . . . . . . . . . .  .76.33 

Option 1.3.5.1. Advanced Battery Energy Storage (1x20 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .76 33 
- 

Option 1.3.5.2. Superconducting Magnetic Energy Storage (1X500 Megawatts) ...................................... s.33 

Option 2.1.3.1. Additional Hydro Generation at Existing Nonpower Projects (1x10 Megawatts) . . . . . . . . . . . . . . . . . . . . . . .  76.34 

Option 2.1.3.2. Additional Hydro Generation at Existing Projects (1x24 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.34 

Option 2.1.3.3. Additional Hydro Generation - New Conventional Projects (1x65 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . .  T6.34 

Option 2.1.3.4. Hydro Modernization at Existing Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6 .34 

Option 3.3.1.1. Generic Pressurized Fluidized Bed Combustion Cogeneration (1x70 Megawatts) . . . . . . . . . . . . . . . . . . . . .  T6.35 

Option 4.1.1.1. Lignite-Fired Circulating Fluidized Bed Combustion Plant (1x200 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . .  T6.35 

Option 5.1.1.1: Non-Utility Generation - Generic Independent Power Producer Lignite Circulating Fluidized Bed 
Combustion Plant (1x300 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ................... T6.35 

Option 6.3.2.7. Gas Turbine - Modular Helium Reactor (3x89 ~egawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.36 

Option 6.3.4.1. Advanced Light Water Reactor (1x1300 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.36 

Option 7.1.1.1. Bellefonte Repowering with Integrated Gasification Combined Cycle (9x250 Megawatts)- . . . . . . . . . . . .  T6.37 

Option 7.1.1.2. Bellefonte Repowering with Pulverized Coal (4x616 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.37 

Option 7.1 . 1.3. Bellefonte Repowering - Phased Combined Cycle/Integrated Gasification Combined Cycle - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Phase A - Combined Cycle (9x222 Megawatts) T6.38 

Option 7.1.1.4: Bellefonte Repowering - Phased Combined Cycle/Integrated Gasification Combined Cycle - 
Phase B - Integrated Gasification Combined Cycle (9x250 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.38 

Option 7.1.1.5: Bellefonte Repowering - Integrated Gasification Combined Cycle with Coproduction 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (11x229 Megawatts) T6.38 

Option 7.1.1.6: Bellefonte Repowering - Integrated Gasification Combined Cycle with 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coproduction with Partners (2x242 Megawatts) T6.39 

Option 7.1.1.7: Bellefonte Repowering - Integrated Gasification Combined Cycle Demonstration 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  with Partners (1x250 Megawatts) T6.39 
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......................... Option 7.1.2.1: Bellefonte Repowering - Natural Gas Combined Cycle (10x222 Megawatts) T6.39 

Options 7.1.4.1 and 7.1.4.2: Completion of Bellefonte Units 1 and 2 as Nuclear (1x1212 Megawatts). T6.39 I ................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 7.1.4.3: Bellefonte Units 1 and 2 Cancellation T6.40 

Option 7.1.4.4: Bellefonte Nuclear Plant - Partnership for Completion and Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .-T6.40 

Option 8.1.4.1: Recover Browns Ferry Unit 1 (1x1065 Megawatts) .................................................. T6.41 I 
................................................................. Option 8.1.4.2: Browns Feny Unit 1 Cancellation x.41 

Option 8.1.4.3: Browns Ferry Unit 1 Recovery with Fixed Cost to Complete (1x1065 Megawatts) . . . . . . . . . . . . . . . . . . . . .  T6.42 

Option 9.1.4.1: Completion of Watts Bar Unit 2 (1x1170 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .T6.42 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 9.1.4.2: Watts Bar Unit 2 Cancellation T6.43 I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 10.1.2.1: Inlet Air Precooling with Storage (16x61 Megawatts) T6.43 

Option 10.1.2.2: New Combustion Turbine at Johnsonville to Supply Steam to DuPont (1x174 Megawatts) . . . . . . . . . . .  T6.43 I 
Option 10.1.2.3: Repowering One of Johnsonville Fossil Units 7-10 with Natural Gadcombined Cycle 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1x465 Megawatts) T6.44 I 
Option 10.1.2.4: Water Spray Cooling of Combustion Turbine Inlet Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.43 

Option 10.3.1.1: Repowering One of Johnsonville Fossil Units 1-6 with Integrated Gasification Combined Cycle 
(1x242 Megawatts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T6.44 

Option 10.3.1.2: Repowering One of Johnsonville Fossil Units 7-10 with Integrated Gasification Combined Cycle 
(1x50 Megawatts) T6.4 

I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Option 11.1.5.1: Laurel Branch Pumped-Hydro Storage (4x386 Megawatts) T6.45 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 12.1.2.1: Generic Combined Cycle Cogeneration (2x210 Megawatts) T6.35 

Option 13.1.2.1: Non-Utility Generation - Generic Independent Power Producer Combined Cycle 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2x260 Megawatts) T6.35 

Option 13.1.2.2: Non-Utility Generation - Generic Natural Gas Independent Power Producer Combined Cycle 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1x150 Megawatts) T6.35 n 

. . . . . . . . . . . . . . . . . . . .  Option 14.1.3.1: Wind - 33 Meter Variable Speed Advanced Wind Turbine (285x035 Megawatts) T6.45 

. . . . . . . . . . . . . . . . . . . .  Option 14.3.3.1: Wind - 39 Meter Variable Speed Advanced Wind Turbine (444X0.45 Megawatts) T6.45 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 15.1.5.1: Reynolds Creek Pumped-Hydro Storage (3x366 Megawatts) ~6.45 I 
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. . . . . . . . . . . . . . . . . . . . .  Option 16.1 5.1. Raccoon Mountain Pumped-Hydro Energy Storage Addition (3x255 Megawatts) T6.46 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 16.1.5.2. Raccoon Mountain Pumped-Storage Modernization T6.46 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 17.1.5.1. Rorex Creek Pumped-Hydro Storage 0x292 Megawatts) T6.45 
- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 18.1.1.1. Shawnee Unit 11 (1x168 Megawatts) -T6.46 

. . . . . . . .  Option 19.3.1.1. Non-Utility Generation - Generic Integrated Gasification Combined Cycle (1x110 Megawatts) T6.35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 20.1.1.1. Restart One Unit of Watts Bar Fossil Plant (1x56 Megawatts) T6.46 

Option 20.1.3.1: Refuse-Derived Fuel - Fluidized Bed Combustion Repowering 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  of One Unit of Watts Bar Fossil Plant (1xj6 Megawatts) T6.47 

Option 20.1.3.2. Refuse-Derived Fuel Companion Boiler at Wans Bar Fossil Plant (1x60 Megawans) . . . . . . . . . . . . . . . . . .  T6.18 

Option 20.3.1.1: Repowering Two Units of Wans Bar Fossil Plant with Integrated Gasification Combined Cycle 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1x242 Megawatts) T6.44 

Option 21.1.3.1. Refuse-Derived Fuel Companion Boiler at Kingston Fossil Plant (1x60 Megawatts) . . . . . . . . . . . . . . . . . .  T6.18 

Option 22.1.1.1: Non-Utility Generation - Generic Independent Power Producer Pulverized Coal with 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cogeneration (2x170 Megawatts) T6.35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 23.1.2.1. Power Purchase - Base Load (1x300 Megawatts) T6.48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 23.1.2.2. Power Purchase - Peaking (1x300 Meg'awans) T6.48 

Option 23.1.3.1: Non-Utility Generation - Generic Independent Power Producer Run of River Hydro 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4x20 Megawatts) T6.35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 24.1.1.1. Unit Power Purchase 1 j Year T6.48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 24.1.1.2. Partially Complete Pulverized Coal Plant (1x710 Megawatts) T6.48 

. . . . . . . . . . . . . . . .  Option 25.1.2.1. Repowering Allen Fossil Plant with Natural Gadcombined Cycle (1x705 Megawatts) T6.44 

Option 25.3.1.1. Repowering Allen Fossil Plant with Integrated Gasification Combined Cycle (1x500 Megawatts) . . . . . .  T6.44 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 26.1.3.1. Biomass Cofiring - Customer Service T6.48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 26.2.3.1 : Biomass Cofiring - Low Level T6.48 

Option 26.3.3.1. Biomass Cofiring - Less than $ 5.00 Per Ton of Carbon Dioxide Emissions ~educt,  on . . . . . . . . . . .  T6.49 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Option 28.2.3.2. Biomass Cofiring - Moderate Level at Colbert Fossil Plant Unit 5 T6.49 

. . . . . . . . . . . . .  Option 29.1.5.1. Non-Utility Generation -Generic Independent Power Producer Pumped-Hydro Storage T6.35 



Supply-side 

Over 100 different supply-side options were identified during 
the course of Energy Vision 2020. These options represent a 
broad spectrum of options-both in terms of fuel source and 
operating characteristics. While the full range of supply-side 
options is nearly unlimited, this set provides a reasonable rep  
resentation of the options that are available. In some cases, 
two or more similar options were defined in order to better 
evaluate specific differences. In most cases, however, the 

options represent a 'typical" configuration and not necessari- 
ly the only design that could be considered. This document 
provides additional descriptions and characterizations of each 
of the options that have been identified. 

Figure 5 1  shows performance, cost, and environrnen- 
tal characteristics for the conventional TVA supply-side options. 
Figure 5 2  shows additional characteristics for the flexible TVA 
supply-side options. 



T E C H N I C A L  D O C U M E N T  6: SUPPLY-S IDE O P T I O N S  

PERFORMANCE CHARACTERISTICS 

/' 8 8 
/ ,$ \ I / P p ' 9  

9 9 
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' 9P d $ 8  -a 8 3  L 

1 1.1.1.1 Supercritical Pulverized Mature Base 300 9,522 High 7 None $1.614 
Coal-Find Plant (1x300 MW) Commercial Sulfur Coal 

2 1.1.1.2 Supercritical Pulve&ed Matun Base 1,200 9,522 High 8 None $1.345 
Coal-nred Plant ( 4 ~ 3 M  MW) : Commercial Sulfur Coal 

3 1.1.1.3 Atmospheric F l u i d i i  Bad Initial Base 125 10,600 High 6 None $1,119 
Combustion Repomring, , Commercial Sulfur Coal 
Generic (1x125 MW) 

A 1.1.1.4 Circulating Atmospheric Initial Base 200 9.830 High 8 None $1,486 
Fluidized Bed Combustion Commercial Sulfur Coal 
Plant (1x200 MW) -- --- I 

5 1.1.1.5 Subcritical Pulverized Coal-Fired Mature Base 1,200 10,000 High 8 None $1.41 3 
Plant (4x300 MW) Commercial Sulfur Coal 

6 1.12.1 Simple Cycle Combustion Mature Peaking 150 10.500 Natural Gas 5 None 
Turbine Plant (1x150 MW) , Commercial - 

7 1  
7 1 .I 2.2 Natural Gas-Fired Combined Mature Intermediate 470 7,000 Natural Gas 5 None $655 
5 
8 1.1.2.3 Combined Cycle Repowering, Initial Intermediate 425 7,900 

Generic (1x425 MW) Commercial 
Natural Gas 4 None 
--- -- 

9 1.1.2.4 Small Cogeneration Combined Mature Base 30 12.000 Natural Gas 4 Steam $1,120 
Cycle Plant (3x10 MW) Commerc~al. -- - 

10 1.1.2.5 Small Combined Cycle Mature Peaking 1 42 8,600 Natural Gas 4.5 None WOO 
Plant (1x42 MW) Commercial Intermediate - 

11 1.1.3.1 Refuse-Derived Fuel-Fired Mature Base 40 16,464 Refuse- 8 None $5,740 

12 1.1 5 1  Lead Acid Battery Mature Peaking 20 N A NA 3 None 
Energy Storage (1x20 MW) Commercial 

13 1.2.1.1 Stateof-Me-Art Pulverized Large Scale Base 400 8,110 High 7 None $1,417 
Coal-Fired Plant (1x400 MW) Demo Sulfur Coal 

14 1.2.2.1 Compressed Air Energy Storage Initial Peaking 1,011 5,874 Natural Gas 7 None $315 
with Humidification (3x337 MW) Comrnercial -- 

15 1.2.2.2 Compressed Air Energy Storage Initial Peaking 1,011 4.509 Natural Gas 7 None $338 
with Recuperation (3x337 MW) Commercial 

16 1.2.3.1 Biomass Whole Tree Energy Large Scale Base 100 10,654 Biomass 8 None $1,512 
Boiler Powar Plant (1x100 MW) Demo 

17 1.3.1.1 First Generation Pressurized : Large Scale Base 156 8,830 High 6 None $1,167 
Fluidized Bed Combustion Demo Sulfur Coal 
Repowering. Generic (1x156 MW) 

18 1 .3.1 .2 First Generation Pressurized Large Scale Base 340 8,200 High 8 None $1,281 
Fluidized Bed Combustion Demo Sulfur Coal 

I 
(1 x34O MW) 

19 1.3.1.3 Integrated Gasification Large Scale Intermediate 410 10.020 High 8 Sulfur $1,492 
Compressed Air Storage Demo Sulfur Coal 
with Humidification (1x410 MW) 

4 
20 1.3.1.4 Integrated Gasification Initial Base 682 9,860 High 8 Urea 

Combined Cycle with Fertilizer Commercial Sulfur Coal 
7 2 x - 4  

Coproduction (3x227 MW) .. . 

21 1.3.1.5 Integrated Gasification Initial Base 740 7,230 High 8 Sulfur $1 : 
Combined Cycle (3x245 MW) Commercial Sulfur Coal . 

22 1.3.1.6 Compressed Air Storage with Large Scale Intermediate1 850 4.700 Natural Gas 8 Sulfur $872 
Humidification with Integrated Demo Peaking and Coal 
Gasification & Natural Gas 

-1 
Peaking (1x850 MW) -B 
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g COST CHARAMERISTICS / ENVlRONMENTAL AND OTHER CHAIWTERISTICS 

I 1 Calculated for selected optlons only 
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PERFORMANCE CHARACTERISTICS 
E L 

& ' I  s * 
// 

23 1.3.1.7 Advanced Pressurized / lnitiil Base 300 7,400 High 8 0 i $1,518 
Fluidized Bed Combustor with I Commercial Sulfur Coal : - 
Development Cost (1x300 MW) 1 

24 1.3.1.8 Advancsd Pressurized Fluidid 1 Initial Base 300 7,400 High 8 0 i $1,246 
Bad Combustor with No ; Commercial Sulfur Coal 
Development Cost (1x300 MW) j 

25 13.1.9 Partnered IGCC with Copmduction,f CC-Mature Base 530 7,200 Syngas 8 None 1 8581 
Greenfield Site (1x530 MW) i Commercial 

26 1.3.1.10 IGCC wlth Coproduction, j Initial Base 498 11,140 High 8 Methanol j 52,325 
Greenfield Site (1x498 MW) i Commercial Sulfur Coal 

27 1.3.1.11 Integrated Gasification Cascaded i Initial Base 598 10.515 High 8 Methanol : $1,930 
Humidified Advanced Turbine : Commercial Sulfur Coal 
(IGCHAT) with Coproduction, ! 
Greenfield Site (1x598 MW) 

28 1.3.1.12 Coal RefinetyIlGCC. : lnlial Base 530 17,000 High 8 Naphtha, ! $2,590 
Greenfield Site (1x530 MW) ; Commercial Sulfur Coal Benzene 

29 1.3.1.13 Coal RefinetyIlGCHAT, I lnlial Base 530 17,000 High 8 Naphtha, $2,325 
Greenfield Site (1x530 MW) 1 Commercial Sulfur Coal Benzene : 

30 1.3.1.14 Coal RefineryIlGCHAT with j lnlial Base 180 43.250 High 8 Methanol i $7,100 
Coproduction. Greenfield Site : Commercial Sulfur Coal 
(1x180 MW) 

31 1.32.1 Fuel Cell - Molten Carbonate Large Base 2 6,450 Natural Gas 4 Waste ! $1.034 
or Solid Oxide (1x2 MW) : Scale Demo Heat,Steam 

32 1.322 Internoled Aeroderhrative Large Intermediate/ 125 8,100 Natural Gas 5 None 1 $467 
Combustion Turbine (1x125 MW) Scale Demo Peaking ! 

i 

33 1.32.3 Cascaded Humidified Advanced : Large Intermedie 288 7,315 Natural Gas 6 None $503 
Turbine (F Series CT) Scale Demo 
(1x288 MW) I 

34 1 3 2 4  Integrated Gasifcation Cascaded ' Large Base 606 12,485 High 8 Urea,MlBE, $1,739 
Humidified Advanced Turbme Scale Demo Sulfur Coal Methanol a 

rvlth Coproduction 
(F Senes CT) (2x303 MW) 

35 1.3.2.5 Integrated Gasification Cascaded Large Base 606 8,750 High 8 None $1.243 
Humidified Advanced Turbme Scale Demo Sulfur Coal 

I 
(F Senes CT) (2x303 MW) 

36 1.326 Cascaded Humldifled Advanced Large Intermediate 400 6,920 W r a l  Gas 6 None $477 
Turbme (G Senes CT) (1x400 MW) Scale Demo 

37 1.32.7 Integrated Gasification Cascaded Large Base 840 10,660 High 8 UmMTBE, $1,622 
Humiddid Advanced Turbine Scale Demo Sulfur Coal Methanol 
wtth Coproduction 
(G Senes CT) (2x420 MW) 

38 1.3.2.8 Integrated Gasifcat~on Cascaded Large Base 840 8.200 High 8 None $1,126 

I 
Humid id  Advanced Turbine Scale Demo Sulfur Coal 
(G Sems CT) (2x420 MW) 

39 1.32.9 Integrated Fuel CelVCombustion Large Base 2.5 5.250 Natural Gas 4 None I $1,240 
Turbine (1x25 MW) , Scale Demo 

40 1.3.3 1 Large Solar-Photovoltaic - Pilot Scale Intermediate 50 NA Sohr 7 None 53,032 
Fixed Flat Plate (1x50 MW) I 

41 1.3.3.2 Landfill Methane i Pilot Scale Intermediate 2 6,450 Landfill Gas 3 Waste : $1.034 
(1x2 MW) (Methane) Heat, Steam I 

42 1.3.3.3 Coalbed Methane ! Pilot Scale Intermediate 2 6,450 Coalbed 3 Waste : $1,034 
(1x2 MW) Methane Heat, Steam ! 

43 139.4 Biorefinery - Coproduction of Elec- Demo Base 100 18.000 Biomass 5 Multiproducts $4,000 
trim and Chemicals (1x100 MW) 

16.4 ENERGY W O N  2020 
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l C A L  DOCUMENT 6:  SUPPLY-S IDE O P T I O N S  

COST CHARACTERlSllCS ENVIRONMENTAL AND OTHER CHARACTERISTICS 

I 

$3.00 $200.00 40.0 $0.00 $0 ' 0.05 0.1 0 0 1 .O NA 

I f Calculated for selected options only 



T E C H N I C A L  D O C U M E N T  8 :  SUPPLY-SIDE OPTIONS 

I 
44 1.35.1 Advanced Battery Energy Pilot Scale Pealong 20 NA NA 3 None $491 

Storage (1x20 MW) I 
45 1.3.5.2 Sugerconducbn~ Magnetic Pilot Sale Peakng 500 NA NA 8 None $1235 

Energy Storage (1x500 MW) 
46 21.3.1 Addiional Hydro Generation Matun Peaking 10 NA NA 5 None $2,460 

at W n g  Nonpower Comrnerclal 
Prolects (1x10 MW) 

47 2.139 Addrtional Hydro Generabon Mature Peakmg 24 NA N A 6 None $4.288 
at Ex~stmg Projects (1x24 MW) Comrnerclal 

48 2.13.3 Addlt~onal Hydro Generation- Mature Pealong 65 NA NA 9 None $8.753 
New Conventional Commercial 
Projects (1x65 MW) 

49 2.1.3.4 Hydro Modernmtlon at Mature Pealong 3.864 NA N A 11 None $52 
Extstlng Projects Commercnl 

50 3.3.1.1 Genenc Pressumed fluidzed Large Base 70 7.700 Hlgh 6 Steam $0 
Bed Combusbon Cogenerabon Scale Demo Sulfur Coal 
(1x70 MW) 

51 4.1 1.1 LlgnRe-hred C~rcuMsg Inttial Base 200 10.777 L~gntte 7 None $1,600 
fluidized Bed Combusbon Commerc~al 
Plant (1x200 MW) 

52 5.1.1.1 NUG - Genenc IPP hgnite Mature Base 300 10,500 Ltgntte 5 None $0 
Circuhtlng Flrndned Commercial 
Combustion Plant (1x300 MW) 

53 6.3.2.7 Gas Turbine - Modular Pilot Scale Base 867 7,070 Nuclear - 13 None $2,273 
Hellurn Reactor (3x289 MW) 

54 6.3.4.1 Advanced L~ght Water Reactor Large Base 1,300 10200 Nuclear 10 None $1,904 
(1x1300 MW) Scale Demo 

55 7.1.1 1 Bellefonte Repowenng with lntt~al Base 2.250 8.488 Hlgh 9 None $1,484 
Integrated Gas~f~cabon Cornblned Commerc~al Sulfur Coal 
Cycle (9x250 MW) 

56 7.1.1.2 Bellefonte Repowenng wlth Mature Base 2,464 9,611 M e d m  11 None $1,263 
Pulvemed Coal (4x616 MW) Commerc~al Sulur Coal 

57 7.1.1.3 Bellefonte Repowenng - Phased Mature lntermedlate 1,997 7,367 Natural Gas 8 None $551 
Comblned Cycle/lGCC - Phase A Commerclal 
-Combined Cycle (9x222 MW) 

58 7.1.1.4 Bellefonte Repowenng - Phased lnrtlal Base 2,250 8,463 Hlgh 7 None $1.555 
Comb~ned CycleNGCC - Phase B Commercial Sulfur Coal 
- IGCC (9x250 MW) 

59 7.1 1.5 Bellefonte Repowenng - IGCC wtth lnltlal Base 2,520 12.560 H~gh 11 Multi- $1,857 

I 
IGCC with Coproducbon Comrnercal products 

Partners (2x242 MW) 
61 7 1.1.7 Bellefonte Repowenng - IGCC lnltlal Base 400 7,200 Syngas 5 Multr- $600 

62 7.12.1 Bellefonte Repowenng - Mature lnterrnedlate 2,220 7,367 Natural Gas 8 None $475 
Natural Gas Combmed Cycle Commercial 
(10x222 MW) 

63 7.1.4.1 Complebon of Bellefonte Mature Base 1.212 10.204 Nuclear 5 None $2,163 
Unrt 1 as Nuclear (1x1212 MW) Commerclal 

64 7.1.4.2 Complebon of Bellefonte Mature Base 1,212 10,204 Nuclear 6 
Untt 2 as Nuclear (1x1212 MW) Comrnerclal "' 

T6.6 ENERGY VlSlON 2020 
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COST CHARACTERISTICS ENVIRONMENTAL AND OTHER CHARACTERISTICS 

- - 

I 
$0.41 $46.00 0 $12.40 $300 0 0 0 0 0 NA 

-- -- 
1 Calculated for selected oDtions only 
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68 8.1.4.2 Browns kny Un l  1 Cancellation NA 
69 8.1.4.3 Browns Feny Un l  1 Recovery ' Mature Base 1,065 10,418 

mth Faed Cost to Complete Commercal 
(1x1065 MW) 

70 9.1.4.1 Complebon of Watts Bar Mature Base 1,170 10,000 
Unit 2 (1x1170 MW) Commercial 

71 9.1.4.2 Watts Bar Unit 2 Cancellation NA 

72 10.12.1 Inlet k r  Pncoolmg rn Mature Summer 982 8,847 NaturalGas 3 
Storage (16x61 MW) Commemal Peaklng 

73 10.1 2 2  New Combushon Turbine at Mature Base 174 9,834 Natural Gas 4 
Johnsowilk to Supply Steam Commerclal 
to DuPont (1x174 MW) 

74 10.12.3 Repomnng One of JOF 7-10 with lnlt~al Intermediate 465 7.100 Natural Gas 4 
Natural Gadcombined Cycle Commercial 
(1x465 MW) 

75 10.12.4 Water Spray Coolmg of lnltal Summer 97 13,230 NaturalGas 2 
Combmon Turbine Inlet Air Commercial Peaking 

242 8,700 High - 7 
Sulfur Coal 

77 10.3.1.2 Repowenrig One of JOF Units lnnial Base 250 8,400 

78 11.1.5.1 Laurel Branch Pumped- Mature Peaklng 1,544 
Hydm Storage (4x386 MW) Commercial 

79 12.1.2.1 Genenc Combined Cycle Mature Base 420 9,045 Natural Gas 4 
Cogenerabon (2x210 MW) Commercial 

80 13.121 NUG - Gencnc lPP Combined Mature lntermedlate 520 7,200 Natural Gas 4 
Cycle (2x260 MW) Commercial 

81 13.12.2 NUG - Genenc IPP Combined Mature lntermedlate 150 7,500 Natural Gas 5 
Cycle (lxl50 MW) Commercial 

82 14.1.3.1 Wmd - 33 Meter Vanable Speed lnmal lntermed~ate 100 
Advanced Wlnd Turblne Commercial 
(285~0.35 MW) 

83 14.3.3.1 Wmd - 39 Meter Vanable Speed Pllot Scale lntermedlate 200 
Advanced Wlnd Turbme 
(444x0.45 MW) 

84 15.1 5 1  Reynolds Creek Pumped-Hydro Mature Peak~ng 1,098 
Storage (3x366 MW) Commerc~al 

85 16 1.5.1 Raccoon Mountam 
Pumped-Hydro Energy Commercal 
Storage Addlt~on (3x255 MW) 

86 16.1 S.2 Raccoon Mountain Pumped- Mature Peakmg 1,608 
Storage Modern.lzatron Commercial 

87 17.1 5 1  Rorex Cmk Pumped- 
Hydm Storage (3x292 MW) Commerc~al 

88 18.1.1.1 Shawnee Un~t 11 (1x168 MW) Mature Base l 168 10.241 
Commercal lntemed~ate Sulfur Coal 
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COST CHARACTERlSTIcS / 
C i ENVIRONMENTAL AND OTHER CHARACTERISTICS 

I 1 Calculated for selected optlons only 
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PERFORMANCE CHARACTERlSTlCS J 
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89 19.3.1.1 NUG - Genanc Integrated L a w  Base 110 8,200 H~gh 5 None $0 
Gasification Comblned Cycle Scale Demo Sulfur Coal - 

90 20.1.1.1 R m  One Untl of Wlttf Bar Matun Basd Intermediate 56 12,519 Low 4 None 5575 
Fossil Plant (1x56 MW) Commercial Sulfur Coal 

91 20.1.3.1 RDF - F i ~ i d i i  Bed Combustion Matun Basc 56 14.000 Refuse- 6 RDF $2,551 
Repowering of One Unit of Watts Commercial Denved Fuel Cndii 
Bar Fossil Plant (1x56 MW) 

4 
92 20.1.3.2 RDF Companion Boiler at Mature Base 60 14.000 Refuse- 6 RDF $2,333 

Watts Bar Fowl (1x60 MW) Commerual Denved Fuel Credii 
93 20.3.1.1 Repowenng Two Units of Initla1 Base 242 8,900 H~gh 7 0 $1,541 

Watts Bar Fossil Plant Commercial Sulfur Coal 
with IGCC (1x242 MW) 

94 21.1.3.1 RDF Companion Boiler at Mature Base 60 14,000 Refuse- 6 RDF 
Klngston Foss~l Plant Commercial Denved Fuel Credit 
(1 x6O MW) 

95 22.1.1.1 NUG - Generic IPP Mature Base 340 9,900 Low 4 Steam $0 
Pulverized Coal with Commercial Sulfur Coal 
Cogeneration (2x170 MW) - 

96 23.1.2.1 Power Pmhase - Base Load Mature Base 300 NA NA 0 0 $0 
(1x300 MW) Commercial - 

97 23.1.2.2 Power Purchase - Peaking . Mature Peaking 300 NA NA 0 None $0 
(1x300 MW) Commercial 

98 23.1.3.1 NUG - Generic IPP Run Mature Base 80 NIA NA 4 None $0 
of Rier Hydro (4x20 MW) Commercial 

99 24.1.1.1 Unit Power Purchase Mature Base 400 NA NA 0 None $0 
15 Year ' Commercial 

100 24.1.1.2 Partially Complete Pulverized ' Mature Base 71 0 9,600 High 5 None $888 
Coal Plant (1x710 MW) Commercial Sulfur Coal 

101 25.1.2.1 Repowering Allen Fossil Plant Initial lntermediie 705 7,200 Natural Gas 4 None $449 
with Natural Gas/ Commercial 
Combined CyK(lx705 MW) 

102 25.3.1.1 Repowering Allen Fossil Plant Initial Base 500 8.200 High 7 0 $1,318 
with IGCC (1x500 MW) Commercial Sulfur Coal 

103 26.1.3.1 Biomass Cofiring - Initial Base See Same as See 1 None $0.36 
Customer Service Commercial Note 1 Existing Unit Note 1 

I 
1 104 26.2.3.1 Biomass Cofiring - Low Level Initial Base See Same as See 1 None $2.70 

Commercial Note 2 Existing Unit Note 2 - - 
I 

105 26.3.3.1 Biomass Cofiring - Emissions Initial Base See Same as See 1 None $3.10 
Reduction (C65/Ton CO2) Commercial Note 3 Existing Unit Note 3 -- 

106 28.2.3.2 Biomass Cofiring -Moderate Level Initial Base See Same as See 2 None $20.10 
at Colbert Fossil Plant Unit 5 . Commercial Note 4 Existing Unit Note 4 

107 29.1.5.1 NUG - Generic IPP Initial Peaking 1,000 NA NA 0 None $0 

1 
Pumped-Hydro Storage Commercial 

Note 1: This ootion applies to JSF.CUF.BRF.ALF.SHF1-9. There are no capacity changes fmm the cur- N& 2 Ths option appli  to CDF1-4.GAFJOF.KIF.PAF. There are no capacity chanpes fmm the cur- 
rent units. t'- capital wst is to add Me wfiring capability. Adjustments should be made as rent units. The capital cost is to add the cotiring capability. Adjustments should be made as 
follows: Fue .A- =(Current Unit Coal Cod)'(l-.0031)+$0.60'.0031. Rxed O&M CosWumnt follow: Fuel Cost =(Current Unit Coal Cost)'(l-.Ol2)+S0.77'.012. Fixed O I M  Costs=Current 

--I 
Unfi+SO.Ogn. ~ J Z  Emissions=Cumnt Unit Coal Emissiom'(1-,0031). COz Emusnns~Current Unit Un1tiS0.0MW. SO;r Em~ss~ons=Current Unit W Emissions'(t -.OlP). COz Emissions=Current Unit 
Emissions' 7331)-322'.0031. These adjustments reflect a 0.31% biomass energy input. Emissions'(t-.Ol2)-322'.012. These adjustments reflect a 1.2% biomass enerpy input. 
All other CDSI and pertomance are same as cumnt units. All other cost and perionancc a n  same as current units. U 
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/' 
h ENVIRONMENTAL AND OTHER CHARACTERISTICS 

I 

I $1.00 $15.30 0.9 $19.00 $0 , 0.05 0.03 205 3.89 9.48 N A 

See See Same as Same as $0 j See Same as See Same as Same as N A 

I 
Note 1 Note 1 Existing Unit Existing Unit Note 1 Existing Unit Note 1 Existing Unit Existing Unit 

See See Same as See $0 See Sameas See Same as Same as N A 
Note 2 Note 2 Existing Unit Note 2 Note 2 Exlsting Unit Note 2 Existing Unit Existing Unit 

See See Same as See $0 See Same as See Same as Same as N A 

I Note 3 Note 3 Existing Unit Note 3 : Note 3 Existing Unit Note 3 Existing Unit Existing Unit 

See See Same as See $0 See Same as See Same as Same as N A 
Note 4 Note 4 Existing Unit Note 4 : Note 4 Existing Unit Note 4 Existing Unit Existing Unit 

NA $151.20 33.8 $0.00 $0 0 0 0 0 0 N A 

Urn 9: This option applies to all plants. m e n  are no capacity dungesfmm the w m n i  units. The NOID C Thioplion a p p i i  to all COF5 mly. Then m no capacity chanpes lrwn the wmnt  units. 
capital cost is to add the cofiring capability. Adiustments should be made as lollows: The~ihlcortistoIddMecofiringapability.Ad~unmenOshouldbcmadeuUlows: FuelCost 
Fuel W =(cumem hit Cud W)~(1-.0125)+so)+so764764.0125. Fmd 06M Coswhmnt Uriku,.W. =(COFS Coal Cost)'(l-.10)+$0.73'.10. Fixed OLM Costs=COFS Cost+SO.l3lkW. 
SQ Emissiono.CumntUnit Coal Emissions'(1-,0125). CO2 Emissions=Cumm Unit Emiss~ons'(l- SO2 Emisslons.COF5 Emissions'(1-.lo). C02 EmissiotkCOFS Emissions'(1-.lo)-322'.10. 
,0125)-322'.0125. These adjustments reflect a 125% b i m  energy input. All other cast and Thew adiubrmtnts reflect a 10% biomass energy input. All other cost and performance are 
perfomnce an same as w m m  units. same a COK. 

I I 1 Calculated for selected ootions onlv 
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1 1 .I .I .I .F Supercritical Pulverized 8 3 $35 $1.579 
Coal-Fired Plant (1X300 MW) 

2 1.1 .I21 Supercritical Pulverized 8 3 $10 $1.335 
CoaCFirad Plam (4x300 MW) - 

3 1.1.1 -3.F Atmospheric R u i d i i  Bad Combustion 6 3 $13 $1,046 
Repowring, Generic (1x125 MW) 

4 1 .I .I .4.F Circulating Atmospheric Fluidiid 8 3 $60 $1,426 
Bed Combustion Plant (1x200 MW) 

5 1 .I .1.5.F Subcritical Pulverized Coal-Fired 8 3 $8 $1,405 
Plant (4x300 MW) 

6 1.1.2.1 .F Simple Cycle Combustion Turbine 5 1 5 $22 $338 
Plant (1x150 MW) 

7 1 .I .2.2.F Natural Gas-Fired Combined 5 2 $14 $641 
Cycle Plant (1 x470 MW) 

8 1 .I .2.3.F Combined Cycle Repowering, 4 2 $1 4 $473 
Generic (1x425 MW) 

9 1.1.2.4.F Small Cogeneration Combined 4 1.5 $76 $1,044 
Cycle Plant (3x10 MW) 

10 1.1.2.5.F Small Combined Cycle Plant (1x42 MW) 4.5 1.5 $59 $741 
11 1.1.3.1 .F Refuse-Derived Fuel-Fired 8 3 $1 52 $5,588 

Stoker (1x40 MW) 
12 1.1 S.1 .F Lead Acid Battery Energy Storage (1x20 MW) 3 1.5 $72 $506 
13 1.2.1.1 .F Stated-the-An Pulverized 8 4 $33 $1,384 

Coal-Fired Plant (1x400 MW) 
14 1.2.2.1 .F Compressed Air Energy Storage with 7 3 $12 $303 

Humidification (3x337 MW) 
15 1.2.2.2.F Compressed Air Energy Storage with 7 3 $11 $327 

Recuperation (3x337 MW) 
16 1 .2.3.1 .F Biomass Whole Tree Energy 8 3 $95 $1,417 

Boiler Power Plant (1x100 MW) 
17 1.3.1 .I .F First Generation Pressurized Fluidized 6 3 $67 -. $1,100 

Bed Combustion Repowering, 
Generic (1x156 MW) 

18 1.3.1.2.F First Generation Pressurized fluidized 8 3 $38 $1,243 
Bed Combustion (1x340 MW) 

19 1.3.1.3.F Integrated Gasification Compressed Air 8 4 $36 $1,456 
Storage with Humidification (1x410 MW) 

20 1.3.1.4.F Integrated Gasification Combined Cycle 8 3.5 $23 $2,218 
with Fertilizer Coproduction 
(3x227 MW) 

21 1.3.1S.F Integrated Gasification Combined 8 3.5 $1 8 $1,506 
Cycle (3x245 MW) 

22 1.3.1.6.F Compressed Air Storage with 8 4 $14 $858 
Humidification with Integrated Gasification 
& Natural Gas Peaking (1x850 MW) 

23 1.3.1.7.F Advanced Pressurized fluidized Bed Combustor 8 3 $46 $1,472 
with Development Cost (1x300 MW) 

24 1.3.1.8.F Advanced Pressurized fluidized Bed Combustor 8 3 $42 $1.204 
with No Development Cost (1x300 MW) 

25 1.3.2.1 .F Fuel Cell - Molten Carbonate 4 1.5 $262 $772 
or Solid Oxide (1x2 MW) 
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26 1.3.2.2.F lntercooled Aeroderivative Combustion 5 1.5 $36 $431 
Turbine (1x125 MW) 

27 1.3.2.3.F Cascaded Humidified Advanced Turbine 6 2.5 $26 un 
(F Series CT) (1x288 MW) 

28 1.3.2.4.F Integrated Gasification Cascaded Humidified 8 3.5 $21 $1,718 
Advanced Turbine with Coproduction 
(F Series CT) (2x303 MW) 

29 1.3.2.5.F Integrated Gasification Cascaded Humidified 8 3.5 $21 8.222 
Advanced Turbine (F Series CT) (2x303 MW) 

30 1.3.2.6.F Cascaded Humidified Advanced Turbine 6 2.5 $20 $457 
(G Series CT) (1x400 MW) -- - -- 

31 1.3.2.7.F Integrated Gasification Cascaded Humidified 8 3.5 $1 5 $1.607 
Advanced Turbine with Cooroduction 
(G Series CT) (2x420 MW) --- -- 

32 1.3.2.8.F Integrated Gasification Cascaded Humidified 8 3.5 $1 5 $1,111 
Advanced Turbine (G Series CT) (2x420 MW) - 

33 1.3.2.9.F Integrated Fuel CelVCombustion 4 1.5 $183 $1,057 
Turbine (1x25 MW) -- 

34 1.3.3.1.F Large Solar-Photovoltaic - 7 3 $111 $2,921 
Fixed Flat Plate (1x50 MW) 

35 1.3.3.2.F Landfill Methane (1x2 MW) . 3 1.5 $205 8 2 9  
36 1.3.3.3.F Coalbed Methane (1x2 MW) 3 1.5 -- $182 $852 
37 1.3.5.1.F Advanced Battery Energy Storage (1x20 MW) 3 1.5 $68 16423 
38 1.3.5.2.F Superconducting Magnetic 8 4 $26 $751 

Energy Storage (1x500 MW) 
39 2.1.3.1.F Additional Hydro Generation at 5 3 $266 $2,194 

Existing Nonpower Projects (1x10 MW) - 
40 2.1.3.2.F Additional Hydro Generation at 6 3 $132 $4,156 

Existing- 
--. 

41 2.1.3.3.F Additional Hydro Generation - 9 5 $224 $8,529 
New Conventional Projects (1x65 MW) - 

42 4.1.1 .I .F Lignite-Fired Circulating fluidized Bed 7 3 $59 $1,541 
Combustion Plant (1 x200 MW) 

43 6.3.2.7.F Gas Turbine - Modular Helium Reactor 13 6 $28 
(3x289 MW) 

$2,094 

44 6.3.4.1 .F Advanced Light Water Reactor 10 6 $1 8 $1.822 
(1x1300 MW) 

45 7.1.1.1.F Bellefonte Repowering with Integrated 9 3.5 $6 $1,478 
Gasification Combined Cycle (9x250 MW) 

46 7.1.1.2.F Bellefonte Repowering with 11 4 $5 $1,258 
Pulverized Coal (4x61 6 MW) 

47 7.1.1.3.F Bellefonte Repowering - Phased Combined 8 2.5 $4 
CyclellGCC - Phase A - Combined Cycle 

$547 

(9x222 MW) - -- 
48 7.1 .I .4.F Bellefonte Repowering - Phased Combined 7 3 $4 $1,551 

Cycle/lGCC - Phase B - IGCC (9x250 MW)- 
49 7.1.1.5.F Bellefonte Repowering - IGCC with 11 3.5 $6 $1,851 

Coproduction (1 1x229 MW) 
50 7.1.1.6.F Bellefonte Repowering - IGCC with 8 3.5 $20 $445 

Coproduction with Partners (2x242 MW) 
51 7.1.2.1.F Bellefonte Repowering - Natural Gas 8 2.5 $3 $472 

Combined Cycle (1 0x222 MW) 
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52 10.1.2.1 .F Inlet Air precool in^ with Storage 3 1 $2 $49 
(16x61 MW) 

53 10.1.2.2.F New Combustion Turbine at Johnsonville 4 2 $34 $1,079 
to Supply Steam to DuPont (1x174 MW) 

54 10.1.2.3.F Repowering One of Johnsonville 4 2 $1 3 5468 
Fossil (JOF) Units 7-1 0 with 
Natunl GasCombined Cycle (1x465 MW) 

55 10.3.1.1.F Repowering One of JOF Units 1-6 7 3.5 $50 $1.420 
with IGCC (1x242 MW) 

56 10.3.1.2.F Re~o~erifla One of JOF Units 7-10 7 3.5 $48 61.392 
wiih IGCC -(1x250 MW) 

57 11 .1.5.1 .F Laurel Branch Pumped-Hydro Storage 10 7 $9 $1,111 
(4x386 MW) 

58 14.1.3.1.F Wind - 33 Meter Variable Speed 6 2 $45 $1,011 
Advanced Wind Turbine (285~0.35 MW) 

59 14.3.3.1 .F Wind - 39 Meter Variable Speed 6 2 $24 $934 
Advanced Wind Turbine (444~0.45 MW) 

60 15.1 S.1 .F Revnolds Creek Pum~ed-Hvdro Storaae 10 7 $13 $1,485 

61 16.1.5.1 .F Raccoon Mountain - Pumped-Hydro 10 7 $1 3 $1,025 
Energy Storage Addition (3x255 MW) 

62 16.1.5.2.F Raccoon Mountain Pumped-Storage 6 2 $1. $1 9 
Modernization 

63 17.1.5.1 .F Rorex Creek Pumped-Hydro Storage 10 7 $1 5 $1,060 
(3x292 MW) 

64 18.1.1.1.F Shawnee Unit 11 (1x168 MW) 5 2.5 - $30 $531 
65 20.1.1.1 .F Restart One Unit of Watts Bar 6 2.5 $86 $489 

Fossil Plant (1x56 MW) 
66 20.1.3.1 .F RDF - Fluidiid Bed Combustion 6 3 $1 36 $2,415 

Repowering of One Unit of 
Watts Bar Fossil Plant (1x56 MW) 

67 20.3.1.1 .F Repowering Two Units of Watts Bar 7 3.5 $48 $1,492 
Fossil Plant with IGCC (1x242 MW) 

68 25.1.2.1 .F Repowering Allen Fossil Plant 4 2 $9 $440 
with Natural GasCombined Cycle 
(1x705 MW) 

69 -25.3.1.1.F Repowering Allen Fossil Plant 7 3.5 $24 $1,294 
with IGCC (1x500 MW) 
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Option 1.1.1.1 
SUPERCRITICAL PULVERIZED COAL-FIRED PLANT 
(1 X3OO MEGAWATTS) 
This option is technically similar to the subcritical pulverized 
coal (PC)-fired plant, option 1.1.1.5, with the exception that 
the supercritical boiler operates at supercritical pressures of greater 
than 3,200 pounds per square inch. The properties of water 
at supercritical pressures are such that there is no discrete 
phase change from liquid water to steam as the fluid temper- 
ature is raised. Therefore, there is no need for a boiler drum 
for steam separation to occur as there is in a subcritical boil- 
er. The superaitical PC boiler is a once-through design. The 
higher pressure steam cycle provides greater efficiency. The 
final main steam and reheat steam temperatures are l,OOO°F. 

The relatively high capital cost, low fuel cost, and high 
efficiency of the modem supercritical PC power plant make it 
a promising candidate for base-load capacity additions. 

The cost and performance data are based on informa- 
tion from Electric Power Research Institute's Technical 
Assessment Guide. 

Option 1.1.1.2 
SUPERCRITICAL PULVERIZED COAL-FIRED PLANT 
(4x300 MEGAWATTS) 
This option is similar to the 1 X 300-megawatt supercritical pul- 
verized &-fired plant, option l .l. 1.1, except for the plant capac- 
ity. The 4 X 300-megawatt plant will have capital cost savings, 
on a dollar-per-kilowatt basis, relative to the single unit plant 
due to common facilities shared by each unit. 

The cost and performance data are based on information 
from Electric Power Research Institute's Technical Assessment 
Guide. The Technical Assessment Guide procedures were used 
to determine cost adjustments for a multiple-unit plant. 

Option 1.7.1.3 
ATMOSPHERIC FLUIDIZED BED COMBUSTION 
REPOWERING, GENERIC (1 XI25 MEGAWATTS) 
Option 1.1.1.4, which follows, describes the atmospheric flu- 
idized bed combustion (AFBC) boiler and other systems. One 
or more existing coal-fued boilers could be retired and replaced 
with an AFBC boiler. For each retired boiler, one AFBC boil- 
er would be installed. Steam generated in the AFBC boiler would 
power the existing steam turbine. The efficiency and capaci- 
ty of the repowered unit would be approximately the same as 
the original unit. 

The steam cycle systems, plant infrastructure! transmission 
facilities, fuel-handling facilities, and a permitted site would be 
reused. Therefore, the capital cost of repowering would be less 

than that for a greenfield AFBC unit of similar capacity. 
Repowering costs are very site-specific. The cost advantage of 
a repowering installation over a greenfield installation will 
depend on site characteristics. 

Sulfur capture in the AFBC boiler would allow a range of 
fuels to be burned. High sulfur coal would be the design fuel. 

Cost and performance data are based on an AFBC repow- 
ering proposal presented to TVA, with ad ' j ent s  to reflect results 
from Electric Power Research Institute repowering studies. 

Option 1.1.1.4 
CIRCULATING ATMOSPHERIC FLUIDIZED BED 
COMBUSTION p u m  (1x200 MEGAWATTS) 
Fluidized bed combustion (FBC) has attracted interest in the elec- 
tric utility industry in the last decade due to its ability to meet 
sulfur dioxide (SO9 and nitrogen oxides (NOx) emissions stan- 
dards without the need for add-on mml equpment. Atmospheric 
FBC is now considered a commercial technology for utility 
applications in unit sizes up to about 200 megawatts. The AFBC 
option is based on the subcritical circulating FBC concept. 

Crushed coal and limestone are injected at the bottom of 
the FBC furnace. SO2 released from the coal combustion reacts 
with the calcium in the limestone to form a solid byproduct. 
The amount of sulfur captured in the process depends on the 
amount of limestone added. The furnace temperature is main- 
tained in the optimum range for this reaction, 1500-1600°F. This 
relatively low temperature, compared to a pulverized coal fur- 
nace, reduces the formation, of NOx. 

Fluidizing air from the forced draft fans and air heater is 
introduced from below the furnace to provide combustion air 
and maintain the fuel/limestone mixture in a well-mixed state 
throughout the height of the furnace. Solids that are camed 
out of the furnace are captured in a cyclone separator and 
recycled to the furnace to maximize carbon burnout and sul- 
fur capture. The partially cleaned flue gas exits the cyclone 
into a convection pass, where additional heat transfer surfaces 
for steam superheating and reheating are located. An econo- 
mizer surface is located near the exit of the convection pass. 
The flue gas passes through an air heater before final panic- 
ulate collection in a fabric filter. Cleaned flue gas is exhaust- 
ed to the atmosphere. 

Heated feedwater is pumped from the steam turbine con- 
denser to the boiler economizer. The feedwater then enters the 
boiler drum from which it is distributed to the waterwall fur- 
nace enclosure in which steam generation occurs. The stearn/water 
mixture from the waterwalls re-enters the drum, where steam 
separation takes place. The steam is superheated in the boiler 
.before exiting to the turbine. The final main steam pressure and 
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temperature are 2,400 pounds per square inch and l,OOO°F, 
respectively. To increase eficiency, the steam is reheated after 
partial expansion in the steam turbine to l,OOO°F. 

Energy in the steam is convened to electrical energy by 
the turbine-generator. The turbine exhaust steam is condensed 
and pumped back to the boiler through a series of feedwater 
heaters. Heat is rejected from the condenser cooling water to 
the atmosphere in a mechanical draft cooling tower. 

Ash, amisting of c d  ash and limestone products (indud- 
ing the captured sulfur), is removed from the fabric fdter and 
the furnace bottom and disposed of on-site. 

Sulfur capture in the AFBC boiler would allow a range of 
fuels to be burned. High sulfur coal is the design fuel for the 
AFBC option. 

The relatively high capital cost, low fuel cost. and rela- 
tively high efficiency of the AFBC plant make it a candidate 
for base-load capacity additions. 

The cost and performance data are based on information 
f r o m E l e c u i c P a w e r R e s e a f i h ~ s T ~ ~ G u i i .  

Option 1.1.1.5 
SUBCRITICAL PULVERKED COALFIRED PWYT 
(4x300 MEGAWArn) 
The pulverized coal (PC)-fired boiler with steam turbine power 
generation is currently the principal electricity generation tech- 
nology in the United States. 

Coal is delivered from on-site storage or receiving faciii- 
ties to day bunkers in the powerhouse. From the day bunkers, 
coal is metered to the pulverizers, where it is ground to a very 
small particle size. The pulverized coal is air-conveyed to burn- 
ers penetrating the walls of the furnace. This conveying air, as 
well as the remainder of the combustion air, is provided by 
the forced draft fans through an air heater. The air heater 
recovers heat from the flue gas exiting the boiler prior to the 
gas being exhausted to the atmosphere. 

Heated feedwater is pumped from the turbine condenser 
to the boiler economizer in which energy is recovered from 
the flue gas prior to the gas exiting the boiler. The feedwater 
then enters the boiler drum from which it is distributed to the 
waterwall furnace enclosure in which steam generation occurs. 
The steam/water mixture from the waterwalls re-enters the 
drum, where steam separation takes place. The steam is super- 
heated in the boiler before exiting to the turbine. Energy in 
the steam is convened to electrical energy by the turbine-gen- 
erator. To increase efficiency, the steam is reheated after par- 
tial expansion in the steam turbine and readmitted to the tur- 
bine. The turbine exhaust steam is condensed and pumped 
back to the boiler as feedwater through a series of feedwater 
heaters. Heat is rejected from the condenser cooling water to 
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the aunosphere in a mechanical draft cooling tower. For the 
subcrit:A PC option, the final main steam pressure, main 
steam temperature, and reheat temperature are 2,400 pounds 
per square inch, 1,000OF, and l,OOO°F, respectively. 

Selective catalytic reduction (SCR), located in the region 
of the boiler where flue gas temperature is optimal for nitro- 
gen oxides (NOx) reduction, is used to control N& emissions. 
A fabric filter located downstream of the air heater controls 
particulate emissions. Sulfur dioxide (SO3 emissions are con- 
uded with a limestone flue gas desulfurization (FGD) system, 
or scrubber. The cleaned flue gas is exhausted to the atmos- 
phere. Ash collected in the fabric filter and gypsum from the 
FGD system are disposed of on-site. 

This option is based on a total 1,200-megawatt capacity, 
four-unit plant. Each unit has a 300-megawatt capacity. Multiple- 
unit plants offer capital cost savings on a dollar-per-kilowatt 
basis compared to single-unit plants due to common facilities, 
such as fuel handling. transmission facilities, and others that 
are shared by each unit. 

High sulfur coal is the design fuel for the subcritical PC 
option. 

The relatively high capital cost. low fuel cost, and rela- 
tively high efficiency of the modem subentical PC power plant 
make it a candidate for base-load capacity additions. 

Cost and performance data are based on TVA estimates 
and historical performance. 

Option 1.1.2.1 
SIMPLE CYCLE COMBUSTION TURBINE PLANT 
(1 X I  50 ME6AWATTS) 
A simple cycle combustion turbine (CT) generator consists of 
an air compressor, combustor, and expansion turbine. Gaseous 
or liquid fuels are burned under pressure in the combustor. 
The hot, high pressure combustion products expand through 
the turbine. The turbine drives the air compressor, as well as 
an electric generator. The electric generator converts the 
mechanical energy produced by the turbine into electrical 
energy. Gases from the expansion turbine are exhausted to the 
atmosphere. 

The primary fuel will be natural gas with fuel oil as the 
back-up fuel. 

The major emissions from combustion turbines fired with 
natural gas are nitrogen oxides ( N W .  To reduce N O x  emis- 
sions, dry, low NOx burners would be used. As natural gas 
contains negligible amounts of sulfur, sulfur dioxide (SO2) 
emissions are essentially zero. Because of the higher hydr* 
gen content of the natural gas fuel relative to coal, carbon diox- 
ide (Cod emissions on an energy input basis will be lower 
than the emissions for coal-based technologies. 
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Combustion turbine efficiency is strongly affected by CT 
firing temperature. This option reflects the current generation 
of advanced CTs operating at a firing temperature of 2,350"F. 

Several features of simple cycle CTs, including their rela- 
tively low capital cost, short construction times, low emissions, 
rapid start-up times, relatively high fuel costs (compared with 
coal), and relatively low efficiency (compared to combined cycle 
CIS and most modem coal-based technologies), make this 
technology attractive for peaking capacity additions. 

The cost and performance data are based on information 
provided by a combustion turbine supplier. 

Option 1.1.2.2 
NATURAL GAS+ IRED COMBINED CYCLE PLAHT 
(1 X47O MEGAWATTS) 
The combined cycle power plant consists of a combustion 
turbiine (CT) generator, option 1.1.2.1, and a steam turbine-gen- 
erator. The hot exhaust gases from the CT pass through a heat 
recovery steam generator (HRSG). The HRSG reduces the CT 
exhaust from about 1, 100°F to about 300°F before it is exhaust- 
ed to the atmosphere. Steam raised in the HRSG powers the 
steam turbine-generator. Steam turbine exhaust is condensed 
and pumped back to the HRSG as feedwater. Heat is rejected 
from the condenser cooling water to the atmosphere in a 
mechanical draft cooling tower. The CT provides about tw+ 
thirds of the generated power and the steam turbine about one- 
third. The heat recovery from the CT exhaust provides an effi- 
ciency improvement over the simple cycle CT. 

The primary fuel will be natural gas with fuel oil as the 
back-up fuel. 

Niuogen oxides (NOx) emissions from the combined cycle 
Crwillbe~edbyseleaivecaralyticreduction(SCR).Opamal 
performance of the SCR requires a relatively narrow gas tem- 
perature range. The SCR will be installed in the region of the 
HRsG,whelethegastempemmisoptimumforSCRpelformance. 
Sulfur dioxide emissions from the natural gas fuel would be 
essentially zero. The high efficiency and natural gas fuel com- 
bine to produce relatively low carbon dioxide (Cod emissions. 

Features of the combined cycle CT option, including its 
high efficiency, moderate capital cost, relatively high fuel cost, 
low emissions, and short construction time make this technology 
a candidate for intermediate capacity additions. 

The cost and performance data are based on information 
provided by a combined cycle CT supplier. 

Option 1.1.2.3 
COMBINED CYCLE REPOWERING, GENERIC 
(1 X 4 B  MEGAWATTS) 

Repowering coal-fired generating units may in some cases 
provide operating cost savings, emissions reductions, capaci- 
ty addition, and life extension of existing power-generating fad- 
ities. TVA has several low efficiency, relatively low capacity Oess 
than 125 megawatts), aging coal-fired generating units for 
which repowering may be advantageous. 

For each retired coal-fmd boiler, two natural gas-fired 
combustion turbines (CT) and heat recovery steam generators 
(HRSG) would be installed at the plant site. The steam raised 
in the HRSGs would power the existing steam turbine that was 
previously powered by the coal-fired boiler. The HRSGs would 
be designed to provide steam that matches the conditions of 
the steam turbine. The turbine exhaust is condensed and 
pumped back to the HRSG as feedwater. If the capacity of the 
steam turbine is maintained, the additional capacity of the CTs 
provides a total repowered unit capacity approximately three 
times that of the unit prior to repowering. 

Steam cycle systems, plant infrastmcnrre, transmission 
facilities, and a permitted site would be reused. Therefore, 
capital costs for repowering would be less than for a green- 
field plant of similar capacity. Repowering costs are very site- 
specific. The cost advantage of a repowering installation over 
a greenfield lnsfallation depends on site characteristics. Combined 
cycle repowering would provide efficiency improvement rel- 
ative to the unit prior to repowering. Efficiency would not like- 
ly be as high as for a greenfield combined cycle CT plant. 

Nitrogen oxides (NOx) emission control by selective cat- 
alyric reduction (SCR) and negligible sulfur dioxide (SO3 ernis- 
sions associated with the natural gas fuel would result in lower 
emissions of these gases relative to the unit prior to repow- 
ering. The fuel switch to natural gas and the higher efficien- 
cy relative to the unit prior to repowering would result in 
lower carbon dioxide emissions. 

The cost and performance data are based on information 
provided by a combined cycle combustion turbine supplier. 
Costs were based on CT selection and HRSG design that would 
fully repower a specific steam turbine. Other applications of 
thls option are considered to be similar. 

Option 1.1 .Z.4 
SMAU COGENERATION COMBINED CYCLE PLANT 
(3x1 0 MEGAWATTS) 
The small cogeneration combined cycle plant consists of three 
small combustion turbines (approximately 10 megawaas each), 
with each combustion turbine exhausting flue gas into sepa- 
rate heat recovery steam generators: The steam conditions 

ENERGY VlSlON 2020 T6.17 



T E C H N I C A L  DOCUMENT 6 :  S U P P L Y - S I D E  O P T I O N S  

from the steam generator are driven by the pressure and tem- 
perature requirements of the steam host. Either a condensing 
steam turbine or a backpressure steam turbine may be added 
to the configuration to provide low pressure steam at various 
pressure levels if required by the steam host. The combustion 
turbines can be f w d  by either natural gas or #2 fuel oil. 

Each combustion turbineheat recovery steam generator 
pair can produce 37,000 pounds of steam per hour without 
duct firing. Thus, the small cogeneration combined cycle plant 
can produce in excess of 100,000 pounds of steam per hour. 
The addition of duct firing can raise the amount of steam pro- 
duced sislllficantly, but at the expense of the higher steam pro- 
duction cost due to fuel used by the duct bumers. 

The cost and performance information provided are based 
upon data from Black & Veatch on their "Instant Power Stationn 
joint venture with Solar Turbines. The primary advantage of 
this type of plant is its very short lead time. 

Option 1.1.2.5 
SMAU COMBINED CYCLE PLANT 
(1 X U  MEGAWATTS) 
The small combined cycle plant consists of three small com- 
bustion turbines (CT), approximately 10 megawatts each, with 
each comb&ion turbine exhausting flue gas into separate 
heat recovery steam generators. The steam from the three 
steam generators is passed to a single condensing steam tur- 
bine (ST) bottoming cycle. The steam cycle heat rejection is 
through cooling towers. The combustion turbines can be fired 
by either natural gas or x2 fuel oil. 

The small combined cycle plant can produce approxi- 
mately 42 megawatts of electricity at IS0 (International Standards 
Organization) conditions. The addition of duct firing can raise 
the amount of steam produced significantly, thus increasing 
power output, but at a higher steam production cost due to 
fuel used by the duct bumers. 

The cost and performance information provided is based 
upon data from Black & Veatch on their "Instant Power Stationn 
joint venture with Solar Turbines. The primary advantage of 
this type of plant is its very short lead time. 
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Option 1.1.3.1 
REFUSE-DERIVED FUEL-FIRED STOKER 
(1 X4O MEGAWATTS) 

Option 20.1.3.2 
REFUSE-DERIVED FUEL COMPANION BOILER AT 
WATTS BAR FOSSIL PLANT (1x60 MEGAWATTS) - 

Option 21.1.3.1 
REFUSE-DERIVED FUEL COMPANION BOILER AT 
KINGSTON FOSSIL PLANT (1x60 MEGAWATTS) 
The refusederived fuel-fired power plant consists of both the 
refuse-derived fuel (RDF) preparation facility and the RDF- 
fired stoker boiler power plant. 

After the removal and recycling of about 20 percent of 
the material from the raw municipal solid waste (MSW). the 
remaining MSW is delivered by truck to the tipping floor of 
the on-site RDF preparation facility. The production facility con- 
sists of three parallel trains, each sized to process about 100 
tons of MSW per hour over five days per week. The waste pass- 
es through a sequence of process steps, including flail milling, 
trommel screening, magnetic separation, and size reduction to 
produce RDF containing about 12 percent ash and 5,900 Btu 
per pound higher heating value (HHV). The RDF is stored in 
a live-bottom hopper and transported by conveyor as needed 
to the power plant, where it is injected by spreaderstoker and 
bums both in suspension and on the grate. The steam condi- 
tions are 900 pounds per square inch and 830°F. The remain- 
der of the plant includes waterwall and convective heat trans- 
fer surfaces, a steam turbine generator, a mechanical draft 
cooling tower, an ammonia thermal de-NOx (nitrogen oxides) 
system, a lime spray dryer scrubber, a baghouse, fans, and ash 
disposal. 

The 40-megawatt RDF preparation and stoker power plant 
consumes 1,736 tons of MSW per day, delivered to the plant 
after recycling off-site about 400 tons per day of paper, glass. 
metals, and other materials from 2,166 tons of raw MSW per 
day. The RDF preparation plant produces 1,396 tons of RDF 
per day, with a moimre content of 28.2 percent and j,663 Btu 
per pound (HHV as received). which is consumed by the stok- 
er boiler. The gross capacity is 46.2 megawatts, auxiliary power 
consumption is 6.2 megawatts, and the net plant heat rate at 
full load is 16,464 Btu per kilowan-hour, based on the RDF 
fuel (20.7 percent thermal efficiency). Figure TG-3 shows a dia- 
gram of an RDF preparation and stoker boiler power plant. 

The companion boiler options produce steam for use in 
existing steam turbines. At Watts Bar, the companion boiler would 
displace an existing boiler to supply an existing steam turbine. 
At Kingston, the steam from the companion boiler would 
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increase the steam flow to existing turbines to make use of 
excess turbine capacity. Since these options are rated at 60 
megawatts, the quantities of RDF would be proportionally 
higher than for the 40-megawatt stoker option. Otherwise, the 
companion boiler options are similar to the RDF stoker option. 

The cost and performance data are based on Electric 
Power Research Institute's Technical Assessment Guide. 

Option 1.1.5.1 
LEAD ACID BATTERY ENERGY STORAGE 
(1 X20 MEGAWATTS) 
Low cost, off-peak electricity would be used to charge the lead 
acid battery plant. The plant has a 20-megawatt capacity and 
a 2-hour discharge time. The battery plant would be used for 
heavy duty applications such as load leveling and frequency 
regulation with deep discharge. 

Battery plants have a very rapid response time of less than 
one-tenth of a second to reach full load. Another advantage 
of battery plants is their siting flexibility. They could be locat- 
ed virtually anywhere, including in urban areas. 

There would be no emissions associated with the battery 
plant itself; however, there would be emissions from the gen- 
eration sources used to charge the plant. 

The cost and performance data are based on information 
from Electric Power Research Institute's Technical Assessment 
Guide. 

Option 1.2.1.1 
STATE-OF-THE-ART PULVERIZED COAL-FIRED POWER 
PLANT (1 X4OO MEGAWATTS) 
The state-of-the-art pulverized coal-fired power plant (SOAPP- 
PC) is a concept that is intended to be competitive with other 
advanced coal-fired technologies such as integrated gasifica- 
tiodcombined cycle. Its basic performance and cost goals are 
to produce power at a heat rate in the low 8,000 Btu per kilo- 
watt-hour range, have the same or lower operating and main- 
tenance costs as a conventional pulverized coal (PC)-fired 
plant, and achieve this with the same or lower capital invest- 
ment as a conventional PC-fired plant. 

The SOAPP-PC concept is based on a supercritical dou- 
ble reheat steam cycle. The steam is at a 4,500 pounds per 
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EXPANDER TRAIN 

square inch gauge main steam pressure at l,lOO°F. The first 
and final reheats are at l,lOO°F. The steam generator has a spi- 
ral wound once-through design to minimize variations in heat 
absorption patterns. The cycle is equipped with nine stages 
of regenerative feedwater heating. The plant has convention- 
al flue gas desulfurization and particulate removal, and is 
equipped with low nitrogen oxides (NW burners and a selec- 
tive catalytic reduction unit for NOx control. Heat rejection is 
through a natural draft cooling tower. 

The cost and performance information is obtained from 
Sargent & Lundy as part of their contract with Electric Power 

Research Institute to develop SOAPP designs for PC-fired and 
natural gas-fired combined cycle power plants. 

Option 1.2.2.1 
COMPRESSED AIR ENERGY STORAGE PLANT WlTH 
HUMIDIFICATION (3x337 MEGAWATTS) 

Option 1.2.2.2 
COMPRESSED AIR ENERGY STORAGE PLANT WITH 
RECUPERATION (3x337 MEGAWATTS) 
Compressed air energy storage (CAW combines features from 
conventional combustion turbines and pumped-hydro storage. 
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During periods of relatively low electricity demand and, there- 
fore, low power generation costs, air is compressed and stored 
in an underground reservoir. The equipment is analogous to 
the compressor used in a combustion turbine and the process 
is similar to the pumping and storing of water at a higher ele- 
vation in pumped hydro. 

During periods of high electricity demand, the pressur- 
ized air from the underground reservoir is expanded through 
a high pressure turbine to produce power. The air enters a com- 
bustorwhereitsremperatureisI;lised,andthenitexpandsrhrough 
a low pressure turbine, producing additional power. The 
exhaust from the low pressure turbine goes to a recuperator 
to heat the air entering the high pressure turbine. 

In CAES with humidification, the air entering the high 
pressure turbine is saturated with water vapor, which increas- 
es the mass flow through the turbines, and increases the 
amount of power produced per pound of air that has to be 
compressed. Again, this equipment is roughly analogous to the 
turbomachinery in a combustion turbine, and the process is 
similar to the power generation from water stored at a high- 
er elevation in pumped hydro. Figure TG-4 shows a schernat- 

ic of a CAES plant with air humidification, and Figure T6-5 
shows a schematic of a conventional CAES plant. 

Based on extensive studies of underground storage in the 
oil and natural gas industry, several geologies appear to be 
suitable for air storage: salt domes, aquifers including deplet- 
ed natural gas fields, and hard rock. 

The costs for this option assume storage in salt dome geol- 
ogy. The performance data are based on information from Electtic 
Power Research Institute's Technical Assessment Guide. 

Option 1.2.3.1 
BIOMASS WHOLE TREE E N E R G P  BOILER POWER 
PUNT (1x100 MEGAWATTS) 
The Whole Tree EnergyTM (WTE) boiler is a new direct com- 
bustion technology being developed with support from Electric 
Power Research Institute and other sponsors for application 
in large-scale power production from energy crops. The W E  
system involves the harvesting of stands of close-growing whole 
trees, transport by truck, tree storage, and drying using air 
heated by boiler flue gas, and combustion of the whole trees 
in a special deep bed burner at the bottom of the furnace. 

COMPRESSOR TRAIN MPANDER TRAIN 

intercoolers 

ENERGY VlSlON 2020 T6.21 



TECHNICAL DOCUMENT 6 :  S U P P L Y - S I D E  O P T I O N S  

Moisture 
Losses 
90°F 

Whole Tmo Stran , (2400 psi. 1000°F;Reheat to 1000°F) 

After harvesting and delivery to the plant, the whole trees 
are stacked,in an annular ring in the air-supponed fabric dome 
drying building. Air heated to about 130°F in the boiler air heater 
is injected under the pile to dry the trees from about 45 to 25 

. percent moisture content. After 30 days of storage and drying, 
the trees are removed, cut to uniform length, and loaded 
through a sealing access door into the deep-bed combustor. 
Air injected into the bottom of the bed is sufficient to bum 
out the remaining char, provide heat to drive off volatiles, and 
gaslfy the whole trees in the upper bed. Overfire air is inject- 
ed into the furnace above the bed to complete combustion of 
the volatiles. The two-stage condensing heat exchanger at the 
boiler exit cools the flue gases from about 800°F to 134OF, and 
heats the combustion air to 721°F and wood drying air to 131°F 
before transport to the drying building. A portion of the flue 
gas moisture condenses in the second stage and is collected, 
along with the fly ash, in a wet scrubber. The plant has main 
steam pressure and temperature of 2,400 pounds per square 
inch absolute and l,OOO°F, with a reheat steam temperature of 
l,OOO°F to acheve maximum the& efficiency. Other plant 
components include the ammonia de-NOx (nitrogen oxides) 

system, generator, cooling tower, and fans. Due to the relatively 
low gas velocity in the deep bed combustor, about 60 percent 
of the wood ash remains behind in the combustor, and the I.enmirr 
der is discharged as fly ash. figure TGdshows a diagram of a 
Whole Tree EnergyTY boiler power plant 

The 100-megawatt Whole Tree EnergyN boiler power plant 
receives about 2,642 tons of whole trees per day, and after 
the 30-day drying period, fires about 1,887 tons of dried trees 
per day. Gross capacity is 107.5 megawatts, auxiliary power 
consumption is 7.5 megawatts, and the net plant heat rate at 
full load is 10,654 Btu per kilowatt-hour 0 2  percent thermal 
efficiency). 

The cost and performance data are based on informa- 
tion from Electric Power Research Institute's Technical 
Assessment Guide. 

TS.22 ENERGY VlSlON 2020 



T E C H N I C A L  D O C U M E N T  6 :  S U P P L Y - S I D E  O P T I O N S  

Option 1.3.1.1 
FIRST GENERATION PRESSURIZED FLUIDIZED BED 
COMBUSTION REPOWERING, GENERIC 
(1 X I  56 MEGAWATTS) 
Option 1.3.1.2, below, describes the pressurized fluidized bed 
combustion (PFBC) boiler and other systems. One or more exist- 
ing coal-fired boilers could be retired and replaced with a 
PFBC boiler. For each retired boiler, one PFBC boiler, hot gas 
filter, and expansion turbine would be installed. Steam gen- 
erated in the PFBC boiler would power the existing steam tur- 
bine. The addition of the gas expansion turbine would result 
in a net capacity increase of approximately 20 percent. The 
repowered unit efficiency would be improved by about 20 per- 
cent. The efficiency would not likely be as high as a green- 
field PFBC unit. 

Steam cycle systems, plant infrastructure, transmission 
facilities, fuel handling facilities. and a permitted site would 
be reused. Therefore, the capital cost for repowering would 
be less than for a greenfield PFBC unit of similar capacity. 
Repowering costs are very site-specific. The cost advantage of 
a repowering installation over a greenfield installation depends 
on site characteristics. 

Sulfur capture in the PFBC boiler would allow a range of 
fuels to be burned. High sulfur coal would be the design fuel. 

Cost and performance data are based on information from 
Electric Power Research Institute's Technical Assessment Guide 
and other information reported from Electric Power Research 
Institute. 

Option 1.3.1.2 
FIRST GENERATION PRESSURIZED FLUIDIZED BED 
COMBUSTION (1x340 MEGAWATTS) 
The discussion of circulating atmospheric fluidized bed com- 
bustion (AFBC), option 1.1.1.4, describes the fluidized bed 
combustion (FBC) boiler. In a pressurized fluidized bed com- 
bustion (PFBC) unit, the FBC boiler is enclosed in a pressure 
vessel. The hot (about 1,60OT), pressurized flue gas exiting 
the cyclone is cleaned of particulates in a ceramic filter. The 
cleaned gas passes through an expansion turbine that drives 
an electric generator, as well as an air compressor that pres- 
surizes the PFBC pressure vessel. Energy is recovered from the 
expansion turbine exhaust gas by boiler feedwater in an econ- 
omizer before the gas is exhausted to the atmosphere. The PFBC 
plant consists of four PFB boiledgas turbine modules power- 
ing one steam turbine (ST). 

Steam is generated, superheated. and reheated in the PFBC 
boiler to dnve a conventional steam turbine-generator. About 
80 percent of the net power output is from the steam turbine, 
and about 20 percent is from the gas expansion turbine. 

The PFBC boiler has a greater energy input per unit of 
boiler footprint area than either the AFBC or pulverized coal 
(PC) boilers. Therefore, the PFBC boiler requires less area for 
installation. The combined cycle feature of the unit (a steam 
turbine and a gas expansion turbine) provides for greater effi- 
ciency than either the AFBC or PC unit. 

Sulfur capture in the PFBC boiler would allow a range of 
fuels to be burned. High sulfur coal would be the design fuel. 

PFBC technology is considered to be at the hge-sale demon 
stration stage of development. 

Cost and performance data are based on reported infor- 
mation from Electric Power Research Institute. 

Option 1.3.1.3 
IWTEGRATED GASIFICATION COMPRESSED AIR 
STORAGE WITH HUMIDIFICATION 
(1 X4lO MEGAWATTS) 
The integrated gasification compressed air storage with humid- 
ification (IGCASH) cycle combines important features from 
compressed air energy storage, the humid air turbine concept, 
and coal gasification to form a new power cycle with low c a p  
ital costs and improved operating flexibility compared to other 
coal-fired power plants. 

In an IGCASH plant, the coal gasification system operates 
continuously to produce syngas, which is burned in a com- 
bustion turbine to generate power. The combustion turbine uses 
compressed air from an underground storage reservoir (e.g., 
a salt dome or aquifer). which is charged by a compressor uain 
that operates only intermittently. The compressed air from the 
storage reservoir is humidified in a saturator so that the required 
air flow is significantly reduced. Reduced air flow from humid- 
ification lowers compressor energy requirements and the under- 
ground volume required for storage. Before entering the com- 
bustion turbine, the humidified air is heated in a recuperator 
utilizing the hot gas from the turbine exhaust. . 

During periods when the demand for electricity is low, 
the compressor train charges the air reservoir and consumes 
all the power output of the combustion turbine, making the 
net output of the plant zero. During hlgh load periods, the com- 
pressor is shut off and the power output of the combustion 
turbine is transmitted to the electric grid. 

IGCASH plants have the superior environmental emis- 
sions performance characteristics of all such integrated gasifi- 
cation plants. Sulfur dioxide 602) and nitrogen oxides (Nw 
emissions are very low: while carbon dioxide (C02) emissions 
are relatively high because of the coal fuel and the heat rate, 
which is only average. Since the gasification plant runs 24 
hours per day while the cycle is only intermediate duty, the 
gasification plant size is reduced and the plant capital cost is 
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thedore reduced This plant should have excellent cycling char- 
s.. mistics since the hot components and gasification plant 
mamain steady operation. 

One disadvantage of this cycle is the heat rate, which is 
not outstanding. Also, total daily generation is l i i ted  by the 
air stored in the underground reservoir and the amount of air 
injected into the reservoir by the compressor rrain. 

Most, but not all, of the components needed for this cyde 
- have been used in existing commercial power plants. The 

major exceptions are the saturator, which operates at high 
prrssun (low pressure saturators are common in the chemi- 
cal indusuy), and combustion with very humid air. An IGCASH 
plant has not yet been demonstrated, and there are no plans 
at this time for such a demonstration. 

The cost and performance data are from Eiecnic Power 
Reseafihhitute'sTechnicalAssesanenrGuide.Someperfomgnce 
data are inferred from other cydes. 

Option 1.3.1.4 
INTEGRATED GASIFICATION COMBINED CYCLE WITH 
FERnUZER COPRODUCTION (3x227 MEGAWATTS) 
The integrated gasification c o m b i i  cycle with feniliter c o p n  
~~IGCC/F)optionissimilartotheIGCCdescribedinoption 
1.3.1.5, except that a ponion of the syngas is convened into 
chemical coproducts. A variety of coproducts can be produced 
from the oxygen-blown gasifier syngas. Sale of the coprodua(s) 
effectively reduces the cost of electricity from the IGCC/F plant. 
This option is based on fertilier production 

The same gasifier capacity was considered for the IGCC 
option. Since a portion of the syngas is used for coprodua p m  
duction and is not available for power generation, the elec- 
trical capacity of each of the 3 IGCC/F units is reduced to 227 
megawarn. Similarly, the efficiency, on a kilowatt-hour basis 
is less than that for an IGCC plant without coproduction. 

Cost and performance data are based on engineering stud- 
ies performed by TVA and external architects and engineers. 

Option 1.3.1.5 
INTEGRATED GASIFICATION COMBINED CYCLE 
(3X245 MEGAWATTS) 
Coal gasification is a method of producing relatively clean, bum- 
able gas from almost any type of coal. The basic process 
involves crushing the coal and panially oxidizing the carbon 
in the coal. Partial oxidation converts the coal into a gaseous 
fuel composed primarily of combustible hydrogen and carbon 
monoxide. The gas can be piped directly into a gas turbine to 
generate electricity. The exhaust from the gas turbine is duct- 
ed into a heat recovev steam generator to produce steam for 
a conventional steam turbine generator. 

The conversion of coal to gas requires more than just a 
gasifier to perform the gasification process. A coal gasifica- 
tion plant Integrates a number of different technologies nec- 
essary to make gasification both environmentally safe and 
thermally efficient. 

The integrated gasification combined cycle (IGCC) plant's 
major systems include fuel preparation, an air separation unit, 
a gasifier, acid gas removal, sulfur recovery, a combustion tur- 
bine-generator KT), a heat recovery steam generator (HRSG), 
and a steam turbine-generator. Depending on the gasification 
technology, a wide variety of solid fuels can be used. ?his option 
is based on oxygen-blown gasifier technology with high sul- 
fur coal as the fuel. The plant consists of 3 IGCC units, each 
generating 245 megawatts. Figure 5 7  shows the major sys 
terns of the IGCC plant. 

Coal is pulverized and injected into the pressurized gasi- 
fier unit. There, it is mixed with oxygen and partially oxidized 
at a high temperature to produce a hott medium Btu gaseous 
fuel, syngas. that is composed primarily of combustible hydro- 
gen and c a h n  monoxide. The oxygen is provided by the air 
separation unit. Coal ash is melted in the gasifier to form a 
slag that runs down the internal walls of the gasifier into a water 
bath. The molten slag solidifies in the water into a hard, inen, 
glassy material. It is removed from the gasifier through a lock- 
hopper system. High pressure steam is generated in the water- 
wall enclosure of the gasifier. - 

The syngas flows from the gasifier to a cooler. Medium 
pressure steam is generated in the syngas cooler. Particulate 
is removed from the cooled syngas by ceramic filters. Collected 
fly ash is recycled back to the gasifier. 

A series of processes remove and/a convat chlorides, ammo- 
nia, and various acid gases from the syngas. Sulfur compounds 
are converted to marketable elemental sulfur. Sulfur recovery 
exceeds 99 percent. 

The dean syngas is combusted with air in the CT to pro- 
duce electricity. &cess nitrogen from the air separation unit 
is fed to the (3 for power augmentation and to reduce nitro- 
gen oxides (NOx) emissions. The CT exhausts into the HRSG, 
where steam is generated to power a steam turbine-genera- 
tor. The steam generated in the gasification unit and syngas 
cleanup processes is superheated in the HRSG and fed into 
the steam turbine. About tw~thirds of the plant's net genera- 
tion is from the CT. and one-third is from the steam turbine. 
Steam turbine exhaust is condensed and pumped back into 
the HRSG and gasification unit as feedwater. Heat is rejected 
from the condenser cooling water to the atmosphere in a 
mechanical draft cooling tower. 

The combined cycle features of the IGCC plant provide 
a higher efficiency than either a simple cycle CT plant or a 
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pulverized coal-fired plant. Higher auxiliary power consump- 
tion, primarily by the air separation unit, reduces effiaency below 
a natural gas-fired combined cycle plant. 

Sulfur dioxide emissions are quite low due to the high sul- 
fur recovery from the syngas in the sulfur removal process. The 
low nitrogen content in the syngas limits NOx emissions to very 
low levels, as well. 

IGCC plants are currently considered at the initial stage 
of commercial development. The relatively high capital cost. 
high efficiency, low emissions. and low fuel cost of the IGCC 
make it a candidate for future base-load capacity additions. 

Cost and performance data are based on engineering stud- 
ies performed by TVA and external architects and engineers. 

Option 1.3.1.6 
COMPRESSED AIR STORAGE WlTH HUMIDIFICATION 
WlTH INTEGRATED GASIFICATION AND NATURAL GAS 
PEAKING (1 X85O MEGAWA'TTS) 
A compressed air storage with humidification with integrated 
gasification and natural gas (CASHING) plant is an integrated 
gasitication compressed air storage with hurnidiication (IGCASH) 
plant with additional natural gas-fired expander trains. The 
CASHING cycle combines important features from compressed 
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air Pnergy storage, the humid air turbine concept, coal gasifi- 
a;:. n, and simple cycle combustion turbines to form a new 
power cycle with low capital costs and improved operating 
flexibility compared to other coal-fired power plants. 

In a CASHING plant, the coal gasification system oper- 
ates continuously to produce syngas, which is bumed in a com- 
bustion turbine to generate power. The combustion turbine uses 
compressed air from an underground storage reservoir (e.g., 
a salt dome or aquifer), which is charged by a compressor train 
that operates intermittently. The compressed air from the stor- 
age reservoir is humidified in a saturator so that the required 
air flow is significantly reduced. Reduced air flow from humid- 
ification lowers compressor energy and underground volume 
requirements. Before entering the combustion turbine, the 
humidified air is heated in a recuperator utilizing the hot gas 
from the turbine exhaust. 

During periods when the demand for electricity is low, the 
compressor train charges the air reservoir and consumes all the 
power output of the combustion turbine, making the net out- 
put of the plant zero. During high load periods, the compres- 
sor is shut off and the power output ofthe combustion turbine 
goes to the electric grid. The CASHING cycle differs from the 
IGCASH cycle in that natural gas-fired expander trains are 
added. When loads are very high. these natural gas-fired 
expander trains can be used for additional power generation. 

CASHING will have the superior environmental emissions 
performance of all integrated gasification plants. Sulfur diox- 
ide (SO21 and nitrogen oxides (Nqc) emissions from the gasi- 
fication plant would be very low. while carbon dioxide (C02) 
emissions from the overall plant would be somewhat less than 
those from a pulverized coal plant because of the low COz 
emissions of the natural gas fuel. However. some considera- 
tion may have to be given to NOx emissions from the addi- 
tional natural gas-fired expander trains. 

The CASHING plant has a much lower capital cost than 
the IGCASH plant, and one that approaches that of a natural 
gas-fired combined cycle. Due to the majority of heat input 
being supplied by coal, it is much less sensitive to the price 
of natural gas. The plant capital cost is reduced because of two 
factors. The gasification plant is smaller, since it runs 24 hours 
per day. while the cycle is only intermediate duty. Also, the 
natural gas-fued expander trains can be added for a very low 
incremental cost. 

A CASHING plant should have excellent cycling charac- 
teristics since most of the hot components and the gasification 
plant maintain steady operation. 

Since the plant uses natural gas for a pan of its heat input. 
it is at least somewhat sensitive to the price of natural gas. Also, 
total daily generation is limited by the air stored in the under- 
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ground reservoir and by the amount of air injected into the 
reservoir by the compressor train. 

Most of the components needed for this cycle are cur- 
rently available. The major exceptions are a saturator, which 
humidifies the combustion turbine air at high pressure (low 
pressure saturators are common in the chemical industry), 
and combustion with very humid air. A CASHING plant has 
not yet been demonstrated, and there are no plans at this time 
for such a demonstration. 

The cost and performance data are based on studies per- 
formed by Energy Storage and Power Consultants under con- 
tract to Electric Power Research Institute. Some performance 
data are inferred from other cycles. 

Option 1.3.1.7 
ADVANCED PRESSURIZED FLUIDIZED BED 
COMBUSTOR WITH DEVELOPMENT COST 
(1 X300 MEGAWATTS) 
Option 1.3.1.7 describes the pressurized fluidized bed (PFB) 
boiler and expansion turbine. The expansion turbine inlet tem- 
perature is limited to about 1,600°F by the operating temper- 
ature of the PFB boiler, thus limiting the cycle efficiency. The 
efficiency can be increased by raising the expansion turbine 
inlet temperature. In the advanced PFB option, a fuel gas pro- 
duced from pyrolysis of coal is used to raise the turbine inlet 
temperature. The fuel gas from the pyrolysis is cleaned in a 
high temperature and pressure filtration system before being 
burned in the combustion turbine. Combustion of the fuel gas 
will raise the inlet temperature to 2,300°F. Char from the 
pyrolyzer is used to fuel the circulating PFB boiler in order to 
generate steam that powers the steam turbine. 

This technology is considered to be at the pilot scale of 
development. Components needing further development include 
the pyrolyzer. the combustors for the gas turbine, the high tem- 
perature and pressure filters, and high temperature gas valves. 
These development costs have been captured by adding to the 
capital cost of this option the financial support that TVA has 
been asked to contribute to a project to demonstrate the 
advanced PFB technology. 

Sulfur capture by limestone fed to the pyrolyzer and PFB 
boiler would allow a range of fuels to be used. High sulfur 
coal would be the design fuel. 

Performance and cost data for this option are based on 
Electric Power Research Institute's Technical Assessment Guide 
and information provided by Air Products. Inc. 



Option 1.3.1.8 
ADVANCED PRESSURIZED FLUIDIZED BED 
COMBUSTOR WlTH NO DEVELOPMENT COST 
(1 X3OO MEGAWATTS) 
This option is identical to option 1.3.1.7 except that no devel- 
opment costs for unproved technology components have been 
added to the option's capital cost. The capital cost used for 
this option is the projected cost of a commercial 300-megawatt 
advanced pressurized fluidized bed (PFB) plant after all com- 
ponents have been successfully demonstrated. 

Option 1.3.1.9 
PARTNERED INTEGRATED GASIFICATION COMBINED 
CYCLE WlTH COPRODUCTION, GREENFIELD SlTE 
(1 X530 MEGAWATTS) 
This option is similar to option 1.3.1.5 except for the fact that: 

Approximately 70 percent of the synthesis gas produced is 
utilized for the production of chemicals. Only 30 percent of 
the synthesis gas is used for power production. The facili- 
ty will generate approximately 480 megawatts and produce 
about 6,600 tons of chemicals per day. 
The facility consists of four 3,000 ton per day gasifiers, two 
combustion turbines with heat recovery steam generators 
(HRSGs), and one steam turbine, a chemical produc- 
tion plant. 
It is assumed that partners would be found to own and oper- 
ate the gasification plants and the chemical production plant. 
TVA would own and operate the power block only. 
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The cost and performance data are extrapolated from 
mformation in the Black & Veatch45echtel Power Corporation 
study performed for option 7.1.1.5, the integrated gasification 
combined cycle with coproduction repowering of Bellefonte. 

Option 1.3.1.10 
INTEGRATED GASIFICATION COMBINED CYCLE WlTH 
COPRODUCTION, GREENFlEUl SlTE 

Option 1.3.1.1 1 
INTEGRATED GASIFICATION CASCADED HUMIDIFIED 
ADVANCED TURBINE WlTH COPRODUCTION, 
GREENFIELD SlTE (1x598 MEGAWATTS) 
The coproduction of methanol results in a lower cost of elec- 
tricity than fertilizer due to the higher net capacity of each 
unit-250 megawatts for methanol coproduction compared to 
227 megawatts for fertilizer coproduction (see option 1.3.1.4). 
The generic greenfield application for coproduction therefore 
uses methanol as the coproduct. 

These two options-integrated gasification combined 
cycle (IGCC) and integrated gasification cascaded humidified 
advanced turbine (IGCHATl-with coproduction are similar 
to the IGCC (option 1.3.1.5) and IGCHAT(options 1.3.2.5 and 
1.3.2.8). However, for these two options, a portion of the 
synthesis gas is converted into chemicals through indirect liq- 
uefaction of the syngas. A variety of coproducts can be pro- 
duced by indirect liquefaction, such as ammonia- and methanol- 
based chemicals, and transporntion liquids. Only oxygen- 
blown gasification can produce chemicals; with air-blown 
gasification, the nitrogen (Nz) in the fuel gas reduces the 
hydrogen partial pressure. 

The gasification coal feedrate of these two options is the 
same as both IGCC and IGCHAT. Although the combustion tur- 
bine is fully loaded, the reduced capacity is due to the use of 
steam in the chemical process. 

The coproduction of electricity and chemicals reduces the 
cost of electricity due to (1) economies of scale for the gasi- 
fication process units and the balance-of-plant units and (2) 
the anticipated real escalation of prices for natural gas-derived 
chemicals. 

The revenues for the higher valued chemicals subsidue 
the cost of electricity. 

Cost and performance data are based on engineering stud- 
ies performed by TVA. 

Option 1.3.1.12 
COAL REFINERYhNT EGRATED GASIFICATION COM- 
BINED CYCLE, GREENFIELD SlTE (1x530 MEGAWATTS) 

Option 1.3.1.13 
COAL REFINERY/INTEGRATED GASIFICATION CASCAD- 
ED HUMIDIFIED ADVANCED TURBINE, GREENFIELD 
SlTE (1 XS3O MEGAWATTS) 
Coal refining is another form of coproduction (see options 1.3.1.10 
and 1.3.1.1 1). However, coal refining produces chemicals on 
the front end of coal gasification. Coal refining uses internal- 
ly generated hydrogen (H3 to produce coal liquids from the 
pyrolysis of coal. The resultant char is then used as the feed- 
stock for integrated gasification combined cycle (IGCC) or 
integrated gasification cascaded humidified advanced turbine 
(IGCHAT) (see options 1.3.1.5,1.3.2.5, and 1.3.2.8). The Charfuel 
coal refining process utilizes flash hydropyrolysis with quench- 
ing of the reaction products by H2 and recycled liquids. Excess 
syngas-rich in methane (CH4tis converted to H2 in a par- 
tial oxidation reactor (POX) to provide the quenching H2. The 
char is separated from the syngas, and the syngas is cooled to 
condense liquids. The coal liquids are then hydrotreated and 
fractionated to produce benzene, naptha, and fuel oil. 

ENERGY VISION 2020 T6.27 



T E C H N I C A L  DOCUMENT 6: S U P P L Y - S I D E  O P T I O N S  

Cost and performance data are based on engineering stud- 
ies performed by TVA. 

Option 1.3.1.14 
COAL REFIWERYIINTEGRATED GASIFICATION CASCAO- 

COPRODUCTION, GREENFIELD SITE 
(1 X I  80 MEGAWATTS) 
This option combines coal refining (see options 1.3.1.12 and 
1.3.1.13) with option 1.3.1.11-integrated gasification cascad- 
ed humidified advanced turbine OGCHAT) and coproduction 
of methanol-in a single plant. The plant consists of one coal 
refining unit, one char gasification unit, one cascaded humid- 
ified advanced turbine (CHAT) unit, and one methanol unit. 
The coal feed rate is equivalent to a two-train IGCHAT plant. 

Option 1.3.2.1 
FUEL C E U  - MOLTEN CARBONATE OR SOUD OXIDE 
(1 X2 MEGAWATTS) 
Fuel cells are a unique advanced power generation technolo- 
gy because they directly convert chemical energy into electricity. 
All other fossil fuel-based power generation technologies 
require conversion of thermal energy by combustion, followed 
by turboexpansion or steam generation. As a result. fuel cells 
avoid the nitrogen oxides ( N W  emissions and mechantcal lim- 
itations of combustion and thermal conversion. This means fuel 
cells offer lower emissions and higher thermal efficiencies 
compared to any other fossil fuel-based power generation 
technologies. 

Conceptually, fuel cells are similar to a battery with a 
continuous supply of chemical energy. In a fuel cell. hydro- 
gen gas is oxidized at the anode, and the oxygen is reduced 
at the cathode. In this process, fuel and oxygen are supplied 
to cells, and the carbon dioxide and water byproducts of the 
reaction are removed. Since fuel cells convert the chemical ener- 
gy in the fuel directly to electricity, without an intermediate 
thermal energy stage, theoretical energy conversion efficien- 
cles approach 80 percent. However, practical systems are lim- 
ited to efficiencies of 40-60 percent due to parasitic losses, which 
include the electrical resistance of the components. This poten- 
tial for very high energy efficiencies, combined with relative- 
ly minor environmental impacts, makes fuel cells prime can- 
didates for future use in electric power generating systems 
that must operate under the constraints of high fuel costs and 
minimal emissions. 

Fuel cells can be assembled in building block style to make 
power plants of specifications tailored to the utility's load 
growth needs and the constraints of the site. Individual fuel 
cells produce less than one volt but operate at very high cur- 

rent densities-on the order of hundreds of amperes per square 
foot of electrode area. Practical output voltages are obtained 
by connecting many cells in series to constitute a fuel cell stack. 
Stacks have generating capacities ranging from a few kilo- 
watts to several megawatts. The maximum size of a stack is 
dictated by engineering constraints, manufacturing technolo- 
gy, and cost mde-offs. 

Fuel cell power plants consist of three major subsystems 
unique to this technology and a general balance-of-plant sub- 
system. The fuel processing system converts natural gas or dis- 
tillate fuels to a fuel gas rich in hydrogen and carbon diox- 
ide. Catalytic reforming processes with this capability have been 
in commercial use for many generations. Alternatively, a coal 
gasification plant can be substituted to produce the same fuel 
gas from coal. The fuel cell stack subsystem generates direct 
current power from the fuel gas while simultaneously ernit- 
ting a benign exhaust gas. If desired, the system may be 
designed so that the exhaust gas contains economically sig- 
nificant quantities of thermal energy. The power condition- 
ing subsystem converts the direct current output of the fuel 
cell stack to alternating current power. If a fuel cell is used 
for a decentralized application in small sizes, and if the cus- 
tomer needs direct current power, the power conditioning equip- 
ment can be removed. The balance-of-plant subsystem- 
including the plant control systems-provides the water and 
heat management, and heat recovery if desired. This subsys- 
tem also includes physical facilities such as buildings and 
other site-related items. 

Fuel cells operate at a constant temperature and pressure 
regardless of load. As a result, the thermal energy liberated by 
the electrochemical reaction can be used in thermal bottom- 
ing cycles or for cogeneration of steam. The temperature of 
the waste heat varies widely with each fuel cell type, system, 
and design. Generally, the more advanced fuel cell systems 
provide the highest potential for highquality waste heat because 
they operate at higher temperatures. 

The commercialization of fuel cells is now targeted at fac- 
tory-assembled modules. Generating capacities range from 200 
kilowatts for single-stack, small-load applications to 10-25 
megawatts for generating units. The primary features of these 
commercial concepts are: 

Modular construction, which combines the economies of 
mass production in a factory environment with the associ- 
ated benefits of improved quality control. 
Phased construction of generating units in order to match 
capacity to load growth with minimal preinvesunent. 
Fuel flexibility between natural gas and distillate, which may 
allow continued use of these fuels despite major price increas- 
es in the future. 
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- Air 
Natural Gas 

- To Atmosphere 

AC Power to Utility Grid 

Integration with coal gasification to provide very high effi- 
ciency conversion of coal to electric power with minimal ernis- 
sion potential. 
Excellent capability for distributed generation applications 
due to quiet operation, minimal emissions, low heat rate, 
small operating staff, and rapid load-following capability. 

The cost and performance data are based on fuel cell ven- 
dor estimates. 

Molten Carbonate Fuel Cells. Molten carbonate fuel cells 
(MCFC) are a second-generation technology, emerging from 
laboratory research to engineering development at pilot-plant 
scale. Figure TG-8 shows a diagram of a molten carbonate fuel 
cell generating unit. MCFCs operate at approximately 1,200°F. 
At this temperature, waste heat from MCFCs can provide the 
heat of reaction needed to convert light hydrocarbon fuels to 
synthesis gas, which can be consumed by the fuel cell. As a 
result, the fuel-processing system can be incorporated within 
the fuel cell stack. Advantages of this configuration include: 

High plant efficiency: greater than 50 percent higher heat- 
ing value (HHV) with the possibility of achieving 60 percent 

(5,600 Btu per kilowatt-hour) on natural gas, alcohols, and 
light hydrocarbon fuels in small-capacity plants 
Very low emissions: 1 pound per megawatt-day combined 
nitrogen oxides (Nqr), sulfur oxides (SOX), hydrocarbons, 
and particulates 
Low noise 
Air-cooled systems, which minimize siting problems 
A compact system, i.e., 25 megawatts per acre per vertical story 

Within the next five years, the MCFC total installed capi- 
tal cost is likely to be less than $1,000 per kilowatt. 

Solid Oxide Fuel Cells. Westinghouse has been developing 
solid oxide fuel cells (SOFC) for more than 20 years, and they 
are the world's leader in this technology. Experimental units 
of 25 kilowatts have been constructed by Westinghouse for eval- 
uation by electric and gas utilities. Westinghouse plans to com- 
mercialize a series of SOFC power plants with capacities rang- 
ing from hundreds of kilowatts to several megawatts. 

The cost and performance data for thls technology are under 
development. but the range seems to be between $750 per kilo 
watt and $1,000 per kilowatt. 
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Option 1.3.22 
INTERCOOLED AERODERlVATlVE COMBUSTION 
TURBINE (1 X I  25 MEGAWATTS) 
The intercooled aeroderivative combustion turbiie ( I W )  is 
one of the advanced combustion turbine cycles being studied 
in Electric Power Research Institute's Collaborative Advanced 
Gas Turbine program. Aeroderivative combustion turbines are 
now available and have excellent efficiencies because of their 
high pressure ratios. 

However, a high pressure ratio causes excessive com- 
pressor power consumption. Compressor intercooling would 
dmease compressor power use, thereby increasing plant effi- 
ciency and power output. The ICAD would match intercool- 
ing with aeroderivative technology. 

The ICAD cycle would be very similar to the simple cycle 
combustion turbine, option 1.1.2.1, except that an intercooler 
would be added to cool the compressed air at some point in 
~ a M l p r e S S i ~ p r o c e s s ~ ~ c ~ m p r e ~ ~ ~ ~ p o w e r ~  
The primary fuel would be natural gas with fuel oil as a back- 
up. The performance for this concept is based on a nominal 
2,600°F turbine inlet temperature which, because of cooler 
compressor air being available for turbine blade cooling, will 
not be technologically difficult to achieve. 

The emissions characteristics of the ICAD would be sim- 
ilar to that of a simple cycle combustion turbine. Sulfur diox- 
ide 602) emissions would be negligible and carbon dioxide 
(Cod emissions would be roughly half of a typical pulverized 
coal plant. Nitrogen oxides (NW emissions would also be low 
since dry, low NOx combustors would be used. A selective 
catalytic reduction (SCR) could further lower NOx emissions, 
but it is not included in this configuration. 

The major potential advantages of the ICAD are its high 
simple-cycle efficiency for a cost which should not be much 
greater than that of current simple-cycle combustion turbines, 
and its operational flexibility. It can be used for intermediate 
duty, because of its high efficiency, or for peaking duty, 
because it appears especially promising for high-cycling use. 

However, because of a lower exhaust temperature, the ICAD 
does not provide commensurate improvement in combined cycle 
efficiency. Also, because of the complexities of incorporating 
intercooling into the cycle, development costs are expected to 
be moderate. 

The ICAD is one of the concepts being developed under 
Electric Power Research Institute's Collaborative Advanced 
Gas Turbine program. Electric Power Research Institute's goal 
is to design, build, sell, and test two ICAD units by approxi- 
mately 1998. 
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The cost and performance data are based on information 
from Electric Power Research Institute's Advanced Cycle 
Evaluation (ACE) Group. 

Option 1.3.2.3 
CASCADED HUMIDIFIED ADVANCED TURBINE 
(F SERIES CT) (1X288 MEGAWATTS) 
Option 1.3.2.6 
CASCADED HUMIDIFIED ADVANCED TURBINE 
(6 SERIES CT) (1x400 MEGAWATTS) 
The cascaded humidified advanced turbine (CHAT) is an 
advanced Ericson cycle that employs intercooling, recupera- 
tion, reheating, and humidification of a combustion turbine with 
a cascaded topping turbine. Heat rates are equivalent to com- 
bined cycle plants, and capital costs are projected to be 20 to 
30 percent less because the heat recovery steam generator, steam 
turbine, condenser, etc. are avoided. The exact arrangement 
of equipment a d  operating conditions are proprietary, but near- 
ly all components are already available and proven, with only 
the high pressure combustors, saturator, and the overall inte- 
gration and control of components requiring development. 

The cascaded humidified advanced turbine (CHAT) adds 
humidification to the cascaded advanced turbine (CAT) cycle 
downstream of the last compressor stage. Performance improves 
because the water vapor expands through the turbine and 
reduces the amount of air which would otherwise have to be 
supplied by the compressor. Nitrogen oxides (NOx) levels are 
thus reduced to near deminimus levels of about 1 to 2 parts 
per million. 

The cost and performance data are based on studies per- 
formed by Energy Storage and Power Consultants under con- 
tract to Elecuic Power Research Institute. 

Option 1.3.2.4 
INTEGRATED GASIFICATION CASCADED HUMIDIFIED 
ADVAWCED TURBINE WlTH COPRODUCTIOW 
(F SERIES CT) (2x303 MEGAWATTS) 

Option 1.3.2.7 
INTEGRATED GASIFICATION CASCADED HUMIDIFIED ' 

ADVANCED TURBINE WITH COPRODUCTION 
(G SERIES CT) (2x420 MEGAWATTS) 
Ths technology is the same as the integrated gasification cas- 
caded humidified advanced turbine (IGCHAT) (options 1.3.2.5 
and 1.3.2.8) except that the gasifier is oversized to allow for 
the coproduction of both electricity and chemicals such as fer- 
tilizer (urea), methanol, methyl tertiary butyl ether (MTBE), etc. 
Process steam requirements are produced from oversized inter- 
coolers. 
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The cost and performance data are based on studies per- 
formed by Energy Storage and Power Consultants under con- 
tract to Electric Power Research Institute. TVA studies provide 
the basis for the information on coproduction. 

Option 1.3.2.5 
INTEGRATED GASIFICATION CASCADED HUMIDIFIED 
ADVANCED TURBINE (F SERIES CT) 
(2x303 MEGAWATTS) 

Option 1.3.2.8 
INTEGRATED GASIFICATION CASCADED HUMIDIFIED 
ADVANCED TURBINE (G SERIES CT) 
(2x420 MEGAWATTS) 
The integrated gasification cascaded humidified advanced tur- 
bine (IGCHAT) integrates a coal gasification plant with the cas- 
caded humidifled advanced turbine (CHAT) cycle. The tur- 
bine is fired with clean syngas, and emissions of sulfur oxides 
(Sqr), nitrogen oxides (NOx), and toxics normally associated 
with coal plants are extraordinarily low. Because the syngas 
can be humidified, a lowcost, total quench gasifier can be used, 
resulting in capital and operating costs that are 25 to 35 per- 
cent of those for a conventional integrated gasification com- 
bined cycle (IGCC), option 1.3.1.5. 

The cost and performance data are based on studies per- 
formed by Energy Storage and Power Consultants under con- 
tract to Electric Power Research Institute. 

Option 1.3.2.9 
INTEGRATED FUEL CEU/COMBUSTION TURBINE 
(1 X2.5 MEGAWATTS) 
This option integrates a solid oxide fuel cell (as described in 
option 1.3.2.1) with a small combustion turbine. The fuel cell 
exhaust gas is at about 1,800°F and is pressurized. In this inte- 
grated concept, the exhaust gas is fed into a small combus- 
tion turbine to produce additional electricity (beyond the fuel 
cell output). The fuel cell's efficiency is already high, and inte- 
gration of the combustion turbine can raise the overall effi- 
ciency to about 70 percent. 

This concept is still under development. Current studies 
seek to determine the best overall design, taking into account 
several variables, such as the number of fuel cells used with 
a single turbine. identification of the most appropriate design 
and size of turbine, and variations in fuel cell operating con- 
ditions. 

The overall characteristics of this option, including likely 
applications, are very much like the fuel cell (option 1.3.2.1). 
However, the combustion turbine increases overall efficiency 
while adding some complexity to the equipment. 

The cost and performance data are based on preliminary 
fuel cell vendor estimates. 

Option 1.3.3.1 
LARGE SOLAR-PHOTOVOLTAIC - FIXED FLAT PLATE 
(1 X5O MEGAWATTS) 
Solar-photovoltaic (PV) power plants convert solar energy to 
electricity using a semiconductor material, usually silicon 
doped with phosphorus and boron, to generate a direct cur- 
rent. In order to increase the conversion efficiency, the prin- 
cipal PV technologies are thin-film, polycrystalline silicon, sin- 
gle-crystal silicon, and concentrator technology. Thin-film 
materials are typically deposited on a glass substrate and 
include amorphous silicon, copper-indium-diselenide (CIS), and 
cadmium telluride. 

Except for a thin-film module, a typical solar cell produces 
about 2 amperes of current at 0.5 volts. Individual cells are 
combined together into modules and connected in series and 
parallel to provide higher voltage and current levels. The active 
areas of the modules are typically from 0.1 to 2 square meters, 
and the modules are typically connected together in flat arrays. 
Three array configurations are used: (1) fixed-tilt arrays fac- 
ing south, (2) single-axis tracking of the sun from east to west, 
and (3) two-axis tracking of the sun to remain perpendicular 
to the sun's rays. The direct current power generated by the 
arrays is collected and converted to alternating current power 
by a power conditioning unit. 

On a typical day. the insolation falling on a surface ori- 
ented perpendicularly to the sun's rays reaches a maximum 
of about 1 kilowatt per square meter at solar noon, and is lower 
in the morning and afternoon. Because the best commercial 
solar cells operate at about 12 percent conversion efficiency, 
the maximum power available is 120 watts per square meter. 
Thus, a 100-megawan power plant would require about one 
square mile of land area. Since PV power output is propor- 
tional to the incident solar insolation, it is not dispatchable with- 
out energy storage. 

The cost and performance data are based on information 
from Elecuic Power Research Institute's Technical Assessment 
Guide. 

Ootion 1.3.3.2 
L~NOFIU METHANE (1 X2 MEGAWATTS) 
The reasons for recovering landfill gas are numerous. Communities 
can receive revenue from a successful landfill gas project. 
Recovering methane helps reduce the odors produced from 
decomposing garbage. which can be disturbing to individuals 
living in the vicinity of the landfill. Also, landfill gas recovery 
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Gas Prefilter Transformer 

reduces greenhouse gas emissions, which are potentially ham- 
ful to the environment. 

As a fuel, landfill gas has a reasonably high heating value 
in raw form and can be upgraded to pipeline quality if desired. 
The landfill gas can be flared or used as a fuel on-site to pro- 
duce electricity in a small combustion turbine, reciprocating 
engine, boiler, or eventually fuel cells. Cost and performance 
projections are based on use of fuel cells. Collecting landfill 
gas can be expensive because it is spread out over a wide 
area. It is difficult to predict the amount available and also to 
anticipate fluctuations in supply. Such information is critical 
to determine the economics of a landfill gas recovery project. 
Additional expenses are incurred in treating the gas to remove 
moisture, trace hydrocarbons, carbon dioxide, and especial- 
ly hydrogen sulfide. A small number of landfill gas produc- 
tion facilities currently exist in the United States. Figure TG- 
9 shows a diagram of the process for convening landfill gas 
to electricity. 

The cost and performance data are based on vendor 
estimates. 

Option 1.3.3.3 
COALBED METHANE (1 X2 MEGAWATTS) 
Coalbed methane gas is present in all coal seams located 
throughout the United States, including the TVA region. The 
coalbed methane industry has grown dunng the recent years, 
powered greatly by new science and better technology. Still, 
major challenges remain that require research particularly in 
developing new basins, deeper coals, and geologically com- 
plex settings. 

Numerous problem areas must be overcome before coalbed 
methane is accepted as a viable fuel. Estimating coalbed gas 
productivity and reserves remains a major problem for pro- 
ducers of coalbed methane. Also, the industry has yet to sat- 
isfy the financial community that it can reliably determine how 
much of the gas can be recovered and over what period of 
time. Most coal companies will find that it is not economical- 
ly feasible to collect coalbed methane without a federal sub- 
sidy or tax credit. Cost and performance projections are based 
on use of fuel cells. At the present time, these incentive pro- 
grams are not available to owners of coal mines. 

A number of environmental issues. each requiring tech- 
nologically innovative solutions, are of high concern to devel- 
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open of coalbed methane. The most urgent are the disposal 
or use of coproduced water and the pending regulations on 
air emissions for gas compression engines. Also, the disturbance 
of land areas required for well sites, service roads, and gas col- 
lection systems are major concerns. 

Another major obstacle to coalbed methane development 
is the legal question of gas ownership. This is a very complex 
issue and is not easily resolved. Each ownership case is usu- 
ally decided on a site-specific basis, and legal rulings may 
vary between sites. 

The cost and performance data are based on information 
fromElectricPowerResearchInstiture'sT~AssessmentGuide. 

OPTION 1.3.3.4 
BIOREFINERY-COPRODUCflON OF ELECTRICITY AND 
CHEMICALS FROM BIOMASS (1 X I  00  MEGAWATTS) 
The biorefinery coproduces electricity and chemicals. The bio- 
mass feedstock consists of mill and wood waste, farm wastes, 
or dedicated crops (trees and grasses). Municipal solid waste 
also contains biomass material. All biomass is composed of cel- 
lulose, hemicellulose, and lignin. The cellulose and hemicel- 
lulose are converted to sugars by acid or enzymatic hydroly- 
sis, and the sugars are fermented to chemicals (such as ethanol, 
organic acids, and furfural). The residual lignin' is converted 
to electricity by either combustion or gasification. The production 
of higher valued chemicals sigmfkantly reduces the cost of elec- 
tricity from biomass, in a dedicated biomass plant. 

The biorefinery has low sulfur dioxide emissions and solid 
waste due to the composition of the biomass, and has a zero 
net production of carbon dioxide. 

The cost and performance data are based on TVA inter- 
nal reports on the biorefinery concept. TVA has been operat- 
ing laboratory-scale units and a 2 to 10 tons per day pilot unit 
at the Environmental Research Center in Muscle Shoals? Alabama, 
for the last 10 years. 

Option l.3.5.l 
ADVANCED BATTERY ENERGY STORAGE 

The advanced energy storage battery is based on a 20-megawatt 
unit designedfor 3-hour and 5-hour storage applications. These 
two duty cycles are given because for batteries, the cost for 
the energy component is not a linear function of dury cycle. 
Incremental off-peak electric energy is used to charge an 
advanced battery based on either the sodium-sulfur or the 
zinc-bromine system. The battery plant is composed of mod- 
ular units. Battery capital costs are based on a production of 
2,000 megawatts per year. The environmental emissions of the 
advanced battery plants are vinually zero. Battery plants have 

an extremely fast time response capability-full load can be 
achieved in less than 5 milliseconds. 

The cost and performance data are based on information 
from Electric Power Research Institute's Technical Assessment 
Guide. 

Option 1.3.5.2 
SUPERCONDUCT ING MAGNETIC ENERGY STORAGE 
(1 X5OO MEGAWATTS) 
Superconducting magnetic enegy storage (SMES) technology 
is applicable to all utility regions in the United States. Low- 
cost, &-peak energy is stored as direct current in a su-g 
coil whose conductor is made of a low temperature niobium 
titanium alloy. Refrigeration is needed to maintain the low coil 
core temperature. The refrigeration costs are accounted for in 
the fixed costs for operating the plant, and as such, affect the 
plant capital cost and life-cycle cost for purchasing and oper- 
ating the plant. 

Since the stored energy is in the form of electricity which 
is not convened to some other form of energy, the round-trip 
efficiency of a superconducting magnetic energy storage (SMES) 
plant is very high, about 95 percent. The plant power condi- 
tioning system is the component that controls the plant and 
converts the stored direct current energy to the required util- 
ity grid alternating current requirements (which can accommodate 
reactive power control, black-start, and/or system frequency 
control, just to name a few of the possible plant applications). 
Figure T6-10 shows a diagram of a superconducting magnet- 
ic energy storage plant. 

SMES plants would have a very rapid response time of 
less than one-tenth of a second to reach full load. As such, a 
major benefit of this technology is the range of dynamic, suate- 
gic, and load-leveling benefits that this plant can provide to 
its owner. The plant would have a 500-megawatt capacity and 
a two-hour storage discharge time. 

There would be no emissions associated with the SMES 
plant other than the emissions from the generation sources used 
to charge the coil. 

SMES technology is not yet commercially available for 
energy storage applications of t h ~ ~  type but is considered a future 
option. 

The cost and performance data are based on information 
from Electric Power Research Institute's Technical Assessment 
Guide. 
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Option 2.1.3.1 
ADDITIONAL HYDRO GENERATION AT EXISTING 
WONPOWER PROJECTS (1x10 MEGAWATTS) 

Option 2.1.3.2 
ADDITIONAL HYDRO GENERATION AT EXISTING 
PROJECTS (1x24 MEGAWATTS) 

Option 2.1.3.3 
ADDITIONAL HYDRO GENERATION - NEW 
CONVENTIONAL PROJECTS (1 X65 MEGAWATTS) 
This category includes three types of additional hydro gener- 
ation: 
1. Additional units at existing hydro power projects 
2. Additional units at existing nonpower hydro projects 
3. New conventional projects 

These options would be similar to current TVA hydro 
generation facilities. A dam creates an upper and a lower water 
reservoir. The potential energy stored in the water in the high- 
er reservoir is converted to electricity as it flows through a hydro 
turbine to the lower reservoir. 

Like other hydro generation, these options would have 
several advantages over other generating technologies: 

Very low operating costs 
Zero emissions 
Excellent operational flexibility (e.g., low startup and shut- 
down costs and rapid ramp rates) 

Environmental impacts on the river 
In the case of new conventional projects, environmental 
impacts on the local area 

This power generation technology is cornrnerclaUy mature. 
Water Resources Projects in Knoxville, Tennessee, provided the 
cost and generation data from studies done many years ago. 
The three options listed above refer to studies conducted in 
the years 1983, 1977, and 1965, respectively. 

Option 2.1.3.4 
HYDRO MODERNIZATION AT EXISTING PROJECTS 
TVA's hydro system was installed in the 1940s and 1950s. Since 
that time, technology has advanced si@icantly on several fronts 
of hydro plant design. A modernization project is currently under- 
way to take advantage of advances that have produced the largest 
benefit to the TVA hydro system, but there are still several remain- 
ing upgrades that could be performed. These remaining pro- 
jects could increase the summer capability of the hydro sys- 
tem by over 160 megawatts. 

The cost and performance information for modemization 
projects at existing hydro sites was provided by the TVA orga- 
nization responsible for fossil and hydro projects. 

However, there are areme drsabtages in these hydroophons: 
Very high capital cost 
Limited energy 
Limited amount of generation 
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GENERIC PRESSURIZED FLUIDIZED BED COMBUSTION 
CWENERATION (1 X70 MEGAWATTS) 
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Option 12.1.2.1 
GENERIC COMBINED CYCLE COGENERATION 
(W210 MEGAWATTS) 
Cogeneration is defined as the sequential production of elec- 
tricity and useful thermal energy (generally steam or hot water) 
from a single fuel source. Cogeneration utilizes the thennal ener- 
gy normally dscharged as waste heat in a conventional power 
generation process. It thus provides a higher overall efficien- 
cy (often more than double that of the conventional genera- 
tion system) in fuel utilization, but often at the expense of lower 
electric output. 

A number of different cogeneration technologies are avail- 
able, including some of those already considered under the 
fossil and hydro options. With steam turbine technology (for 
example, using pulverized coal or the fluidized bed technol- 
ogy discussed before) steam is expanded in the turbine to the 
condensing pressure for pumping back to the boiler as feed- 
water. With an extraction turbine, steam is removed from the 
turbine at one or more intermediate points and used for pmess 
requirements, with the remaining steam expanded in the tur- 
h e  to condensing pressure to generate power. In a backpressure 
turbine, the steam is expanded in the turbine to the pressure 
required for the process. 

In gas turbine systems, the exhaust gases from the tur- 
bine are used to generate steam in a heat recovery steam gen- 
erator. The steam generator may also have supplementary fir- 
ing in order to increase the quantity of thermal energy with- 
out degrading the electric output. 

Combined cycle systems consist of a gas turbine and 
steam turbine in combination. The gas turbine exhaust is used 
to generate steam for process heating and to generate elec- 
tricity in a steam turbine. Process steam can also be extracted 
from the steam turbine. 

Cost and performance data are based on cogeneration tech- 
nology proposals presented to TVA. 

Option 4.1.1.1 
LIGNI'TE-FIRED CIRCULATING FLUIDIZED BED 
COMBUSTION PLANT (1 X200 MEGAWATTS) 
The lignite-fired circulating fluidized bed combustion (CFBC) 
plant is essentially the same plant as the circulating atmospheric 
fluidized bed combustion plant, option 1.1.1.4, described ear- 
lier, except for the fact that the fuel is lignite rather than Illinois 
Basin coal. 

The cost and performance information for this plant were 
obtained primarily from Electric Power Research Institute's 
Technical Assessment Guide with additional information pro- 
vided by various industry sources. 

Option 5.1.1.1 
ION-UTIUTY GENERATION - GENERIC INDEPENDENT 
POWER PRODUCER LIGNITE CIRCULATING FLUIDIZED 
BED COMBUSTION PUNT (1x300 MEGAWATTS) 

Option 13.1.2.1 
NON-UTIUTY GENERATION - GENERIC INDEPENDENT 
POWER PRODUCER COMBINED CYCLE 

Option 13.1.2.2 
WON-UTILITY GENERATION - GENERIC NATURAL GAS 
INDEPENDENT POWER PRODUCER COMBINED CYCLE 
(1 XI  50 MEGAWATTS) 

Option 19.3.1.1 
NON-UTILITY GENERATION - GENERIC INTEGRATED 
GASIFICATION COMBINED CYCLE 
(1 XI 10 MEGAWATTS) 

Option 22.1.1.1 ' 

ION-UTILITY GENERATION - GENERIC INDEPENDENT 
POWER PRODUCER PULVERUED COAL WITH 
COGENERATION (2x170 MEGAWATTS) 

Option 23.1.3.1 
WON-UTILITY GENERATION - GENERIC INDEPENDENT 
POWER PRODUCER RUN OF RIVER HYDRO 
(4x20 MEGAWATTS) 

Option 29.1.5.1 
NON-UTIUTY GENERATIOW - GENERIC INDEPENDENT 
POWER PRODUCER PUMPED-HYDRO STORAGE 
Non-utility generation (NUG) is a broad term used to desig- 
nate power producing facilities that are not majority-owned 
by utilities. 

NUG can be dassified as a qualifying facility (QF) if it meets 
certain criteria defined in the Public Utilities Regulatory Policies 
Act of 1978 (PURPA) and subsequent implementation rules 
established by the Federal Energy Regulatory Commission 
(FERC). QFs are exempt from most federal and state utility reg- 
ulations. Utilities are required to purchase power from a QF 
at less than or equal to its avoided cost and must provide stand- 
by (backup) power on a nondiscriminatory basis. 
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Non-QFs are the NUG facilities that do not satisfy these 
FERC criteria. The non-QFs that sell electricity are designated 
as independent power producers (IPPs). An IPP that is either 
partially or wholly owned by a traditional utility is defined as 
an affiliated power producer (APP). 

The Energy Policy Act of 1992 created a new class of 
independent power producers called exempt wholesale gen- 
erators (EWG). EWGs are exempt from the Public Utilities 

- Holding Company~ct  (PUHCA) and sell eiecuic energy at 
wholesale rates, either di~ct ly or through an affdiate. This 
allows utilities to own one or more EWGs or foreign utilities 
without PUHCA jurisdiction and provides expanded access to 
utility-owned transmission systems. 

The Public Utilities Regulatory Policies Act of 1978 (PURPA) 
was enacted as a pan of the National Energy Act of 1978 to 
encourage the consewation and efficient use of energy resources 
by electric utilities. PURPA encourages production of electric 
power by cogeneration and by small power producers. TVA 
was given regulatory responsibility for implementing PURPA 
in the area served with TVA power. 

Cost and performance data are based on non-utility gen- 
eration proposals presented to TVA. 

Option 6.3.2.7 
6AS TURBINE - MODULAR HEUUM REACTOR 
(3x289 MEGAWATTS) 
This option, ofren called the modular helium reactor or MHR, 
is derived from several years of work to develop a high tem- 
perature gas-cooled reactor. Although the concept benefits 
greatly from prior development work, severai more years of 
development and design work are needed before the chanc- 
teristics and availability of the option can be guaranteed. 

The MHR option has several distinctive characteristics. 
First, it extracts heat from a graphite nuclear core using heli- 
um as the coolant and working fluid. (The other nuclear 
options included in Energy Vision 2020 use water to remove 
heat from a metal-clad core.) Second, the thermal energy is 
converted to power by expanding helium through a closed- 
cycle gas turbine with intercooling, recuperation, and pre- 
cooling. (Most other options in Energy Viion 2020 conven ther- 
mal energy to power by expanding steam through a closed- 
cycle turbine or expanding combustion gases through an open- 
cycle turbine.) Third, a plant would consist of at least three 
small modular units. The small unit size allows use of passive 
safety features to achieve nuclear safety. Fourth, the reactor 1 

and helium operate at high temperatures to achieve higher effi- 
ciency than conventional nuclear units (approximately 48 per- 
cent compared to 32 percent). Compared with conventional 
nuclear plants, the higher thermal efficiency, modular design, 

elimination of the steam cycle, and simpler safety systems of 
this option are expected to offset the lack of economy of scale 
associated with it. 

Option 6.3.4.1 
ADVANCED UGHT WATER REACTOR 
(1 X I  300 MEGAWATTS) 
U.S. and foreign utilities, reactor designers, and the U.S. 
Department of Energy have been developing new nuclear 
reactor power p h t  designs over the past several years for pos- 
sible near-term and mid-term deployment in the United States 
and overseas. These reactor designs are collectively identified 
as advanced light water reactors (ALWR). 

There are four advanced light water reactor plants under 
various stages of development and licensing in the U.S. The 
four plants include two technologies (the evolutionary designs) 
with a nominal power rating of approximately 1,300 megawatts, 
and two technologies (the passive designs) with a nominal power 
rating of 600 megawatts. While either the evolutionary or pas- 
sive designs may ultimately emerge as a preferred design for 
the next generation of nuclear power plants in the United 
States due to performance and economic performance, both 
offer significantly enhanced safety performance. At the present 
time, the evolutionary reactors have achieved a more advanced 
developmental status than the passive reactors both in terms 
of design detail and Nuclear Regulaory Commission review. 
Consequently, the advanced light water reactor option considered 
in Energy Vision 2020 is primarily based on the evolutionary 
design, but this is not intended to preclude consideration of 
a passive design, as well. 

The two evolutionary designs (advanced boiling water 
reactor (ABWR) and System 80+) are extensions of current tech- 
nology and experience that employ advanced design features 
compared to existing nuclear power plants. For example, the 
System 80+ utilizes a large spherical containment with a wrap 
around auxiliary building. The ABWR eliminates recirculation 
piping by using wet motor glandless pumps located in the reac- 
tor vessel bottom head. 

The evolutionary ALWR designs are expected to be com- 
mercially available by the year 2000. These designs are being 
guided by Volumes I (Top Tier Requirements) and 11 (Evolutionary 
Plant) of the Utility Requirements Document (URD), which 
have been developed jointly by domestic and foreign indus- 
try and the U.S. government. The Final Safety Evaluation Report 
has been issued for Volume 11. Volume I does not require a 
Safety Evaluation Report. 

Both of the evolutionary reactor designs have recently been 
granted final design approval (FDA) by NRC under lOCFR Part 
52. Each design must now undergo a final evaluation that is 
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open to the public in a rule-making process known as design 
certification. Design certification is expected in 1995. First-of- 
a-kind-engineering (FOAKE) for both wolutionary designs was 
initiated in 1993, and is expected to be completed by 1996. 
Separate programs for site selection and site characterization 
are being funded by domestic industry. When the design cer- 
tification, FOAKE, and site programs are completed, pre- 
approved sites and designs will be available to support restora- 
tion of the nuclear option as a safe and economic alternative 
power source. 

The cost and performance data are based on informa- 
tion from Electric Power Research Institute's Technical 
Assessment Guide. 

Option 7.1.1.7 
BEUEFONTE REPOWERING WITH INTEGRATED 
GASIFICATION COMBINED CYCLE 
(9x250 MEGAWATTS) 
The two units at TVA's Bellefonte Nuclear Plant (BLN) have 
been identified as two of four nuclear units whose disposition 
is being determined in Energy Vision 2020. In order to prop- 
erly evaluate all of the options for BLN, it is necessary to 
include a convers!on option of the facility to utilize other fuels. 
The integrated gasification combined cycle (IGCC) repower- 
ing option has been conceived to provide essentially the same 
station generation capability, using coal gasification technolo- 
gy, as would be provided by the nuclear plant. 

The IGCC option for BLN consists of 9 modules, each con- 
sisting of 1 gasifier plant, 1 combustion turbine rated at about 
190 megawatts, and a heat recovery steam generxor (HRSG). 
The steam produced by the nine HRSGs is collected and rout- 
ed to the BLN Unit 1 steam turbine. The current BLN high pres- 
sure turbine is replaced by a turbine designed to receive steam 
at 1,250 pounds per square inch absolute and 990°F, and to 
discharge steam to the existing BLN low pressure turbine. 
Approximately 1.030 megawatts would be generated by the 
modified BLN Unit 1 steam turbine. The gasification plant air 
separation units and other users of station service power con- 
sume approximately 500 megawatts. thus reducing the over- 
all plant output to 2.250 megawatts. 

The repowered facility utilizes existing BLN equipment 
such as: 

BLN Unit 1 steam turbine and condenser 
natural draft cooling towers 
station auxiliaries (compressed air and service water) 
switchyard and transmission system 
office and service buildings 

New equipment added consists of items such as: 
gasification plant modules 

syngas-fired combustion turbines and heat recovery steam 
generators 
coal and combustion waste handling and storage equipment 
coal receiving equipment for coal received by barge 
upgraded railroad for receiving coal by rail 

The cost and performance data provided are based upon 
data from a study performed by an external architect and engi- 
neer under contract to TVA. 

Option 7.1.1.2 
BEUEFONTE REPOWERING WITH PULVERIZED COAL 
(4x61 6 MEGAWATTS) 
The two units at TVA's Bellefonte Nuclear Plant (BLN) have 
been identified as two of four nuclear units whose disposition 
is being determined in Energy Vision 2020. In order to prop 
erly evaluate all of the options for BLN, it is necessary to 
include a conversion option of the facility to utilize other fuels. 
The pulverized coal (PC) repoweMg option has been conceived 
to provide essentially the same station generation capability, 
using conventional PC-firing technology, as would be provid- 
ed by the nuclear plant. 

The PC option for BLN consists of four modules, each com- 
prising one sutkitical PC-fired boiler and one high pressure 
(HP) turbine. Each HP turbine generates about 200 megawatts. 
The steam leaving each HP turbine is returned to the boiler 
associated with the HP turbine for reheating. The hot reheat 
steam from the first pair of boilers is collected and routed to 
the BLN Unit 1 steam turbine. The current BLN high pressure 
turbine is replaced by an intermediate pressure (IP) turbine 
designed to receive steam at 500 pounds per square inch 
gauge and 950°F and to discharge steam to the existing BLN 
low pressure turbine. Approximately 930 megawatts would be 
generated by the modified BLN Unit 1 steam turbine. The hot 
reheat steam from the second pair of boilers is collected and 
routed to the BLN Unit 2 steam turbine. It has a configuration 
similar to the BLN Unit 1 steam turbine and would also pro- 
duce about 930 megawatts. The users of station service power 
consume approximately 200 megawatts. thus reducing the 
overall plant output to about 2.450 megawatts. 

The repowered facility utilizes existing BLN equipment 
such as: 

BLN Units 1 and 2 steam turbines and condensers 
natural draft cooling towers 
station auxiliaries (compressed air and service water) 
switchyard and transmission system 
office and service buildings 
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New equipment added consists of items such as: 
PC-fired boilers with ehs ions  control equipment 
HP topping turbines and modified BLN steam turbine 
coal and combustion waste handling and storage equip 
ment 
coal receiving equipment for coal received by barge 
uppded railroad for receiving coal and limestone by rail 

The cost and performance data provided are based upon 
data from a study performed by an external architect and engi- 
neer under contract to WA. 

Option 7.1.1.3 
BEUEFONTE REPOWERING - PHASED COMBINED 
CYCLEIINTEGRATED GASIFICATION COMBINED CYCLE 
- PHASE A - COMBINED CYCLE (9x222 MEGAWATTS) 

Option 7.1.1.4 
BULEFONTE REPOWERING - PHASED COMBINED 
CYClE/lNTEGRATED GASIFICATION COMBINED CYCLE - 
PHASE B - INTEGRATED GASIFICATION COMBINED 
CYCLE (9x250 MEGAWATTS) 
The phased integrated gasification combined cycle (IGCC) 
repowering of Bellefonte Nuclear Plant is essentially a com- 
bination of the natural gas-fired combined cycle (NGCC) repow- 
ering, option 1.1.2.3, followed by an IGCC repowering. The 
primary diierences lie in the number of combustion turbines 
initially installed and the layout of the facility. Phase A of the 
phased IGCC repowering would utilize nine advanced com- 
bustion turbines arranged so as to accommodate the future inte- 
gration of gasification plant modules on site. Phase A would 
also include the construction of a natural gas pipeline for fuel 
supply to the facility. 

Phase B of the phased IGCC repowering would consist 
of constructing the gasification plant modules, along with the 
necessary material handling systems and connections neces- 
sary for integration of the gasification modules into the over- 
all plant heat cycle. It should be noted that the total plant gen- 
erating capabhty would be margtnally greater due to opamimtion 
for NGCC in the beginning followed by IGCC operation. 

The cost and performance data provided are based upon 
data from a study performed by an external architect and engi- 
neer under contract to TVA. 

Option 7.1.1.5 
BEUEFONTE REPOWERING - INTEGRATED 
GASIFICATION COMBINED CYCLE WITH 
COPRODUCTION (1 1 X229 MEGAWATTS) 
The two units at TVA's Bellefonte Nuclear Plant (BLN) have been 
identified as two of four nuclear units whose disposition is 
being determined in Energy Vision 2020. In order to pmperly 
evaluate all of the options for BLN, it is necessary to include a 
conversion option of the fad ty  to utilize other fuels. The inte- 
grated gasification combined cycle (IGCC) with coproduction 
repowering option has been conceived to provide essentially 
the same station generation capability as would be provided 
by the nuclear plant using coal gasification technology, along 
with coproduction of chemicals to reduce electricity produc- 
tion costs through the sale of chemicals. Methanol and sever- 
al of its derivatives were chosen for economic evaluation. 

The IGCC with coproduction option for BLN consists of 
10 modules, each consisting of 1 gasifier plant, 1 combustion 
turbine rated at about 190 megawatts, and a heat recovery steam 
generator (HRSG). The steam produced by the 10 HRSGs is 
collected and routed to the BLN Unit 1 steam turbine. The cur- 
rent BLN high pressure turbine is replaced by a turbine designed 
to receive steam at 1,215 pounds per square inch absolute and 
l,OOO°F, and to discharge steam to the existing BLN low pres- 
sure turbine. Approximately 1,240 megawatts are generated by 
the modified B* Unit 1 steam turbine. The gasification plant 
air separation units and other users of station service power 
consume approximately 720 megawatts, thus reducing the 
overall plant output to 2,420 megawatts. The gasification mod- 
ules produce excess syngas, which is transported to the chem- 
ical production unit, along with some steam. Total chemical 
production would be about 6,600 tons per day. A single bio- 
mass gasifier with gas turbine and HRSG is also included in 
the design. This facility would produce approximately 100 
megawatts, increasing the total net output of the facility to 2,520 
megawatts. 

The repowered facility utilizes existing BLN equipment 
such as: 

BLN Unit 1 steam turbine and condenser 
natural draft cooling towers 
station auxiliaries (compressed air and service water) 
switchyard and transmission system 
office and service buildings 

New equipment added consists of items such as: 
gasification plant modules 
syngas-fired combustion turbines and heat recovery steam 
generators 
chemical production unit 



coal and combustion waste handling and storage equipment 
coal receiving equipment for coal received by barge 
upgraded railroad for receiving coal by rail 
facilities for shipping chemicals 

The cost and performance data provided are based upon 
data from a study performed by Black & Veatch and Bechtel 
Power Corporation. 

Option 7.1.1.6 
BEUEFOWTE REPOWERING - INTEGRATED 
GASIFICATION COMBINED CYCLE WITH 
COPRODUCTION WlTH PARTNERS 
(2x242 MEGAWATTS) 
This option is very similar to option 7.1.1.5, integrated gasifi- 
cation combined cycle repowering, except for the fact that: 

It is assumed that partners would be found to own and oper- 
ate the gasification plant and the chemical production plant. 
TVA would own and operate the power block only. 
Seventy percent of the synthesis gas is allocated for copro- 
duction instead of 30 percent, as in option 7.1.1.5. As a result, 
the power output is reduced to approximately 480 megawatts, 
while producing the same amount of chemicals as for 
option 7.1.1.5. 
Only four gasifiers and two combustion turbinedheat 
recovery steam generators are included rather than 10 
each, as included in option 7.1.1.5. To maintain chemical 
production, the chemical plant is essentially the same as 
for option 7.1.1.5. 

The cost estimate and performance data are extrapolated 
from mformation in the Black & Veatch/Bechtel Power Corporation 
study performed for option 7.1.1.5. 
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Option 7.1.1.7 
BEUEFONTE REPOWERING - INTEGRATED 
GASIFICATION COMBINED CYCLE DEMONSTRATION 
WITH PARTNERS (1 X4OO MEGAWATTS) 
This option is similar to option 7.1.1.6 except that it is small- 
er, has no coproduction. and could be a first module of option 
7.1.1.6. It is predicated on receiving fundmg from the Department 
of Energy (DOE) through the Clean Coal Technology program. 
The facility would generate approximately 400 megawatts. No 
coproduction is assumed with the first module. 

As with option 7.1.1.6, the cost and performance data are 
empolated from information in the Black & VeatchDechtel 
Power Corporation study performed for option 7.1.1.5. 

Option 7.1.2.1 
BEUEFONTE REPOWERING - NATURAL GAS 
COMBINED CYCLE (1 OX222 MEGAWATTS) 
The two units at TVA's Bellefonte Nuclear Plant (BLN) have 
been identified as two of four nuclear units whose disposition 
is being determined by WA's integrated resource planning 
process. In order to properly evaluate all of the options for 
BLN, it is necessary to include a conversion option of the facil- 
ity to utilize other fuels. The natural gas-fued combined cycle 
(NGCC) repowering option has been conceived to praide essen- 
tially the same station generation capability as would be p n  
vided by the nuclear plant using conventional gas-fired com- 
bined cycle technology. 

The NGCC option for BLV consists of 10 modules, each 
comprising 1 advanced technology combustion turbine and 1 
heat recovery steam generator (HRSG). Each combustion tur- 
bine generates about 150 megawatts. The steam leaving each 
HRSG is collected and routed to the BLN Unit 1 steam turbine. 
The current BLN high pressure turbine is replaced by a new 
HP turbine designed to receive steam at 900 pounds per square 
inch gauge and l.OOO°F. and to discharge steam to the exist- 
ing BLN low pressure turbine. Approximately 750 megawatts 
are generated by the modified BLN Unit 1 steam turbine. The 
users of station service power consume approximately 50 
megawarn, thus reducing the overall plant output to about 2.220 
megawatts. 

The repowered facility utilizes existing BLN equipment 
such as: 

BLN Unit 1 steam turbine and condenser 
natural draft cooling towers 
station auxiliaries (compressed air and service water) 
switchyard and transmission system 
office and service buildings 

New equipment added consists of items such as: 
advanced technology combustion turbines with HRSGs 
modified BLN steam turbine 
natural gas pipeline 

The cost and performance data provided are based upori 
data from a study performed by an external architect and engi- 
neer under contract to TVA. 

Options 7.1.4.1 and 7.1 A.2 
COMPLETION OF BEUEFONTE UNITS 1 AND 2 AS 
NUCLEAR (1X1212 MEGAWATTS) 
The Bellefonte Nuclear Plant is located in Jackson County, 
Alabama, on a peninsula at Tennessee River mile 392. The site 
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is on the west shore of Guntersville Lake about seven miles 
east-northeast of Scottsboro, Alabama. 

Preliminary construction on the Bellefonte site was start- 
ed in 1974. In 1985, the pace of construction was slowed due 
to forecasts which showed that generation would not be 
required until the late 1990s. In 1988, construction activities 
were deferred, with plant systems being maintained to allow 
reactivation on a schedule to meet future power requirements. 
The units were officially returned to construction status in 
1993, but engineering and consauction activities remained at 
a very low level of activity. At the current time, all construc- 
tion work on the units is suspended pending the outcome of 
Energy Vision 2020. The Bellefonte Nuclear Plant Units 1 and 
2 are approximately 90 percent and 58 percent complete, 
respectively. 

The decision regarding the completion and commercial 
opetation dates for the tweunit Bellefonte Nuclear Plant is being 
evaluated as pan of Energy Vision 2020. 

The Bellefonte supply-side option is whether each of the 
units will be completed as nuclear units. Each of the two 
Babcock and Wilcox pressurized water reactors (PWRs) has a 
net capacity of 1,212 megawatts, for a total generating capac- 
ity of 2,424 megawatts. 

The nuclear &el is contained inside each of the reactor 
pressure vessels. The fuel is in sealed metal tubes and con- 
sists of slightly enriched uranium dioxide pellets. The fssion 
process in the fuel produces heat. Water serves as both the 
moderator of the fission process and the coolant. The prima- 
ry coolant water is pumped through the reactor from below 
the fuel and is heated by contact with the fuel element tubes. 
The reactor power is controlled by control rods, lumped bum- 
able poison rods, and a neutron-absorbing boric acid solu- 
tion. The heated coolant flows in two closed-loop circuits 
through tubes in steam generators and is then pumped back 
into the reactor. In each steam generator, a separate body of 
water flows in contact with the outside surfaces of the tubes 
and absorbs heat from the reactor coolant, producing steam 
to power the turbine generator. Once the steam has passed 
through the turbines, it is exhausted to a condenser, where the 
steam is condensed back into a liquid to be pumped back to 
the steam generators to begin the process over again. The 
condenser has tubes through which raw water is circulated in 
order to condense the steam. The raw water is then pumped 
to the cooling towers, where the waste heat is emitted. The 
waste heat is emitted into the atmosphere through two natur- 
al-draft hyperbolic cooling towers. The electrical power thus 
produced by the turbine generator is fed through the switch- 
yard and transmission line connections into the TVA system 
to meet system power needs. 
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The cost and performance data are based on site busi- 
ness plans and completion studies performed by a series of 
external architect and engineering f m  under contract to TVA. 
Sources for other site information are final safety analysis 
reports (FSARs) for the project, TVA informational brochures, 
and TVA Nuclear Power Licensing/Engineering. 

Option 7.1.4.3 
BEUEFONTE UNITS 1 AND 2 CANCEUATIOW 
A decision to cancel the Bellefonte Nuclear Plant Units 1 
and 2 would entail selling to the extent possible the equip 
ment, material, and supplies that currently exist as pan of 
the project. Any remaining investment not recovered 
through these sales would have to be written off by TVA. 

Based on previous TVA and industry experience with 
nuclear plant cancellations, it appears that the majority of such 
endeavors result in essentially breaking even (i.e., the costs 
incurred in selling the assets are offset by the receipts from 
the sales with little or no net profit). This is due to several con- 
siderations including the lunited market for nuclear-grade rnate- 
rials, the vintage of nuclear technology, and the uncertainty' 
in nuclear market conditions. 

The undepreciated investment in the Bellefonte project 
is approximately $3,762 million for Unit 1 and $793 million 
for Unit 2. 

The source for this information is TVA Nuclear Power 
Licensing/Project Engineering. 

Option 7.1.4.4 
BEUEFONTE NUCLEAR PLANT - PARTNERSHIP FOR 
COMPLETION AND OPERATION 
The Bellefonte Nuclear Plant Units 1 and 2 are approximate- 
ly 90 percent and 58 percent complete, respectively. These units 
have been placed in a protective lay up status since 1985. TVA 
has invested approximately $4.5 billion for the completion of 
these units. Repeated external reviews of the Bellefonte 
Construction Program indicate that the work quality is sound. 
and that the remaining completion scope is well defined. 
Several external groups have expressed interest in participat- 
ing in the completion of the Bellefonte Nuclear Project. 

Under the pannership, TVA and the partner would form 
a separate corporate entity to complete, operate, and ulti- 
mately decommission the Bellefonte Nuclear Plant. TV: vould 
contribute the equity invested in the plant to date; the mner 
would contribute the remaining completion cost. TVA and the 
paxtner would have access to the capacity and energy output 
of the plant, and share the net revenues and cash flows of sales 
from the plant. Sharing arrangements have yet to be negoti- 
ated, and general estimates are used for the ranking studies 



T E C H N I C A L  D O C U M E N T  6: SUPPLY-SIDE OPTIONS 

for Energy Vision 2020. Revenues from the plant would cover 
operating costs, taxes, decommissioning costs, coverage of 
additional debt and principle, the paiuler's return on equity, 
and provide a return on TVA's sunk cost. 

The completed plant would have operating characteris- 
tics similar to a TVA completion of Bellefonte Units 1 and 2 
as nuclear (options 7.1.4.1 and 7.1.4.2). For purposes of eval- 
uating this option in Energy Vision 2020, the Bellefonte part- 
nership option is modeled in a manner similar to a non-util- 
ity generator (see option 13.1.2.1 for example). In this eval- 
uation, it is assumed that TVA receives no net revenue from 
the partnership. The exact amount of capacity that this option 
would provide TVA would be negotiated with the other pan- 
ners and could range anywhere from none to the full 2,412 
megawatts represented by both units. Energy Vision 2020 
considers a capacity addition of 600 megawatts to represent 
the option. 

Option 8.1.4.1 
RECOVER BROWNS FERRY UNlT 1 
(1 X I  065 MEGAWATTS) 
The Browns Feny Nuclear Plant is located in Limestone County, 
Alabama, on the Tennessee River 10 miles southwest of Athens, 
Alabama. It is on the north shore of Wheeler Reservoir, 19 miles 
upstream from Wheeler Dam. 

Preliminary construction on the Browns Ferry Nuclear 
Plant started in 1966. The first of the plant's three units was 
placed in commercial operation on August 1, 1974, about eight 
years after construction began. The second unit went into 
commercial operation in March 1, 1975. The third unit went 
into commercial operation in March 1977. TVA shut down the 
plant in March 1985 as part of a review of its nuclear power 
program. At the present time, Units 1 and 3 at Browns Ferry 
are not operational. Unit 3 has undergone extensive rework 
and is scheduled to resume commercial operation in the spring 
of 1996. Unit 1 is presently idle. The decision regarding the 
rework and commercial operation of the unit is being evalu- 
ated in TVA's integrated resource planning process. 

The Browns Feny supply-side option is whether to complete 
Browns Ferry Unit 1 as a nuclear unit. Unit 1 of the Browns Ferry 
facility is a General Electric boding water reactor (BWR) capable 
of generating 1,065 megawatts of net electrical capacity. 

During operation, nuclear fuel is contained inside the reac- 
tor pressure vessel of Unit 1. The fuel is sealed in d o y  tubes, 
and consists of slightly enriched uranium &oxide pellets. The 
fission process in the fuel produces heat. The reactor power 
level is regulated primarily by control rods. Boron, a chemical 
element that absorbs neuuons and thereby retards nuclear fis- 
sion, is sealed within the control rods. The power of the reac- 

tor, therefore, can be controlled by positioning the convol rods 
in the core. The power is increased by slowly withdrawing the 
control rods from the core. The power level may also be con- 
trolled, but to a lesser extent, by regulating the flow of the water 
that is circulated through the reactor core. 

Water enters the pressure vessel below the fuel and moves 
through the assembly of fuel tubes called the reactor coie. As 
the water passes through the core, the heat converts it to 
steam. The steam leaves the reactor through pipes near the 
top of the ream, then passes through the turt>ogenerator, which 
generates electricity. The steam is then condensed into water 
and returned to the reactor, where the cycle is repeated. Waste 
heat is emitted in the atmosphere through a series of mechan- 
ical draft cooling towers. The electrical power thus produced 
by the turbogenerator is fed through the switchyard and trans- 
mission line connections into the TVA system to meet system 
power needs. Figure 76-11 shows a diagram of the Browns 
Ferry Plant simplified steam cycle. 

The sources for this information are the site business 
plans, site Public RelationdEngineering, and Tennessee Valley 
Authority Environmental Statement, Browns Ferry Nuclear Plant 
- Units 1, 2, and 3, July 1971. 

Option 8.1.4.2 
BROWNS FERRY UNlT 1 CANCEUATION 
A decision to cancel the Browns Feny Nuclear Plant Unit 1 is 
simply a decision not to complete the unit now or in the 
future. Unit 1 at Browns Ferry is,an integral pan of the Browns 
Ferry site, which also includes the operating Unit 2 and soon 
to be restored Unit 3. This complexity, along with the fact that 
Browns Ferry Unit 1 has operated in the past, makes it impos- 
sible to cancel this project in the same manner as was described 
for Bellefonte in option 7.1.4.3. 

While some surplus equipment from Browns Ferry Unit 
1 could be sold, previous TVA and industry experience with 
nuclear plant cancellations suggests that this would most like- 
ly be a break-even proposition (i.e., the cost incurred in sell- 
ing the assets are offset by the receipts from the sales with lit- 
tle or no net profit). This is due to several considerations 
including the limited market for nuclear-grade materials, the 
vintage of nuclear technology, and the uncertainty in the 
nuclear market conditions. 

The undepreciated investment in the Browns Ferry Unit 
1 is approximately $708 million. A portion of the plant repre- 
sented by this investment will remain useful to support oper- 
ation of Units 2 and 3 even if Unit 1 is cancelled. The fraction 
of the investment that would be useful has not yet been deter- 
mined, and has been assumed to be zero in the Energy Vision 
2020 evaluation. 
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Turbine 
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The source for this information is TVA Nuclear Power been undergoing extensive reviews and modifications. 
Licensing/Project Engineering. 

Option 8.1.4.3 
BROWNS FERRY UNIT 1 RECOVERY WITH FIXED COST 
TO COY PLETE (1 X I  065 MEGAWATTS) 
One option for Browns Feny Nuclear Plant Unit 1 is to con- 
traa with an outside engineering firm to recover the unit for 
a fixed cost and operation date. This would remove TVA's 
exposure to the schedule and completion cost risk. WA would 
operate the unit once it had been recovered. All characteris- 
tics and costs, except for the capital costs for recovery, would 
be the same as those for option 8.1.4.1. 

Option 9.1.4.1 
COMPLETIOH OF WATTS BAR UNIT 2 
(1 XI170 MEGAWATTS) 
The Watts Bar Nuclear Plant is located in Rhea County, 
Te~esSee ,  adjacent to the TVA Watts Bar Dam Reservation at 
Tennessee River mile 528. The plant is on the west shore of 
Chickamauga Lake about 8 miles southeast of Spring City, 
Tennessee, and 50 miles northeast of Chattanooga, Tennessee. 

Preliminary construction on the Watts Bar Nuclear Plant 
starred in December, 1972. The major construction elements 
were largely completed by 1985. Since 1985, Watts Bar has 
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Construction work at Watts Bar was put on hold in December 
1990. Work resumed in November 1991. and after extensive 
site review in May of 1992, the Nuclear Regulatory Commission 
(NRC) gave the site the go-ahead to resume full construction 
activities. The first of the plant's two units is scheduled for 
commercial operation in 1996. The decision regarding com- 
pletion of the plant's second unit is being evaluated as part 
of Energy Vision 2020. 

The Watts Bar supply-side option is whether to complete 
the second nuclear unit. Watts Bar Unit 2 is a Westinghouse 
pressurized water reactor (PWR). The Westinghouse reactor is 
capable of producing 1.170 MW net of electrical capacity. 

During operation, the nuclear fuel is contained inside the 
Unit 2 reactor pressure vessel. The fuel is in sealed metal tubes 
and consists of slightly enriched uranium dioxide pellets. The 
fission process in the fuel produces heat. Water serves as both 
the moderator of the fission process and the coolant. The pri- 
mary coolant water is pumped through the reactor from below 
the fuel and is heated by contact with the fuel element t!~bes. 
The heated coolant flows in four closed-loop circuits th: ,ugh 
tubes in steam generators, and is then pumped back into the 
reactor. In the steam generator, a separate body of water flows 
in contact with the outside surfaces of the tubes and absorbs 
heat from the reactor coolant, producing steam to power the 
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turbine genmtor. The reactor power is controlled by control 
rods and a neuuon-absorbing boric acid solution. 

The nudear steam supply system is housed in an indi- 
vidual containment smcture. The primary containment con- 
sists of a freestanding steel structure with an ice condenser. 
A separate reinforced reactor shield building endoses the pri- 
mary containment. The steam power conversion system is 
designed to remove heat energy from the reactor coolant in 
the four steam generators and to convert it to electrical ener- 
gy. The waste heat is emitted in the atmosphere through two 
naturaldraft hyperbolic cooling towers. 

The sources for this information are the site business plan, 
site Public Relations/Engineering, and Tennessee Valley Authority 
Environmental Report, Watts Bar Nuclear Plant, November 1972. 

Option 9.1.4.2 
WATTS BAR UNIT 2 CANCELLATION 
A decision to cancel the Watts Bar Nuclear Plant Unit 2 would 
aeate the need for additional decisions concerning the utiliition 
andlor disposition of the investment to date. The decisions would 
be to cancel the project and either sell the surplus equipment, 
material, and supplies, or convert the unfinished nuclear plant 
to a fossil-fired facility. Finally, any remaining investment not 
recouped through either the sale of assets or its conversion 
would have to be written off by TVA. 

If the cancel-and-sell decision were made, materials and 
equipment would be sold to recoup as much of the total 
investment to date as possible from the project. Based on 
TVA's experience with nuclear plant cancel-and-sell programs 
and industry experience, it appears that the majority of such 
operations result in breakmg even (i.e., it costs a dollar to recoup 
a dollar investment). 

This is due to several considerations including the limit- 
ed market for nuclear-grade materials, the vintage of nuclear 
technology, and the uncertainty in nuclear market conditions. 

The conversion of Watts Bar Unit 2 to a fossil-fired facil- 
ity is a very difficult option. The major constraints to the con- 
version option at Watts Bar are: 

Engineering and operational interface problems associated 
with Units 1 and 2 of the nuclear plant. 
Operational incompatibilities associated with a nuclear and 
fossil-fired unit at the same site. 
Nuclear Regulatory Commission licensing constraints that would 
be applied to the fossil-fired unit. 

The sunk cost to date in the Watts Bar Unit 2 project is 
approximately $1,651 million. 

The source of this information is TVA Nuclear Power 
Licensing/Project Engineering. 

Option 10.1.2.1 
INLET AIR PRECOOLIN6 WITH STORAGE 
(1 6x61 MEGAWATTS) 

Option 10.1.2.4 
WATER SPRAY COOLING OF COMBUSTION 
TURBINE INLET AIR 
Inlet air precooling with ice storage is a technology that allows 
combustion turbines (CTs) to operate at higher output levels 
during hot weather than would normally be possible. Cbmbmion 
turbine performance decreases significantly as the air temper- 
ature at the compressor inlet increases. Inlet air precooling pro- 
vides a mechanism to cool the air entering the compressor d e t  
to approximately 40°F! thus increasing the turbine output to 
the levels normally achievab!e in cool weather. This is achieved 
by producing and storing ice during off-peak conditions using 
excess system generation to operate industrial-sized chillers. 
When the additional combustion turbine output is required dur- 
ing warm weather, water is circulated through the ice storage 
and routed to fin coils located in the compressor inlet duct- 
ing to cool the compressor inlet air. Thus, inlet air precooling 
is an energy storage technology that is applicable for peaking 
usage during hot weather. It provides no system benefits dur- 
ing the rest of the year. 

Water spray cooling is similar to inlet air precooling with 
ice storage, except for the method and extent of precooling. A 
fine mist of water is sprayed into the inlet air stream during 
hot weather operation. Evaporation of the water reduces the 
air temperature by 10 to 20 degrees, depending upon ambient 
conditions. This can increase the turbine output by 5 to 10 per- 
cent, depending upon ambient conditions. Spray cooling is 
more effective in conditions of lower relative humidity and 
higher dry bulb temperature. Compared to precooling with ice 
storage, water spray cooling is much simpler and less expen- 
sive to install, but provides a smaller gain in turbine output. 

Cost and performance data were obtained from Electric 
Power Research Institute studies and from industry reports on 
newly installed and operational inlet air precooling systems, 
with calculations performed by TVA to adjust the performance 
to the environmental conditions found in the TVA region. 

Option 10.1.2.2 
NEW COMBUSTION TURBINE AT JOHNSONVILE TO 
SUPPLY STEAM TO DUPOWT (1x174 MEGAWATTS) 
TVA has contracted with DuPont to supply process steam from 
TVA's Johnsonville coal-fired plant to their New Johnsonville, 
Temessee, industrial plant. Currently the steam is extracted from 
the boilers of Units 1-4. 
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This supply-side option is an alternative method of s u p  
plying this steam while at the same time adding capacity to 
the power system. In this concept, a new high-efficiency com- 
bustion turbine is installed at Johnsonvile, and the exhaust gases 
are routed to a heat recovery steam generator to produce 
steam for a steam turbine and for extraction to supply DuPont's 
needs. The steam turbine can increase its generation during 
those periods when DuPont's steam demand decreases. A 
backup natural gas-fired boiler provides the rehability required 
by DuPont. 

By providing steam from the combustion turbine, the fos- 
sil Units 1-4 would no longer have to provide steam; there- 
fore, the capacity of the station would increase by about 50 
mega-. In addition, Units 1-4 could then be dLspatched accord- 
ing to power system needs. 

If a natural gas 'connectorn pipeline was constructed 
from an interstate pipeline to the plant for this option, it 
would probably be very inexpensive to increase the capaci- 
ty of the connector pipeline to conven the existing Johnsonville 
combustion turbines to natural gas, thereby lowering their 
fuel cost. 

The technologies required for this option are commercially 
mature. . 

The source for the cost and performance data is an inter- 
nal TVA study performed in fiscal year 1994. 

option 10.1.2.3 
REPOWERING ONE OF JOHNSONVIW FOSSIL UNlTS 7- 
10 WlTH NATURAL GAS/COMBINED CYCLE 
(1 X46S MEGAWATTS) 

Option 25.1.2.1 

GAWCOMBINED CYCLE (1 X7O5 MEGAWATTS) 
Repowering is defined as the reuse of the existing site infra- 
structure and major power generation equipment to conven 
an existing fossil fuel unit to a new power generation tech- 
nology. In most repowering applications, the boiler is replaced. 
while major equipment, such as the turbine generator, feed- 
water system. and condenser, is reused in the new plant. Some 
of the advantages of repowering are: 

Extension of plant life 
Increase in generating capacity 
Improvement in unit efficiency 
Decrease in emissions 

Repowering does have some disadvantages. Space avail- 
ability at the existing plant can be a problem since most plants 
are fairly "tight." Also, the cost for additional generating 
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capacity is relatively high when compared to a greenfield 
or new site. 

In this particular application of repowering, the boiler 
and coal handling facilities would be retired while the steam 
turbine generator, feedwater system, and condenser would be 
reused. A combustion turbine(s) (CT) and a heat recovery 
steam generator (HRSG) would be added. The CTs hot exhaust 
gases generate steam in the HRSG for the existing steam tur- 
bine. The steam turbine would generate a significant amount 
of power (although usually less than before) and the CTs add 
a large amount of generation. 

The unit efficiency and emission characteristics of this 
option appear very attractive. the capital cost and operation 
and maintenance costs are relatively low, and the technology 
is~commercially mature. However, the cost of fuel (natural 
gas) is significantly higher than coal. 

The cost and performance data are based on a study 
conducted by Stone &. Webster Engineering Corporation for 
TVA in 1994. 

Option 10.3.1.1 
REPOWERING ONE OF JOHNSONVILLE FOSSIL UNITS 1- 
6 WlTH INTEGRATED GASIFICATION COMBINED CYCLE 
(1 XU2 MEGAWATTS) 

Option 10.3.1.2 
REPOWERING ONE OF JOHNSONYIKE FOSSIL UNITS 7- 
10 WlTH INTEGRATED GASIFICATION COMBINED 
CYCLE (1 XBO MEGAWATTS) 

Option 20.3.7.1 
REPOWERING TWO UNITS OF WATTS BAR FOSSIL 
PLANT WlTH INTEGRATED GASIFICATIOW COMBINED 
CYCLE (1x242 MEGAWATTS) 

Option 25.3.1.1 
REPOWERING AUEN FOSSIL PLANT WITH INTEGRATED 
GASIFICATION COMBINED CYCLE (1 X5OO MEGAWATTS) 
Repowering is defined as the reuse of the existing site infra- 
structure and major power generation equipment to conven 
an existing fossil fuel unit to a new power generation tech- 
nology. In most repowering applications: the boiler is replaced, 
while major equipment such as the turbine-generator, feedwater 
system, and condenser, is reused in the new plant. Some of 
the advantages of repowering are: 

Extension of plant life 
Increase in generating capacity 

0 .  Improvement in unit efficiency 
Decrease in emissions 



Repowering does have some disadvantages. Space avail- 
ability at the existing plant can be a problem since most plants 
are fairly "tight." Also, the cost for additional generating capac- 
ity is relatively high compared to a greenfield or new site. 

In this particular application of repowering, the boiler and 
coal handliig facilities would be retired while the steam turbine- 
generator, feedwater system, and condenser would be reused. 
An integrated gasification combined cycle (IGCC) system is 
added. The major components of the IGCC plant are the gasi- 
fication plant, the combustion turbine(s) (0, and a heat recov- 
ery steam generator (HRSG). The gasifier would use coal to p m  
duce a medium syngas, which is burned to produce power in 
the CTs. The (X's hot exhaust gases generate steam in the HRSG 
for the existing steam turbine. The steam turbine would gener- 
ate a significant amount of power (although usually less than 
before) and the CTs would add a large amount of generation. 

The unit efficiency and emission characteristics of this 
option appear very attractive, the fuel cost (coal) is very low 
since high sulfur coal &in be used, and the technology is quite 
close to being commercially mature. However, the capital cost 
of IGCC repowering is quite high. 

The cost and performance data are based on a study con- 
ducted by Stone & Webster Engineering Corporation for TVA 
in 1994. 

Option 1 1.1.5.1 
LAUREL BRANCH PUMPED-HYDRO STORAGE 
(4x386 MEGAWATTS) 

Option 15.1.5.1 
REYNOUlS CREEK PUMPED-HYDRO STORAGE 
(3x366 MEGAWATTS) 

Option 17.1.5.1 
ROREX CREEK PUMPED-HYDRO STORAGE 
(3x292 MEGAWATTS) 
The benefit of energy storage facilities is in the ability to store 
low-cost, off-peak energy and to discharge it during high peak 
demand periods. Energy storage facilities can also provide 
spinning reserve capacity and contribute to solving minimum 
overnight turndown problems. 

In pumped-hydro storage, water is pumped from a lower 
reservoir to the upper reservoir using off-peak power. During 
the generating cycle, water is discharged from the upper reser- 
voir through the reversible pumplturbine-generators located 
in an underground powerhouse. Pumped-hydro storage facil- 
ities have relatively long storage times of 10 to 20 hours, rel- 
ative to other storage technologies. 
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The emissions from a pumped-hydro phnt are essential- 
ly zero. There are emissions associated with the source of the 
power used during the pumping cycle. 

Limited sites can be considered for conventional pumped- 
hydro installations because of the required elevation diierence 
between the two reservoirs. Several sites have been identified 
in the TVA region, and preliminary engineering studies on 
these sites have been made. 

The cost and performance data are based on a TVA study 
completed in November 1994. 

Option 14.1.3.1 
WlND - 33 METER VARIABLE SPEED ADVANCED WlND 
TURBINE (285x035 MEGAWATTS) 

Option 14.3.3.1 
WlND - 39 METER VARIABLE SPEED ADVANCED WlND 
TURBINE (444X0.45 MEGAWATTS) 
Wid turbines capture the wind's energy with blades that oper- 
ate as airfoils. Current commercial wind turbine designs p n  
duce electrical power at wind speeds exceeding about 10 mdes 
per hour. The energy extractable from the wind is proportional 
to the cube of the wind speed; if the wind speed doubles, eight 
times as much power is available. 

The most common turbine configuration is a horizontal 
axis design. A gearbox is used to step up the low hub speed 
to the generator's nearly synchronous speed of 1,800 revolu- 
tions per minute. Most generators now in service are squirrel 
cage induction generators, although some synchronous machines 
have been tested. A variable speed turbine using modem 
power electronics has been developed. This turbine, first 
offered commercially in 1992, is expected to be widely used 
during the mid- to late 1990s. 

Wmd turbine control options include active or passive yaw- 
ing to track wind direction and stall regulation or blade pitch 
regulation to control power output. Both stall- and pitch-reg- 
uiated turbines start turning and generating electricity at a par- 
ticular wind speed, called "cut-in," and the output power 
increases as the wind speed increases, up to the wind speed 
for which it is rated. The turbine will produce its rated output 
at speeds between the rated wind speed and the "cut-outn speed, 
the speed at which the turbine stops. Stall-regulated airfoils lose 
their lifts at high wind speed and are therefore self-regulating. 
When pitch-regulated turbines are in the presence of wind speeds 
at or above the turbine's rated wind speed, the pitch of the 
blade is changed to hold the power at a given level. If the wind 
speed rises to a cut-out value, the blade feathers and the tur- 
bine stops to avoid excessive loads. A number of vertical axis 
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machines have also been deployed. They have the advantage 
that all of their heavy components are essentially on the ground. 
However, as of 1992, no commercial units were being manu- 
factured. 

The turbine ratings of state-of-the-art utility-grade turbines 
have increased from an average of about 50 kilowatts in 1981 
to over 300 kilowatts by 1992. Welldesigned machines with 
good maintenance service have all-windcondition availabi- 
ties of 96 to 98 percent. 

Each wind turbine has a unique transfer function (power 
curve) that relates a given wind speed condition to the nom- 
inal electrical output of the turbine. This curve is a function 
of the area swept by the rotor, the capacity of the turbine's 
generatds), and the unit's energy conversion efficiency. In gen- 
eral, a variable-pitch turbine is more efficient than a fmed-pitch 
turbine, but it may also have more moving parts, and thus a 
higher initial cost. Variable-speed turbines can convert more 
of the energy in higher speed winds to electrical output. 
Modem power electronics are required to convert the gener- 
ator's variable frequency power to constant 60 hertz power. 

A wind power plant is composed of a number of wind 
turbines connected to the utility grid system through one or 
more interconnections. Typically the turbines are arranged in 
rows perpendicular to the prevailing wind direction. Turbines 
are at least 10 rotordiameters apart in the downwind direc- 
tion and about 3 diameters apart in the crosswind direction. 

When the wind speeds are in the proper range, the tur- 
bines operate automatically under the control of their on-board 
processors. A modem power plant is monitored and controlled 
by means of telecommunication~to a remote computer termi- 
nal located at a utility control facility. The operational status 
of each unit is known at all times and can be changed to meet 
the required operating conditions. Alarms are identified and 
diagnosed at the remote facility, and maintenance crews are 
dispatched as needed. 

The cost and performance data are based on information 
from Electric Power Research Institute's Technical Assessment 
Guide. 

Option 16.1.5.1 
RACCOON MOUNTAIN PUMPED-HYDRO ENERGY 
STORAGE ADDITION (3x255 MEGAWATTS) 
The TVA Raccoon Mountain pumped-hydro energy storage 
facility is a four-unit plant. Three additional generatiodpump 
ing units could be added to the facility to increase the total 
power output. Since the size of the upper storage reservoir would 
not be increased, the duration of full-load generation at the 
new, higher power output would be decreased. 
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The cost and performance information is extrapolated 
from merit TKA cost studies for new pumped-storage sites (options 
11.1.5.1, 15.1.5.1, and 17.1.5.1). 

Option 16.1 S.2 
RACCOON MOUNTAIN PUMPED-STORAGE 
MODERNIZATION 
TVA's Raccoon Mountain pumped-hydro plant was designed 
and installed in the 1970s. Since that time, technology has 
advanced sigmficantly on several fronts of pumped-storage 
plant design. A modernization project has been identified that 
will increase the capacity and efficiency of the plant. This p m  
ject would increase the plant output by approximately 76 
megawatts. 

The cost and performance information for modernization 
projects at existing hydro sites was provided by the Fossil and 
Hydro Projects organization. 

Option 18.1.1.1 
SHAWNEE UNlT 11 (I X I  68 MEGAWATTS) 
Since 1988, the TVA Shawnee Fossil Plant Unit 10 turbine-gen- 
erator has been powered by a new atmospheric fluidized bed 
combustion boiler. The original Unit 10 pulverized coal boil- 
er is idle. A new steam turbine-generator and associated aux- 
iliary systems could be installed as Unit 11. The original Unit 
10 boiler could be refurbished to supply steam to the new Unit 
11 turbine-generator. This option includes a mechanical draft 
cooling tower for condenser heat rejection. The other 10 units 
have no cooling towers. 

The original Unit 10 boiler has no flue gas desulfuriza- 
tion (FGD) system, or scrubber capabilities. No new FGD facil- 
ities would be installed. Consequently, the fuel would be low 
sulfur coal. 

The cost data are based on results from an engineering 
study performed by an external architect and engineer. 

Option 20.1.1.1 
RESTART ONE UNlT OF WATTS BAR FOSSIL PLANT 
(1 X56 MEGAWATTS) 
TVA's Watts Bar Fossil Plant was initially placed in service in 
1945. It was operated until the 1960s, when it was placed in 
storage status in anticipation of new nuclear capacity coming 
on line. It was reactivated in the mid-1970s and operated until 
1982, when it was again placed in storage status. Except for 
some particulate collection equipment added in the 1970s, the 
plant is still in essentially the same configuration as when ini- 
tially placed in service. Several modifications that have been 
identified must be performed before the plant can be returned 
to service. These modifications range from replacement of 
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equipment that is no longer functional to modifications required 
to meet new emissions requirements. 

The cost and performance information was taken from a 
study performed by an external architect and engineer with 
some adjustments by TVA. 

Option 20.7.3.7 
REFUSE-DERIVED FUEL - FLUIDIZED BED COMBUSTION 
REPOWERING OF ONE UNIT OF WATTS BAR FOSSIL 
PMNT (1 X56 MEGAWATTS) 
Fluidized bed combustion bums fuel that is suspended in a 
moving air stream. An atmospheric fluidized bed combustion 
(AFBC) generating unit is similar to a conventional pulverized 
coal unit and includes fuel receiving and handling, an air 
heater, a steam turbine generator and auxiliaries, particulate 
removal, ash handling, piant cooling, and other balance-of-plant 
equipment. In bubbling bed AFBC generating units, the heat 
transfer surface is located both in the bed and in the convec- 
tion pass above the bed. 

In some circulating bed AFBC generating units, the heat 
transfer surface is located downstream of the cyclone separa- 

tors, and in a separate fluidized bed heat exchanger that recov- 
ers heat from the cyclone catch before the solids are reinject- 
ed into the furnace. Other circulating fluidized bed designs locate 
the superheater surface at the top of the furnace shaft and do 
not use the separate fluidized bed heat exchanger. Figure TG- 
12 shows a diagram of two atmospheric fluidized bed com- 
bustor boiler types (the bubbling bed and the circulating bed). 

Nitrogen oxides ( N W  emissions are inherently low. With 
staged combustion, they can be easily limited to 0.2-0.3 pounds 
of NOx per million Btu for bubbling bed units, and to 0.1-0.2 
pounds of NOx per million Btu for circulating bed units. 
Particulate emissions can be reduced to less than 0.03 pounds 
per million Btu using a fabric filter. 

Due to its fuel flexibility, the AFBC boiler design is only 
moderately affected by fuel properties, and the boiler size is 
mostly dependent on flue gas volume. Thus, it could e c o  
nomically bum low-cost high-sulfur petroleum coke (50 cents 
per million Btu to 70 cents per million Btu) and coal fines, or 
blends of pet coke and coal fines. 
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The cost and performance data are based on information 
from Electric Power Research Institute's Technical Assessment 
Guide. 

Option 23.1.2.1 
POWER PURCHASE - BASE LOAD 

Option 23.1.2.2 - 

POWER PURCHASE - PEAKING (1x300 MEGAWATTS) 
TVA considers the market clearing price for power purchases 
to be related to the technology that is available to generate 
this power. The peaking power purchase option is based on 
existing simple cycle combustion turbine technology dispatched 
as a peaking unit. The operation and maintenance costs reflect 
the production cost and capital recovery incurred by the owner 
of this unit. The performance and emission characteristics are 
similar to those for option 1.1.2.1. The basis for the base-load 
power purchase option is existing gas-fired combined cycle 
technology cllspatched as a base unit. These o p t i o n  and main- 
tenance costs reflect the production cost and capital recovery 
incumed by the owner of this unit. The performance and emis- 
sion characteristics are similar to those for option 1.1.2.2. 

Option 24.1.1.7 
UNIT POWER PURCHASE 15  YEAR 
A neighboring utility has offered TVA the option to purchase 
power from one of its existing coal-fired units. The operation 
.and maintenance costs reflect the production cost and capital 
recovery incurred by the owner of this unit. The performance 
and emission characteristics reflect those of the coal-fired unit. 

Option 24.1.1.2 
PARTIALLY COMPLETE PULVERIZED COAL PLANT 
(imio MEGAWATTS) 
A neighboring utility has purchased the major capital equip- 
ment and completed the siting work and final design of a 710- 
megawatt pulverized coal (PC) plant. This utility has since 
deferred the completion of the plant The plant equpment remains 
warehoused. The utility has offered to sell the equipment site 
and design. The capital cost is very competitive as compared 
to current market prices. 

This pulverized coal plant would use midwest 5 pound 
per million Btu sulfur coal and a wet scrubber sulfur dioxide 
removal system. The utility is contiguous with the TVA service 
area and thus no wheeling charges were included in the option. 
The plant description is similar to that of the subcritical pul- 
verized coal-fired plant, option l. l. 1.5. 

Option 26.1.3.1 
BIOMASS COFIRING - CUSTOMER SERVICE 
The cofiring of biomass with coal in pulverized coal and 
cyclone-fired units at relatively low biomass percentages has 
been demonstrated to be a technically feasible and cost-effec- 
tive method to reduce emissions from coal-fired plants, and 
in many cases to reduce fuel costs. The level of biomasscofir- 
ing, expressed as a percentage of the total fuel energy input 
to the unit, demmincs the capital cost of modifications required 
for a plant to continuously cof'ire3iomass. 

The only biomass considered for cofiring is untreated, 
unpainted wood waste from wood products industries. No 
trees would be cut to supply biomass for cofking projects. 

The customer service cofiring option would be irnple- 
mented at plants in the vicinity of wood products industries 
that are actively seeking cost-effective alternate means of dis- 
posing of their wood wastes. TVA has had discussions with 
several of the industries that have indicated that costs of cur- 
rent disposal methods, typically landfill, have increased to the 
point that these costs are impacting their competitiveness. 

The level of biomass cofiring for the customer service 
option would be low-less than 0.5 percent. The capital cost 
would also be low and the cost to TVA of the wood waste, 
expected to be only vansportation cost, would be significant- 
ly lower than coal on a Btu basis. 

The capital COG estimates are based on conceptual designs 
and cost estimates made by Ensearch Environmental Corporation 
in 1994. The fuel cost estimates are based on the report 
'Biomass Resource Assessment for Twelve TVA Plantsn prepared 
jointly by the University of Tennessee, Oak Ridge National 
Laboratory, and TVA in 1994. 

- 

Option 26.2.3.1 
BIOMASS COFIRING - LOW LEVEL 
This biomass cofiring option is similar to option 26.1.3.1 except 
for the level of cofiring. In this option, wood waste would be 
cofued up to about 1.3 percent at various plants. The level for 
each plant would depend on the wood cost and supply in the 
vicinity of the plant. The wood waste cost would be higher than 
that for the biomass cofiring customer service option and would 
include transportation and energy costs, but would still be lower 
than coal costs on a Btu basis. Capital costs would be higher 
than for the biomass cofiring customer service option, as well. 

The capital cost estimates are based on conceptual designs 
and cost estimates made by Ensearch Environmental Corporation 
in 1994. The fuel cost estimates are based on the report 
"Biomass Resource Assessment for Twelve TVA Plantsn prepared 
jointly by the University of Tennessee, Oak Ridge National 
Laboratory, and TVA in 1994. 
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Option 26.3.3.1 
BIOMASS COFlRlNG - LESS THAN $5.00 PER TON OF 
CARBON DIOXIDE EMlSSlOWS REDUCTION 
One of the benefits of biomass cofiring is the reduction of 
greenhouse gas emissions, i.e., carbon dioxide (CW. The reduc- 
tion is the result of fossil fuel being displaced by biomass. When 
the wood waste is the biomass, methane emissions are also 
reduced due to the avoidance of wood conversion to methane 
in decomposition. Methane is a more potent greenhouse gas 
than COz (by about 20 times). 

This option includes cofiring wood waste in various plants 
up to the level at which the cost of greenhouse gas emission 
reductions, expressed in terms of CO;! equivalents, is less 
than $5.00 per ton. Costs include the capital cost of plant mod- 
ifications, additional plant operation and maintenance costs, 
and increased (or reduced) fuel costs relative to the cost of 
coal. The level of wood waste cofinng at a particular plant would 
depend on the wood cost and supply in the vicinity of the plant. 

The capital cost estimates are based on conceptual designs 
and cost estimates made by Ensearch Environmental Corporation 
in 1994. The fuel cost estimates are based on the repon 
"Biomass Resource Assessment for Twelve TVA Plantsn prepared 
jointly by the' University of Te~eSSee, Oak Ridge National 
Laboratory, and +A in 1994. 

Option 28.2.3.2 
BIOMASS COFlRlNG - MODERATE LEVEL AT COLBERT 
FOSSIL PLANT UNIT 5 
Resource assessments indicate there are large amounts of favor- 
ably priced wood waste available in the vicinity of the Colben 
Fossil Plant (COF). The amounts are such that they could 
potentially support moderate level, up to 10 percent energy 
input, at COF Unit 5. The capacity of COF Unit 5 is about 500 
megawatts. At this level of cofiring in a pulverized coal-fmd 
unit, a dedicated wood waste prepamion and feed system would 
be required. Consequently, the capital cost of this option is 
higher than that of other cofiring options. Wood waste costs 
would remain lower than coal costs on a Btu basis. 

The capital cost estimates are based on conceptual designs 
and cost estimates done by Ensearch Environmental Corporation 
in 1994. The fuel cost estimates are based on the report 
"Biomass Resource Assessment for Twelve TVA Plantsn prepared 
jointly by the University of Tennessee, Oak Ridge National 
Laboratory, and TVA in 1934. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Residential Lighting ..77 .I@ 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Commercial Space Conditioning ..I7 .I% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Commercial Lighting .l7 .la 
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Customer Service OnLns 

TVA has developed more than 60 customer service options for 
consideration in Energy Vision 2020. Options were developed 
for all of the sectors and many of the end uses in the Wey econ- 
omy. TVA developed options that impact the system load shape 
in a variety of ways, including energy efficiency, load management, 
self-generation, beneficial elecuification, and rate options. The 
options include many different technologies that can be used 
to achieve a sigdicant improvement in the efficiency of elec- 
tricity use and deliver value to the residences and businesses 
throughout the Valley. 

Technical Document 7, Customer Service Options, describes 
the methodology and data used for development of the options. 
This technical document contains a description of how customer 
service options were evaluated both at the program level and 
in the resource integration process. The criteria for ranking the 
technologies for idusion in the options and prioritizing the options 
for inclusion in the different resoufie strategies are also discussed. 
Descriptions of all the custom& service options are provided and 
include detailed impact and cost information. The last section 
of this technical document records the development of the tech- 
nology data base and the technology screening process. 

Metbodolo8y for Option Deuelopmen! 
A seven-step process was used to develop and evaluate the ini- 
tial set of customer service options. Figure l7-1 illustrates the 
process used to develop customer service options, including ener- 
gy efficiency, load management, self-generation, beneficial 
electrification, and to a limited extent, rate options. 

IDENTIFICATION OF MARKET SECTORS AND 
ASSESSMENT OF CUSTOMER NEEDS 
TVA idenufied different market sectors and their characteristics 
to assess customer needs and to better understand the kinds of 
technologies and programs that would be most beneficial. TVA 
also met with distributors of its power to obtain their input for 
promoting energy-efficient technologies to end-use customers. 

IDENTIFICATION AND QUALITATIVE SCREEN 
OF THE TECHNOLOGIES 
To ensure that a wide range of options was developed for analy- 
sis in Energy Vision 2020, TVA identified a wide variety of effi- 
cient technologies. TVA received assistance in developing 
technology data from several organizations that are particular- 
ly qualified to provide technology information: E-Source, Tellus 
Institute, the National Renewable Energy Laboratory, Barakat & 
Chamberlin. Inc., Synergic Resources Incorporated, and Unimar, 
as well as TVA sources and the Energy Viion 2020 Review Group. 
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Technologies were qualitatively screened to ensure their appro- 
priateness and applicability for the region. For example, evap- 
orative air conditioners were dismissed because they are not 
compatible with the Valley's humid climate. An emerging tech- 
nology could be discarded if adequate data to assess its costs 
and impacts were unavailable or could not be estimated. 
Considerable care was taken not to eliminate technologies 
prematurely and to carry forward as many technologies as 
possible to the next stage of the analysis. 

ESTABLISH AND RANK TECHNOUIGY COSTS 
AND IMPACTS 
For all selected technologies, TVA gathered information on 
costs. energy requirements, and impacts on its capacity. This infor- 
mation was stored in a detailed database. Engineering simula- 
tions, as well as data from other utilities, technology vendors, 
and TVA field tests all contributed information to the database. 
Once the database was developed, it was reviewed by a num- 
ber of technology experts, including the companies and agen- 
cies identified above. 

For each market segment, TVA ranked energy efficiency 
technologies from a total resource cost perspective. To ensure 
that TVA would have a comprehensive set of options, some tech- 
nologies with benefits less than the costs of the technology were 
included in one or more program options. Beneficial electrifi- 
cation measures were ranked according to their impact on elec- 
nicity prices. 'Ihis ranking identified the tecfino1ogies to be induded 
in one or more of the beneficial electrification options. 

IDENTIFICATION OF PROGRAM DESIGNS 
A critical step in the option development process was the 
design of programs that would encourage customer accep- 
tance, meet economic and financial objectives, and provide 
options for all customer classes. TVA reviewed other programs 
to identify good strategies that would meet TVA, distributor, and 
customer objectives. Past and present TVA programs, other 
integrated resource plans, and other utility programs were 
examined to find best practices and program characteristics 
providing the greatest chance for success. Programs included in 
TVA's customer service options were designed to: 

Increase energy efficiency by overcoming obstacles to the adop- 
tion of a new technology 
Provide customer value 
Promote market changes 
Programs providmg customer value, such as mimwave heat- 

ing or laser cutting options, address environmental concerns and 
increase productivity. These factors often have a greater impact 
on business profits than do energy costs. 

INTEGRATION OF PROGRAM DESIGNS 
AND TECHNOLOGIES 
For customer service options, TVA combined technologies with 
delivery strategies to provide economical and efficient services 
to customers. Technologies were integrated with program 
designs based on likely distribution channels, customer needs, 
and the characteristics and economics of the different technologies. 

EVALUATION AND REFINEMENT OF OPTIONS 
TO MEET DIFFERENT REQUIREMENTS 
The customer Service options were chedced for completeness and 
cammess, and to ensure a sufficient number of options were avail- 
able for the construction of a wide range of strategies. TVA 
looked for a wide variety of Merent options to ensure diversity 
and comprehensiveness. TVA evaluated each option to determine 
its likely impact on the utility, its customers, and society. Delivery 
of technologies through a variety of program designs ensures that 
Merent customer needs are met. 

Propam D e s i g ~  Used to Deliver T'hM)Iogies 

Figure T7-2 lists the program designs or delivery mechanisms 
that were used to develop the customer service options and shows 
the customer objectives that can be satisfied by these program 
designs. Some program designs are more technology-specific, 
while others are designed to assist customers in identifymg effi- 
ciency opportunities unique to their homes or businesses. 
These program designs provide value to the customer by mak- 
ing technologies more accessible to them and by overcoming 
obstacles that prevent customers from adopting energy efficiency 
measures on their own. 

The obstacles to adopting energyeffiaent technologm, ofien 
referred to as market barriers, can be classified into five types: 

Inadequate information 
Inconvenience and hassle 
Excessive risk 
Financial barriers 
Equipment availability 

Figure l7-3 shows how different program designs can over- 
come the market barriers identified above. Some program 
designs are more technology-specific than others. 

Programs such as the following can be used to overcome 
these market barriers: 
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Ffoandng/leasing. Financing is offered 
to utility customers or the utility owns 
the technology itself and leases it to cus 
tomers. 

Technical Assistance. Architectural and 
engineering firms, utility personnel, 
equipment vendors, or manufacturers 
assist customers with the new tech- 
nologies. 

oP=wI-l-- 
Customers receive ongoing assistance 
in opeming and maumnmg . . .  

equipma 
Rebates. Customers, equipment installen, 

or manufacturers receive monetary 
incentives for high-efficiency energy 
systems. 

Dim3 Install Customers receive high&- 
ciency equipment and dmct YlSMuation 
at no charge or at reduced charge. 
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PROGRAM OBJECTIVES 

Minimum Low Large Customer Social 
Program Concepts Rates Cost Impact Divanity Sewice Equity 

FinancingReasing ' 0 

Technical Assistance 

Assistance with 0 8 M 

Rebates 0 0 - - 
Direct Install 0 

Audit 0 

Mail Order 0 

' Rates ' 
Custom Programs 

Shared Savings -- ----- 
Market Transformation ----- 

Audit Customers are offered help to determine the most cost- 
effective energy efficiency options for their homes or busi- Option E~aluation 
nesses. Tools and information also may be given to facilitate DSMANAGER & MIDAS 
a self-audit. 

Mail Order. Catalogs are promoted as a source of appliances 
that are not widely available, in order to discount cost and 
provide information for customers. Catalogs are most appro- 
priate for smaller, easily installed items. This program is 
particularly attractive for people in rural or remote areas and 
for the elderly. 

Rates. Customers get a special electricity rate that encourages 
use of various equipment or influences 
energy use patterns. 

Custom Programs. Customers receive 
site-specific assistance to identdy and 
install energy efficiency measures or 
make changes that will save energy. 

Shared Savings. Utilities provide financ- 
ing and assistance in implementing an e&- 
ciency program and share the savings with 
the customer. 

Market Transformation. Programs 
designed to increase the supply and 
demand of efficient technologies through 
manufachlrer~,cuslomereducation, 
and establishment of new standards and 
building codes. 

All of the customer service options developed for consideration 
in Energy Vision 2020 have been evaluated to determine option 
benefits and costs. DSManager, Version 2.5, was used to dwel- 
op and evaluate all the customer service options. DSManager 
is software developed by the Electric Power Research Institute 
(EPRI) to analyze demand-side management (DSM) programs. 
The information from DSManager was then fed into MIDAS 
(Multiobjecnve Integrated Decision Ardym System sofrware devel- 

MARKET BARRIERS 
lncomenien~ 

Pmgam Designs Information & Hassle Risk Financial Ava i lab i t i  

FinancingILeasing- --- - 
Technical Assistance ' - 
0 & M Assistance 0 

Rebates 

DirectJnstall 0 

Audit -- 
Mail Orr l~r  

Rates 

Custom Proarams 

Shared Savings --- ----- 

Market Transformation ' 0 - 
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oped by EPRI) to integrate and evaluate both demand-side (cus- 
tomer service) and supply-side options. 

Customer service options change the way that customers 
wenergy. DSManageraacesthesechangestoquamifythechange 
in electricity used by the customer over time. DSManager cal- 
culates the monetary impact of customer service options using 
data that describe how these changes in electricity use affect cus- 
tomer costs, as well as detailed descriptions of the production 
casts and rates (prices) for energy. DSManager calculates the cons 
andbenefitrofthecwomr~optionsforend-usecwamers, 
distributors, and the TVA system. 

Once the customer service options had been defined and 
evaluated using DSManager, their impact and cost data w m  trans 
fared to MIDAS. MIDAS was used to study and compare the sys- 
tem load impacts and rate impacts of different resource options. 
MIDAS performs a variety of calculations, including load analy- 
sis, capacity planning, production costing, financial projec- 
tions, and nte calculations. Although available from DSManager, 
the demand and energy impacts shown in this technical docu- 
ment are from MIDAS. MIDAS provides a more dynarmc descrip 
tion of the power system and takes into account the interactions 
betweenoptionsandorher~indeteTIlirwgoprionimpacrs. 
Also, the supply costs avoided by implementing customer ser- 
vice options are determined in MIDAS, based on the alternative 
resource options considered. 

CUSTOMER SERVICE OPTION BLOCKS 
The customer service options were grouped into four blocks to 
be combined with supply-side options to create resource suate- 
gies. Each block is approximately the size of a generating unit, 
between 1,000 megawatts and 1,500 megawatts. The different 
resource strategies were then analyzed at the integration level 

. using MIDAS. The options were divided into the blocks shown 
below based on the following criteria: (1) option cost; (2) impact 
on rates; 0) customer value and competitiveness (e.g., long-term 
customer relationships); and (4) equity (i.e., whether customers 
have opportunities to participate in programs). 

Options in Block 1 provide energy savings at the lowest aver- 
age total resource cast (described in the next section) of any block, 
or 2.7 cents per kilowatt-hour. Block 1 also has a minmd impact 
on average rates or does not cause rates to increase. The aver- 
age total resource cost of Block 2 options is 2.8 cents per kilo- 
watt-hour, but Block 2 options have a greater impact on average 
rates than the Block 1 options. The average total resource cost 
of the options in Block 3 is 3.9 cents per kilowatt-hour and in 
Block 4 is 52 cents per kilowatt-hour. The peak demand sav- 
ings potential in year 2010 from Blocks 1 and 2 represents 8.7 

. percent of the forecast summer peak demand, and energy sav- 

ings constitute 6.3 percent of the total projected system sales in 
the same year. Iigure 7-4 shows how the customer service options 
are divided into the four blocks considered in Energy Vision 2020. 

BENEFlT/COST TESTS 
The outputs from DSManager and MIDAS can be expressed in 
the terms of the cost-effectiveness tests used to examine the rel- 
ative benefits and costs i f  the customer service options from 
several perspectives. The standard cost-effectiveness tests 
(Participant Test, Rate Impact Measure Test, and Total Resource 
Cost Test) measure whether panicular customer senice options 
achieve their intended goals. 

The Participant Test examines the benefits and costs of the 
options from the perspective of end-use customers panicipat- 
ing in a customer service option. The Rate Impact Measure (RIM) 
Test takes the perspective of non-participants and quantifies the 
change in rates due to options. Thus, a program that passes the 
RIM Test will cause overall system rates to decrease. The Total 
Resource Cost (TRC) Test looks at options from the perspective 
of both pamcipants and mpaniapants and measms the achieve- 
ment of a goal of providing energy services at the lowest 
resource cost. 

TVA also evaluated the customer service options using the 
Customer Value Test. This test combines both the RIM Test and 
the TRC Test, as well as other factors, such as external benefits, 
quality gains, and long-run rate impacts resulting from customer 
service options. The Customer Value Test allows comparison of 
both energy efficiency programs and programs designed to pn, 
mote new beneficial uses of electricity with supply-side resource 
options. The results of all the cost-effectiveness tests were 
considered when options were placed in the blocks to be 
included in the different resource strategies in Energy Vision 2020. 

For each of the customer service apuons, information documenting 
the program costs and impacts has been provided. There is a 
written description of each option, typically discussing the 
applicable target rnarkef. implementation strategy, incentive mat- 
egy, and the monitoring and evaluation approach to be used to 
venfy program benefits and costs. 

The descriptions are intended to give a feel for how an option 
would be implemented if it were chosen as a viable resource 
option in the Energy Vision 2020. The option descriptions are 
intended to identify the appropriate delivery mechanisms for the 
measures involved and also to quantify the costs and impacts 
of these measures. Once an option has been selected, a detailed 
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Commercial Cool Storage 
Rooftop Cool Storage 
Commercial Group Load Curtailment 
Residential Load Managementdir Conditioning 
Residential Existing Load Managementdir Conditioning 
Residential Existing Load Management-Water Heaters 
Residential Heat Pump Leasin@lFinancing Program 
Residential EW~ency Products Catalog 
Industrial Technology Rebates-High-Efficiency Motors 
Residential Lighting Products-Retail Component 
Comprehensive Measure financing 
Residential Ground-Source Heat Pump Leasing 

Residential Load Management-SCADA 
Comprehensive Measure Rebates . 
lndustrial Process Energy Efficiency-Distributor Served 
Industrial Process Energy Efficiency-Direct Served 
Industrial Technology Rebatesddjustable Speed Drives 
'Opt-Out" or Energy-Efficient Rates 
Residential Heat Pump Water Heating Leasing 
Residential Direct Install 
Commercial HVAC Technology Rebates 
Residential Manufactured Housing Program 

Residenliil Self-Audit 
Residential New Homes 
Commercial Lighting Technology Rebates 
Residential Low Income Program 
Residential Load Management-Water Heaters 
Commercial New Construction 
Commercial Technology Rebates--Other 
Refrigerator Turn-ln 
Residential Student Self-Audit 
Small Commercial Retrofii 

Residential Load Management-New Technology 
Commercial HVAC Maintenance Program 
Residential Heat Pump Loans 
Residential Efficient Air Conditioning 
Residential Heat Pump Rebates 
Residential Load Management-Storage Water Heaters 
lndustrial Technology Rebates4ompressed Air Efficiency 
Residential Appliance Rebates Program 
Residential Low lncome Weatherization Program 
Residential Solar Water Heater Program 
Commercial New Constructiondenewables 

program implementation plan must be developed before the pn,  Program Constants 
gram can commence. The detailed development of all DSM p r e  
grams is done in cooperation with the power distributors, as is 
their implementation. 

PROGRAM ASSUMPTIONS 
The option descriptions are followed by the Program assump- 
tions data. This data is divided into three sections. The top sec- 
tion provides some important facts about each option. The second 
section or table shows option participation by year. Finally, the 
third section shows program cost data. Each of the sections and 
variables contained within are discussed in more detail below. 

Package Measure Life. This is the average life of the mea- 
sures installed in a program. For programs with multiple mea- 
sures, the life is a weighted average of the life of the 
constituent measures. 

Free-Rider Rate. The percentage of customers who would have 
adopted recommended program actions even without its exis- 
tence, but who also participate directly in the program (e.g., 
they do claim rebates). 

Free-1)rmer Rate. The percentage of customers who take pro- 
gram recommended actions because of the program, but who 
do not participate directly in the program (e.g., they do not 
claim rebates). 
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Dropouts. The percentage of program participants who drop 
out before ;;I? equipment or measure in a particular program 
reaches the end of its life. 

Take-Back Percentage. The percentage of a measure's ener- 
gy savings taken back by the program participant. Energy sav- 
ings in some end-use technologies will affect a participant's 
bill significantly enough to influence the participant's ener- 
gy usage. For example, a weatherization program may 

- lower homeowners' heating bills such that they adjust their 
thermostat to achieve a more comfortable temperature, 
thereby "taking backn some of the energy savings to inatase 
comfort. This variable is used only for calculations involv- 
ing the Customer Value Test. 

Frce-Rider Market Barrier Costs E h b t e d .  The percent- 
age of transaction costs, hidden costs, or other market bar- 
rier costs eluninated from free riders in the program This vatiable 
is used in Customer Value Test calculations. 

Non-Free-Rider Market Barrier Costs Eliminated The per- 
cenrage of tmsaction costs, hidden costs, or other market bar- 
rier costs eliminated from program participants who are not 
free riders in the program. This variable is used in Customer 
Value Test calculations. 

Annual Energy Impact (kwh). The change in average annu- 
al energy usage resulting from the measures installed in the 
program. For programs with multiple measures, the energy 
impact is a weighted average of all program measures. This 
value is utilized to scale overall program impacts. Load man- 
agement programs may not have significant energy impacts 
relative to their demand impacts. For program analyis. an appn, 
priate load shape (a unitized hourly electrical demand pro- 
file) was used to determine the hourly demand impacts 
corresponding to the annual energy impact. 

Participation Data 
Year. The option start date is flexible for the Energy Vision 2020 

analysis so actual dates are not shown. Participation and costs 
are shown for the year of the program life. Up to 12 years of 
program data is shown regardless of the actual length of the 
program. 

Annual Eligible Population. The number of eligible panici- 
pants d e t e e e d  by the program target market (all customers 
or annual equipment failures), market segmentation (end use, 
building type. SIC code). and other factors including the per- 
centage of distributors expected to participate in the program. 

New Participants. The estimated number of new program par- 
ticipants by year. For different program sectors. the definition 
of participant varies. For the residential sector. one participant 
refers to one unit or one home. In the commercial sector. par- 
ticipation is measured by each thousand square-foot area. In 

the indusuial sector, participation is measured in terms of each 
one million kilowatt-hours of electric usage. 

Total Participants. The cumulative participation in the program 
from its first year, not accounting for free riders, free drivers, 
or dropouts. 

Cumollatme Participation Rate. The ratio of total program par- 
ticipants to cumulative eligible participation. 

Cost Data - 

F D ~ C o s t  Theprogramcostsnotdyenlyp~ 
portional to the number of participants are shown in this col- 
umn. Typical items would include some staff or contract labor 
costs. training costs. database or software development costs, 
program design costs? marketing and advertising costs, and 
monitoring and evaluation costs. 

Variable Administrative Cost. The single value indicates 
the per participant variable administrative cost per participant, 
and the table shows the annual total for these costs for all par- 
ticipants. Typical items included are inspection fees, program 
paperwork costs. survey costs, techmcal assistance costs, billing 
fees. and financing initiation fees. 

Participant Measure Cost The incremental installed cost of 
the program measures. This cost is the incremental cost 
above the base or equitalent technology. The single value shows 
the cost per participant, and the table shows the annual totals 
for all participants in a given year. In many cases a portion 
of this cost will be offset by participant incentives, which are 
shown separately. 

Participant h c u u k s  Any incentive provided to the participant 
is indicated here. The single value shows the incentive per 
participant, and the table shows the annual totals for all par- 
ticipants in a given year. Incentives includeone-time rebates, 
equipment maintenance, price buy-downs arranged with 
wholesale equipment dealers, or installation of equipment free 
of charge for some programs. 

OPTION-SPECIFIC CALCULATIONS 
Following the basic program assumptions in the case of most 
options. there is an additional table of calculations or details per- 
tinent to the option's costs or impacts. Most options promote more 
than one technology or measure. A mix of these measures is uti- 
lized to determine the average weighted impacts and costs for 
the measures. For the beneficial electrification options, the 
determination of the estimated quality gain is also provided. 

Many of the values shown in the detailed option descrip 
tions have been calculated. Due to rounding, some values 
may not be exactly reproduced using the numbers shown. 
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SUMMARY OF PROJECTED IMPACTS IN YEAR 2010 

Winter Summer Million Thousands TRC 
Residential Energy Efficiency MW MW HlYh of units CMlYh 
Heat Pump Loans 433 469 1,347 254 --- 5.0 
Heat Pump Leasing 581 518 - 1 , 6 8 8 -  266 1.6 
Heat Pump Rebates 627 527 1.787 375 - 3.3 
Ground-Source Heat Pump Leasing 58 62 -----A>__ 26 ---- 8.1 
Efficient Air Condlboning 0 133 233 1 24 7.6 ---- -- 
New Homes 402- -  184 1,142 ' I8  3.0 
Manufactured Housmg l64 53 - 358 131 4 4 - -  
Dlrect Install 3 8 6  845 2.399 1.163 2.3 
Low Income 165 75 467 251 2.8 
Low Income Weathemation 12 6 36 10 12.9 
Heat Pump Water Heater L e a y  103 995 4?L---- 3.2 
Solar Water Heater - 4 l1 41 15 22.1 - - - - 

Eff~clency Products Catalog 234 1 07 665 - - - 1.4 71 4 
Lighting Products Retail Component 103 639 687 2.5 ----- 2 2 5  - -  
Appliance Rebates ?%_- 41 304 1,518 9.1 
Refrigerator Turn-In & Recyc%g - 10 13 93 91 3.5 - 
Student Self-Audit 53 23 150 1.235 4.3 -- 
Self-Audit 42 19 120 102 - 2.6 --- 

Residential Load Manag_ernent SkW - 
Load Management-Air Conditioners -- 0 -- - 53 21 39 58 - - - - - 
- -- 21 2 84 0 158 55 Load Management-Water "e?e!L - 

39 0 75 934 Load Management-Storage Water Heaters 100 --- - -- -- 
Load Management w1SCADA 0 0 O 67 140 
Load Management--New Technology 0 0 0 27'6 2.039 

Values are me impacts oarurinp only in Me year 2010 for me curnulalive participation in me pmpnrn to that date. 

TVA developed 23 residential options for evaluation in Energy 
Vision 2020 with applications for all major end uses of electricity 
and for all types of housing. 
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HEAT PUMI' LOANS PROGRAM 
Overview 
The Heat Pump Loans Program promotes quality installations 
of higher effiaency heat pumps. The program provides f m c -  
ing for units mat meet the minimum performance criteria. 
Incentives are provided for higher efficiency heat pumps. 
Weatherization measures can also be financed, if needed to meet 
minimum insulation and infiltration standards. 

Program Assumptions 

Package Measure Life (Years) 15 
Free-Rider Rate 15% 
Free-Driver Rate 0% 
Dropouts 2% 
Take-Back Percentape 5% 
Free-Rider Market Barrier Costs Eliminated 60% 

Target Market 
All residential customers in participating power distributor 

Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) 4.630 

Annual Cumulative 

Implementation Strategy 
The Heat Pump Loans Program is designed to promote quality 
installations of higher efficiency heat pumps. The program will 
continue the long-term financing effort already in place for 
heat pumps that meet a minimum SEER 12 pefionnance crite- 
rion. In addition, cash or other fmncial incentives are proposed 
for dealers or consumers installing heat pumps that have SEERS 
higher than 12 and HSPFs higher than 7.5. Several levels of incen- 
tives will be offered, with greater incentives provided for units 

. with greater paformance efficiencies. To ensure optimal per- 
formance, a mininium attic insulation level of R-19 and infiltra- 
tion reduction through weather-stripping and caulking are also 
included. 

The program emphasizes the responsibility of the dealer 
to provide a quality installation. The Quality Contractor Network 
provides training for dealers, execution of post-inspection 
checklists, and awards for maintaining high installation standards. 
Standards will be established for ail program installations to ensure 
the satisfaction of the consumer and the efficient operation of 
the system. 

Incentives 
Financing of the heat pump and installation costs 
Financing of needed weatherization measures 
Rebates for high-efficiency heat pumps 

Eligible New Total Participation 
Year Population Participants Participants Rate 

Par 
Participant Per 
Variable Participant Per 

Administrative Measure Parlicipant 
rn m lacentive 

Fixed $324 Sl.048 $0 
Administratii Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measun Cost l a c e n t i  
1 $1,286,000 $3,628,800 $1 1,737,600 $0 
2 $1,286,000 $4,082,400 $13,204,800 $0 
3 $1,286,000 $4,374.000 $14,148,000 $0 
4 $1,286,000 $4,689,000 $1 5.1 96,000 $0 
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Monitoring and Evaluation 
Program impacts will be evaluated through pre- and post- assurance inspections are performed for 100 percent of program 
billing analysis of homes that have riot changed their level of installations. Inspections will verify appropriate equipment siz- 

I insulation. Adjustment factors will be calculated for homes ing, air flow and balance, and duct insulation and sealing. 
that have upgraded insulation as part of the program. Quality 

Inmmental Weighted 
Enerpy lacremrntal Energy Weighted 

Me8sure (kWv) cwt ($1 t home (kWb/yr) Cost (S) 
Base ASHPlO to ASHPI2 3.489 590 0.78 2,721 460 
Base ASHPlOto ASHP14 6,989 708 0.14 978 99 
Base ASHPl0 to GSHP 5,035 2,250 0.08 403 180 
Attic Insulation 683 650 0.40 273 260 - 
Programmable Thermostat 637 122 0.40 255 49 

Total 4,630 1 , m  

( #home: Based m current program experience 
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HEAT PUMP LEASIWFINANCING PROGRAM Program Assumptions 
Overview 
The Heat Pump Leasing Program allows for certain technologies Package Measure Life (Years) 15 

to be selected by a customer and installed by the utility, with 
the customer paying a monthly "service chargen or loan payment 
on their electric bill. This program is designed to promote effi- 
cient electrical products where first cost is a significant bamer 
to customer participation. Additionally, this program simplifies 
maintenance and service of complicated equipment by moving 
the risk to the utility. 

Free-Rider Rate 15% 
Free-Driver Rate 0% 
Dropouts 2% 
Take-Back Percentage 5% 
Free-Rider Market Barrier Costs Eliminated 60% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) 5.478 

Target Market 
This program targets residential customers who own or are pur- 
chasing their dwelling. 

Implementation Strategy 
The program works in conjunction with local equipment retail- 
ers as a financing program. The customer selects the contrac- 
tor, eligible equipment, and contacts the utility for an installation 
inspection and to complete the necessary paperwork. Two pay- 
ment options are offered. The first is a continual monthly 
charge with the utility maintaining ownership of the equipment 
and providing all necessary maintenance and repair of the equip 
ment for as long as the customer is in the program. Early ter- 
mination (before the customer has repaid hisher debt) requires 
the customer to settle for the remaining debt. 

The second option is a larger monthly payment designed 
to pay back the debt. During the repayment period, the utility 
maintains and repairs the equipment free of charge. At the end 
of the repayment period, the customer can change to a mainte- 
nanceheplacement contract payment if so desired. 

The specified lease equipment must meet applicable SEER 
and HSPF efficiency levels. The heat pump installation will include 
an adaptive recovery programmable thermostat and must meet 
specific installation requirements. 

Repair and replacement work will be performed by local 
contractors. A local phone number with answering service will 
be available 24 hours per day, 365 days per year. The customer 
is guaranteed replacement or repair within 48 hours of the call. 

Incentives 
A service contract will be provided for each heat pump. 

l7.10 ENERGY VISION 2020 

Annual ~urnulative 
Eligible New Total Participation 

Year Population Participants Part~c~pants Rate 
1 57.300 11.220 11,220 20% --- 

58,200 12,600 23,820 2 219/0- 
- 3 59 ,100  13,500 37,320 21 % 

4 60.1 00 14.500 51,800 22% 
5 61,000 15,500 - - 67,300 23% -- . 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
C Q S  hsl Incentive 

Fixed $1 25 t848 $242 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cosl Measure Coat Incentive 
1 $750,000 $1,400.000 $9,497,600 $2,710,400 
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Monitoring and Evaluation 
Some equipment monitoring is required for program analysis pur- balance, and duct insulation and sealing. A complaint phone num- 
poses. Inspections will be performed on 100 percent of program ber also listed on the appliance will provide sigdicant feedback 
installations for QA purposes. I-IVAC inspections will verify on the equipment and its timely repair. 
appropriate equipment sizing, equipment charge, airflow and 

I Incremental Weiohted I 
Enem Incremental E&gy WeipMed 

Melture (kWh/yr) Cost ($1 #home (kwhlyt) Cod (S) 
Base ASHP lOto ASHP 12 3,489 590 0.75 2.617 443 

I Base ASHP 10 to ASHP 14 6,989 708 0.25 1.747 I 
Programmable Thermostat 637 122 637 1 .oo - --- -- -.. 
Maintain ASHP 477 106 1 .OO 477 -- - ---!OS 12* -. - . 1 

Total 5,478 I 
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HEAT PUMP REBATES PROGRAM 
Overview 
The Heat Pump Rebates Program will promote efficient heat 
pumps using rebates and point-of-sale @lays. The rebate m c -  
ture is tiered corresponding to equipment efficiency levels and 
is designed to offset the majority of the incremental cost of the 
more efficient heat pumps. This program would be implemented 
in cooperation with heat pump manufacturers, distributors, deal- 
ers, and installers to promote the rebates to all applicable cus- 
tomers. Conuactor/deaier training would be provided to 
increase understanding of the benefits and fuel cost savings for 
the more efficient equipment, as well as proper instabtion and 
maintenance practices. 

Target Market 
The program targets the twmhirds of residential heat pumps that 
are not installed through the TVA Heat Pump Loan Program. 

Implementation Strategy 
Rebate coupons, point-of-sale displays, and appliance label- 
ing are utilized to promote efficient appliances. Utility repre- 
sentatives will work with manufacturers, dealers, and contracton 
to distribute displays and coupons. Additionally, coupons will 
be distributed through other compatible DSM programs, power 
distributor offices, and upon phone request. 

Incentives 
Rebate coupons will be provided. 

Monitoring and Evaluation 
Rebate coupons will provide initial information on replacement 
and usage patterns. A database will be completed from retumed 
rebate coupons. Follow-up surveys of equipment installed and 
usage patterns will be conducted. 

Program Assumptions 

Package Measure Life (Years) 15 
Free-Rider Rate 25% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 20% 
Free-Rider Market Barrier Costs Eliminated 50% 
Non-Free-Rider Market Barrier Costs Eliminated 30% 
Annwl Energy impact (kwh) 4,103 

&nual Cumqlw 
Eligible New Total Parbclpatm 

Year Population Participants PaMcipants Rate 

Per 
Participant Per 
Variable Participant Per 

Mministratii Measure Participant 
Cms$ m lneantive 

Fixed $25 $739 $568 
Mminis$aie Total Variable Total Part. Total Part. 

Year Cost Admin. Coot Measure Cost incentive 
1 $1,500,000 $137,500 $4,064,500 $3,124,000 
2 $1,200,000 $192,500 $5,690,300 $4,373,600 
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GROUND SOURCE HEAT PUMP LEASING PROGRAM 
Ovemiew 
The Ground Source Heat Pump Leasing Program allows for cer- 
tain technologies to be selected by a customer and installed by 
the utility, with the customer paying a monthly "service chargen 
on his/her electric bid. This program is designed to promote ground 
source heat pumps, for which initial cost is a sigdicant barri- 
a to customer participation. Additionally, -6 
maintenance and service of complicated equipment by moving 
the risk to the utility. 

Target Market 
This program targets residential customers who own or are pur- 
chasing their dwelling. 

Implementation Strategy 
The program works in conjunction with local equipment retail- 
ers similar to a financing program. The customer selects the con- 
tractor, eligible equipment, and contacts the utility for an 
installation inspection and to complete the necessary paperwork. 
Two payment options are offered. The first is a continual 
monthlychargewiththeunlttyIlmintainingmershtpoftheequip 
ment and providing all necessary maintenance and repair of the 
equipment for as long as the customer is in the program. Early 
termination (before the customer has repaid hisher debt) 
requires the customer to settle for the remaining debt. 

The second option is a larger monthly payment designed to 
pay back the debt. Once the debt has been fully repaid, owner- 
ship of the equipment is transferred to the homeowner. During 
the repayment period, the utihty maintains and repairs the equip 
ment free of charge. At the end of the repayment period, the cus- 
tomer can change to a maintenance/repWt contract payment 
if so desired. 

The specified lease equipment must meet applicable SEER 
and W F  efficiency levels. The heat pump installation will indude 
an adaptive recovery programmable thermostat, and must meet 
specific installation requirements. 

Repair and replacement work will be perfonned by local con- 
tractors. A local phone number with answering service will be avail- 
able 24 hours per day, 365 days per year. The customer is 
guaranteed replacement or repair within 48 hours of the call. 

Incentives 
A service contract will be provided for each ground source heat 

Pump. 

Monitoring and Evaluation 
Some equipment monitoring is required for program analysis pur- 
poses. Inspections will be performed for 100 percent of program 

installations for QA purposes. ?he heat pump inspection will ver- 
Ify appropriate equipment sizing, equipment charge, air flow 
and balance, and duct insulation and sealing. A complaint phone 
number also listed on the appliance will provide sigmficant feed- 
back on the equipment and its timely repair. 

Program Assumptions. 

Package Measure Lie (Yean) 15 
Free-Rider Rate 1% 
Free-Driver Rate 0% 
Dropouts 2% 
Take-Back Percentage 5% 
Free-Rider Market Barrier Costs Eliminated 40% 
Non-Free-Rider Market Barrier Costs Eliminated 50% 
Annual Energy Impact (kwh) 6,046 

Annual Cumulatiw 
Eligible New Total Partrctpatlon 

Year Populalion Participants Participants Rate 
1 79.700 100 100 0% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
mts hat lncsntive 

Fixed $75 $2.250 $242 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $300.000 $7.500 $225,000 $24,200 
2 $200.000 $15.000 $450.000 $48,400 
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EFFICIENT AIR CONDlTlONlNG PROGRAM Program Assumptions 
Overview 
This program will promote efficient cennal air conditioners using Package Measure Life (Years) 15 

rebates. Utility representatives will work with HVAC contrac- Free-Rider Rate 15% 
Free-Driver Rate 0% tors, HVAC distributors, and trade associations to promote 
Dropouts 0% 

applicable appliances and to distribute displays and coupons. 
PercenuQe 20% 

Target Market 
A U ~ & n t i a l c u a o m e r s w i r h d a i r a x l d i w n i n g i n ~ g  
power disuibutor areas are targeted. 

Implementation Strategy 
Rebate coupons, point-of-sale displays, and appliance labeling 
are utilized to promote efficient appliances. Utility representa- 
tives will work with HVAC contractors, HVAC distributors, and 
trade associations to promote applicable appliances and to 
distribute displays and coupons. Additionally, coupons will 
be distributed through other compatible DSM programs, power 
distributor offices, and upon phone request. 

Incentives 
Rebate coupons will be provided. 

Monitoring and Evaluation 
Program impacts will be evaluated through pre- and post- 
billing analysis. Quality assurance inspections are performed for 
approximately 10 percent of program installations, with empha- 
sis on new dealers and problem dealers. Inspections will veri- 
fy appropriate equipment sizing, air flow and balance, and duct 
insulation and sealing. 

Rebate coupons will provide initial information on replace- 
ment and usage patterns. A database will be completed from 
returned rebate coupons. Follow-up surveys of equipment 
installed and usage patterns will be conducted. 

Free-Rider Market Barrier Costs Eliminated 50% 
Non-Free-Ricer Market Barrier Costs Eliminated 30% 
Annual Energy Impact (kwh) 1,632 

Annual Cumulative . . . . . . - -. 
Eli~ible New Total hrticipation 

Year Population Participanls Partkipants Rate 
1 19,300 2*900_-.----- 2,900 15% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
Gas& Cnaf Incentive 

Fixed $25 $708 5500 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $700,000 $72,500 $2,053,200 $1,450.000 
2 $500.000 $97.500 $2,761,200 $1,950,000 
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NEW HOMES PROGRAM 
Overview 
The New Homes Program promotes higher efficiency stan- 
dards and quality construction in new homes. Incentives are pn,  
vided for homebuilders who meet the weatherization and 
equipment efficiency requirements of a basic package, with addi- 
tional incentives for specific thermal envelope and equipment 
upgrades beyond the- basic package. 

Target Market 
This program homebuyers in panicipating power disaibutor 
areas. 

Implementation Strategy 
The New Homes Program will promote higher efficiency stan- 
dards and quality construction in new homes. Incentives are pro- 
posed for homebuilders who meet the weatherization and 
equipment eficiency requirements of a basic package, and addi- 
tional incentives will be available for specific thermal envelope 
and equipment upgrades beyond the levels of the basic pack- 
age. The thermal performance requirements of the basic pack- 
age will exceed the standards of the Model Energy Code. The 
proposed minimum performance requirements for equipment 
are SEER 12/HSPF 7.5 or SEER 12/AFUE 90. Trade-offs will be 
allowed for some measures. 

The program will provide training for homebuilders and trade 
allies to ensure the proper installation of efficiency measures. 
Technical requirements with an emphasis on quality installation 
should produce sigdicant improvement in the energy efficiency 
of new homes. 

The program will emphasize the responsibility of the 
dealer to provide a quality installation. A Quality Contractor 
Network provides training for dealers. execution of post- 
inspection checklists, and awards for maintaining high instal- 
lation standards. Standards will be established for all program 
installations to ensure the satisfaction of the consumer and the 
proper operation of the system. Inspections during the build- 
ing process will ensure adherence to program standards. 

Incentives 
Builder incentives are provided for meeting the base 
program standards. 
Builder incentives are provided for additional measures 
that exceed the base standard. 

Program Assumptions 

Package Measure Lie ( Y s  
Free-Rider Rate 15% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 5% 
Free-Rider Market Barrier Costs Eliminated 60% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Eneqy Impact (kwh) 

- - 
4,187 

Annual Cmnulative 
Eligible New T@l Partic~pation 

Year Population Participants Parbclpants Rate 
1 17,500 3.000 3.0(10 17% 
2 17,500 3 7 8 0 0 - - -  6,800 19% 
3 17,500 5,000 - 1 1,800 22% -- 
4 17,500 6.000 17.800 25% 
5 1 7 1 5 0 ' L - -  7.200 25,000 29% 
6 17,500 8.600 33,600 32% 

-- 7 17,500 8.800 42,400 3596 

8 - 17,500 8.800 - 51.200 37% 
9 17.500 8.800 60,000 38% 

10 17,500 8.800 - 68.800 39% 
11 17,500 8,800 - 77.600 40% 
12 17,500 8.800 86,400 41 % 

Per - 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
ms L;psf Incentive 

Fixed $25 5627 $723 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $1,070,000 --- $75.000 $1,881,000 $2,169,000 
2 $1,070,000 - $95.000 $2,382.600 $2,747,400 
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Monitoring and Evaluation 
For impact evaluation estimam, state energy codes will be assumed billing analysis will be performed on a sample of participants 
as the baseline for new construction. Prototype simulation for comparison with non-participating homes. QA inspections 
models will be developed to determine the impacts of both the are performed to venfy measures in 10 percent of program homes. 
base package and the additional measures package. Additionally, 

Compact Fluorascent LipM 57 13 3 8.00 456 102 20 
DHW Pipe Insulation 78 20 - 1.00 78 20 - 
Programmable Thermostat 1.057 1 22 31 0.25 264 31 7 
Ceiling Insulatian-New - 1.995 266 640 1.00 1,995 266 640 
Bottom Board 75 3 3 1.00 75 3 3 
Low Flow Showerhead 271 20 - 2.50 677 50 - 
Base ASHP 12 to ASHP 14 3.500 118 63 0.14 490 17 9 
Base ASHP 12 to GSHP 1,546 1,660 500 0.08 124 133 40 
Efficient Dishwasher 111 20 15 0.25 28 5 4 

Total 4,187 626 723 
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MANUFACTURED HOUSING - NEW CONSTRUCTION 
PROGRAM 
Overview 
This program will promote the installation of efficient HVAC 
and water heating equipment by the manufacturer during the 
consauction process. The program aiso promotes improved meth- 
ods of connecting and sealing ductwork when the home is read- 
ied for occupancy. New HUD standards have increased the 
building shell requirements to optimal cost-effective levels for 
new construction, so the program will not address them. This 
program is simiilar to TVA's Energy Effiaent New Manufactured 
Home Plan. 

Target Market 
Buyers of residential new construction manufactured housing 
inclubg single- and double-wide mobile homes, as well as slab 
sited pre-manufactured housing are targeted. 

Implementation Strategy 
TVA will work with stakeholders in the manufactured housing 
industry to ensure comprehensive cgverage of the market. 
For manufacturers, training classes will explain the benefits of 
heat pumps and proper installation practices for water heaters 
and HVAC systems, including pipe insulation and ductwork. 

Dealers will receive information, promotional materials, and 
financial incentives to promote the use of heat pumps in 
homes. Customer education matenals will detail the energy and 
economic benefits of heat pumps and other retrofit measures, 
indudtng mulated skimng. Additional educational materials indud- 
ing lesson plans and handouts will be provided to high school 
teachers in areas of high manufactured housing growth. 

Related efforts for this program include lobbying lenders 
to consider the implications of lower utihty bills from heat pumps 
on the financing process. Additionally, participating power 
disuibutors win be encouraged to waive or reduce hook-up charges 
for program housing as an additional participation incentive. 

Incentives 
The cost of pipe insulation in the water heater compartment and 
reduced duct leakage measures are paid by TVA. Four compact 
fluorescent light bulbs are installed in each program home. 
Seventeen percent of the estimated cost of the heat pump will 
be paid to the manufacturer. Dealers will be paid $100 for each 
qualifying home sold, and an additional $150 will be provided 
for up to two homes ordered for stock on the dealer's lots. 

Program Assumptions 

Package Measure Life (Years) 15 
Free-Rider Rate 5% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 5% 
Free-Rider Market Barrier Costs Eliminated 70% 
Non-Free-Rider Market Barrier Costs Eliminated 90% 
Annual Energy Impact (kwh) 2.366 

&nwl Cumulative 
Eligible New Total Participation 

Year Population Participanls Participants Rate 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
elm cat lncsntive 

Fixed $20 $615 $381 
Administative Total Variable Total Part. Total Part. 

Year Cost Admin. Cosl Measure Cost incentive 
1 $575,000 $48,000 $1,476,000 $914,400 
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Monitoring and Evaluation 
A database will be developed to track the incentives paid to man- of the program. A process evaluation wiU also be conducted after 
ufacnrrers and dealers; another will contain information on cus- the first year of the program to improve the admintstrative process 
tomers buying program homes. Program impacts will be es and customer, dealer, and manufacturer satisfaction. 
estimated with engineering calculations representing average sav- Approximately 25 percent of heat pumps installed will be 
ings per home. The engineering assumptions will be com- inspected, with particular focus on new manufacturers. 
pared and calibrated to monitored field data after the first year 

- - 

Incremental Weiphted Weighted 
h e m  Incremental Incentive Energy Weifihted Incentive 

H e m r e  1 Cast ($1 ($1 rhome (kWhlyr) Coot ($1 ($1 
Compact Fluorescent Light 57 13 13 4.00 228 51 51 
DHW Pipe Insulaon 78 - 8  8 1 .OO 78 8--- 8 
Reduced Duct Leakage 1,905 275 275 1 .OO 1.905 275 275 - - ----- 
High Efficiency Heat Pump 2,133 - 4,865 81 1 0.03 64 146 24 
Insider Heat Pump 1,517 2,250 375 0.06 91 135 23 

Total 2,366 61 5 381 
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DIRECT INSTAU PROGRAM--SITE VISIT 
Overview 
This is a direct install program. A neighborhood is targeted and 
a contractor goes door-to-door. In a single visit, installation crews 
d energy efficient lighting, attic insulation, water heater tank 
wraps, pipe insulation, faucet aeratorqlow-flow shower heads, 
caulking, and clean equipment coils and fdters. 

Target Manket 
This program targets all residential customers in selected neigh- 
borhoods. 

Implementation Strategy 
All residents in a neighborhood, including single-family homes 
and individually metered multi-family homes are eligible to par- 
ticipate. The installation crew will spend from one to two 
weeks in a target neighborhood, depending on the size of the 
area. Initial contact is made through a pastcad or brochure mailed 
to each home. A canvasser will precede the crews, going door- 
todoor to make mmllation appointments, if possible on the same 
day. Installers will be radio-dispatched to the appointment. 
Advertisements on the installation crews' program vans will also 
promote the program. 

One crew member will perform a quick site survey and p ro  
vide a computerized printout of recommended improvements 
to the homeowner. .The installation crew then installs appropriate 
measures and performs a walk-through with the customer to explain 
what they have done and how this benefits the customer. This 
educational portion of the p q p m  is exuemely important in ensur- 
ing energy savings. 

TVA and its distributors will work with community-based 
orgatllzations to coonhate the program. Neighborhood and com- 
munity groups will be recruited to assist in advertising the 

program. 

Incentives 
The measures are provided and installed free of charge. 

Program Assumptions 

Package Measure Lie (Years) 15 
Free-Rider Rate 20Y0 
Free-Driver Rate 0% 
Dropouts - 2% 
Take-Back Percentage 10% 
Free-Rider Market Barrier Costs Eliminated 70% 
Non-Free-Rider Market Barrier Costs Eliminated 90% 
Annual Energy Impact (kwh) 1.803 

+ual Cwnulative 
Ellgible New T e l  P8tticipation 

Year Population Participants Patiic~pants Rate 
1 2,510,000 25,100 25,100 1% 
2 2,513,900 75.400 100,500 4% 
3 2.467,500 -- 123,400 223,900 9% 
4 2,373.100 142.400 366,300 15% 
5 2,259,700 - 135,600 501.900 20% 
6 2,153.100 129,200 631,100 25% 
7 2,053.000 123,200 754,300 30% 
8 1.958.800 11 7,500 871,800 35% 
9 1,870,200 -- 11 2,200 984,000 39% 

10 1,787,000 ---- 89,400 1,073,400 43% 

Per 
Participant Per 
Variable Participant Per 

M m i n i H i  - Measure Participant 
&& incentive 

Fixed $40 9% $295 
Mminishative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $1,650.000 $ 1 , 0 ~ 0  $7,404,500 $7,404,500 - 
2 $1 ,550,000 $3.01 6.000 $22,243,000 $22,243,000 

--A- 

3 $1,300,000 $4,936,000 $36,403,000 $36,403,000 
4 $1,300.000 -$5,696,000 $42,008,000 $42,008,000 
5 $1,300,000 $5,424,000 $40,002,000 $40,002,000 
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Monitoring and Evaluation 
Engineering estimates &librated with information on hours of be used to estimate program savings. Spot inspections will be 
use and consumption patterns gathered for each participant will done on homes receiving attic insulation. 

Incremental Weighted 
Energy Incremental Energy Weighted 

Martlln (kWh/yt) h s l  (S) #home (kWhEyr) Cost ($1 
Compact Ruorescent LigM 57 13 6.00 342 n 
DHW Pipe Insulation 78 20 1.00 78 20 
DHW Tank Wrap 271 35 0.50 136 18 
Attic Insulation RO-R30 ASHP 2.042 590 0.03 61 17 
Attic Insulation RO-R30 EWAC 2.544 590 0.04 110 25 
Attic Insulation R11430 ASHP 1,480 393 0.04 65 17 
Attic Insulation R11-R30 EWAC 1.842 393 0.06 117 25 - 
Low Row ShowerheadlAerator 271 20 2.50 678 50 - 
Maintain ASHP 477 106 0.1 8 84 19 
Maintain EWAC 520 106 0.25 132 27 

Tots1 1,803 295 

#/home: in some cases reflects market share 
Homes will receive all appiicabe measures 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

LOW INCOME P R O G R A H I T E  VISIT 
Overview 
This is a direct install program for targeted low-income neigh- 
borhoods. The program uses a contractor to perform the site vis- 
its. The installation crew, in a single visit, installs energy efficient 
lighting, attic insulation, water heater tank wraps, pipe insula- 
tion, faucet aerators, low-flow shower heads, c a h g ,  and deans 
equipment coils and filters. 

Target Market 
This program targets residential low-income customers. 

Implementation Strategy 
All residents in a neighborhood, including single-family homes 
and individually metered multi-family homes, are eligible to par- 
ticipate. The installation crew will spend from one to two 
weeks in a target neighborhood, depending on the size of the 
area. Initial contact is made through a postcard or brochure mailed 
to each home. A canvasser will precede the crews, going door- 
todoor to make installation appointments, if possible on the same 
day. Installers will be radio-dispatched to the appointment. 
Advertisements on the installation crews' program vans will also 
promote the program. 

One crew member will perform a quick site survey and 
provide a computerized printout of recommended improvements 
to the homeowner. Most of the program measures will be 
cost-effective for almost every home. The installation crew 
then installs appropriate measures and performs a walk-through 
with the customer to explain what they have done and how this 
benefits the customer. This educational portion of the program 
is extremely important inensuring energy savings. 

TVA and its distributors will work with community-based 
organizations to coordinate the program. This program can lever- 
age federal low income weatherization efforts. as well as state 
and local low income programs, to increase the energy efficiency 
services provided to these customers. Neighborhood and 
community groups will be recruited to assist in advertising the 
program, and program displays will be provided for commu- 
nity centers. 

Incentives 
The measures are provided and installed free of charge 

Program Assumptions 

Package Measure Life (Years) --- 15- 
Free-Rider Rate 
p- 

5% 
Free-Driver Rate - 0% 
Dropouts -- - 2% --- 

15% Take-Back Perce_n@e 
Free-Rider Market Barrier Costs Eliminated -- ---- 70% 

Non-Free-Rider Market Barrier Costs Eliminated - -- -- 90%- 
Annual Energy Impact (kwh) 1,638 -- 

+nu01 Cumulative 
El~pble New T@I ~artmpatlon 

Year Population Participants Part~c~pants Rate 

Per - 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
Cosls l b i  incentive 

Fixed $40 $304 $304 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $300,000 .$192.000 $11459,200 $1,459,200 
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TECHNICAL D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

Monitoring and Evaluation 
Engineering estimates calibrated with information on hours of be used to estimate program savings. Spot inspections will be 
use and consumption patterns gathered for each participant will done on homes receiving attic insulation. 

- 
Incremental Weighted 

Energy Incremental E ~ W Y  Weighted 
Measure WWV) cod ($1 #home ( k w w  ($1 
Compact Fluorescent L l L  57 1 3 -  4.00 _ -  --- -- 228 -- - 51 . - 
DHW Pipe Insulation - ----- 78 20 l.E--- 78 --- -. 2 0 !  
De Tank Wrap 271 35 136 18 0.50 _ -- - - - -- - - - - -- - 
Athc Insulation RO-R30 ASHP 2,042 -- ----------- 119 590 - - -  0.0s - -- - 34 - - 
Attic Insulation RO-R30 EWAC 2~~ 590 o!@ _ _--- _- * I 3  - .- . _49_ - _ - 
Attic I~~~ulation R11-R30 ASHP 3,480 393 0.06 86 - . _ --- -- -- -- - -- 2%- - - 

#home: in some cases reflects market share 
Homes will receive all applicable measures 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

LOW INCOME WEATHERIZATION PROGRAM Program Assumptions 
Overview 

15 This program complements the Lon: Income Program by pro- -~a!?k?gfle%!!eLife(!=) --.-.-----.----..- 
Free-Rider Rate viding for more extensive home repairs identified during the direct - 5% 
Free-Driver Rate 0% 

install site visit. The program is coordinated with state and local 
Dropouts 2% 

agencies to leverage existing low income efforts. ---- 7- 

Take-Back Percentage 25% 
___._I_-___ _. _ _ .___-__-I--- ---. 

Free-Rider Market Barrier Costs Eliminated 70% 
Target Market . -. . - - . . -. -. - . . 

Non-Free-Rider Market Barrier Costs Eliminated 90% -..-- - 
This program targets residential low-income customers. Annual Energy Impact (kwh) . . .  . . * -- .- .. .-... . .- 3'00 

Implementation Strategy 
During the Low Income Program site survey, homes needing sig- 
nificant improvements are identified. These homes may need insu- 
lation? infiltration reduction or significant HVAC equipment 
improvements. The necessary measures will be provided and 
installed free of charge. The weatherized structure will provide 
a more comfortable living space for tenants. and will increase 
property value and lower electric bills as a result of the efficiency 
improvements. 

TVA and its distributors will work with community-based 
organizations to coordmate the program. This program can lever- 
age federal low income weatherization efforts. as well as 
state and local low income programs. to increase the energy 
efficiency services provided to these customers. Neighborhood 
and community groups will be recruited to assist in advertising 
the program. and progiam &plays be provided in cornmunit); 
centers. 

Incentives 
The measures are provided and installed free of charge. 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants F i p a I I t S  Rate 
1 -- - 356,300 400 - - 400 _ _ . - - 0% - 
2 360 200 

Per . 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
lash rn lnMIntive 

Fixed $1,000 $2,000 $2,000 
Administrative Total Variable Total Part. Total Part. 

Year Cod --- Admin. Cost Measure Cost Incentive 
Monitoring and Evaluation 1 ~3%!!'!!- . $400,000 $800.000 $800,000 - - - . _ _ -. 
Both engineering estimates calibrated with information on -2---$2~,qr)O $700,000 ~-~-$~,400,000 $1,400.000 

3 $250,000 $1,000,000 $2,000,000 $2.000.000 hours of use and consumption patterns gathered for each par- ___. .._.. . . 

ticipant will be used to estimate program savings. Spot inspec- ..4- -. . .-$~%!??___ __-$!.000,000----_%?L0O0,000- -- &!?!?!!@!?. 
tions will be done on homes receiving attic insulation. . -- 5 - -. $250.000 - -- -- $1,000.000 -. . - - -- $2.000.000 . $2,000.000 -- .- - . 

6 - ----- $250,000 - . - $1,000,000 -- ._ - - -. - -- $2,000,000 $2,000,000 - - . .. 

7 $250,000 $1 .OOO.OOO $2,000.000 $2,0OO,OoI) - - - --- - - . - - - -- . - -- -- - - - -- - 
8 $250,000 $1,000,000 $2.000.000 $2,000,000 - - - - - -- - - - - 

$2.000.000 $2.000.000 _ 2 -. ._-~2~0L!oo w-'P_o_Loo_o_o. .-- . -- - -_ -_--_. 

$1.000,000 $2.000.000 $2,000,000 '0.. .- .-_#5P.900 
11 $250,000 $1,000.000 $2,000.000 $2,000,000 - - - - - - - - - - - - - - . - - -- - --. . -- - -- - - -- - - - 
- 12 . -. . -- . . $ 2 5 0 ~ 0  -. -. ._ ._ _ - ~ 1 ~ 0 ~ ~ _ 0 0 0 .  ~ , o ~ P _ L ~ _ o _ ~ ~ - ~ ~ Q ~ P ~ _ o ~  
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

HEAT PUMP WATER HEATER LEASING PROGRAM 
Overview 
The Heat Pump Water Heater Leasing Pigrarn allows for a qual- 
ified heat pump water heater to be selected by a customer and 
installed by the utility, with the customer paying a monthly 'ser- 
vice chargen on his electric bill. This program is designed to pro- 
mote efficient heat pump water heaters which have an initial cost 
that is a significant banier to customer participation. Additionally, 
this program simplifies the maintenance and service of comphcated 
equipment by moving the risk to the utility. 

Target Market 
This program targets residential customers who own or are pur- 
chasing their dwelling. 

Implementation Strategy 
The program works in conjunction with local equipment retail- 
ers similar to a financing program. The customer selects the con- 
tractor and appropriate equipment and contacts the utility for 
an installation inspection and to complete the necessary paper- 
work. Two payment options are offered. The first is a contin- 
ual monthly charge with the utility maintaining ownership of the 
equipment and providing all necessary maintenance and repair 
of the equipment for as long as the customer is in the program. 
Early terminaton (before the customer has repaid the debt) requires 
the customer to settle for the remaining debt. 

The second option is a larger monthly payment designed 
to pay back the debt. Once the debt has been repaid, owner- 
ship of the equipment is transferred to the homeowner. During 
the repayment period. the utility maintains and repairs the 
equipment free of charge. At the end of the repayment period, 
the customer can change to a maintenance/replacement Contract 
payment if so desired. 

The specified lease equipment must meet minimum Energy 
Factor (EF) levels. 

Repair and replacement work wiU be performed by local con- 
tractors. A local phone number with answering service will be avail- 
able 24 hours per day, 365 days per year. The customer is 
guaranteed replacement or repair within 48 hours of the call. 

Incentives 
A service contract will be provided for each heat pump water 
heater. 

Monitoring and Evaluation 
Some equipment monitoring is required for program analysis PV- 
poses. Inspections will be performed for 100 percent of program 

- installations for QA purposes. Inspections will venfy appropri- 
ate equipment sizing, equipment charge, air flow, and location. 
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A complaint phone number also listed on the appliance will pro- 
vide significant feedback on the equipment and its timely 
repair. 

Program Assumptions 

Free-Driver Rate 0% ---- ---- 
Dropouts - - 2% - -- - ---- - -- -- 
Take-Back Percentage 0% - ----- 
Free-Ride[ Ma@ Ba_me_r Costs_tim!nged -- - - -- _ 40D/o - ---- 
Non-FreeRier Market Barrier Costs Eli_minated _ -  _ - - _-- - - -- 50%-- 
en_n_ua!E"er~ !!!pact PWhL -- - - - --- - 1lB! _ 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 - - - - - -- - - - - 9,900 9.900 5% 198J'K"'"- . . - --- _. - . -- * 
2 198.000 19,800 29.700 8% - - --- - - - -- - . - - - -- -- - - - - - . - - - -- - . 

Per 
Participant Per 
Variable Participant 

Administrative Measure 
Wds ki !  

Fixed $1 0 $500 
Administrative Total Variable Total Part. 

Year Cost Admin. Cost Measure Cost 

Per 
Participant 
lneentive 

$1 92 
Total Part. 
Incentive 
$1,900.800 -- . . . .- -. - 
$3,801.600 . - . . . .- 



T E C H N I C A L  D O C U M E N T  7 :  CUSTOMER S E R V I C E  O P T I O N S  

SOLAR WATER HEATER PROGRAM 
Overview 
This program will promote solar water heaters through the use 
of a sigdkant upfront rebate and an equipment lease. The lease 
includes a maintenance contract for the equipment. These incen- 
tives are designed to offset two simcant market barners to solar 
water heating: initial cost and maintenance. 

Target Market 
All residential customers in participating power distributor 
areas are targeted. 

Implementation Strategy 
The program works in conjunction with local equipment retail- 
ers similar to a financing program. The customer selects the con- 
tractor and appropriate equipment and contacts the utility for 
an installation inspection and to complete the necessary paper- 
work. Two payment options are offered. The first is a contin- 
ual monthly charge with the utility maintaining ownership of the 
equipment and proviclmg all necessary maintenance and repair 
of the equipment for as long as the customer is in the program. 
Early termination (before the customer the repa~d  IS debt) requires 

the customer to settle for the remaining debt. 
The second option is a larger monthly payment designed 

to pay back the debt. Once the debt has been repaid, owner- 
ship of the equipment is transferred to the homeowner. During 
the repayment period, the utility maintains and repairs the 
equipment free of charge. At the end of the repayment period. 
the customer can change to a maintenance/replacement contract 
payment if so desired. 

Repair and replacement work will be performed by local 
contractors. A local phone number with answering service will 
be available 24 hours per day, 365 days per year. The customer 
is guaranteed replacement or repair within 48 hours of the call. 

Incentives 
First cost buy-down will be offered. 
Equipment maintenance will be provided. 

Monitoring and Evaluation 
Program impacts will be evaluated through pre- and post- 
billing analysis of program homes. Quality assurance inspections 
are performed for approximately 25 percent of program instal- 
lations, with emphasis on new installers and problem installers. 
Inspections will verify appropriate equipment sizing. orientation, 
tank and pipe insulation. controls, and freeze protection. A com- 
plaint phone number provided to the participant will provide 

s ig&za~~ feedback on the equipment and its timely repair. Follow- 
up surveys of equipment operation and usage patterns will also 
be conducted. 

Program Assumptions 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate --- 
1 50.300 ??? . .- .- *Oo- !?? .- 

2 .-_ 50,300 _ _-_!&?'- .-_ . -- !oo -- -_- !"I.-. . 
3 50,300 l!!?w 1,800 -. 1% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
lws m incentive 

Fixed $1 0 $3,000 $1.956 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $550,000 $2.000 $600,000 $391,200 ---- -- -- - -- - -- . - - - -- 
2 -- $500.000 $6,000 $1.800.000 $1 2. 173 - -L- 600 
3 $500,000 $10,000 $3,000,000 $1,956,000 - -- ----.. 

4 $400,000 $1 0,000 $3.000.000 $1,956,000 - - -- -- ---- - --- - - - - -- -. . -- - - - -. - . - - - - - -- 
5 $400,000 $1 0.000__- ~3,0o_OL~_OOP~~ -$I ,9562000 - -- - - - - - -- --- - - - -- - - 
6 $400,000 $10,000 $3,000,000 $1,956,000 - 
7 $400,000 $1 0,000 $3,000,000 $1,956,000 - -- - - - -- - - - - - - -- - - --. . - - -. - -. .- - -- - - - .- 
8 $400.000 $10,000 ._-_ S3,OJO.O~ --$I ,956,000 - - - - - - - - - - - - -- - - -- - - . --- - - 
9 $400,000 $1 -- 0,000 -. $3.000,000 ----- - $1,956,000 --- 
10 $400,000 $1 0,000 $3,000,000 $1,956,000 -- -- -. - - -- - . -- - -- --- - - - -. . - - --- -- - - - -. - 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  SERVICE O P T I O N S  

EFFICIENCY PRODUCTS CATALOG-MAIL ORDER 
Overview 
This program makes it easy for customers to purchase smaller, 
easily installed technologies that are not readily available in the 
marketplace. The product descriptions in the catalog will also 
educate customers about the benefits of each technology. For 
many products, WA will "buy downn the cost to encourage peo- 
ple to adopt unfamiliar technologies. Promoted products could 
include efficient lighting, motion sensors, flow restricters, pipe 
insulation, and outlet insulation. 

Target Market 
This program targets all residential customers. 

Implementation Strategy 
Through the services of a professional fulfiment company, TVA 
will offer a catalog featuring a variety of shippable, easily in- 
stalled energy efficiency technologies. Quantity limits may be 
imposed on certain products. The catalog will offer information 
on applications and how to select the appropriate models for 
various uses. 

Consvmers will obtain the catalog through a 1-800 number 
and may place their orders via the same number or by mad. A 
retail component will also be developed to provide local shop 
ping options after the catalog effort is launched. By educating 
Valley consumers on the benefits and applications of energy-effi- 
cient products and offering them the opportunity to purchase 
these products conveniently at a reduced price. the catalog should 
stimulate the development of a mail lnfrasrmcture through increased 
demand for the products. 

Program Assumptions 

Package Measure Life (Years) .- --- 7 -- 
Free-Rider Rate --- 15% --------- 
Free-Driver Rate 0% -. 
Dropouts - -- - 5% 
Take-Back P e r c e n t a g e  - _  -- 10% ---- 

65% Free-Rider Market Barrier-Cos Eliminated_- - 
Non-Free-RidqrM~ket&rrier_C_osts El~rn~natecici 80% 

823 AnnualEnerQ~_I!Pa.Ct (k\Iv!l.. - -- - -. - -- -- 

Incentives 
Specific measures have discounted purchase prices in 
the catalog. 
Overhead and administrative costs for the fulfillment con- 
tractor are paid by TVA. 

Annual cl lmulati~ 
Eligible New Total Particlpatlon 

Year Population Participants Participants Rate 
1 2,985.000 35300 - _ -  1% - -  ---- .--.- - 35!800 -- - -- 
2 3.020.000 67.000 - - -- - - -- -- -- - - -. -- _ - - 10278011_ _. - 3% 

73,300 - 3 3.055,OOO _ - - - - - - - - - 175100 - _ 6% 
4 3,090.000_ - 74,200 -- - - - 8% 250130'- - -_._ 

5 3,125,000 -_ . - --- - - - 83.40O- -- . 333,700 _ - - 11% _ 
6 3,160.00K -_ - - - - - - - - 88.500 _ - - 422,200 --_ _ 13% - 
7 3,195.000 -. - -- - - -- - . - 95,900 - 518,100_- 16% 

19% 6l5,OOO - -_ - - 8 --- --%?_30,0_qq -_ - -  ssLs!?o -- 
9 3,2_65_.000-- . - -. - - - - - 9wJo  .__. - 71 3.000 - __  _--225/!_ . 

X_-- 34!?_9.OclO_-_ - 99*004 812.000 25% _ 
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T E C H N I C A L  DOCUMENT 7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

Monitoring and Evaluation 
Phone surveys of program participants will provide feedback on will be incorporated into engineering impacts developed for each 
the equipment installed and its hours of use. This dormation measure to estimate program-wide energy benefits. 

Incremental Weighted Weighted 
Energy Wholesale Incentive Energy WeigMed Incentive 

Measure ( k W W  Cost ($1 ($1 # home (kWhlyr) Cost (S) ($1 
Compact Fluorescent Light 57 13 2.05 4.00 228 51 ---- 8 

10 Motion Detectors (Outdoor) 53 0.25 13 3 - 0 1.60 -- 
34 5.37 0.05 80 2 0 High Pressure Sodium Light 1.604 - - - -- 

DHW Pipe Insulation 78 10 1 .OO 0.25 20 3 0 - 
DHW Tank Wrap 271 10 1 .OO 0.50 136 - 5  1 
Low Flow Showerhead 271 10 1 .OO 1 SO 15 2 -. -- ---- - - - - -.. ._ - 40'---_ -_.. _ -- -- . - --- 
Programmable Thermostat 1.273 - - 92 9.15 0.18 2 2 2 4  .- .-- -16. .-__ 

Weighted Total For 5 Products 823 70 I 
Wholesale cost is known for lighting, calculated at 75 percent of retail for thermostats, calculated at 50 percent of retail 
for other measures. 
Incentive is buy-down of wholesale cost. 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

LIGHTING PRODUCTS RETAIL COMPONENT 
Overview 
This program augments the Efficiency Products Catalog, which 
makes it easy for customers to purchase smaller, easily-installed 
technologies that are not readily available in the marketplace. 
This program works by influencing customers to purchase addi- 
tional quantities of the same efficient products from their local 
retailers. This market transformation will help to encourage 
ple to adopt unfamiliar technologies. Promoted products could 
include efficient lighting, motion sensors, flow restricters, pipe 
insulation, and outlet insulation. 

Target Market 
This program targets all residential customers. 

Implementation Strategy 
TVA will offer a catalog featuring a variety of energy efficien- 
cy technologies. Coupons in the catalog will be redeemable in 
local retail outlets to purchase the same efficiency technologies 
at discounted prices. The coupons can also be distributed 
through other complimentary DSM programs. power distribu- 
tor displays. direct mail, or by customer request. 

By working with manufacturers and distributors of these prod 
ucts. TVA will encourage local retailers to participate in the pro- 
gram. The coupon booklet will educate Valley consumers on the 
benefits and applications of energy-efficient products and will 
offer them the oppoxtunity to purchase these products at a reduced 
price. Customer lnfomtion completed on the coupon will pro- 
vide feedback on customer purchases and utilization of the effi- 
cient products. 

Incentives 
Retail rebate coupons will be provided. 

Monitoring and Evaluation 
The rebate coupon will provide information on participant 
usage. Additionally, phone surveys of program participants 
will provide feedback on the equipment installed and its hours 
of use. This information will be incorporated into engineering 
impacts developed for each measure to estimate program- 
wide energy benefits. 
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Program Assumptions 

Package Measure Life (Years) --- 
Free-Rider Rate --- 15% 
Free-Driver F ! L - -  -_--. --- 0% 
Dropouts 5% ------- 
Take-Back Percentage - 5% 
Free-Rider Market Barrier Costs Eliminated - 60% 
Non-Free-Rider Market Barrier Costs Eliminated --- - 75% 

Annual Energy Impact (kwh) ---- ------ 823 

Annual ~urnulatin 
Eligible New TOPI Participalion 

Year Population Participants Partrc~pants Rate 

Per 
Patti Jpant Per 

Variable Participant Per 
Administrative Measure Participant 

GQaS m incentive 
Fixed $10 $1 02 $26 

. Administrative Total Variable Total Part. Total Part. 
Year Cosi Admin. Cosi Measure Cost Incentive 

1 $900.000 $75,000 $765,000 $1 95,000 - - -- - - -- - - -- 
$1,540,200 $392,600 2 $850,000 $151.000 - - -- 

3 $850,000 $229.000 $2,335,800 $595.400 - - -- --- * 

4 $850,000 $309.000 ---- $3,151,800 $803,400 
5 $850,000 $375.000 $3,825,000 $975,000 
6 $850,000 $442,000 $4,508,400 $1,149,200 ---------- 



T E C H N I C A L  D O C U M E N T  7:  C U S T O M E R  S E R V I C E  O P T I O N S  

APPLIANCE REBATES PROGRAM 
Ovewiew 
This program will promote efficient appliances using & a t e  and 
potnt-of-sale @lays. Apphces will indude high efficiency dish 
washers, heat pump clothes dryers, clothes dryers with mois- 
ture sensors, horizontal axis clothes washers, high efficiency room 
air-conditioners, high efficiency freezers, high efficiency refrig- 
erators, and high efficiency pool pumps. 

Target Market 
All residential customers in participating power distributor 
areas are targeted. 

Implementation Strategy 
Rebate coupons, point-of-sale displays, and appliance label- 
ing are utilized to promote efficient appliances. Utility rep- 
resentatives will work with retail outlets to label applicable 
appliances and to distribute displays and coupons. Additionally, 
coupons will be distributed through other compatible DSM pro- 
grams, power distributor offices, and upon phone request. 

Incentives 
Rebate coupons will be provided. 

Program Assumptions 

Package Measure Life (Years) 15 
Free-Rider Rate 15% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 5% 
Free-Rider Market Barrier Costs Eliminated 60% 
Non-Free-Rider Market Barrier Costs Eliminated 80% 
Annual Energy Impact (kwh) 181 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 573,500 13,800 13,800 2% 
2 573,500 27,600 41,400 4% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
lm§ m incentive 

Fixed $7 SM $7l 
Administrative Total Variable Total Parl. Total Part. 

Year Cost Mmin. Cosi Measure Cost Incentive 
1 $530,000 $96,600 $1,242,000 $979.800 
2 $430.000 $193,200 $2,484,000 $1,959,600 
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TECHNICAL DOCUMENT 7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

Monitoring and Evaluation 
Rebate coupons will provide initial information on replacement rebate coupons. Follow-up surveys of equipment installed and 
and usage patterns. A database will be completed from returned usage patterns will be conducted. 

Incremental Appliance Long-Term 
Energy Incremental Saturation Penetralion 

Measure (kwhlyr) Cost ($) Incentive (S) WeipMing WeipMinp 
High-Efficiencydishwasher 130 20 41 % 20% 20 -- -- - - -- - -. 

High-Efficiency Pool Pump 281 39 39 - - - 4%' 1 0% --_ 
- 

Heat Pump Clothes D~yer - 661 301 200 - -- -. .- 78% 2K 

Incentive based on incremental energy times average $/annual kwh, capped at full incremental cost, or capped at $200 
Appliance saturation weighting based on N A  1992 appliance survey. 
Long-term penetration weighting based on information from BCI 08/03/94, 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

REFRIGERATOR TURN-IN AND RECYCLING PROGRAM 
Overview 
This is a second refrigerator and freezer pick-up program. 
The utility will remove unwanted refrigerators and freezers and 
ensure that they are dLsposed of properly in accordance with applic- 
able environmental regulations. The appliance must be in 
working condtion. The customer is given a $50 U.S. savings bond 
incentive for participation. 

Target Market 
All residential customers with second refrigerators or freezers are 
targeted. 

Implementation Strategy 
A turn-key contractor will administer and implement the pro- 
gram. The contractor sets up telephone lines to take customer 
phone calls. The call is screened to eliminate free ridership in 
the program. Then, an appointment is made to pick up the applic- 
able device. The pick-up crew venfies that the equipment is oper- 
able and removes it, leaving the incentive with the customer. The 
equipment is taken to the contractor's warehouse/pmessing fad- 
ity where the refrigerant is removed and recycled. and other com- 
ponents are dihssembled and recycled. 

The contractor handles administrative aspects of the pro- 
gram, providing monthly reports of removals. energy con- 
sumption of removed equipment and participants' names and 
addresses. Utility involvement is limited to contract administration 
and QA control over contract performance. 

Incentives 
A $50 U.S. savings bond is given to the customer when the oper- 
ating appliance is picked up. 

Monitoring and Evaluation 
Reporting by turn-key contractor provides energy measurement 
and customer account information. Contractor performance 
and customer satisfaction data will be collected as pan of a process 
evaluation. 

Program Assumptions 

Annual Cumulative 
Eligible New Total Participation 

Year Populat~on Participants Participants Rate --- 
1 . - . - - - 298?504 - . - 1?,900- - - --. 12,900- 1 % 
2 298,500 - - - 18,700 -- 31,600 - _ 3% 

Per - 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
!&!as la! incentive 

Fixed $0 ' $110 $25 
Administrative Total Variable Total Part. Total Part. 

Admin. Cost Measure Cost .&e@~ -- Year Cost 
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STUDENT SELF-AUDIT-SCHOOLS ENYIRONMENTAL 
PROGRAM 
Overview 
This program builds upon the energy information materials TVA 
already provides to Valley teachers. In addition to general 
mformation, a self-audit package will be presented to students 
who will be required to conduct a home audit, fill out an 
audit form, and return it to school, where it will be analyzed by 
an audit software program. The software will analyze the audit 
form and recommend cost-effective environmental and energy 
effiaency measures that the students and their families can imple- 
ment. Many materials recommended in the audit report will be 
available through the catalog mail program. Discount coupons 
for d o g  materials may be provided to students. 'Ihis audit qxnt 
will also provide coordinated promotion of other TVA and dis- 
tributor energy efficiency programs. 

Target Market 
High school students in participating power distributor areas 
are targeted. 

Implementation Strategy 
Lesson plans on energy and environment, audit forms, and a corn 
puter with audit analysis software will be provided to each school. 
TVA will provide mining on all materials for teachers. Audit data 
collected by the students is entered on the computer and a cuc 
tom audit report is generated. The survey data is also compiled 
for teacher and utility use. 

Incentives 
TVA will pay for substitute teachers during the training. 
Class materials and audit materials will be provided. 
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Program Assumptions 

Package Measure Life (Years) - 10 
Free-Rider Rate 0% 
Free-Driver Rate 0% -. 

- Dropouts 0%- 
Take-Back Percentage 5% ---- 
Free-Rider Market Barrier Costs Eliminated 60% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) --- 102 --- 

Annual Cumulative 
Eligible !+' Total Partic~pat~on 

Year Populabon Partlclpants Participants Rate 
1 3,900 3v72r?- 3.700 95% -. 

2 32,50° 30.900 34.600 --. 95% - -- - 
123,500 158.100 95% 3 %!!ZO 

4 130.000 123,500 - - 281,600 - -- 95% . ----- - - 
5 130,000 - 123.500 405,100 95% - -- - --- -- 
6 130,000 123,500 528,600 95% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
ms m Incentive 

Fixed $5 $1 9 $0 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $1,432,000 $1 8.500 $70,300 $0 -- -- -- - - -- -- 
2 $982,000 $154,500 S587.100 $0 
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Monitoring and Evaluation 
Follow-up phone surveys of students will determine which mea- gram will be estimated as a small fraction of the measures expect- 
sures were installed and allow estimation of the energy savings ed to be recommended on the audit reports. 
attributable to the program. Savings for the first year of the pro 

lnctemental Weighted 
Measure Enemy Incremental Unlized Energy Wei@Med 

(m) Cost ($1 Weighting W v Y r )  ($1 
NEW MH M o t i i e c t o r s - O u t d o o r  bg&g 52.50 2.45 --- 0.03 1.83 0.09 
Existing ACIHP Maintenance 2.45 0.03 52.50 - -  - 0.09 1.83 
NEW MF Motion Detectors--Outdoor Lighting 2.80 0.03 2.09 60.00 - - - - - ----- 0.10 

60.00 2.80 2.09 NE\?rmghPressure_Sodium(Outdoor) 0.03 --- 0.3- 
20.00 0.03 4.50 0.69 ~xlsting ceiling l n ~ u l a t i o n I p w x 2  -- - - -- -- 

Existing Reduced Duct Leakage -- -- - 11 0.22 20.00 0.03 3.82 E9 
Existing Ceiling Insulation ( R O - z l  11 0.88 20.00 0.03 3.84 0.69 
Existing DHW Heater Tank Insulation 77.56 20.00 0.03 2.69 0.69 - 
NEW MH Efficient Incandescent ------- 20.00 0.03 271.46 - -- - 0.69 9.40 
Exlsttng - - Ceillng - -- Fans 193.90 28.00 0.03 6.69 0.97 - --- - -------- 
NEW MH Motion Detectors (Outdoor) - --- 271.46 35.00 0.03 9.34 1.20 
Extang MH High-Eff~ciency Dishwasher 477.45 105.88 ---- - 0.03 - - 15.90 3.53 
Existing Ceillng Fans --- --- 1,119.10 105.88 0.03 37.26 3.53 ---- 
Exlang Programmable Thermostat (HP) - -- - - - - - -- 519.76 105.88 0.03 17.31 -- 3.53 
Exlstmg Programmable Thermostat 1,011.26 - 105.88 0.03 33.67 3s3 
Exlsting High-Efficiency Heat Pump 1,666.29 122.00 0.03 55.06 4.03 -- 
NEJ MF Efficient Incandescent 1,272.99 122.00 0.03 42.07 4.03 -- 
Existing MF Hlgh-Efficiency D~shwasher - - - -- - - - -- 146.00 0.03 30.56 935.19-- 4.77 
Existing -- Ground-Source -- Heat Pump 146.00 0.03 31.38 4.77 ssEL--. -- ---- -- 
Existing SF High-Efficiency Dishwasher .- - -- -- - -- 1,905.06 275.00 0.03 58.40 ---. 8.43 
NEW MF High Pressure Sodium (Outdoor) --- -- 275.00 ' ~ ~ ~ ~ ~ - - - - -  0.03 34.74 8.43 _- 
NEW MF Efficient Incandescent - 1,302.48 392.92 0.03 37.53 1 1.32- 
NEW MH High Pressure Sodium (Outdoor) 1.480.48 392.92 0.03 42.65 11.32 . . - - - -. . -- - - - -- -- -. -- - - - - - - - - - -- - - ---- ---- 
NEW MH Efficient Incandescent 1,623.30 - 392.92 0.03 46.77 11.32 
NEW SF High Pressure Sodium (Outdoor) 1,842.03 ' 392.92 0.03 53.07 11.32 ------------- ----- -- 
N f M o t i o n  Detectors for O d o o r  Lighting 425.00 I ,835.o! 0.03 51.95 12.03 
NEW MF Motion - Detectors for Outdoor Lighting - -- 3.488.64 590.00 0.03 89.77 15.18 
NEW SF High Pressure Sodium (Outdoor) ---- -- . 1.366.27 0.02 33.87 650.32 --pp- 

16.12 
@sEq Low Flow Showerhead - 4.655.83 650.32 !A!!2- 11 5.42 16.12 
Existing DHW Heat Trap . -- . - 1,542.13 650.32 - 0.02 38.23 16.12-- 
Existing DHW Pipe Insulation - .- -- - - - 4,069.82 650.32 0.02 100.89 16.12 
Existing Reduced Duct Leakage - ---- - 6,968.22 708.00 0.01 0.70 0.07 
W o g  Furnace wMlood Cost -- 7v902.00-_--- 2.237.00 --- 0.01 a79 0.22 

Total 1 1,016 192 

Same measure mix as Self-Audit Program, assumed 10 percent of homes will implement. 
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SELF-AUDIT PROGRAM 
Overview 
Customers will conduct home audits using materials provided 
by TVA. TVA will analyze the audits and provide recommendations 
for cost-effective energy and environmental - conservation mea- 
sures applicable to the customer's home. 

Target Market 
Residential customers in partiapating power distributor areas are 
targeted. 

Implementation Strategy 
Home audit f o m  and instructions will be available at mall kiosks 
and participating distributors' offices. Customers completing the 
audit form will take it to their distributor or mail it to TVA, and 
receive a customized computer-generated report recomrnend- 
ing the implementation of speaf3c environmental and energy effi- 
ciency measures. The custom printout will be coordinated 
with other programs and will provide referrals to other existing 
distributor DSM programs. 

Incentives . . 
No incentives will be provided. 
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Program Assumptions 

Annual Cumulatiy 
Ehgible New To!al Participation 

Year Population Participants Partic~pants Rge.---_ 
1 48!.000_.._.--- f1.800L - 4,800- -__ _ 1 % 

Per 
Participant Per 

Variable Participant Per 
Administrative Measure Participant 

&QSb wit bent ive  

Fixed $5 V92 $0 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $437.500 - $24,000 $921.600 $0 
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Monitoring and Evaluation 
Follow-up phone surveys of participating customers will deter- first year of the program will be estimated as a small fraction of 
mine the number of installed measures, and allow estimation of the measures expected to be recommended on the audit 
the energy savings attributable to the program. Savings for the reports. 

WeigMed Incremental 
Energy Incremental Unitized Energy WeigMed 

Measure (kwhkr) Cost ($1 Weighting (kwhkr) Cost ($1 
52.50 2.45 0.03 0.09 NEW MH MotionD~E3door~!ti!g - . J.83 

Existing ACMP Maintenance 0.09 -- ------.---____ -52.50- - --- 2-45 - - -- -- -!Y3 -- - -- - -1.83- ---- 
N E W  MF Mmon Detectors--Outdoor Lighting 60.00 -- -- 2.80 - - -- 0.03 - -?P9 ___- - - - _O:!!' --- 
NEW MH Hlgh Pressure Sodium (Outdoor) - 
P 

Existing - Ce~lmg -- Insulation - - - @I 1430) -- -- - - - - 
ExISt!!!g Wcedp!cSea_kage 

110.88 _ _ w!!g&i!"!g-l-(E!- 1%. -. - _ -- - - - 20.00 - 0.03 _ 3.84. - 0.69 -- 
77.56- - E_xi@!?s_DHWHeaferTa!_kI"sulatlonnn-n _- - _ _ 20.00 - - -- 003 _ _- n . ~  . __ _ _ _  -_ 0.69 ----_ 

E?EW_1?K!!!w? !!!~ande~!!L. 3 46 - 20.!!?_ --_- _ 0.03- _ _ _ _  9.40 - _-_ -  - _I):@ --_ 
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LOAD MANAGEMENT PROGRAM-AIR CONDITIONERS 
Overview 
TVA presently has a radio control system that cycles water 
heaters and air-conditioning load to reduce power demand 
during hours of peak electrical usage. This program expands par- 
ticipation in the coverage area of the T V A d  and -mainrained 
radio control system. 

Target Market 
Residential customers with central air conditioners or heat 
pumps in participating power distributor areas are targeted. 

Implementation Strategy 
In participating power disuibutors' areas, the load management 
program will be promoted to encourage additional load man- 
agement installations. Free maintenance of the loadcontrolled 
HVAC is used as an incentive. This provides multiple benefits 
including increased HVAC efficiency, increased QA inspec- 
tions at no cost, and enhanced HVAC conmctor buy-in to the 
P r o m .  

Incentives 
TVA will pay the full cost of the switch and its installation. An 
incentive to the distributor is included and can be used to pay 
employees to sign up partiapants andlor part or all of the incen- 
tive can be passed on to participants. Free maintenance contracts 
are provided for central air conditioners and heat pumps par- 
ticipating in the program. 

Monitoring and Evaluation 
QA inspections of program switches and their operation are per- 
formed by the contractor during an annual maintenance inspec- 
tion. Some spot checking of maintenance procedures and 
switch operation will be required. 

Program Assumptions 

Package Measure Life (Years) 15 
FreeRider Rate 0% 
Free-Driver Rate 0% 

Dropouts 2% 
Take-Back Percentage 5% 
Free-Rider Market Barrier Costs Eliminated WO 
Non-%?-Rider Market Barrier Costs Eliminated 100% 
Annual Energy Impact (W) 520 

&nual Cumulalive 
Ellgrble New Total Participation 

Year Populf ion Participants Palticipants Rate 
1 52,900 1,100 1,100 2% 
2 52,900 3.200 4,300 8% 
3 52,900 4.200 8,500 16% 
4 52,900 5,300 13,800 26% 

Per 
Participant - Per Annual 
Variable Participant Per 

Administrative Measure Participant 
mls m lactntive 

Fixed $225 $0 565 
Administrative Total Variable Total Part. Total Part. 

Year Cosl Admin. Cost Measure Cost Incentive 

1 $100,000 . $247,500 $0 $71.500 
2 $100.000 $720,000 $0 $279.500- 
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LOAD MANAGEMENT PROGRAWWATER HEATERS 
Overview 
TVA plpsently has a radio control system that cycles water heaters 
and air-conditioning load to reduce power demand during 
hours of peak electrical usage. This program expands partidpanon 
in the coverage area of the TVA-owned and maintained ra&o 
control system. 

Target Market 
Residential customers with electric water heaters in participat- 
ing power distributor areas are targeted. 

Implementation Strategy 
In participating power distributors' areas, the load management 
program will be promoted to encourage additional load man- 
agement installations. For water heater control, direct incentives 
can be w d  to the homeowner for participating in the program. 

Incentives 
TVA will pay the full cost of the switch and its installation. An 
incentive to the distributor is included, which can be used to pay 
employees to sign up panicipants andlor part or all of the incen- 
tive can be passed on to participants. 

Program Assumptions 

Package Measure Life (Years) 10 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts - 2% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated - 100% 
Annual Energy Impact (kwh) - 

Annual Cumulative 
El~glble New Top1 Participatron 

Year Population Participants Pamclpants Rate 

Monitoring and Evaluation Per 
QA inspections of program switches and their operation are per- Participant - Per Annual Variable Participant Per 
formed by the contractor during an annual maintenance inspec- Administrative M e a w n  Participant 
tion. Some spot checking of maintenance procedures and ! a s  Wd incentive 
switch operation will be required. Fixed 5554 M $24 

Administrative Total Variable Total Part. Total Part. 
Year Cost Mmin. Cost Measun Cost Incentive 

1 5100,000 $2,382,200 -- $0 $103,200 
- 2 $100,000 $7,202,000 $0 $415,200 
3 $lM),OOO $10,747,600 $0 $880,800 

ENERGY VISION 2020 l7.37 



TECHNICAL DOCUMENT 7:  C U S T O M E R  S E R V I C E  O P T I O N S  

LOAD MANAGEMENT PROGRAM-STORAQE 
WATER HEATERS 
Overview 
TVA presently has a radio control system that cycles water heaters 
and air-conditioning load to redace power demand during 
hours of peak electrical usage. llus program prolongs cycling 
by using larger storage water heaters. Participation is limited to 
the coverage area of the TVA-owned and -mainmined radio con- 
trol system. The program also provides for a free water heater, 
installation, and free maintenance of the water hearer as an 
tive for program panicipation. 

Target Market 
Residential customers with elecuic water heaters in participat- 
ing power distributor areas are targeted. 

Implementation Strategy 
In participating power distributors' areas, the load management 
program will be promoted to encourage additional load man- 
agement installations. The homeowner will have a storage 
water heater installed free of charge, with free maintenance as 
an additional incentive. The storage water heater allows TVA to 
cycle the water heater for longer periods of rime in order to min- 
imize payback spikes at the end of a typical control period. 

The specified storage water heater must meet specific effi- 
ciency requirements (Energy Factor) corresponding to the tank 
size. The water heater will be sized to accommodate the water 
heating needs of the home and to minimize hot water outages. 

Repair and replacement work will be performed by local 
contractors. A local phone number with answering service will 
be available 24 hours per day, 365 days per year. The customer 
is guaranteed replacement or repair within 48 hours of the call. 

Incentives 
TVA will pay the full cost of the storage water heater, the con- 
trol switch, and its installation. Also a free maintenance contract 
is provided for the storage water heater. 

Monitoring and Evaluation 
QA inspections of program switches and their operation are per- 
formed by the contractor during an annual maintenance inspec- 
tion. Some spot checking of maintenance procedures and 
switch operation will be required. 
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Program Assumptions 

Package Measure Lie (Years) 10 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 2% 
Take-Back Percentage 0% 
FreeRider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 100$6 
Annual Energy Impact (kwh) - 

Annual Culr~~lstiVe - - - -. 
Eligible New Total ~arlicipation 

Year Population Parlicipants Part~cipants Rate 
1 108,000 2,200 2,200 2% 

Per 
Parlicipanl Per 
Variable Participant Per 

Administmtiie Measun Participant 
m .  m Incenlive 

Fixed $600 $400 $460 
Administrative Total Variable Total Part. Total Pad. 

Year Cost Admin. Cosl Measure Cost Incentive 
1 $350,000 $l,32O,M)O $880,000 $1,012,000 
2 $3!j0.000 $3,900,000 $2,600.000 $2.990.000 
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LOAD W G E M E N T  PROGRAM-IIIRECT CONTROL 
WITH SCADA 
Overview 
Many TVA distributors presently have a Supervisory Control 
and Data Acquisition system. These SCADA systems can be 
upgraded to allow direct load control of water heaters in order 
to reduce power demand during hours of peak electrical usage. 
Through incentives, homeowners will be encouraged to have 
a load management device installed on their water heaters. This 
prognm expands load management participation from the cov- 
erage area of the TVAswned and -maintained radio control 
system- 

Target Market 
Eligible residential customers have electric water heaters in par- 
ticipating power distributor areas that have SCADA systems and 
do not parriapate in the existing load management program using 
radio control. 

Implementation Strategy 
In participating power distributors' areas, the SCADA system will 
be upgraded to allow the direct load control of residential 
water heaters. Promotion of the load management program will 
encourage homeowners to have a load management device 
installed on their existing water heaters. 

Incentives 
TVA will pay the full cost of the switch and its installation. An 
incentive to the distributor is included and can be used to pay 
employees to sign up participants andor part or all of the incen- 
tive can be passed on to participants. 

Monitoring and Evaluation 
QA inspections of program switches and their operation are per- 
formed by the contractor during an annual maintenance inspec- 
tion. Some spot checking of maintenance procedures and 
switch operation will be required. 

Program Assumptions 

Package Measure Lie (Years) 10 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 2% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 100% 

Annual Energy.lmpact (kwh) - - 

&~nual Cumulative 
El~gible New Total Partlclpation 

Year Population Participants Participants Rate 
1 793.000 7.900 7.900 1 % 

2 793,000 15,900 23,800 3% 

Per - 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
casts JnGantive 

Fixed $1 25 $0 $24 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. C w t  Measure Cost lnceotive 
1 $1.911.000 $987,500 $0 $189,600 
2 $1,811.000 $1,987,500 $0 $571,200 
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LOAD MANAGEMENT PROGRAM-NEW TECHNOLOGY 
Overview 
This program utilizes a two-way communication network to p m  
vide a combination of benefits to the consumer, increased effi- 
ciency for utility operations, and possibly profitable side 
businesses. The main focus for the utility is direct load control 
of applicable resident .:ppliances, and real-time-pricing or time- 
of-use pricing for tht customer. The rate options provide for 
additional customer load management control of other appli- 
ances, and open the door for home automation and energy stor- 
age appliances. 

Target Market 
All residential customers in participating power distributor 
areas are targeted. 

Implementation Strategy 
The direct load control aspea of the information superhighway 
allows the utility to control air conditioners, water heaters, 
storage water heaters, and pool pumps when required. In 
return the customer receives a monthly or seasonal incentive for 
this control. Different control levels and incentive levels are avail- 
able. 

The utilny can also improve operations through remote meter 
reading, remote connection and disconnection of electrical 
service, and easier bill payment methods. 

The real-time-pricing and time-of-use rate options provide 
the customer with the abiity to perform load management based 
on price signals from the utility. The customer maintains con- 
trol and has the ability to lower costs. 

The information supehghway or equivalent two-way corn 

Program Assumptions 

10 Package Measure Lie (Years) - ----- 
Free-Rider Rate 
P -- - 0% 

Free-Driver - Rate 0% -- -- 
Dropouts -------.--- 

2% 

Take-Back Percentage ----..- 0% -- 
0% FreeRider M~kgBare C o  E i i n e d  

Non-Free-Rider Market Barrier Cog Eliminated ------. 100% - Annual Energy Impact (M) --- ---- 

Annual Cumulatip 
Eligrble New Total Paiucipatlon 

Year Population Participants Participants Rate 
1 1,621,300 32 400 32,400 2% 
-____--_____I---- 

-- 2 1,621,300 64,900 6% 97,300---.- - 

Per 
Participant Per 

Fixed Variable Participant Per 
Administrative Administrative Measure Participant 

Cost mls QKl lnccntive 
munication network provides many benefits to the customer. They and New $25 SO0 $500 

Business Total Variable Total Part. Total Pad. will be able to have competitive cable TV service, competitive yea, Re,nue Cost Cost - 
telephone service, home security system monitoring, home 1 $150,056,000 $810.000 $1 6,200,000 $16,200,000 
automation, real-time electricity pricing, itemized utility bills, and 2 $146,795,000 $1.622.500 $32,450,000 $32,450,000 -- - - -- 
remote bill payment, all from their home. -3-_-%143,633.000 $2L&22500 $48,650,000 MM3$$!. 

4 ($12,095,000) $2,027500 $40,550,000 $40,550,000 --- - - - - - - - - -- - -- -- - - - --------- --. - - -- - . - + - - - 
Incentives - s - ($12.095.000) $0 ---- - .- - $0 --- -. $0 

$0 $0 6 1$12.095.000)---$_q The real-time pricing provides a rate incentive to the customer. 
7 ($12,095,000) $0 $0 SO The time-of-use rate option is another rate incentive for the - 

customer. 8 ($12.095.000)--- $0 $0 - -- -. . - $0 -- - -- - 
$0 $0 $0 9 ($12J95.000_) 

For direct l a d  control. a comparable incentive to the rate incen- 
10 ($12.095.000) $0 $0 $0 

tives can be provided to the customer in the form of a 
11 ($12,095,000) $0 $0 $0 

monthly incentive on their power bill. $0 $0 12 ($12,095,000) $! 

Monitoring and Evaluation 
The two-way communications network provides real-time feed- 
back of loads shed and the impacts on their utility system. 
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SUMMARY OF PROJECTED IMPACTS IN YEAR 2010 

2010 2010 Units 
Winter Summer Million )kwh 

Option Name M W  MW GWh ---(ts.a)--- TRC 

COMMERCIAL ' -ECHNP!EBATES _-- -- - -- - .- - 

Retrofit - Direct Install 65 98 - - -. - 465 - 315 - .- - 3 1 -- 
HVAC Maintenance Program 38 26 87 13.7 .. - - --- -- .- -. -236- _ -- - 

COMMERClALLOADMANAGEME- - - -- --- - -- - - _ _ --- -- _ - - --- _ - -- 
Commerc~al Cool Storage 0 _ 2 ? - 0  _ 453 I :3 - - -  59 - - - 

Industrial Technology Rebates 21 .-. 24 - -. 167 _. %?-R2._ _ 3 .L  
Industrial Process EE-D~stributor Served 249 -._ _ 16% 1.057 11.226 -.-. 3 .- -- 4.1 
lndustr~al Process EE-Dlrect Served 167 190 -_ .. _1,325--- - -_ 8.420 --- 3 -- 4.0 - -- - 
Energy-Effic~ent Rates -@+out) 50 2,504 3.2 - -  - - - -394c - -- 

1 Cost~nYxW 
2 Number 01 padupants 
3 Participant defined as ~ndusinil customer with one mill~on kWh of energy use 

Values are the impacts occuring only in the year 2070 for the cumulative participation in the program to that date. 

TVA developed commercial and industrial options for evalua- 
tion in Energy Vision 2020 with applications for all major uses 
of electricity and for all types of building. Some of the options 
are designed to promote specific technologies and some options 
address the financial. environmental. or productivity needs of 
end-use customers. Detailed descriptions of the options follow. 
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COMM E R C W  TECHNOLOGY REBATES- 
UGHTING/HVAC & BUILDING SHEWAPPLIANCES 
Overview 
'Ihe insrallation of energy4ficient equipment can help c o d  
and industrial customers cut energy costs and enhance corn- 
petitiveness and viability. Many energydfidexx technologies have 
widespread applicability in the commercial sector. This progmn 
prwidespffdemminedrebate5toencourageinssllationofspec- 
ified energy-efficienffequipment. 

Target Market 
This program targets all commercial and indusaial customers, 
representing over three billion square feet of floorspace in the 
Tennessee Valley region, interested in replacirig or upgrading 
HVAC, lighting, water heating, or other electrical equipment. In 
addition to providing services for customers replacing a single 
technology, this program provides prescriptive rebates to cus- 
tomers who are not eligible for or for whom it would not be cost- 
effective to provide comprehensive design assistance or analysts. 

Implementation Strategy 
This program will be promoted to commercial and industrial cus 
tomers through direct advertising, through trade allies, and at 
the point d purchase. The benefits of increased energy efficiency 
to a customer's operations will be promoted. By providing eas- 
ily understandable information about these benefits, along 
with the rebates, customers are encouraged to select more 
&dent technologies. Technical assistance, such as lighting design 
assistance, will be available to ensure customer satisfaction and 
maximize the savings from the energy- efficient technologies. 

Trade allies, such as equipment dealers, will receive incen- 
tives to stock and promote the energy efficient technologies includ- 
ed in the program to their commercial customers. 

Incentives 
This program targets customers at the time of natural equipment 
replacement and reflects a market-driven, lost opportunity 
resource. Once a customer has replaced equipment, the effi- 
ciency improvement may not be cost-effective until the end of 
the equipment's lifetime. Therefore, under this program, cus- 
tomers will be,offered rebates equal to 75 percent of the 
incremental cost to achieve the desired level of panidpation and 
to make energyeffiaent technologies more widely available across 
the Valley. 

l7.42 ENERGY VISION 2020 
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Commercial Technology Rebates-Lighting 

Program Assumptions 

Package Measure Lie (Years) 12 
Free-Rider Rate 15% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 5% 
Free-Rider Market Banier Costs Eliminated 50% 
Non-Free-Rider Markat Barrier Costs Eliminated - 75% 
Annual Energy Impact (kwh) 1,650 

A y a l  Cumulative 
Ellgible New ~ o t a l  ~articlpation 

Year Population Pattisipants Participants Rate 

Per 
Patticipaa! Per 
Variable Participant Per 

AdminiotnHve Measure Participant 
has rn lnEentive 

Fixed $20 $150 
Administrative Total Variable Total Part. Total Part. 

Year Cort Admin. Cost Measure Cozt Incentive 
1 $575.000 $1.084.200 $10,842,000 $8,131,500 
2 $575.000 $1,626,200 $16,262,000 $12,196.500 
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Monitoring and Evaluation 
Process evaluation will be conducted to compare the cost and 
effectiveness of the delivery strategy. Impact evaluation will be 
conducted to determine the program benefits. 

COMMERCIAL TECHNOLOGY REBATES-UGHTING 

Per Partcipant Costs and Impacts Bas8d on: / Annual Weiohted Wel~hted 
Energy Cwt Measure Energy Cod 

ElAded Measures Base Mws~res . lrnpaet ($) Penetration lrnpd ($1 
T-(Mlectronic Ballasts 4' - 40W Fluor. LampsEE Ballasts ! 631 62 75% 473 47 
RaWDelamp: 4' - 40WElec. Ballasts 4' - 40W Fluor. LampsEE Ballasts 1,998 1 85 5% 100 9 
RaWDelamp 8' - 75WEE Ballasts 8' - 75W Fluor. Lamps/EE Ballasts 1,442 103 2% 29 2 
Compact Fluorescent Incandescent Lamps 8,480 1 79 3% 254 5 
Occupancy Sensors All Interior Fluorescent LigMlng 847 135 25% 21 2 34 
Photoelectric Control Existing L~ghting - Outdoor , 232 6 10% 23 I - 
Fluorescent Exlt Signs Incandescent Exd Signs 88 28 10% 9 3 
LED Exit Signs Incandescent Exit Signs 289 103 30% 87 31 
Electroluminescent Exii Signs Incandescent Exit Signs 342 118 10% 34 12 
Daylighting Design 4' - 40W fluor. LampsEE Ballasts 1,760 250 10% 1 76 25 
High Pressure Sodium Mercury Vapor Fwures 1,544 1 84 2% 31 4 
High Pressure Sodium (35W Incandescent Lamps (1 50W) 11,967 1,559 2% 239 31 

Total 1,667 204 
. . 

The penetration of a measure is based on its cost-effectiveness, potential net benefits, persistence of energy savings over time, technical feasibilitv, 
and the current penetration of the base and efficient technologies. 
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Commercial Technology Rebates-HVAC & Building Shell 

Program Assumpiions . 

Package Measure Lie (Years) ---. 20 .. - -- - - 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage - 5% 
Free-Rider Mafiet Barrier Costs Elimi@ed - 50% 
Non-Free-Rider Market Barrier Costs Eliminated ---- 75% - 
Annual Energy Impact (Wh) - 950 

e u a l  Cumulai+ 
Ellglble New Total Participation 

Year Population Pallicipants Participants Rate 
1 101.640 20,330 20,330 20% - -- 
2 101.640 20,330 40.660 20% - ---- 
3 101.640 2 0 , 3 3 0  60.990 20% 
4 101.640 30.490 91.480 23% 
5 101,640 30.490 121.970 24% ------ 
6 101,640 30.490 152.460 25% ___ ------ 
7 -- 101,640 40.660 193.1 20 27% 

Per 
Participant Per 
Variable Participant Per 

Adminisbrtii Measure Participanl 
M s  QSl 

Fixed L40 $350 #65 
Administratiwe Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $325.000 - --- $813,200 -. . -- $7,115,500 $ 5 , 3 8 E  
2 $325.000 $813,200 $7.1 15,500 $5.387.450 - - -- - - - - - -- 

- -  --- 

COMMERCIAL TECHNOLOGY REBATES--HVAC 

Per Partic~pant Costs and Impacts Based on: Annual Weighted WeigMed 
Energy Cost Measure Energy Cost 

Efficient Measures Base Measures Impact (S) Penetration Impact (S) 
H~gh-Effstency Chiller Standard Eff. Chiller 28 12 60% 17 -- - - ---- -- ---- - -- -- -- -- . ---- - - - --- 7 
Speed Control for Coollng Tower Standard Cooling Tower 70 6 6O0/0 42 4 - - --- - --- -- - --- - - 
Htgh-Eff lctency NC DX 500 225 30% 150 68 - -- Stand' ! f f !?CDX - -- -- 

Standard Efficiency Room NC 464 289 10% 46 29 I~~I~~-.E~!!!!E~YRO~_~AIC --- - 
464 20% 60 93 Standard Eff. Heat Pump 300 H_igh-Eff~c~encY Heat Pump ____- --- 

Ground-Source Heat Pump ----.- Standard Eff. Heat Pump 1.167 2.680 1 O h  --- 12 - - 27 
38 11 &$-_Efficiency Ventilatton Motors Stan. Eff. Constant Speed Motors 25%--- 10 3-- _ 
95 66 29 20 ASD Ventilation Controls wNAV Stan. Eff. Constant Speed Motors - - 30% --- - 

128 119 5% TirnerlProgrammable Vent. Cont. Stan. Eff. Constant Speed Motors - 6 6 
~ o o f  lnsuiatron AII Heatm~C~oIjng2&tt!atton 2.458 228 15% 369 34 - 

All Heating, Cooling. Ventilation 285 334 W!@!!!!!%!!!!E 5% -- 14 17 - 
Window Film Standard W " w ~ S S  -_ 570 -- 65 15% 86 10 - -- -- 

All Heating, Coolmg, Ventilation 127 15% 38 1%- Leak-Free Ducts 2%- ---. 
HVAC Air DuctlWater Pipe insul. - -  All Heating, Cooltng, Ventilation 173 --- 79 '!?%L-.------- 26 12 

All Heatlng, Coohy, Venttiatton 246 22 25% 62 6 * p e r % e S e t M e ? u P -  - -- 
Total 967 355 

High Efficiency Chillers and Speed Control for Cooling Towers Applicable in Large Mfice and Hospital Buildings 
ASD Ventilation Controls wNAV Applicable in Universi?y Buildings 

The penetration of a measure is based on its cost-effectiveness, potential net benefits, persistence of energy savings over time, technical feasibility, 
and the current penetration of the base and efficient technologies. 
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Commercial Technology Rebates-Appliances 

Program Assumptions 

Package Measure Life (Years) 10 
Free-Rider Rate 10% 
Free-Driver Rate - 0% 
Dropouts 0% 
Take-Back Percentape - 10% 
Free-Rider Market Barrier Costs Eliminated 50% 
Non--Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) - 600 

Annual Cumulative 
Ellgible New Toial Participation 

Year Population Participants Participants Rate 
1 102.995 20,600 20,600 20% - 
2 102,995 20,600 41.200 20% 
3 102.995 30.900 72,100 23% -- 
4 102,995 30,900 103.000 2 5 k  _ 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
&its lacentive 

Fixed $1 5 $100 $75 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $165.000 $2,060,000 $309.000 $1.545.000 
2 $1 65,000 $309.000 $2,060,000 $1.545.0CJ! 
3 $165,000 $463.500 $3,090,000 $2,317,500 
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-- 

COMMERCW TECHNOLOGY REBATES-APPUAWCES 

Per Participant Cosis and Impacts Based on: Annual Weighted Weighted 
EnerOy Cod Measure Enem Cost 

Efficient Measures Base Measures lmpau ($) Penetration lmpad (S) 
WATER HEATING 

Heat Pump Water Heater Electric Water Heater-Standard 494 81 500h 247 40 
Heat Recovery Water tieaten Electric Water Heater-Standard 247 19 35% 86 6 
Solar Water Heaters Electric Water Heater-ndard 638 520 5% 32 26 - 
Low flow Showerheads Electric Water Heater-Standard 148 1 1 5% 22 1 
DHW Heat Trap/Pipe Insulation Electric Water Heater--Standard 99 1 10% 10 1 

DHW Heater Insubtion Electric W a r  Heater--Standard 49 1 5% 3 1 
DWH Recirculation Pumps Electric Water Heater-Standard 592 4 5% 30 1 

Water Heating Total 450 n 
REFRIGERATION 

Ref lAmb.int Subcooling Conv. RefJNo Subcooling 22 17 20% 4 3 
High R-Value Glass Doors Conventional Refrigeration System 283 20 40% 113 8 
Anti-Condensate Heater Control Conventional Refrigeration System 47 3 25% 12 1 
Dual-Path Ref. System Conventional Refrigeration System 68 10 20% 14 2 

Refngeration Total 143 14 
COOKING 

Energy-Efficient Electric hyers Standard Eff. Electric Fryers 52 5 40% 21 2 
Electric Forced Convection Oven Electric Nat. Convection Oven 47 16 20% 9 3 

Cooking Total 30 5 
Total 603 95 

~e f f~mb ien t  ~ubpol ing Applicable in Restaurant. Grocery, Warehouse, and Hospital Buildings. 
Hi@-R Value Glass Doors and Anti-Condensate Heater'Controls Applicable in Restaurant. Retail, Gmery, School, Cdlege, Hosp.W, 
and Lodging Buildings 
Dual-Path Supermarket Air Conditioning Applicable in Grocery Buildings 
Enefpy-Efficient Fryers and Forced Convection Ovens Applicable in Restaurant, Grocery. School, Hospital, and Lodging Buildings 

The penebgtion ot a measure is based on its cost-effectiveness, potential net benefits, persistence of energy savings over time, technical feasibility, 
and Ihe cumm penetration of the base and efficient technologies. 
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COY MERCIAL NEW CONSTRUCTIOW/COMMERCIAL 
NEW CONSTRUCTION - RENEWABLES 
Overview 
This program will encourage the design and construction of 
energy-efficient new commercial buildings that exceed exist- 
ing energy and building codes. Buildings undergoing major ren- 
ovations would also be eligible to participate in this program. 
The program will have the goal of increasing the market 
acceptance of energy-efficient and renewable buildmg tech- 
nologies. This program will offer both a prescriptive p t h  and 
a comprehensive path. For those customers choosing the 
comprehensive path, TVA will provide technical assistance to 
builders, architects, developers, and building owners from the 
early planning and design stages to the commissioning of the 
finished building. The prescriptive path would apply to small- 
er buildings or buildings too far along in their construction to 
participate in the comprehensive path. 

Target Market 
This program targets owners and developers of new cornrner- 
cia1 buildings and building undergoing major renovation. The 
forecast estimates that Valley commercial floorspace will grow 
by approximately 60 million square feet per year through 2010. 

Implementation Strategy 
The Commercial New Construction option will provide design 
assistance thrwgh provision of education and incentives to archi- 
tects and engineers. Incentives provided to architects and engi- 
neers will be based on the energy efficiency performance of the 
building. The goal will be to make the design of energy~fficient 
electric buildings standard practice in the Valley. Additional design 
assistance will be provided to participants choosing the New 
Construction-Renewable option, which calls for the adoption 
of passive solar deign. 

Building commissioning s e ~ c e s  will be offered to ensure 
that installed efficiency measures operate as designed. Buildmg 
commissioning includes balancing HVAC systems, setting con- 
mls on energy management systems, and fine tuning other equip 
ment. Contractors will be uained to install equipment properly 
and building commissioning will enhance the reliabiity and cost- 
effectiveness of energy efficiency measures. 

TVA will pamer with trade allies in the design communi- 
ty in marketing the Commercial New Construction Program. 
Coordination with architects, engineers, and others will result 
in the most rapid adoption and acceptance of more energy effi- 
cient building design and construction. 

Monitoring and Evaluation 
Process evaluation will be conducted to compare the cost and the 
effectiveness of the different delivery strategies. Impact evalua- 
tion will be conducted to determine the program benefirs. 

Comme~cial New Construction 

Program Assumptions 

Padage Measure Life (Years) 20 
Free-Rider Rate 10% 
Free-Driver Rate 0% 
Dmaouts 0% 

Take-Back Percentage 5% 
FreeRider Market Barrier Costs Eliminated 50% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) 2,050 

knual . Cumulative 
Ellpible New Total Participation 

Year Population Participants Part~cipaG Rate 
1 46.650 9.330 9,330 20% 

Par 
Partitiant Per 
Variable Participant Per 

Administrathe Measure Patiicipant 
mk hsmm 

Fwd $75 sSo0 $375 
MminimPtive Total Variable Total Part. Total Part. 

Year Cost Mmin. Cosl Measure Cost lncentii 
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Incentives 
This sector is the classic example of the lost opportunity efficiency owners and developers. Building owners and developers will be 
investment. It is most cost-effective to include energy efficiency offered rebates to cover 75 percent of the inatmental coa: of design 
measures in the design and the initial construction of a new build- and of the energy-efficient technologies specified for the new or 
ing. To aheve the desired panaption level and the market sans- renovated building. 
formation gads of the program, incentives will be o f f 4  u, buildmg 

COMMERCIAL NEW CONSTRUCTION 

Per Pafticiipam Costs and Impacts Based on: Annual Weighted Weighted 
Energy Cosl Measure Energy Cosl 

Efficient Measures Base Measures Impact (S) Penetration hnpad ($1 
LIGHTING 

E8Electron1c Ballasts 4' - 40W Fluor. LampsiEE Ballasts 631 62 - - 70% - -  442 -- 43 
Daylighting Design - 4' - 40W fluor. Lamps/EE BabStS - 1.760 250 25% 440 63 
Occupancy Sensors All Interior Fluorescent Lighting 847 ------.- 135 25% -------- 21 2 34 
Photoelectric Controls Existing Lighting-Outdoor 232 6 58 2 --------- - 25"k --- - 
LED Exit Lights Incandescent Exit Signs 289 103 50% - -  144 51 - 

Lightmg Total 1,296 193 

The penetration of a measure is based on its cost-effectiveness, potential net benefits, persistence of energy savings over time, technical feasibility, 
and the current penetration of the base and efficient technologies. 
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Commercial New Construction-Renewables 

Program Assumptions 

Package Measure Life (Years) 30 
Free-Rider Rate 10% 
Free-Driver Rate 5% 
Dropouts - 0% 
Take-Back Percentape 0% 
Fme-Rier Market Barrier Costs El~minated 50% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) 4.900 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 46,650 933 933 2% 
2 46,650 933 1,866 2% 
3 46,650 933 2,799 2% 

Per 
Participant Per 
Variable Participanl Per 

Administrative Measure Participant 
cQ$ls rn lnccntive 

Fixed $150 SZ.150 $1.500 
Adminiirative Total Variable Total Part. Total Part. 

Year Cos! Admin. Cost Measure Coot Incentive 
1 $225.000 $139,950 $2,005.950 $1,399.500 

COMMERCIAL NEW CONSTRUCTION-RENEWABLES I 
Per Participant Costs and Impacts Based on: Annual Weighted Weighted 

Energy CW Measure Energy Cost 
Efficient Measures Base Measures Impact ($) Penetration Impact (S) 
LIGHTING 

Daylighting Design -- 4' - 40W Fluor. LampsEE Ballasts 1,760 250 100% 1,760 250 
HVAC 

Passive Solar Design All Heating, Cooling, Ventilation 2,500 1.350 100% - 2.500 1.350 - 
WATER HEATING 

Solar Water Heaters Electric Water Heater-Standard 638 544 100% 638 544 
Total 4,898 2.144 

The penetration of a measure is based on its cost-effectiveness, potential net benefits, persistence of energy savings over time, technical feasibility, 
and the current penetration of me base and efficient technologies. 
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SMAU COMMERCIAL RETROFIT--DIRECT INSTAU 
Overview 
The installation of energy-efficient equipment can assist small 
commercial and industrial customers in reducing operating 
costs and enhancing their competitiveness and viabi i .  This p m  
gram will focus on promoting energy efficiency and renewable 
technologies that benefit the local business community, the uril- 
ity, and the customer by reducing costs, improving reliability, 
and enhancing customer satisfaction. 

Target Market 
This program is most applicable to existing and new small com- 
mercial and industrial companies with less than 50 kilowatts of 
demand. These customers, occupying about one-half of the com- 
mercial floorspace in the Valley, often do not have the staff or 
the capital to analyze or invest in enexgy efficiency improvements. 

This program utilizes a very aggressive delivery strategy to 
address the needs of these customers who are considered the 
most difficult commercial and industrial customers to reach. 

Implementation Strategy 
The Small Commercial Retrofit Program would provide partic- 
ipants with an on-site audit. At the time of the audit, the audi- 
tor installs cokt4feuive lighting, water heating, and weatherimtion 
measures.TheauditorwiUalsokknt@andreclommendanyaddi- 
tional cost-effective energy-efficient opportunities that may 
exist in the customer's hcility. The auditor will refer the customer 
to other programs offered by TVA andlor the distributors that 
offer rebates or financing for energyeffident measures that can- 
not be installed by the auditor (e.g., HVAC system upgrade). 
Customers may be asked to pay a nominal charge for this ser- 
vice to minimize free-ridership and program dropouts. 

Incentives 
Direct installation of measures at the time of site visit and 
audit, as well as rebates or financing for other measures installed 
by the customer based on audit recommendations. 

Program Assumptions 

Package Measure Life (Years) 7 
Free-Rider Rate 0% 
Free-Driir Rate 0% 
Dropouts 0% 

T a k e - E k  Percentage 10% 
Free-Rider Market Barrier Costs Eliminated 60% 
Non-FreeRider Market Barrier Costs Eliminated 80% 
Annual Energy Impact (kWh) 1,500 

Annual Curnolath 
Eligible New Top1 Participation 

Year Population Participants Parbc~palQ Rate 
1 1,500,000 30,000 30,000 2% 
2 1,500.000 45,000 75,000 5% 

Per 
Participant Per 
Variable . Participant Per 

Administratihe Measure Participant 
m cost lllmm 

Fued $40 t2W $250 
Administrative Total Variable Total Part. Totrl Part. 

Year Coct Admin. Cosl Mewure Cost Incentive 
1 $375,000 $1,200,000 $8,400,000 $7,500,000 
2 $375,000 $1,800,000 $12,600,000 $11,250,000 
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T E C H N I C  

Monitoring and Evaluation 
Process evaluation will be conducted to compare the cost and 
the effectiveness of different delivery strategies. Impact evalu- 
ation will be conducted to determine the program benefits. 

DOCUMEN C U S T O M E R  S E R V I C E  O P T I O N S  

SMALL COMMERCIAL RETROFIT--DIRECT INSTAU 

Per PaRicipant Costs and Impacts Based on: Annual WeioMed WeinMed 
mew Cwt Memre ~nirgy  Ck 

Efficient Measures Base Measures lmpact ($) Penetration lmprct ($) 
LlGCmNG - . - . . . - . - - 

Compact Fluorescent Lighting Incandescent Lighting 8,600 1,280 10% 860 1 28 
LED Exit Lights Incandescent Lighting 289 135 50% 145 68 
T-8Electronic Ballasts 4' - 40W Fluor. LampsEE Ballasts 1.234 230 25% 308 57 

Lighting Total 1,313 253 
HVAC 

Temperature SetuplSetback All Heating, Cooling, Ventilation 246 22 25% 61 5 
Window Film Standard Windows 570 65 10% 57 7 
Leak-Free Ducts All Heating, Cooling. Ventilation 256 127 10% 26 13 

HVAC Total 144 25 
WATER HEATING 

DHW Heater Insulation Electric Water Heater-Standard 50 5 50% 25 3 
DHW Heat TrapPipe Insulation Electric Water Heater-Standard 99 5 20% 20 1 

Water Heating Total 45 4 
TotDl 282 

The penetration of a measure is based on ifs cost-effectiveness, potential net benefits, persistence of energy 
savings over time, technical feasibillity. and the current peneiration of the base and efficient technol&ies. 
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COMMMERCIAL WAC MAINTENANCE PROGRAM 
Overview 
This program offers commercial customers maintenance con- 
mas for their HVAC systems. A monthly charge, included on 
the customer's electricity bill, covers regular maintenance of 
the customer's HVAC equipment by TVA or a contractor. The 
contract also provides repairs at a reduced cost in case of fail- 
ure of the HVAC system. The proper maintenance of the sys- 
tem will result in energy savings and improved performance 
for the customer. 

Tatget Market 
This program targets small to medium commercial customers 
without building maintenance staffs. 

Implementation Strategy 
TVA would contract with local dealers to provide this service to 
the small commerc~al and indusuial custom-.. 7he program will 
be promcrcd directly b! T A  and th rocp  its trade allies. 
Approved 3 A conmctm oi ould be enlisted to promote this p n  
gram to their commercial and industrial customers. The cost of 
providing this service to customers would be recovered through 
a small charge on the customer's monthly bill. However. the cus- 
tomer should see a net reduction in the total bill as a result of 
the energy savings realized. 

This program will build TVA's long-term relationship with 
its customers, as well as provide an opportunity to promote other 
TVA programs to the customer. 

Incentives 
The customer receives HVAC maintenance services for a fee. The 
maintenance contract may provide a performance guarantee or 
insurance coverage to protect the customer in the case of 
equipment failure. 

Monitoring and Evaluation 
Standard monitoring and evaluation will be conducted to deter- 
mine program costs and benefits. Process evaluation will be con- 
ducted to assess the value of this service to customers. 

O P T I O N S  

Program Assumptions 

g 10 
Free-Rider Rate O K -  
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage- 0% 
Free-Rider Market Barrier Costs Eliminated 56% 
Non-Free-Rider Market Barrier Costs Eliminated 70% - 
Annual Energy Impact (kwh) 350 

Annual Cumu!ative 
Eligible "V ~otal ~artiupation 

Year Population Participants Participants Rate 
1 2,250,000 5,625 5.625 0% 
2 2,250,000 5.625 11,250 1 % - 
3 2,250.000 5.625 16,875 1% 
4 2,250.000 11.250 28,125 -- 1% 
5 2,250,000 11.250 39,375 2% 
6 2,250.000 11,250 501625 2% 
7 2,250,000 16,875- 67.500 3% 
8 2,250,000 16,875 84.375 4% 

101.250 9 2,250,000 16,875 5% 
10 2,250,000 22.500 123.750 6% 
11 2,250,000 22,500 146.250 7% --- - - -- - - 
12 2,250,000 22,500 -- 168.750 8% - 

Per Per 
Participant Participant 

Annual Variable Annual Per 
Administrative Measure Participa* 

m Gm lnesntivr 
Fixed $40 $50 $a 

Administrative Total Variable Total Part. Total Part. 
Year Cost Admin. Cost Measure Cosf Incentive 
1 $160,000 $225.000 $281 .250 ------ $0 
2 $160.000 $450,000 $562,500 $0 ---- 

$675,000 $843,750 3 $160,000 $0 
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COMPREHENSIVE MEASURES PROGRAM- 
FINANCING/REBATES 
Overview 
This program targets large commercial customers to encourage 
the installation of a comprehensive set of energy efficiency mea- 
sures. Technical assistance is provided to program partici- 
pants to encourage them to install a combination of lighting, 
HVAC, water heating, and other measures in order to achieve 
the maximum energy savings at the lowest cost. This program 
will also pursue retrofits in conjunction with market-driven invest- 
ments in commercial chiller and packaged HVAC unit overhauls. 
The program would encourage installation of high-efficiency 
lighting and other cooling load reductions, such as HVAC sys- 
tem optimization measures that allow installation of new high- 
efficiency, properly sized HVAC units. 

Target Market 
This program targets commercial customers with a demand 
greater than 50 kilowatts. Customer research estimates that 
this reflects one-third of the approximately 3 billion square 
feet of commercial floor space in the Tennessee Valley. 

Implementation Strategy 
Thls program provides technical assistance, low-interest financ- 
ing. and rebates to customers to encourage the installation of 
a comprehensive set of energy efficiency measures. This pro- 
gram wd encourage rhe application of energy efficient techndoges 
to meet custom' fmaal .  environmental. and productivity needs. 
TVA will employ account representatives to promote this pro- 
gram to its largest customers. TVA will establish partnerships 
with trade allies to identq industry-specific opportunities to pro 
mote energy efficiency. TV4 will work with customers to 
assess their needs and evaluate technology-based solutions. 

Incentives 
Under this program, customers will be offered low interest financ- 
ing to encourage installation of energy-efficient measures. 
Low interest financing of the full cost of the energyeficient invest- 
ment assists customers in overcoming the initial capital expen- 
diture barrier to investing in energy efficiency. while having a 
minimal effect on rates. In a more aggressive scenario, customers 
would be offered a rebate equal to 50 percent of the cost of ener- 
gy-efficient technologies. These rebates would be offered to 
encourage greater participation, as well as higher energy and 
demand savings. 

Comprehensive Measures Program-Financing 

Program Assumptions 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 945.923 9,460 .--- 9.460 - 1% 

2 945,923-. _ - _. 9.460 - -- - - - - - - - --- - - 18.9_20. _. - 2%- _ 
3 945,923 3460--- 28.380_--. -- - 3% - - _  
4 945,923 - . 14~!x!-- -. - --- 42.570 - -- -_ - . 5% .-- 
5 945.923 l4J-% -- -- -- - - - - - -- - -- - v 6 0  - - ---. - . 6 L  
6 - -.-- .---- -_E2!!?? -- -- .'3! 90 - . -- -- 8% 7%950 . - - -- - 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
w m! incentive 

Fixed $60 $600 $75 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 --- $400,000 $567.600 --- S5,676,00~-- - j709.500- 

- 2 Wf"J0- _--- ~5_S!Is_0!'_o_o _S5_,6_16@E_ _- !7%VOO 
3.- _ &30,00_0-- _ $567&00 - __- S5.676L000P 709.500 
4 $400,000 - __$El ,4OO_ -_ S8,514OOO- -- $1,064.250 -- - - --- - -- 

S400,OOO $851,400 S0,514,000_ -$! ,064,250 5 - -- - - - _ - - - - ---- - _ - - - 
6 $400,000 >8511400--- 8,514!000 _ fiOM.250 - . - - - -- - - -- - - 
7 $400,000 $1,135,2$_ _- $1 1 . 3 5 2 . 0  $1,419,000 - - - - - --- - --- -- - -- -- - - 
8 W00.000 $_f.135,200- _- $11,352,000- - $1,_q19.000 - - - - - -- - - - -- - 
9 $400,000 _ -$J.1352200 $1 1 ,3_521-000 _ $1,419,000 - --- - - - - - 

J O  -- ~ 0 0 , 0 0 0  - -_%1.4_19,0_00 _ $fi,1~.0P_0-_-$],773.750 
11 $400,000 $1.41 9,000 $14,19O,OOO $1,773,75_0 -- - -- ---- - -- -- -- - - .- - - - - - --- - - - 

$400,000 $1.419.000 $14,190.000 $1,773,750 ! 2 - -  ----- --- -- --- -- -- _ 
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T E C H N I C A L  DOCUMENT 7: CUSTOMER SERVICE OPT IONS 

Applicable Measures 
A m p r e h m s i v e  set of customized measures will be ider .XI this program. the program also a l l c  w s  for the identification of 
for each panidpant. The measures will be selected to achrwe customized applications of e n e r g y d a e n t  technologies that are 
the maximum level of energy savings a t  the  lowest cost. While casteffect ive on a site-specific basis. 

several technologies have been identified for promotion in 

COMPREHENSIVE MEASURES PROGRAM--FIWAWCING 

PsrPortr'icrpantCastsandlmpaclsBasadon: kml Weighted Wei@ted 
ERarOy Cod Merana Emfgy Cod 

EIficiant Measures Base Measures bapad (S) Penetration lmpad ($1 
-- 

LIGHTING 
T-8Electronic Ballasts 4' - 40W Fluor. LampslEE Ballasts 1,234 230 70% 864 161 
RefVDelamp: 4' - 40Wmec. Ballast 4' - 40W Fluor. Lamps/EE Ballasts 2.184 321 10% 21 8 32 
LED Exit Lights Incandescent Exit Signs 289 135 50% 144 67 
Occupancy Sensors All Interior Fluorescent Lighting 91 1 135 25% 228 34 

Lighting Total 1,454 294 
HVAC 

High-Efficiency Chiller Standard Eff. Chiller 93 41 50% 46 21 
Speed Control for Cooling Tower Standard Cooling Tower 234 22 50% 117 11 
High-Efficiency AIC DX Standard Eff. AC DX 500 225 20% 100 45 
Chiller Downsmng 
High-Efficiency Heat Pump Standard Eff. Heat Pump 150 232 20% 30 46 
Roof Insulation All Heating. Cooling, Ventilation 2,458 228 10% 246 23 
Window film Standard Windows 570 65 10% 57 7 
ASD Ventilation Controls wNAV Stan. Eff. Constant Speed Motors 690 930 10% 69 93 
Leak-Free Ducts All Heating, Cooling. Ventilation 256 127 10% 26 13 

HVAC Total 691 251 
WATER HEATING 

Heat Pump Water Heater Electric Water Heater-Standard 494 104 35% 1 73 36 
Heat Recovety Water Heater Electric Water Heater-Slandard 247 43 30% 74 13 
Low Flow Showerheads Electric Water Heater-Standard 148 1 15% 22 0 

Water Heating Total 269 49 
Total 2.415 602 

The penetration of a measure is based on its cost-effectiveness, potential net benefits, persistence of energy 
savings over time, technical feasibillity, and the cumnt penetration of the base and efficient technologies. 

T7.64 ENERGY VISION 2020 



T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

Comprehensive Measures Program-Rebates 

Program Assumptions 

Package Measure Lie (Years) 15 
Free-Rider Rate ~. - 10% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 8% 
Free-Rider Market Barrier Costs Eliminated 45% 

Non-Free-Rider Market Barrier Costs Eliminated 65% 
Annual Energy Impact (Wh) 2JW-- 

e n u a l  Cumulative 
Ellglble New Total Participation 

Year Population Participants Participants Rate 
1 945,923 14.190 14,190 2% - 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
m rn lncentlve 

Fixed SO $700 $350 
Administrative Total Variable Total Part. Total Part. 

Year COEt Admin. Cost Measure Cost Incentive 
1 $500.000 $709,500 $ 9 , 9 3 3 , 3 0 0  $4,966.500 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

COMPREHENSIVE MEASURES PROGRAM-REBATES 
Per Particl,oant Costs and lmpacts Based on: Annual Weighted Weiphled 

Energy Cost Measure Energy Cwt  
Efficient Measures Base Measures Impact ($) Penetration Impact ($1 
EGHTING - 

T-8Electronic Ballasts 230 75% 925 173 4' - 40W Fluor.La1"_pslEE_B=~1.234 - -_- -- 
RefVDelamp: 4' - 40WElec. Ballast 4' - 40W Fluor. Lamps/EE Ballasts 2,184 321 10% 21 8 32 - - ------ - ---- 
LED Exii Lights Incandescent Exii Signs __ 289 135 40% 116 - 54 ‘ 
Electrol 342 150 10% 34 15 - 
Occupancy Sensors 9 1 1 -  135 25% 228 34 -- 

Lighting Total 1,521 308 
HVAC - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _  - 

High Efficienq Chiller S t a n d a s I ! e ~  9%- _ -_ --!?!-- %?h. 46 20 
234 22 117 11 Speed Control for C o o l i n q ~ e ~ S t a n d a r d o ~ n g T o w e r  _ _ _- 50%- -- - 

Standard Eff. AX DX High Eff ciency AIC DX - 500 225 20% 45 -- . - ---loo 
Chiller Downslung -- -- - 

H~gh Efficiency Heat Pump standard Eff. Heat Pump 150 232 20% 30 46 
Roof Insulation All Heatmg. Cooling, Ventilation 2,458 228 15% 34 - - 3 9  
Wlndow Film Standard Wadows 570 65 15% 86 10 -- 

690 930 15% 104 140 ASD Ventilation Controls WVAV Stan. Eff. Constant Speed P"' ' 3 L  -- 
Leak Free Ducts All Heating, cooling9 VentiIatlon nnnnnnnn 256 127 15% 38 19 

HVAC Total 890 325 
WATER HEATING - 

Heat Pump Water Heater Electric Water Heater-Standard 494 40% 42 19% 
Heat Recovery Water Heater Electnc Water Heater-Standard 247 _I____ _ _ _ _  43 30% 74 13 - 
w a r  Water Heaters Electrlc Water Heater-Standard - -_ - 638 - - -. -- -- 544 . 5% 27 - 

148 15% Electric Water Heater-Standard 1 -- Low Flow Showerheads 22 0- 

- Water Heatmg - Total - 82 326 --- 
Total 2,737 71 5 

The penetration of a measure is based on its cost-effectiveness, potential net benefits, persistence of energy 
savings over time, technical feasibilrty, and the current penetration of the base and efficient technologies. 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

COMMERCIAL LOAD MANAGEMENT-COOL STORAGE1 
ROOFTOP COOL STORAGE 
Overview 
This program offers customers incentives to encourage the 
adoption of cool storage technologies to reduce the customer's 
peak billing demand and thus reduce the IVA system peak demand. 
By encouraging customers to utilize cool storage technolo- 
gies, TVA's load factor is enhanced by shifting on-peak cooling 
demand to off-peak periods, which lowers generating costs. The 
program will also promote rooftop cool storage, an emerging 
technology that provides efficiency and load management 
opportunities for small commercial customers. 

Target Markets 
Thls program is targeted at large commercial customersj panicularly 
large offices and hospitals, with significant year-round cooling 
loads. The program will also be targeted to the large percent- 
age of commercial customers using rooftop cooling equip- 
ment. The program is open both to new and existing customers 
able to incorporate cool storage into their building design. 

Implementation Strategy 
The cool storage technology will be promoted through TL!4 field 
staff techn~cal assistance and through trade alhes, particularly HVAC 
contractors. Customers will be offered assistance in designing 
the cool storage systems and incentives to cover the addition- 
al cost of installing them. 

Incentives 
This program offers customers a rebate of 150 percent of the incre- 
mental cost of the cool storage equipment, or offers customers 
a technology-specific rate option. in order to encourage adop- 
tion of cool storage technologies and to cover increased oper- 
ating costs. HVAC contracrors will be offered incentives to 
promote cool storage technology to commercial customers. 

Customers are offered an incentive of 50 percent of the 
incremental cost of rooftop cool storage units which offer 
efficiency benefits. A technology specific rate for cool storage 
could be offered as alternative incentive to customers. 

Monitoring and Evaluation 
The cool storage system will be demand-metered in order to deter- 
mine the demand savings to the TVA system. Bill analyses will 
be conducted to determine the impact on customers. 

Applicable Technologies 
Thermal Storage Systems - Ice or Water 
Rooftop Cool Storage Units 

Commercial Load Management--Cool Storage 

Program Assumptions 

20 package Measure ~ i f e ~ a ? ~  
Free-Rider Rate 0% 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 342,000 1,710 1,710 1 % -- -- - . *- -- - - - - - 
2 342,000 1.710 3,420 1 % - - 
3 342.000 1 ,710 5,130 2% -- -- - - - - - - -- - - -- -- * - 

4 342.000 1,710 6.840 2% -- -- -- - -- - -- - - - - ---- -- - -- 
5 342,000 10,260 3% . -.- 2 ! 4 2 0  
6 342.000 3,420 13,680 4% -- -. - 
7 342.000 17,100 ---- 3.424- 5% 

Per 
Participant Per 
Variable Participant Per 

Adminihative Measure Participant 
hSlS OSl lncentiw 

Fixed $40 5300 $450 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $175,000 $68,400 --- $513,000-- -$769,5@ 
2 $175,000 $68,400 $513,000 $769,500 
3 $175.000 $68,400 $513.000 $769.500 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

Commercial Load Management-Rooftop 
Cool Storage 

Program Assumptions 

Package Measure Life (Years) --- 20 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 50% 
Non-free-Rider Market Bamer Costs Eliminated 75% 
Annual Energy Impact (kwh) 50 
Average Demand Impact (kW) 2 

Annual Cumulative 
Ehgible *BW Total Participation 

Year Populabon Partlclpants Participants Rate 

Per 
Participant Per 
Variable Participant Per 

Mministrative Measure Participant 
m m Incentive 

Fixed $25 ,000 $500 
Total Variable Total Part. Total Part. 

Year Cost Mmin. Cosl Measure Cosl Incentive 
1 $131.250 - $51,250 $2,050,000 $1,025,000 
2 $131.250 -- $51,250 $2,050.000 $1,025,000 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

COMMERCIAL GROUP LOAD CURTAILMENT 
Overview 
This program is designed to reduce the electricity demand of com- 
meraal customers at the time of the system peak. Commercial 
customers would band together to shed 100 kilowatts blocks from 
the system peak. Commercial customers would select their 
own load reduction strategy. Customers would receive bill 
credits as an incentive to reduce load at the system peak. 

Target Market 
This program targets large commercial customers, or groups of 
customers that can reduce electricity demand by at least 100 kilo- 
watts at the time of the system peak. 

Implementation Strategy 
TVA would employ account representatives to promote dw p n  
gram directly to customers. The program would provide tech- 
nical assistance to customers helping them to choose the 
most beneficial load reduction strategy. The utility would 
select the method and timing for notifying the customer of the 
need to reduce load. 

Customers will select the load reduction strategy. The util- 
ity will advise customers on appropriate technologies for 
accomplishing load reductions. 

Incentives 
Panicipants will be offered finanaal incentives or bill cred~ts based 
on the level of their load reduction. The amount of the incen- 
tive or bill credit will vary based on the length and frequency 
of interruption and the amount of notice the participating cus- 
tomer(~) is given. 

Monitoring and Evaluation 
Monitoring and evaluation will be conducted to determine 
program impacts, cons, and benefits. Process evaluation wdl mon- 
itor customers' compliance with the terms and conditions of the 
load reduction contract. 

Program Assumptions 

Package Measure Life (Years) 10 
Free-Rider Rate 0% 
Free-Dr~ver Rate 0% 
Dropouts -- 0%- 
Take-Back Percentage -- 0% 
Free-Rider Market Barrier Costs Eliminated 2[r% -------- 
Non-Free-Rider Market Barrier Costs Eliminated 30% 
Annual Energy Impact (kwh) 4.000 - 

100 Average Demand Impact (kW) 

Annual Cumulative 
~ - 

Eligible New Total Participation 
Year Population Participants Part~cipants Rate 

Annual 
Per Annual 

Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
ms Incentive 

Fixed 5250 $4,500 $4,500 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $200,000 $20.000 $360,000 $360,000 
2 $200.000 WO,000 $720,000 $720,000 
3 $200,000 $60,000 $l,080,000 $1,080,000~ 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

INDUSTRIAL TECHNOLOGY REBATES--HIGH- 
EFFICIENCY MOTORS/ADJUSTABLE SPEED DRIVES1 
COMPRESSED AIR EFFICEIIICY 
Overview 
More than 70 percent of the electricity consumed by TVA's indus- 
trial customers is used to power electric motors. To save ener- 
gy and money, standard motors can be replaced with 
energyefficient motors. Energy-efficient motors use less elec- 
aicity, xun d e r ,  often last longer, and outpdbm outperfarm motors 
of the same size. This program would encourage the use of prop 
erly sized high-efficiency motors and variable speed motor 
dnves in cost-effective applications. This program also promotes 
energy-efficient CompreSSOrS and the proper maintenance of corn- 
pressed air systems to reduce leaks. 

Target Market 
This program targets indusuial customers using standard efficiency 
equipment in process or manufacturing applications. 

Implementation Strategy 
This program will address the delivery and availability of ener- 
py-efficient motors. Energy-efficient motors are very cost-effec- 
tive and usually meet the strict payback requirements of 
commercial and industrial customers. However, customers' 
motor replacement patterns often prevent selection of such high- 
efficiency motors. Motors are most often replaced when they fail. 
The replacement motor comes out of the existing stock at the 
customer's site or from the motor distributor. The customer gen- 

erally cannot wait several weeks to receive an efficient motor 
to replace a faded motor. In order to change current motor replace- 
ment practices, customers need education about the significant 
cost savings potential of high-efficiency motors. The program 
will work to create market acceptance and demand for hgh-effi- 
aency motors through incentives. TVA will also partner with motor 
distributors in promoting highefficiency motors. Motor dtzributo~s 
will be offered incentives to stock them and make them avaiI- 
able to customers. 

Incentives 
Financial incentives will be offered, in addition to education and 
techntcal assistance, to help customers adopt the practice of replac- 
ing standard motors with high-efficiency motors, and using 
adjustable speed drives. Rebates will be offered to program par- 
ticipants to offser the incremental cost of the energy-efficient mea- 
sures. In addition, incentives will be directed to motor dealers 
to enhance the availability of high-efficient); motors in the 
Tennessee Valley region. Incentives would be based on the size 
and efficiency of the replacement motor. 

Monitoring and Evaluation 
Standard monitoring and evaluation will be conducted to deter- 
mine program costs and benefits. Process evaluation will be con- 
ducted to assess the market transformation effects of the 
program. 
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Industrial Technology Rebates-High- 
Efficiency Motors 

Program Assumptions 

T E C H N I C  DOCUMENT C U S T O M E R  S E R V I C E  O P T I O N S  

Package Measure Life (Years) - ---- 15 
Free-Rider Rate SOYL 
Free-Driver Rate -- 0%-- 
Drooouts 0% 

Take-Back Percentage 0% ---- 
Free-Rider Market Barrier Costs ELminated 50% 
Non-Free-Rider Market Barrier Costs Eliminated -- 75% 
Annual Energy Impact ( k W L  ------- 40.000 ---- 

Annual Cumulative 
Ellglble New Total Particlpat~on 

Year Population Participants Participants Rate 
1 2,369 36 36 2% 
2 2.369 71 -. - 107 5% -- -- -- -- - - - 
3 2,369 107 - 214 9% 
4 2.369 142 356 15% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
m m incentive 

Fixed $1 00 52,000 $1,sfM 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $225.000 $3,600 $72,000 $54.000 - -- - --- -- ----- - - ----- -- -- . -. - - 
2 $225.000 $7,100 $142,000 $106,500 -- - --- -- - - - - - -- --- ------ -- - .. 
3 $225,000 $1 0,700 $214,000 $160.500 -- ------ - --------- 
4 $225.000 $14,200 $284,000 $213,500 -- - --- - ------ --- -. --- . - -- ---- -- ----- - - .- -- - 

5 $225,000 $14,200 $284.000 $213,500 - - -- - -- - - - - --- - -- 
6 $225,000 $14,200 $284.000 $213,500 -- ------- 

Industrial Technology Rebate-Adjustable 
Speed Drives 

Program Assumptions 

Package Measure Life (Years) 15 -- - --- 
Free-Rider Rate 10% 
Free-Driver Rate 6% -- - - - - - -- - -- 
Dropouts 0% ---- 

0% J?!!e-B_ackpen:e_?4?~e. - --- . -  - -__--- 
Free-Rider Market Barrier Costs Eliminated ----- 50% 
Non-Free-Rider Market - Barrier Costs Eliminated 75% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
Gm lacenm 

Fixed $125 $5.000 $3.750 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $100.000 $3.000 $120,000 $90,000 - . - - -- - - - -- 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

Industrial TP 7ology Rebate-Compressed Air Efficiency 

Program Assumptions 

Package Measure Lie (Years) 15 
Free-Rider Rate 10% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 50% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual EnerpyImpact (kwh) 75.000 

Annual Cumulative 
Eligible New Total Partlclpalion 

Year Population Participants Participants Rate 
1 -- 2,369 12 12 1 % 

Per 
Participant 
Variable 

Administrative 
ms 

Fixed $400 
Adminktrative Total Variable 

Per 
Participant 
Measure 
rn 

s25.000 
Total Part. 

Per 
Participant 
Incentive 
s1a,750 

Total Part. 
Year Cost Admin. Cnsi Measure Cost lncenti i  

1 $100,000 $4,800 $300.000 $225,000 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

INDUSTRIAL PROCESS ENERGY EFFICIENCY 
PROGRAM-DISTRIBUTOR SERVEDDIRECT SERVED 
Overview 
This program is designed to promote energy-eficient technolo- 
gies to the industrial customers served by TVA and the distribu- 
tors of TVA power. The program provides technical assistance to 
idenufy o~pormnities for energy efficiency improvements in 
industrial processes. This program will encourage applications of 
energy-efficient technologies to address customers' financlal, 
environmental, and productivity needs. 

Target Market 
This program targets large industrial customers served by TVA 
and the distributors of TVA power. 

Implementation Strategy 
TVA will employ account representatives to promote this pro- 
gram directly to customers. The program would enlist trade allies 
and technical speclalists to idenufy energy and demand savings 
opportunities. This program will help to build long-term rela- 
tionships with this vulnerable customer group and establish a 
partnership to promote future economic development. 

Incentives 
Customers will be encouraged to participate with financial 
incentives, cost savings, and productivity improvements. 

Monitoring and Evaluation. 
Monitoring and evaluation will be conducted to determine 
program impacts, costs, and benefits. 

Applicable Measures 
Customized energy-efficient technology applications will be iden- 
tified for each participant. 

Industrial Process Energy Efficiency Program- Distributor 
Served 

Program Assumptions 

15 Package Measure Life (Years) 
Free-Rider Rate 10% 

Free-Driver Rate 0% 
Dropouts 0% -- 
Take-Back Percentage -- 0% 
FrecRider Market Barrier Costs Eliminated 70% 
Non-Free-Rider Market Barrier Costs Eliminated 80% 

150,000 _Pnnua=aY-!!!m!A!(kWh)- - -- 

Annual Cumulative 
Eliglble New Total Participation 

Year Population Participants Participants Rate 
1 14,625 21 9 21 9 2% -- -- - 
2 15,000 - . 225 444 3% - - -- 
3 15,375 308 752 5% --- - 
4 15,750 31 5 1,067 7% -- -- - -- - - - -- 
5 16.125 403 1,470 9% -- -- . - - 

6 16,500 413 - - - -- - -- - - 1.883 11%- 
7 1 6 7 8 7 5  506 2.389 14% 
8 -- 51 8 17.250 2.907 17% 
9 17.625 61 7 -- . -- - - 3,524 20% 

10 18,000 630 - -- -- 41-54 23% -- 
11 18,375 735 - 4.889 27% 
12 18,750 750 5.639 30% 

Per 
Participant Per 

Variable Participant Per 
Administrative Measure Participant 

mts w incentive 
Fixed $500 $33,000 $16.500 

Administrative Total Variable Total Part. Total Part. 
Year Cost Admin. Cost Measure Cost Incentive 
- 1 $187.500 $109,500 $7.227.000 $3,613,510 

2 $187,500 $1 12.500 $7,425,000 $3,712,500 - 
3 $187,500 $1 54.000 $10164,000 $5,082,000 
4 $187,500 $157,500 $10,395,000 $5,197,500 
5 $187,500 $201.500 $13,299,000 $6,649,500 
6 $187.500 $206.500 $13,629,000 $6,814,509 - 
7 $187,500 $253.000 $16,698,000 $8,349,000 
8 $187,500 $259.000 $17,094,000 $8,547.000 
9 $187,500 $308.500 $20,361,000 $10,180,500 -- - 

10 $187,500 $315,000 $20,790.000 $10,395,000 
11 $187.500 $367,500 $24,255,000 $12,127,50MJ 
12 $~8= - -  $375,000 $24,750,000 $12,375,000 - 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

?ustrial Process Energy Efficiency Program- 
. rect Served 

Program Assumptions 

Package Measure Lie (Years) 15 
Free-Rider Rate -------- 10% 
Free-Driver Rate - 0% 
Dropouts ----- 096 
Take-Back Percentage -- 0% 

. Free-Rider Market Barrier Costs Eliminated .- 70% 
Non-Free-Rider Market Barrier Costs Eliminated - --- 80% 

Annual Cumulative 
Eligible New Total Partleipalon 

Year Population Participants Participants Rate 
1 19.500 293 293 2% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
m GaSl lacantive 

Fixed $500 $22,500 t'11.250 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 

1 $187,500 $146,500 $6,592,500 $3,2962~20 ------- - -- - - - - - - --- 
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T E C H N I C A L  D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

ENERGY-EFFICIENT RATES (OPT OUT) 
Overview 
Customers who have made investments in energy-efficient 
measures and who, therefore, cannot participate in the programs 
offered by TVA and its ~ b u t o r s  would be eligible for the Energy- 
Efficient Rate. This program rewards customers who have 
taken action to use energy wisely and protect the environment. 
These customers are granted a rate discount for five years. The 
rate discount is put into effect after the customers demon- 
m t e  that they have made all cost&xtive energy &aency invest- 
ments to their facilities. 

In addition to the rate discount, customers will be provid- 
ed with cooperative advertising materials that they can use to 
promote themselves as an energy-efficient supplier of goods and 
services. The promotional materials will emphasize the envi- 
ronmental benefits of energy efficiency and the wise use of 
resources by customers who have made investments in energy- 
efficient measures and processes. 

This program provides in effect an opt-out option for cus- 
tomers who chose to make investments in energy-efficient 
measures themselves, without financial assistance from the 
utility. To quallfy for the Energymcient Rate, the customer must 
agree to a co-funded audit of its facilities. If the auditor identi- 
fies any remaining opportunities for cost-effectiveenergy effi- 
ciency investments, the customer must agree to adopt the 
auditor's recommendations that meet a mutually agreed upon 
investment hurdle rate. 

Program Assumptions 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
m Cm incentive 

Fixed $2,000 $35,000 $2,000 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 

1 ~l00~000.~ - - - - - --- %5_8~.000 $1 0,2551o00 __._- w!!L!?o_o 
. - 2 $lO~~OO!L . . _ -  -- %6O0.000 -__~1O950O,ooo_- _$G_s_@_9 
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RENEWABLEISELF-6ENoUnON CUSTOMER SWVlCE OPTIONS 

SUMMARY OF PROJECTED IMPACTS IN YEAR 2010 

2010 2010 
Wintar Summer Units O M A l h  

Option Name MW MW GWh (# part.) TRC 
RENEWABLE GENERATION PROGRAMS 

Landfill Gasfiuel Cells 74 74 585 36 6.0 
Small Head Hydro 5 5 29 5 5.9 
BiornassMlood Waste 54 54 374 62 3.6 
Photovoltaics 1 1.5 5 1.975 33.0 
Photovoltaicsf~echnology Advancement. 3 3.3 11 4,600 19.0 

SELF-GENERATION -. 

- I 
Existing Cogeneration-Commercial 95 95 118 - 416 7.7 I 
New Cogeneration-Cn~mercial 18 18 51 84 12.1 
New Cogeneration-lnclustrial 30 30 17 208 8.8 . ~ 

Mlwr an me impads occufing only in the year 2010 tor me cumulative prflicipation in the prognm to date 

TVA developed eight self-generation options, including cogen- 
eration and options utilizirig renewable fuels. The greatest 
potential for self-generation is from land-fill gas, wood wastes 
and existing commercial cogeneration. Detailed descriptions of 
the self-generation options follow. 
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RENEWABLE ENERGY GENERATION: LANDFIU 
GASFUEL CEUS, SMAU-HEAD HYDRO, 
BIOMASS/WOOD WASTE, PHOTOVOLTAICS, 
PHOTOVOLTAICS/TECHNOLOGY ADVANCEMENT 
Overview 
This program will encourage the development of customer-owned 
renewable generation resources. Renewable energy resources 
include generation from wood waste, biogas derived from 
anaerobic digestion of animal waste, and methane recovered hom 
landfis. These fuels can be used with a number of generating 
technologies and fuel cells. Other renewable energy resources 
with cost-effective potential include small-head hydro systems 
and the use of photovoltaics in remote locations. This program 
provides annual incentives to customers to develop renewable 
resources to provide energy for their own use and for the 
benefit of the TVA system. 

Renewable Energy Generation-Landfill GasFuel Cells 

Program Assumptions 

Package Measure Lie (Years) 15 
Free-Rider Rate 1 O x  
Free-Driver Rate 0% 
Dropouts m0 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 70Y0 
Non-Free-Rider Market Barrier Costs Eliminated 80%- 
Annual Energy Impact (kwh) 15,760,600- 
Average Demand lmp*kW) 2000 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 - - - n/a 

Target Market 
This program targets customers with access to or in close prox- 
imity of renewable energy resources. 

Implementation Strategy 
Customers with access to renewable energy sources would be pre 
vided assistance to develop those resources. In addition to tech- 
nical assistance, financial incentives would be provided to 
customers to improve the cost-effectiveness of renewable energy. 

Incentives 
Customers would be offered incentives of 2Q/kilowatt-hour 
for energy produced by combustion-based renewable resources. 
For non-combustion-based renewable resources. such as hydro 
resources and photovoltaics, customers would be offered an incen- 
tive of 3C/kilowan-hour. The incentives cover the higher costs 
and higher uncertainties associated with energy produced from 
renewable resources and reflect the environmental benefits of 
renewable and non-combustion-based resources. These incen- 
tives are for energy produced for the customer's own use 
which defers the need for TVA to add to its system resources. 
Excess energy produced could be sold to the TVA system at a 
market price. 

Monitoring and Evaluation 
Monitoring and evaluation will be conducted to determine 
program costs and benefits. Information on the cost and per- 
formance of renewable resom wdl be gathered and documented. 

1 1  - 3 21 n/a 
12 - 3 24 nla 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
Grm lncantive 

Fixed $1 ,000 53,360,000 $lBO/kW 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $50.000 $0 $0 $0 
2 $50,000 ----- $1,000 $3,360,000 $320,000 
3 $50,000 $1,000 $3,360,000 $640,000 
4 $50,000 $2,000 56,720,000 $ 1,280,000 
5 $50,000 $2,000 $6,7_20,000 $1,920,000 
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Renewable Energy Generation-Small-Head Hydro 

Program Assumptions 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
GQaS rn incentive 

Fixed $0 Varies S1851kW 
Administrative Total Variable Total Part. Total Part. 

Year Cos: Admin. Cott Measure Cost Incentive 
1 $50,000 $0 $0 . $0 
2 $50,000 $0 $3,162,587 $295,519 --- - ----- - 
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Renewable Energy Generation-BiornasshVood Waste 

Program Assumptions 

Package Measure Life (Years) 30 -- - -. . -- . . . .- . - - - - - -. - 
Free-Rider Rate -- -- - -- - .- -- -- - 10% -- 
Free-Driver Rate 0% -- --- --------- 
Dropouts 0?6 - 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
mls J;PSf Incentive 

Fixed $0 $1,200,000 SlQOlkW 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $75,000 $3.000 $3.600.000 $336,000 - - - - -- -- - - - - - -- - - -- -- 
2 $75,000 $3.000 $3,600,000 $672,000 - -- - - - - -- -- --- - -- -- -- . - . . -- - - - . - -- - -. 
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Renewable Energy Generation-Photovoltaics Renewable Energy Generation-Photovoltaics/rechnolo~y 
Advancement 

Program Assumptions 
Program Assumptions 

Package -- - Measure Lie (Years) -- -. 30 - -. 

Free-Rider Rate 10% 
Free-Driver Rate 0% - -- 
Dropouts 0% 
Take-Back Percentage - -- -- 0% 
Free-Rider Market Barrier Costs Eliminated 70% . 

Non-Free-Rider Market Barrier Costs Eliminated 80% ---- 
Annual Energy Impact (kwh) --- 2,230 
Average Demand Impact (kW) - - 1 ---- 

Annual Cumulative 
Eligible New Total Participation 

Year Population Paiticipants Participants Rate 
1 - 50 50 nla 
2 - 50 100 nla 

7 - 125 625 n/a -- - -- - -. - - -- --. - 
8 - 150 775 n/a . --- -- 
9 150 925 nla - -- -- -- --- - - - .- 
10 - 150 1 075 nla 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
m CPSl incentive 

Fixed $1 0 $5.000 SlOOntW 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost incentive 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative Measure Participant 
!&& m incentive 

Fixed $10 $3,000 SlOOkW 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $50.000 $1,500 $450.000 $15,000 
2 $50.000 $1.500 $450.000 $30,000 - - - -- -- . - - ----- - - -- - - - --- - - -- -- 
3 $50.000 $600.000 $50,000 -- --- m?00 
4 $50,000 $2.000 $600,000 $70,000 -- - - - - - - --- - -- -- -. 
5 $50,000 $2.500 $750,000 $95,000 -- -- - - -- -- -- -- - -. 
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EXISTING COGEHERATIOW-COMMERCIM 
Overview 
The program will promote the use of existing 150-kilowatt to 
20-megawatt cogeneration installations in the commercial rnar- 
ket sector as a means of load reduction. 

Target Market 
SIC codes most likely to be operating existing cogeneration sys- 
tems are targeted SICS 40 - 49 (transportation), SIC 54 (super- 
markets), SIC 58 (restaurants), SICS 60 - 67 (finance, insurance), 
SIC 70 (hotels/motels), SIC 805 (hospitals), and SIC 806 (nurs- 
ing homes). 

Implementation Strategy 
TVA will work with commercial decision-makers in the above- 
mentioned SIC classifications to ensure comprehensive cover- 
age of the market. Business decision-makers will receive 
information, technical studies, andor financial incentives to pro- 
mote the insraliation of new cogeneration technologies. The tech- 
nologies are targeted to be in the I jO-kilowatt to 20- megawatt 
range and will supply power to the business for all or pan of 
their total load during TVA system loads. 

Incentives 
TVA will pay the customer for on-peak load reductions, acheived 
through self-generation, at a cost range averaging $25 per kil- 
wan. Excess energy produced could be sold to the TVA system 
at a market price. 

Monitoring and Evaluation 
TVA engineers will work with the on-site personnel and the ven- 
dor to ensure proper installation and synchronization with 
local distribution systems and the facility. Contracted payments 
to the company will be paid based on actual peak load demand 
reductions. 

Applicable Technologies 
Reciprocating Engine Systems 
Gas Turbine Systems 
Coal-Fired Steam Turbine Systems 

Program Assumptions 

Package Measure Lie (Years) 20 
Free-Rider Rate 0% 
Free-Driver Rate o?h 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 70% 
Non-Free-Rider Market Barrier Costs Eliminated 800h 
Annual Enerey* (kwh) 3,423,382 
Average Demand Impact (kW) 615 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 803 3 n/a 

- 2 803 6 9 n/a 
3 803 21 n/a 12 - - -  
4 803 18 39 n/a 
5 803 21 60 n/a 

- 6 803 18 78 n/a 

Pet - 
Participant Per Annual 
Variable Parlicipant Pet 

Administrative Mearure Participant 
CoaS I;Ptt lneentive 

Fixed $5,000 $0 $25/kW 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $76,OOO $15,000 $0 $46.1 25 
2 $76,000 $30,000 $0 $138,375 
3 $76.000 $60.000 $0 $322.875 
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NEW COGENERATION-COMMERCIAL 
Overview 
The program will promote new 150-kilowatt to 2Gmegawatt q e n -  
eration installations in the commercial market sector as a means 
of load reduction. 

Target Market 
SIC codes most receptive to adding new cogeneration systems 
are targeted SICS 40 - 49 (transportation), SIC 54 (supermarkets), 
SIC 58 (restaurants), SICS 60 - 67 (finance, insurance), SIC 70 
(hotels/motels). 

Implementation Strategy 
TVA will work with commercial decision-makers in the above- 
mentioned SIC classifications to ensure comprehensive cover- 
age of the market. Industry decision-makers will receive 
mforrnation, technical studies, andlor financial incentives to p m  
mote the installation of new cogeneration technologies. The tech- 
nologies are targeted to be in the 150-kilowatt to 20- megawatt 
range and will supply power to the business for all or part of 
their total load during TVA system peak loads. 

Incentives 
TVA will pay the customer for on-peak load reductions, acheived 
through self-generation, at a cost range averaging 540 per kilo- 
watt. Excess energy produced could be sold to the TVA system 
at a market price. 

Monitoring and Evaluation 
TVA engineers will work with on-site personnel and the vendor 
to ensure proper installation and synchronization with local dis- 
tribution systems and the facility. Contracted payments to the 
company will be paid based on actual peak load demand 
reductions. 

Applicable Technologies 
Reciprocating Engine Systems 
Gas Turbine Systems 
Coal-Fired Steam Turbine Systems 

Program Assumption 

Package Measure Lie (Years) 20 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated -- 78% - 
Non-Free-Rider Market Barrier Costs Eliminated -- 80% 
Annual Energy Impact (kwh) ---- -- 1,614.455 
Average Demand Impact (kW) -- 328 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 12,800 1 1 n/a 
2 12,800 3 4 n l ~  
3 12,800 5 nla 9 --- 
4 12,800 8 17 nla 
5 12.800 9 26 n/a 
6 12,800 8 34 n/a 
7 12,800 5 39 n/a 
8 12,800 5 44 nla -- 
9 12,800 4 48 --------- nla 

10 12,800 - 3 5 1  nla 

Per 
Participant Per Annual 
Variable Participant Per 

Administrative- Measure Participant 
mt.S rn incentive 

Fixed $7.200 $595,320 SOW 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $76.000 $7.200 $595,320 $13,120 
2 $76&00 $21,600 $1,785,960 $52.480 
3 $76.000 $36,000 $2,976,600 $1 18.080 
4 $76,000 - $57,600 $4,762.560 $223.040 
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NEW COGENERATION-INDUSTRIAL MARKET SECTOR 
Overview 
The program will promote new 150-kilowatt to 20-megawatt 
cogeneration installations in the industrial manufacturing sec- 
ton in SIC codes 20 through 39, as a means of achieving peak 
load reduction. 

Target Market 
The SIC codes in the industrial sector that are most receptive to 
cogeneration are the food indusuy (SIC 201, the wood indus- 
try (SIC 24), the pulp and paper indusrry (SIC 26), and the chem- 
ical industry (SIC 28). These SIC codes are targeted. 

Implementation Strategy 
TVA will work with industry decision-makers in the above-men- 
tioned SIC classifications to ensure comprehensive coverage of 
the market. Industry decisionmakers will receive information, 
technical studies, andlor financial incentives to promote the instal- 
lation of new cogeneration technologies. The technologies are 
targeted to be in the 150-kilowatt to 20- megawatt range and will 
supply power to the plant for all or part of their total load dur- 
ing times of TVA system peak load. 

Incentives 
TVA will pay the customer for on-peak load reductions, acheived 
through self-generation, at a cost range averaging $35 per kilo- 
watt. Excess energy produced could be sold to the TVA system 
at a market price. 

Monitoring and Evaluation 
TVA engineers will work with on-site plant personnel and the 
vendor to ensure proper installation and synchronization with 
local distribution systems and the facility. Contracted payments 
to the company will be paid based on actual peak load demand 
reductions. 

Applicable Technologies 
Reciprocating Engine Systems 
Gas Turbine Systems 
Coal-Fired Steam Turbine Systems 

Program Assumptions 

Package Measure Life (Years) 20 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
0 

Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 70% 
Non-Free-Rider Market Barrier Costs Eliminated 80% 
Annual Energy Impact (kwh) 11,126,814 
Average Demand Impact (kW) 1600 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 

Per 
Participant - Per 
Variable Participant Per 

Administrative Measure Participant 
incentive 

Fixed $10,000 $2,640,000 $35W 
Adminiotrative Total Variable Total Part. Total Part. 

Year Coot Admin. Coot Measure Cost Incentive 
1 $76,000 $1 0,000 $2,640,000 $56,000 
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SUMMARY OF PROJECTED IMPACTS IN YEAR 2M0 

Option Name MW GWh Units 

INDUSTRIAL SECTOR 
Process Heating and Melting -87 -609 -- 228 
Process Melting -79 -549 29 
Curing and Drying - -1 8 -123 425 
ElectrotechnologieslFood Processing- -53 -368 29 - 
ElectrotechnologiesTTextiles -3 -1 9 -- 64 
ElectrotechnologieslChemicals 8 Metals -5- -37 49 - 
Environmental Technologies -33 -227 140 

COMMERCIAL SECTOR 
Space Conditioning and Water Heatlng 30,300 
Cooking and Secunty Lighting -25 - 1 3  1 0 , 9 1 7  

RESIDENTIAL SECTOR -- 
HVAC and Water Heating 119 -374 _ _ _ _ - - -  101,256 
Security Lighting and Lawn Mowers 0 -51 236,407 - -- 

TRANSPORTATION - 
Electric Buses 0 -9 259 
Fleet Vehicles 0 -4 - 503 
Electric Autos --- 0 -6 1,774 --. 

Values arc Win impacts oaufing only in Me year 2010 tor me cumulative pamc~paban 
In me prognm to mat date. 

TVA developed 14 beneficial eledication options for evalua- 
tion in Energy Vision 2020 with applications in all customer sec- 
tors. The industrial sector options have the most impact. 
Commercial space conditioning and residential heating and cool- 
ing are also significant. Detailed descriptions of the beneficial 
electrif~cation options follow. 
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INDUSTRIAL PROCESS HEATING AND MELTING 
Overview 
The Process Heating and Melting programs promote select elec- 
notechnologies (induction, resistance, arc, plasma, and infrared) 
to assist indusrnal customers in optimizing their energy efficiency 
needs within process heat application. These elecmxechnologies 
also allow customers to maintain and even enhance their 
competitiveness by lowering operating and maintenance costs, 
increasing productivity, allowing for increased operating flex- 
ibility, and by helping them to position their facilities for 
long-term environmental compliance. 

Within this program, the customer is provided with a 
complete menu of technologies from which to select in order 
to determine the most appropriate solution. This program con- 
cept has applicability to a large part of the industrial sector. but 
willfocuslnrmllyonkeyindustnalsegmentswithextensiveprocess 
heating and melting requirements. A pilot pqram is recommended 
to gam experience and to allow market research to be conducted 
to refine estimates of market potential and cost-effectiveness. 

Target Markets 
Target markets for the initial pilot will include: Primary Metals 
(SIC 33); Fabricated Metals (SIC 34); Transportation Equipment 
(SIC 37); Inidustrial Machinery (SIC 35); Electronic Equipment (SIC 
36); Stone, Clay, Glass & Concrete (SIC 32); Rubber and Plastics 
(SIC 30). 

Implementation Strategy 
TVA does not plan to use any prescriptive or customized 
rebates for the program. Each electrotechnology should be 
promoted based on its potential to offer practical solutions to 
each customer's problems. The program is application-specif- 
ic and is targeted to large industrial customers and all industri- 
al customers perceived at risk with regard to customer retention. 
The process heating and melting program should be marketed 
to enhance customer competitiveness. Understanding the cus- 
tomer's need for favorable paybacks on capital outlays. two addi- 
tional offerings are considered: a customized rate and customer 
financing. 

The program will be delivered jointly by TVA and par- 
ticipating power distributors. TVA will supply industrial spe- 
cialists to assist distributor served industrial customers. The success 
of the program will depend upon TVA's ability to identih and 
target the most appropriate markets for this program. This effort 
will require open, two-way communication with distributors 
and trade allies. 

industrial Process Heating 

Program Assumptions 

Package Measure Life (Years) 15 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated - 0%- 
Non-Free-Rider Market Bamer Costs Eliminated 20% 
Annual Energy Impact (kwh) (2,532,323) 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 139 - - 0% 

Per . 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
rn &it Incentive 

Fixed SO $368,000 SO 
Administrative Total Variable Total Part. Total Part. 

Year Cod Admin. Cosl Measure Cost Incentive 
1 $138.125 $0 $0 so- 
2 $138.125 $0 $368,000 $0 
3 $138,125 -- $0 $2,208,000 $0 

11 $175,938 SO- $8,932.000 $0 
12 $175,938 -I -- $8,832,000 $0 - 
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Promotional Strategies 
The program will be marketed via a program brochure and per- 
sonalized one-on-one marketing visits with potential pro- 
gram participants. Where possible, TVA should establish 
customer showcases that would allow other customers the oppor- 
tunity to witness successful electrotechnology applications 
in operation. Technical seminars and training will be provid- 
ed to promote the virtues of electrotechnologies for heating and 
melting applications. 

QUALITY GAIN ESTIMATES FOR DSMANAGER VALUE TEST 

One-Time Annual 
New Cumulative Benefit/ Benefii Qualitv 

BE-1 A Participants Penetration Participant Participant ~ a i n *  
1995 0 0 $200.000 $1,963,000 $0 

One-Time Environmental Savings $200,000 
Annual Productiviiy, O& M, Fuel Savings $1,963,000 
Escalation Rate 4% 
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lndustrial Process Melting 

Program Assumptions 

Package Measure Life (Years) 20 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Marka Barrier Costs Eliminated 30% 
Annual Energy Impact (kwh) (1 7,950,000) 

Amcal Cumulative 
'.e New Total Parii:rpation 

Year Popuramilon Participants Participants Rate 

Par 
Participant h r  
Vadable Participant Per 

Mministrat i i  Measun Plrticipant 
E;pplt E;ppf lacentive 

F i d  SO Sl ,490,WO So 
Administrative Total Variable Total Part. Total Part. 

Year Cosi Admin. Cost Measure Cosl l n w a t i i  
1 $138,125 $0 $0 $0 

(IUALITY GAIN ESTIMATES FOR DSMANAGER VALUE TEST 

One-Time Annual 
New Cumulative Benefii Benefit/ Quality 

BE-1B Participants Penetration Pariicipant Participanl Gain 

1995 0 0 $900,000 $1.748.000 $0 

OneTime Environmental Savings $900,000 
Annual Productit@ O&M, Fuel Savings $1,7'8,OW 
Escalation Rate 4% 
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INDUSRlIAL CURING AND DRYING 
Overview 
The Process Curing and Drying program promotes select elec- 
notechnologies ( W e d ,  radio-frequency, microwave, uluavi- 
olet, and electron beam) to assist industrial customers to 
optimize their energy efficiency needs within curing and dry- 
ing applications. These electrotechnologies also allow cus- 
tomers to maintain and even enhance their competitiveness by 
lowering operating and maintenance costs, increasing produc- 
tivity, allowing for increased operating flexibility, and by help 
ing them to position their facilities for long-term environmental 
compliance. 

Within this program, customers are provided a complete 
menu of technologies from which to select in determining the 
most appropriate solution to meet their needs. This program 
concept is applicable to a large pan of the industrial sector, but 
will focus initially on key industrial segments with extensive 
process curing and drying requirements. A pilot program is rec- 
ommended to gain experience and to allow market research 
to be conducted to refine estimates of market potential and cost- 
effectiveness. 

Target Markets 
Target markets for the initial pilot will include: Food and 
Kindred Products (SIC 20); T d e s  (SIC 22); Lumber and Wood 
Products (SIC 24); Paper and Allied Products (SIC 26); Printing 
and Publishing (SIC 27); Chemicals and Allied Products (SIC 28); 
Rubber and Plastics (SIC 30); Fabricated Metals (SIC 34); and 
Transportation (SIC 37). 

Implementation Strategy 
TVA does not plan to use any prescriptive or customized 
rebates for the program. Each eIectr0technology will be promoted 
based on its potential to offer practical solutions to each customer's 
problems. The Process Curing and Drying program should be 
marketed to enhance customer competitiveness. Understanding 
the customer's need for favorable paybacks on capital outlays, 
rwo additional offerings are considered: a customjzed rate and 
customer financing. 

The program would be delivered jointly by TVA and par- 
ticipating power distributors. TVA would supply industrial spe- 
aaltns to ass& dmibutor served industnal customers. The success 
of the program will depend upon TVA's ability to identify and 
target the most appropriate markets for this program. This 
effort will require open, two-way communication with distrib 
utors and trade allies. 

Program Assumptions 

Package Measure Life (Years) . 12 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts - 0% 
Take-Back Percentage - 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier C o s ~ m i n a t e d  10% 
Annual Energypact (kwh) - -- (273.1 22) 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 Id1  - - 0% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
ms.B Qst incentive 

Fixed $0 $200,000 SO 
Adminisirative Total Variable Totat Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $276,250 $0 $0 $0 
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Promotional Strategies 
The program will be marketed via a program brochure and per- witness successful electrotechnolc~q applications in opera- 
sonalized one-on-one marketing visits with potential program tion. Technical seminars and mining will be provided to pro- 
participants. Where possible, WA should establish customer show- mote the virtues of elecuotechnologies for heating and melting 
cases that would allow other customers the opportunity to applications. 

PUWTY GAJN ESTIMATES FOR DSMANAGER VALUE TEST 

One-Time Annual 
New Cumulative Benefit/ BenefW Ruality 

BE-2 Participants Penelration Participant Palticipant Gain 

One-Time Environmental Savings $100.000 
Annual Produ&'wtu, O& M, Fuel Savings $2,303,000 
Escalation Rate 4% 
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INDUSTRIAL ELECTROTECHNOLOGIES 
Overview 
The PmwSpeafic Electrification program promotes select elec- 
trotechnologies (freeze concentration, reverse osmosis, vacuum 
slot heating and drying, and electrolytics) that represent niche 
oppormnities for benefiaal electrification. These elec~~technologies 
also allow customers to maintain and even enhance their com- 
petitiveness by lowering operating and maintenance costs, 
increasing productivity, allowing for increased operating flex- 
ibility, and by helping them to position their facilities for long- 
term environmental compliance. 

Within this program, the customer is provided a complete 
menu of technologies to select from when determining the most 
appropriate solution to meet their needs. This program concept 
has applicability to a large pan of the industrial sector, but will 
focus initially on key industrial segments with extensive process- 
specific eledication requirements. A pilot program is recom- 
mended to gain experience and to conduct market research in 
order to refhe estimates of market potentd and costeffectiveness. 

Target Markets 
Target markets with corresponding niche opportunities for 
electrotechnologies include: Food and Kindred Products (SIC 
20), Freeze Concentration and Reverse Osmosis Texules (SIC 22), 
Vacuum Slot Heating and Drying Chemicals (SIC 28), Primary 
Metals (SIC 33), and Fabricated Metals (SIC 34) for electrolytics. 

problems. The Process-Specific Electrification program should 
be marketed to enhance customer competitiveness. The intro- 
duction of niche technologies that allow incremental gains in over- 
all productivity assumes an extensive screening for opponunities. 
Understanding the customer's need for favorable paybacks on 
capital outlays, TVA will consider offering a customized rate and 
customer financing. 

The program would be delivered jointly by W A  and par- 
ticipating power distributors. TVA will supply industrial spe- 
& to assist distributor served industrial customers. The success 
of the program will depend upon TVA's ability to identify and 
target the most appropriate markets for this program and will 
require open, two-way communication with distributors and 
trade allies. 

Promotional Strategies 
The program will be marketed via a program brochure and per- 
sonalized one-on-one marketing visits with potential program 
participants. Where possible, TVA will establish customer show- 
cases that allow other customers the opportunity to witness suc- 
cessful electrotechnology applications in operation. Technical 
seminars and training will be provided to promote the virtues 
of electrotechnologies for heating and melting applications. 
Presentations should be made at industry trade organizations and 
to trade allies to promote program awareness. 

Implementation Strategy 
TVA does not plan to use any prescriptive or customized 
rebates for the program. Each electrotechnology will be promoted 
based on its potend to offer practical solutions to each customer's 

ENERGY VISION 2020 l7.79 



T E C H N I C A L  DOCUMENT 7:  C U S T O M E R  S E R V I C E  O P T I O N S  

Industrial E/ectrotechnologies/Food Processing 

Program Assumptions 

Package Measure Lie (Years) 18 
Free-Rider Rate 0% 
FreeDriver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 50% 
Annual Enem Impact [kwh) (1 2,044,480) 

Annual Cumulative 
Eligible New Total ' Participation 

Year Population Participants Participants Rate 
1 35 - - 0% 
2 35 1 1 1 Yo 
3 88 1 2 1 YO 
4 175 3 5 2% 
5 1 73 3 8 2% 
6 171 3 11 2% 
7 170 3 14 2% 
8 1 68 3 17 2% 
9 1 66 3 20 2% 
10 165 3 23 2% 
11 163 3 26 2% 
12 161 3 29 2% 

Per 
Participant - Per 
Vanrble Participant Per 

Mministntive M e m m  Participant 
CPZ$ ml lncantive 

Fixed SO $4,730,000 SO 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cast Incentive 
1 $102,500 $0 $0 $0 

QUAUTY GAIN ESTIMATES FOR OSMANAGER VALUE TEST 

One-Time Annual 
New Cumulative BenelV BenetiV a u a l i  

BE-3A Participants Penetration Participant Participant Gain 

1995 0 0 $2,400,000 $8,410,000 $0 
1 996 1 1 $2,496,000 $8,746,400 $1 1,242,400 
1997 1 2 $2,595,840 $9,096,256 $20,788,352 
1998 3 5 $2,699,674 $9,460,106 $55,399,552 
1999 3 8 162,807,661 $9,838,510 $87,131,063 
2000 - 3 11 $2,919,967 $1 0,232,051 $121,312,462 

One-Time Environmental Savings $2,400,000 
Annual Productid& DAM, Fuel Savings $8.410,000 
Escalation Rate 4% 
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Industrial Electrotechnologies/Textiles 

Program Assumptions 

Package Measure Lie 2 0  
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-FmRider Market Barrier Costs Eliminated 25% 
Annual Energy Impact (kwh) (280.000) 

Annual Cumulative 
Elipible New Total Participation 

Year Population Participants Participants Rate 

Per 
Participant Per 
Variable Participant Per 

Adminislratiw Measure Participant 
U!& hsl lnccnlive 

Fixed $0 $76,000 $0 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $102,500- $0 $0 $0 - -  -- 

- -- -- 

QUALITY GAIN ESTIMATES FOR DSMANAGER VALUE TEST 

One-Time Annual 
New Cumulative Benefit/ Benefit/ Quality 

BE-3B Participants Penetration Participant Participant Gain 

One-Time Environmental Savings $38,000 
Annual Producti14& O&M, Fuel Savings $607, OW 
Escalation Rate 4% 
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industrial Electr - +echnologies/ChemicaIs and Metals 

Program Assumptions 

Package Measure Lie 20 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Fm-Rider Market Barrier Costs Eliminated 25% 
Annual Energy Impact (kwh) (705,536) 

Annual ~umulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 

Per 
Pafticipant Per 
Variable Participant Per 

Adminislrative Measure Participant 
m I;Pzt lncantive 

Fixed $0 $328.000 $0 
Administrative Total Variable Total Part. ' Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $102,500- $0 $0 $0 

I QUALITY GAIN ESTIMATES FOR DSMANAGER VALUE TEST 1 
I One-Time Annual I 

New Cumulative Benefit/ Benefit/ Quality 
BE3C Participants Penetration Participant Participant Gain 

One-Time Environmental Savings $328,299 
Annual Productivir/, O&M, Fuel Savings $2.01 1,000 
Escalation Rate 4% 
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ENVIRONMENTAL TECHNOLOGIES 
Overview 
The Environmental Technology Solutions program will promote 
select environmental complrance technologies (uluafiltration, nand-  
tration, ozonation, and reverse osmosis) to assist industrial 
and commercial customers to address air and water regulation 
and by helping them to position their facilities for long-term envi- 
ronmental compliance. These elemtechnologies also allow as 
tomers to maintain and even enhance their competitiveness by 
reducing operaung and maintenance costs and by enhancing p d  
u a  quality. 

Within this program, the customer is provided a complete 
menu of technologies from which to chose in determining the 
most appropriate solution to meet its needs. This option con- 
cept is applicable to a large part of the industrial sector! but will 
focus initially on key industrial segments with extensive envi- 
ronmental problems. A pilot program is recommended to gain 
experience and to conduct market research in order to refine 
estimates of market potential and cost effectiveness. 

Target Markets 
Target markets for the initial pilot will include: Municipal 
Waste Water Treatment Facilities (SIC 49); Select Commercial 
Institutions, Food and Kindred produck (SIC 20); Textiles (SIC 
22); Chemicals (SIC 28); Pnrnary Metals (SIC 33); Fabricated Metals 
(SIC 34); and Electronic Equipment (SIC 36). 

Implementation Strategy 
TVA does not plan to use any prescriptive or customized 
rebates for the program. Each environmental electrotechnolo- 
gy will be promoted on its own merits, in terms of improving 
product quality and addressing long-term environmental com- 
pliance. Each technology should offer a practical long-term solu- 
tion to an individual customer's problems. 

It is suggested that TVA consider financing options to 
assist in the purchase of these technologies. TVA should also con- 
sider tailored collaboration projects with EPRI to secure lever- 
aging of federal funds for process improvement projects. 

The program would be delivered jointly by TVA and par- 
ticipating power distributors. TVA would supply industrial spe- 
ash to assist dstnbutor served industrial customers. The success 
of the program will depend upon TVA's ability to identify and 
target the most appropriate markets for this program. This 
effort will require open, two-way communication with distrib- 
utors and trade allies. 

Program Assumptions 

Package Measure Life (Years) 14 
Free-Rider Rate 0% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 50% 
Annual Energy Impact (kwh) (1,537,918) 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 ~ A A  - - no/. 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
CQSk rn lnccntive 

Fixed $0 $l,560,000 $0 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $295,000 $0 $0 $0 
2 $295.000 $0 $l,S60,000 $0 
3 $295.000 -- $0 $9,360,000 $0 
4 $295,000 $0 $20,280,000 $0 
5 $342.500 $0 $20,280,000 $0 
6 $342.500 $0 $20,280,000 $0 
7 $342,500 $0 $20,280,000 $0 . 
8 $342.500 -- $0 $24,960,000 $0 
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Promotional Strategies 
The program will be promoted via brochures outlining state-spe- regulations. Technical seminars and training will be provided to 
cific regulations/compliance issues, as well as technology solu- promote elemtechnology solutions to environmental problems. 
tions. TVA will take into consideration each state's specific 

QUALITY GAIN WTlWIPS FOR DSMANAGER VALUE TEST 

one-nme Annual 
New Cumulative Benefit/ Benefit/ Quality 

BE4 Participants Penetration Participant Participant Gain 

1 995 0 0 S3,lOO.OOO $1.904,000 S(i 
1 996 1 1 $3,224000 51,980,160 $5.204.1 60 
1 997 6 7 $3,352,960 $2,059,366 $34,533,322 

One-Time Envimnmental S a w s  $3,1 00.000' 
Annual Productivi&'O&M, Fuel Savings $ 1 , 9 0 4 ; ~  
Escalation Rate 4% 
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COMMERCIAL SPACE CONDITIONING 
AND WATER HEATING 
Overview 
Beneficial water heating and space conditioning elecuotechndogies 
will be promoted to new and existing commercial customers. 
The Commercial Space Conditioning and Water Heating option 
would promote technologies which overlap with measures 
being offered in the commercial energy efficiency options 
(heat pump water heaters EkBtuh, SOkBtuh, &100kBtuhl, air- 
s o m e  heat pumps, and dual-fuel heat pumps). In addition, the 
program will promote new water chillers designed to comply 
with ozone depletion regulations. 

The Commercial Space Conditioning and Water Heating 
option will be designed to avoid overt load building. For 
example, it would be promoted through trade allies? thereby 
targeting customers already considering an equipment purchase, 
rather than actively encouraging customers to switch fuels to 
electricity. In addition, this option will only promote high-effi- 
ciency equipment using the same efficiency standards as the 
commercial energy efficiency options. 

Target Market 
The program will target customers replacing failed non-elec- 
uic water h&ters, space conditioning equipment, andlor adding 
air conditioning. Some technologies will be targeted to specif- 
ic business types. For example, chillers will be targeted to 
large office buildings, schools/colleges, hospitals, and govern- 
ment facilities. Heat pumps will be targeted to small office build- 
ings, restaurants, and retail establishments. 

Implementation Strategy 
The program will be offered in participating distributor service 
areas. It will be delivered through architects and engineers, and 
HVAC/plumbing contractors. TVA should provide trade allies 
with techca l  materials that inform potential purchasers of the 
benefit of replacing non-electric equipment with high-effi- 
ciency electric alternatives. To encourage contractors to edu- 
cate customers, TVA will provide incentive payments to dealers. 
Heat pump incentives would match those of the energy effiaency 
options. For chillers, TVA would also provide analysisldesign 
incentives that would reimburse owners for the cost of eco- 
nomic/feasibility studies. 

TVA will maintain a flexible posture concerning the level 
of aggressiveness with which it promotes the program. Changes 
in market or resource conditions may warrant revising some ele- 
ments of the program or terminating it completely. 

Program Assumptions 

Packa~e Measure Life (Years) 15 
Free-Rider Rate 10% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 50% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) (8.329) 

Annual Cumulatiw 
Elinlble New Total Participation 

Year Population Participants Participanls Rate 
1 25,252 2.525 2,525 10% 
2 25.252 2,525 5,050 10%- -- 
3 25.252 2,525 7,575 10% 

Per 
Participant Par 
Variable . Participant Per 

Administrative M e a w n  Participant 
Wiki I;pst lncantive 

Fixed $1.525 $7.920 $70 
Administrative Total Variable Total Part. Total Part. 

Year Cost Mmln. Cost Measure Cost Incentive 
1 $624,000 $3,850,625 $19,998,000 $1 76,750 
2 $624,000 53,850,625 $19,996,000 $176,750 
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Promotional Strategies 
Promotional efforts will emphasize personal c ~ ~ a c t  between TVA inars and tr, .g would b -- wided to educate trade allies and 
and key equipment installddecision-makers. The progrrun should explain prcjg;dm operat. :etail. In addition, the program 
also be promoted through presentations and seminars to pro- should feature cooperative J - . ertising and point-of-purchase infor- 
fessicmal organitations such as the American Society of Heating, mation and displays. 
Refrigerating, and Air-Conditioning Engineers, Inc. Technical sem- 

PUAUrY GUN ESTIMATES FOR DSMANAGEA VMUE TEST 

One-Time Annual 
New Cumulative k n e  Rtl Benefit/ Quality 

BE4 Participants Penetration Pa~ticipat Participant Gain 

1 995 2,525 2.525 $0 $3,000 $7,57= 
1 996 2.525 5.050 $0 $3.120 $1 5,756,000 

One-Time Environmental Savings 50 
Annual Productiiviiy, OOM, Fuel Savings $3,000 
Escalation Rate 4% 
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COMMERCIAL COOKING AND SECURITY LIGHTING Program Assumptions 
Overview 
Beneficial electrotechnologies addressing security lighting will 
be promoted among customers where appropriate. In this pro- 
gram the following technologies would be promoted: 

High pressure sodium (HPS) security lighting 
Coolung--convection oven 
Cooking-high-efficiency fryer 

Target Markets 
These technologies will be promoted among a narrow range of 
customers. Security lighting will be promoted among retail 
customers and restaurants, where the technology can provide 
high value to customers by improving safety in walkways and 
parlung lots. Cooking would be promoted among restaumts and 
hotels. Convection ovens provide value and efficiency by dis- 
tributing heat more evenly in less time. High~fficiency fryers with 
their better insulation reduce heat loss through the bottom of 
the fry pot. 

Delivery Strategy 
Security lighting and cooking will be delivered differently. 
TVA, in conjunction with power distributors, will purchase 
HPS lamps. Power distributors would install them in targeted geo  
graphical areas and recover costs through a leasing arrangement. 

Cooking technologies would be delivered through retad ven- 
dors such as restaurant supply outlets. TVA will develop a list 
of qual~fying equipment rnanufaaurers and recruit vendors to 
participate in the program. Vendors will procure approved 
equipment through their own dstribution channels. To encour- 
age customers to purchase electric equipment, TVA will offer 
customer financing. Vendors will be expected to perform the fol- 
lowing functions: 

Promote equipment via promotional material developed by 
TVA 
Maintain record of equipment sales (both electric and gas) to 
track participation and penetration 

Package Measure Lie (Years) 15 
Free-Rider Rate 0% 
FreeDriver Rate 10% 
Dropouts 0% 
Take-Back Percentage 0% 

-- 

Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 25% 
Annual Energy Impact (kwh) (9,470) 

Annual Curnulath 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 109,238 550 550 1% 
2 109.228 550 1,100 1% 
3 109,218 550 1,650 2% 

Per . 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
m!s m lncantive 

Fixed $13 $2,292 $0 
Administrative Total Variable Total Part. Total Part. 

Year Cost Mmin. Cost Measure Cost Incentive 
1 $410,000 $7.150 $1,260,600 $0 
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Promotional Strategies 
For security lighting, TVA and power distributors will empha- 
size direct mail, telemarketing, and face-to-face contact in tar- 
gered areas. In addition, TVA will make presentations and provide 
displays to regional retail chains and to local chambers of com- 
merce, security organizations, etc. Promotional materials 
would illustrate how lighting can improve customer security. 
Materials will also discuss the low operating cosrs of HPS lamps. 

Cooking equipment will be marketed through direct con- 
tact with restaurants and hotels. In addition, cooking supply 
outlets will be provided with information and encouraged to 
promote electric technologies among their customers. Sample 
equipment used to demonstrate the quality of electric cooked 
food should be made available to large vendors and at trade 
shows. TVA will develop point-of-purchase information and dis- 
plays for participating vendors. 

QUAUTY WN ESTIMATES FOR DSMANAGER VALUE TEST 

One-lime Annual 
New Cpmlative Benefit/ Benefit/ Quality 

BE-6 Patticipants Penetration Parlidpant Participant Gain 

1995 550 550 $0 $3,000 $1,650,000 
1996 550 1,100 $0 $3,120 $3,432.000 
1997 550 1,650 $0 $3,245 8,354,250 
1998 550 2,200 $0 $3,375 $7,425.000 
1 999 1,100 3,300 $0 $3,510 $1 1,583.000 
2000 1,100 4.4M $0 $3,650 $16,060,000 
2001 1,100 5.500 $0 $3,796 $20,878,000 
2002 1,100 6.600 $0 $3.948 $26,056,800 
2003 1.100 7,700 $0 $4,106 $31,616,200 
2004 1,100 8.800 $0 $4,270 $37,576,000 
2005 1,100 9,900 $0 $4.441 $43,965,900 
2006 1,100 11,000 $0 $4,618 $50,798,000 

One-Time Enwronmental Savings $0 
Annual Productivity, OOBM, Fuel Savings ~ , O O O  
Escalation Rate 4% 



T E C H N I C A L  DOCUMENT 7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

RESIDENTIAL W A C  AND WATER HEATING 
Overview 
This option promotes beneficial water heating and space con- 
ditioning electrotechnologies to new and existing residenual cus- 
tomers. The Residential HVAC and Water Heating option 
promotes the following energy-efficient technologies: heat 
pump water heaters; air-source heat pumps with heat recovery; 
ground-source heat pumps with heat recovery; and dual-fuel heat 
pumps with heat recovery 

Program features would be similar to the residential ener- 
gy efficiency option. However, participation and impact levels 
would be tracked separately. Installations through this option 
would represent added load. Impacts among participants with- 
out air condtioning may represent the full requirements of a SEER 
12 air-source heat pump. Impacts for participants that previously 
had air conditioning but no electric heat would represent the 
winter heat pump load requirements. In contrast, the energy effi- 
ciency option impacts would represent the energy and demand 
savings achieved by installing the high-efficiency measure 
rather than the standard efficiency replacement. 

The 'Residential HVAC and Water Heating option is 
designed to avoid overt load building. For example, it would 
be promoted through trade all~es to customers already considering 
an equipment purchase, rather than actively encouraging cus- 
tomers to switch from another fuel to electricity. The program 
will use the same efficiency standards as the related energy effi- 
ciency option, and both options will offer sirmlar services and 
incentives. 

Target Markets 
The program would target customers replacing failed nonelec- 
tric water heaters, space conditioning equipment, and/or adding 
air conditioning. 

Delivery Strategy 
The program would be delivered through HVAC/plumbing 
contractors. TVA should provide trade allies with technicavedu- 
cational materials that inform potential purchasers of the ben- 
efits of replacing nonelectric equipment with hgh-effiaency electric 
alternatives. To encourage contractors to educate customers, TVA 
would provide, incentive payments to dealers. Heat pump 
incentives will match those provided under the energy efficiency 
options. In addition, incentives will be provided to encourage 
dealers to promote heat pump water heaters. 

TVA will maintain a flexible posture concerning the level 
of aggressiveness with which it promotes this option. Changes 
in market or resource conditions may warrant revising some ele- 
ments of the program or terminating it completely. 

Program Assumptions 

Package Measure Lie (Years) 15 
Free-Rider Rate 10% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 56% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) (2.935) 

Annual Curnulrtivc! 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 84,376 8,440 8,440 10% 
2 84,376 8,440 16.880 10% 
3 84.376 8,440 25,320 10% 
4 84,376 8,440 33,760 10% 
5 84.376 8,440 42,200 10% 
6 84,376 8,440 50.640 10% 
7 84,376 8,440 59,080 10% 
8 84,376 8,440 67,520 10% 

Per . 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
QTdS GfSl lncenthre 

Fixed $25 $2,900 $230 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cost Measure Cost Incentive 
1 $624.000 $21 1.000 $24.476.000 $1,914,200 
2 $624,000 $21 1,000 $24,476.000 $1,914,200 
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Promotional ' ategies 
Trd . allies re,,. .:sent a key source of program promotion. 
The pmgram wiii feature cooperative advertising and point-of- 
purchase @lay materials. In addition, training will be provided 
to educate trade allies and explain program operating details. 

RUAUTY GAIN ESTlMATES FOR DSMUSAGER VNUE TEST 

Om-Time Annual 
New Curnulath Be~eRtl Benefit/ auality 

BE-7 Plrticlpantr Penantion PIrticipald Participmnl Gain 

1 995 8,440 8.440 $0 $1.000 $8,440.000 
1996 8,440 16,880 $0 $1.040 $17,555,200 
1 997 8.440 25,320 $0 $1.082 $27,376,240 
1998 8,440 33,760 $0 $1,125 $37,980,000 
1 999 8.440 42,200 $0 $1,170 $49,374,000 

One-Time Environmental Savings $0 
Annual Productrctrivity, O& M, Fuel Savings $l,ooO 
Escalation Rate 4% 
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RESIDENTIAL SECURITY LIGHTING 
AND LAWN MOWERS . 
Overview 
Beneficial electrification technologies addressing security lighting 
and lawn rrmintenance would be promo& among customen where 
appropriate. The following technologies would be promoted in 
this program: high pressure sodium (HPS) security lighting, 
cordiess elecuic lawn mowers, and elecuic cord lawn mowers. 

These technologies can provide high value to certain cus- 
tomers. Security lighting meets a growing concern for safety, and 
does it in a highly efficient manner. In the past, customers want- 
ing to receive the benefits of security lighting had to pay rela- 
tively high operating costs associated with mercury vapor 
lamps. 

Iawn mowing with traditional gasoline-powered engines 
has recently been identified by the U.S. Environmental Protection 
Agency as a major sowe of air pollution. While sigdicant impme- 
ments have been made in reducing automobile emissions, 
lawn mowers remain a totally uncontrolled source. 

Target Markets 
These technoiogies would be promoted among a relatively nar- 
row range of customers. Security lighting would be promoted 
in rural and high crime areas. Iawn mowers would be promoted 
among urban and suburban customers in the market to replace 
existing equipment. 

Delivery Strategy 
Program delivery would be handled differently for security 
lighting and lawn mowers. WA and/or power distributors 
would purchase HPS lamps. Power distributors would d them 
in geographcally targeted areas. Distributors would recover costs 
through a leasing arrangement with the customer. 

The lawn mowing component would be delivered through 
retail vendors such as Home Depot, Sears, hardware stores, etc. 
TVA would provide vendors with point-of-purchase educa- 
tional materials designed to persuade the customer to purchase 
the elecuic mower rather than a gasoline-powered mower. 
TVA should develop a list of qual~fymg equipment manufacturers 
and recruit vendors to participate in the program. Vendors will 
use the list to procure equipment through their own distribu- 
tion channels. 

Program Assumptions 

Package Measure Life (Years) 8 
Free-Rider Rate 0% 
Free-Driver Rate 10% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) (1 96) 

Annual C u m u l l h  
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 2,955,150 14,775 14,775 1 Yo 

2 2,955.140 14.775 29,550 1 % 

Per - 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
! a s  m laeantive 

Fixed $13 $220 $0 
Administrative Total Variable Total Part. Total Part. 

Year C& ~dmin.  C o d  Measure C o d  Incentive 
1 $41 0,000 $1 92,075 $3,250,500 $0 

2 $375,000 $192.075 $3,250,500 $0 
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Promotional Strategies 
Secunty lighangwill be promoted t .  direct mail, telemarketing, program would feature cooperative advertising and point-of-pur- 
and face-to-face contact. Promotional materials will illustrate how chase information developed by TVA. In addition, education- 
lights improve customer security. Vendors will be the key al rnatenais will be developed to discuss the environmental and 
source of promotion for lawn mowers. This component of the other benefits of electric lawn mowers. 

I QUAUTY GAIN ESTIMATES FOR D S M G E R  VALUE TEST 
- - 

One-Tlma Annual 
New Curnultthn knefW R~ality 

BE-8 Participants Penetration Participant Participant 
MIV 

Gain 

One-Time Environmental Savings 
Annual Productivily, OO M, Fuel Savings 
Escalation Rate 
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ELECTRIC TRANSPORTATION 
Overview 
The Electric Transportation option promotes select technologies 
(electric bus, electric fleet van, and electric cars) to assist all cus 
tomer segments in reducing emissions and improving the envi- 
ronment in the WA region. These technologies offer participating 
customers reduced operating and maintenance costs. 

There are several market barriers related to &us option that 
must be considered. This option represents a "cutting edge" 
strategy in promoting and accelerating the commercializa- 
tion of this technology. The electric vehicle technology has not 
advanced to a high confidence level; in fact, it currently has 
reached a plateau and a technology breakthrough is required 
to instill enthusiasm and confidence into the marketplace. 

Within the option, customers are offered a select menu of 
electrotechno1ogies from which to choose in determining the most 
appropriate solution to meet their needs. Electric buses and vans 
will target commerual, indusmal, and muniapal customers. Electric 
cars will target residential customers in select areas. A pilot p m  
gram is recommended to gain experience in administering 
such a program. In addition, a pilot offers minimal risks to TVA 
and allows the evaluation of speafic technologies and development 
of the optimal program delivery mechanisms. 

Target Markets 
Target markets pursued in the initial pilot indude select geographic 
areas and markets within the industrial, commercd, residential, 
and municipal sectors. 

Delivery Strategy 
TVA does not plan to offer rebates as part of the program. The 
program and its technology options will be marketed as an inn@ 
vative technology. TVA may consider financing or a technolo- 
gy-specific rate to stimulate consumer interest. 

Program delivery will be administered through TVA mar- 
keting representatives and specific in-house technical staff 
working with power distributors and various trade allies/pro- 
fessionals. WA should hire/develop an industry expert (trans- 
portation) for t e h c a l  support of the program. TVA should also 
consider teaming up with trade professionals (equipment sales 
engineers and representatives) to assist in customer education 
and awareness. Coordination with the listed trade profession- 
als from initial program design through program roll-out is essen- 
tial to program success. 

Electric Transportation/Electric Buses 

Program Assumptions 

Package Measure Life (Yean) 20 
Free-Rider Rate . 20% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 75% 
Annual Energy Impact (kwh) (32.500) 

Annual Cumulative 
Eligible New Total Participation 

Year Population Participants Participants Rate 
1 100 - - - 0% 
2 500 5 5 1 % 

3 995 20 25 3% 
4 975 29 54 6% 
5 946 29 83 9% 
6 91 7 27 110 12% 
7 890 27 137 15% 
8 - 863 26 1 63 19% 
9 837 25 188 22% 

10 81 2 24 21 2 26% 
11 788 24 236 30% 
12 764 23 259 34% 

Per 
Participant Per 
Variable Participant Per 

Administrative Measure Participant 
C Q a  m incentive 

Fixed $0 $200.000 $0 
Administrative Total Variable Total Part. Total Part. 

Year Coot Admin. Cosl Measure Cosl Incentive 
1 $88.333 $0 $0 $0 
2 $88.333 $0 $1,000,000 $0 
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Promotional Strategies 
The program wi :R promoted via program brochures and mar- of electric vehicles and corresponding customer benefits. 
keting materials to permit widespread awareness of the program Presentations will be made at various industry and general pub- 
and its electric technologies. Technical seminars and training will lic meetings to further promote this option. 
be provided to educate potential customers concerning the virtues 

- 

QUALrrY GUN ESTIMATES FOR OSUANAGER VALUE TEST 

Ow-Time Annual 
New CPrnrlrtiva LneW B e n W  Ouality 

B E 4  Participanls Penehation Participant Participant Gain 

1995 0 0 $0 mOO @ 
1996 5 5 So $6,240 $31,200 

One-Time Environmental Savings $0 
Annual Pmductiv& O&M, Fuel Savings 56,000 
Escalation Rate 4% 
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Electric Tmnspottation/Flet Vehicles 

Program Assumptions 

Package Measure Life (Years) 20 
Free-Rider Rate 20% 
Free-Driver Rate 0% 
Dropouts 0% 
Take-Back Percentage 0% 
Free-Rider Market Bamer Costs Eliminated 0% 
Non-Free-Rider Market Barrier Costs Eliminated 40% 
Annual Energy Impact (kwh) (7,800) 

Annual ~ u m u l a t i i  
Eligible New Total Participation 

Year Population Participants Participants Rate 

Per 
Participant Per 
Variable Participant Per 

Administrative Measwe Participant 
m m lneentive 

Fixed SO $18,000 $0 
Administrative Total Variable Total Part. Total Part. 

Year Cod Mmin. Cosl Measure Coot Incentive 
1 $88.333 $0 $0 $0 

QUALITY GAIN ESTIMATES FOR DSMANAGER VALUE TEST 

One-Time Annual 
New Cumulative Benefit1 Benefi Quality 

BE-90 Participants Penetration Participant Participant Gain 

1995 0 0 $0 $200 $0 

One-Time Environmental Savings $0 
Annual Productivi& O&M, Fuel Savings $200 
Escalation Rate 1% 
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Electric Tnnsportation/Eectric Autos 

Program Assumptions 

Package Measure Lie (Years) 10 
Free-Rider Rate 30% 
Free-Driver Rate - 0% 
Dropouts 0% 

- 

Take-Back Percentage 0% 
Free-Rider Market Barrier Costs Eliminated 0% 
Non-Free-Rider Market Banier Costs Eliminated 75% 
Annual Energy Impact (IcWh) (3,000) 

finual Cun~ulaliie 
Eligible nm T ~ I  Part~c~pat~on 

Year Population hfticipants Participants Rate 

Per 
Participant Per 
Variable Participaal Per 

Administrative Measure Participant 
&a§ m lnGentive 

Fixed $0 t25,WIO $0 
Administrative Total Variable Total Part. Total Part. 

Year Cost Admin. Cosi Measure Cost Incentive 

1 $88,333 $0 $0 $0 
2 $88.333 $0 $250,000 $0 

I PUALtiY GAIN ESTIMATES FOR DSMANAGER VALUE TEST I 
One-Time Annual 

New Cumulative Benefit/ Benefit1 Quality 
BE-9C Parlicipants Penetration Participant Participant Gain 

1995 0 0 $0 $700 $0 
1 996 10 10 $0 $728 $7,280 
1997 50 60 $0 $757 $45,427 

One- Time Environmental Savings $0 
Annual Productivity, O&M, Fuel Savings $700 
Escalation Rate 4% 
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DESCRIPTION OF TECHNOLOGY DATABASE 
TVA developed a technology database that indudes information 
on energy efficiency, load management, beneficial electrifica- 
tion, and seWgeneration and renewable technologies. The data 
used to develop the technology database induded information 
from several primary and secondary data sources. Hourly sim- 
ulahm for all building types provided data for the weather-depen- 
dent technologies. 

Development of the database began wah a kt of technologies 
that was reviewed for diversity and completeness by two lead- 
ing DSM consultants. TVA worked with Synergic Resources 
Corporation (SRC) to develop the energy efficiency portions of 
the database for the residential, commercial, and industrial 
sectors. Barakat & Chamberlin, Inc. (BCI) provided information 
for renewable and beneficial elecnification technologes For some 
technologies, estimates of corn and impacts were obtained from 
more than one source. Technology mformation on small 
cogeneration systems was provided by Schiller Associates and 
UNIMAR Group, Ltd. 

Technology costs and energy and demand impacts were 
included for both existing structures and new construction to 
provide estimates for retrofit and new construction options. 
Technologies were matched with appropriate base technolo- 
gies for each market. Base technology energy use and shares 
were taken from detailed forecast information contained in TVA's 
files for REEPS (EPRI's Residential End-Use Energy Planning 
System software) and COMMEND (EPRI's Commercial End-Use 
Planrung System sofcware). Historical resided UECs (Unit Energy 
Consumption, kWh/yr) are based on conditional demand 
models using TVA survey and billing data. Some a p p h c e  data 
are based on manufacturers and EPRI estimates, along with other 
sowes. The use of REEPS and COMMEND energy use and shares 
helped to ensure that technology estimates were consistent with 
load forecast assumptions. Forecast market shares were based 
on residential, commercial, and industrial surveys performed 
by TVA. 

Additions and corrections to the database were made 
based on comments from TVA staff and reviews by the following 
organizations: 

National Renewable Energy Laboratory (NREL), Golden, 
Colorado 

TEUUS Institute, Boston, Massachusetts 
E Source, boulder, Colorado 
?VA Energy Viion 2020 Review Gmp members axid their con- 
sultants: 

-Resource Insight, Inc., Middlebury, Vermont 
-Xenergy, Allendale, New Jersey 
-Vermont Energy Investment Corporation, Burlington, 

Vermont 

RESIDENTIAL 
Primary data sources included existing saturation surveys, 
energy audits, end-use load forecasts, and institutional data. Hourly 
building simulations of prototypical buildings were devel- 
oped using DOE-2 and TMY (Typical Meteorological Year).weath- 
er for Nashville, Tennessee, to estimate energy and demand 
impacts of HVAC technologies and building shell improvements. 
DOE-2 is public domain software developed with funding from 
the U.S. Department of Energy and used internationally to cal- 
culate the hourly energy use of buildings and their life cycle 
costs of operation, given information on building location, con- 
struction, operation, and heating and air conditioning systems. 

Secondary data sources included Competitek, EPRI 
repom, energy journals, case studies, other utility filings, ESOURCE 
reports, manufacturers' literature, and previous work done by 
SRC and BCI. Esomc~, formerly known as Competitek, is a pre  
prietary information service and a subsidiary of Rocky 
Mountain Institute. 

As much as possible, the energy impacts have been adjust- 
ed to be consistent with TVA's residential end-use forecast. 

The residential technologies include electric conservation, 
load shifting, peak clipping, and beneficial electrification (load 
building) measures. A summary listing of the DSM technolo- 
gies is shown in Figure T7-5. 

The technologies were grouped by end use. The primary 
end-use catagories considered for the residential sector were: 
Space Conditioning, Water Heating, Appliance, and Lighting. For 
each end use, the technologies were mapped to an appropri- 
ate base technology and building type. In the residential mar- 
ket, three building types were included: single-family, multi-family, 
and manufactured homes. Following are descriptions of the tech- 
nologies considered for each end use. 
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End-Use Demand-Side Measure 
Space Conditioning High-Efficiency Room Air Conditioner 
Cooling High-Efficiency Central Air Conditioner (CAC) 

Two-Speed Central Air Conditioner 
Whole-House Fan 
Ceiling Fans 

S e ~ c i n g  Central Air Conditioner 

Central Air Conditioner Cycling 
or Direct Load Control 

Space Conditioning High-E3ciency Heat Pump 
CooVHeat Standard Heat Pump 

Two-Speed Heat Pump 
Ground-Source Heat Pump 
Dual-Fuel Heat Pump 

Standard Add-On Heat Pump 
High-Effciency Add-On Heat Pump 

Electric Heat Direct Load Control 
Insider Heat Pump 
Servicing Heat Pump 

Space Conditioning Ducts in Condiioned Spaces 

Ducting & Contmla Reduced Duct Leakage 
Reduced Duct Heat Transfer 

Programmable Thermostat 

Space Condiioning Wall lnsulation 
Building Shell Weather StrippingICaulking 

Window FilmJReflective Glass 

LOW-E Glass 
Window Shade Screens 
Reflective Roof Coating 
Attic Radiant Barrier 

Landscape Shading 

Ceiling Insulation 

Water Heating High-Efficiency Electric Resistance 
Integral Heat Pump Water Heater 

Add-On Heat Pump Water Heater 
Maintenance of Heat Pump Water Heater 

Solar Water Heater 

End-Use Demand-Side Measure 
Heat Recovery Water Heater (Desuperheater) 
Instantaneous (Tankless) Electric Water Heater 
Water Heater Tank Wrap 

Water Heater Heat Trap 
Hot Water Pipe lnsulation 

Low Flow Showerhead 
Direct Load Control of Electric Resistance 

Bottom Boards 
Standard Efficiency Gas Water Heater 
High-Efficiency Gas Water Heater 

Appliances Best Current Frost-Free Refrigerator 
Remove Second Refrigerator 
Best Current Frost-Free Freezer 

Remove Second Freezer 
Servicing Refrigerator or Freezer (Clean Coils) 

Microwave Clothes Dryer 
Electric Dryer with Moisture Sensor 

Heat Pump Clothes Dryer 
Horizontal-Axis Clothes Dryer 
High-Efficiency Dishwasher 

Induction Cooktop 
Electric Cordless Lawn Mower 

Electric Cord Lawn Mower 
Smart House (Home Automation 
8 Real-Time Pricing) 
High-Efficiency Pool Pumps or Spa Pumps 
Downsized Pool Pumps with Oversized Piping 
Direct Load Control of Pool Pumps 

Pool'Pump Timer 

Lighting Compact Fluorescent 
Efficient Incandescent 

Security Lighting 
High Pressure Sodium (Outdoor) 

Halogen Lamp (Outdoor) 
Halogen Lamp (Indoor) 
Motion Detectors for Outdoor Lightlng 
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Residential Space Conditioning 
Six prototypical buildings were simulated in DOE-2 with 
Nashville TMY weather data to develop some of the energy impacts 

for space conditioning technologies. Energy impacts from sim- 
ulations of a building with and without a particular technolo- 
gy were combined with REEPS UECs to develop average kwh 
and kW demand impacts. 

In the short descriptions of space conditioning technolo- 
gies that follow, some abbreviations are used for ratings of equip 
ment. The common rating terms are: 

COP-Coefficient of Performance 
HSPF-Heating Season Performance Factor 
SEER-Seasonal Energy Efficiency Ratio 
R-Value--Insulation Value 

Cooling 
High-EBciemy Room Air Conditiwer-A highefficiency unit 

with an Energy Efficiency Ratio (EER) of 11.0 replaces a stan- 
dard unit with an EER of 8.8. 

High-Efficiency Central Air Conditioner-A high-efficiency 
unit with a SEER of 13.0 and a Coefficient of Per fomce (COP) 
of 3.437 replaces a standard unit with a SEER of 10.0 and a 
COP of 2.570. 

lbo-Speed Central Air Conditioner-A rwo-speed unit with 
a SEER of 14.8 and a COP of 3.074 replaces a standard unit 
with a SEER of 10.0 and a COP of 2.570. The -speed unit 
has better performance than the high-efficiency unit at part 
load, but has a lower performance at design conditions. 

Whole-House Fan-A whole-house fan is installed in new and 
existing single-family dwellings to reduce cooling energy use. 
The fan will be sized to provide 20 air changes per hour and 
will operate when the outdoor air temperature is above 72" 
F and below 83" F, and when relative humidity is 60 percent 
or less. When the fan is running, the air conditioning system 
is turned off. 

Ceiling Fans-Ceiling fans will allow cooling thermostat set- 
tings to be increased by 2" F in single-family and multi-fam- 
ily dwellings. A ceiling fan will be insalled for each 250 square 
feet of floor area. 

!5ervicing Central Air Conditioner-Annual air conditioner 
maintenance reduces cooling energy use by 10 percent. 

Central Air Conditioner Cycling o r  Direst Load Control - 
This measure involves the use of remote transmitters to 
control residential space cooling systems to reduce peak load 
by load shedding (turning units off at the time of the utility 
peak) or cycling (periodically turning units off). 

CoolMeat 
High-Effiaenq Heat Pump--A high-efficiency air-source 

heat pump with SEER 13.0 and HSPF 8.1 replaces a standard 
efficiency heat pump with SEER 10.0 and HSPF 6.8 in new 
and existing construction. The standard unit has a cooling COP 
of 2.570 and a heating COP of 2.978. The high-efficiency unit 
has a cooling COP of 3.437 and a heating COP of 3.540. 

Standard Heat Pump-The standard air-some heat pump has 
a SEER of 10.0 and a HSPF of 6.8 in new and existing con- 
struction. The standard unit has a cooling COP of 2.570 and 
a heating COP of 2.978. 

T9Po-Speed Heat Pump-A heat pump with a two-speed 
 compressor^ a SEER of 14.8 and a HSPF of 8.45 replaces a stan- 
dard heat pump. The heat pump has a cooling COP of 
3.074 and a heating COP of 3.430. The primary advantage of 
the two-speed heat pump is bener performance at part load. 
Pan load is between no load and full load. At design condi- 
tions (full load), this heat pump is somewhat less efficient than 
a high-efficiency unit. 

Ground-Source Heat Pump-A ground-source heat pump 
exchanges heat with water in thermal contact with the 
ground. Ground-source heat pumps can be closed-loop, 
where water is continuously circulated (while the heat 
pump is running) between the heat pump and pipes buried 
in the ground or they can be open-loop, where water is extract- 
ed from a well or lake and dumped after use. A ground-source 
heat pump replaces a standard efiiciency heat pump. For this 
analysis, only closed-loop systems were considered. 

Dual-Fuel Heat Pump-A dual-fuel heat pump is an air- 
source heat pump with a fossil fuel burner system for back- 
up heating rather than resistance coils. Estimates were 
included for a SEER 12 unit. 

Standard Add-on Heat Pump-This measure is promoted to 
households that currently have central air conditioning and 
gas heat and are approaching the time of replacement of their 
central air conditioners. In addition to providing cooling, an 
add-on heat pump would provide heating during the mod- 
erate heating season and gas heat would be used as a back- 
up. The cooling efficiency of the Central Air Conditioner (CAC) 
and heat pump is SEER 10.0. The gas heating efficiency is 78 
percent Annual Fuel Utilization Efficiency (AFUE), and the heat 
pump heating efficiency is HSPF 6.8. 

High-Efficiency Add-on Heat Pump-This measure is sim- 
ilar to the standard add-on heat pump, except a high-effi- 
ciency heat pump is promoted, having a SEER 13 and HSPF 
8.1. This measure provides heating electrification and cool- 
ing conservation. 

Electtic Heat Direct Load ControLThls measure involves the 
use of remote transmitters to control residential space heat- 
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ing systems to reduce peak load by load shedding (turning 
units off at the time of the utility peak) or cycling (periodi- 
cally turning units off). This measure was only considered for 
utilities that already have load conuol programs, meaning the 
cost of the central transmitter is not included in the estimates. 

Insider Heat Pump-Estimates for this particular heat pump 
were included for manufactured housing. 

Servicing Heat Pump--Annual heat pump maintenance 
reduces cooling energy use by 10 percent and heating ezer- 
gy use by 9.2 percent. 

D U C ~ ~ ~ Q  and Controls 
Ducts in Conditioned Spaces-It is common in single-fami- 

ly detached dwellings to have space conditioning ductwork 
located in unconditioned spaces (primarily the attic). For this 
measure, the ductwork in new single-family detached 
dwellings will be located in the conditioned space to elimi- 
nate losses associated with duct leakage and duct heat 
gain/loss. 

Reduced Duct -This measure involves the sealing of 
space conditioning ducts to eliminate the loss of condi- 
tioned air and/or the inrroduction of attic air into the duct sys- 
tem. An equivalent condtioning system efficiency change was 
used in DOE-2 to simulate a 70 percent reduction in duct air 
losses. One-third of this improvement was on the supply-side 
ducts and two-thirds were on the return side ducts. 

Reduced Duct Heat Transfer-This measure involves the 
addition of insulation to ducting in new single-family detached 
dwellings. For this measure, it is assumed that additional insu- 
lation would be added to increase the duct total insulation level 
to R-12 from R-6 required by the energy code. 

Programmable Thermostat-The programmable thermostat 
sets the thermostat up 5 O  F from 9:OO AM to 590 PM during week- 
days in the cooling season and sets the thermostat down 5" 
F from 11:OO PM to 6:00 AM for all days during the heating sea- 
son. The thermostat is assumed to have energy management 
recovery that allows for early recovery from a setup and involves 
the automatic calculation of when to begin raising (or low- 
ering) the space temperature to reach the programmed tem- 
perature at a preset time. 

Building Shell 
Wall Insulation-For this measure, wall insulation in existing 

frame dwellings is increased from R-0 to R-11. This measure 
only applies to dwellings with no wall insulation. 

Weatha Stripping/-ulking and weather stripping 
of existing dwellings reduces air infiltration by 10 percent on 
average. This measure only applies to existing dwellings. as 
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it is assumed that new construction is adequately sealed in 
accordance with the new k. msuuction building code. 

Window Film/Reflective Glass-In existing dwellings, a 
reflective window film is applied to the interior surface of sin- 
gle-pane windows. Double-pane reflective glass is substituted 
for clear double-pane glass in new construction. This mea- 
sure is applied to windows facing east and west because the 
solar gain is highest from these directions. 

Low-Emissmity Glass-To represent this class of windows, 
double-pane glass with an argon gas fill and a low-emis- 
sivity coating on the inner surface of the outer pane replaces 
single- and double-pane clear glass windows. This measure 
reduces heat transmission through the windows. 

Wmdow Shade Swens--For this measure, shade screens that 
block solar gam are installed on single- and double-pane clear 
windows in existing and new construction. This measure is 
applied to windows facing east and west because solar gain 
is highest from these directions. 

Reaective Roof Coating--This measure will involve the appli- 
cation of a reflective coating with an absorptivity of 0.30 to 
a standard roof with an absorptivity of 0.80 to reduce the cool- 
ing loads associated with roof solar gain. 

Attic Radiant Mer -Th i s  measure involves the installa- 
tion of a reflective surface on the bottom of roof joists in new 
single-family detached construction to reduce solar gain 
through the roof. The reflective surface will have an ernissivity 
of 0.08 on each side and result in an effective increase in the 
roof insulation of approximasely R-7. 

Iandscape Shading-This measure involves the planting of six 
trees, three each on the east and west sides of new and exist- 
ing single family dwellings, to provide external shading dur- 
ing the cooling season. 

Ceiling Insulation (new construction)--This measure 
involves adding more ceiling insulation (from R-30 to R-38) 
to new dwellings. 

Cdling Insulation (R-0 to  R - 1 9 j I n  existing dwellings with 
no ceiling insulation, R-19 would be added. 

Ceiling Insulation (R-11 to R-30)-In existing dwellings with 
R-11 ceiling insulation, R-19 would be added to achieve a total 
of R-30. 

Ceiling Insulation (R-19 to R - 3 0 j I n  existing dwellings with 
R-19 ceiling insulation, R-11 would be added to achieve a total 
of R-30. 

Ceiling Insulation (R-30 to R-38)--In existing dwellings with 
R-30 ceiling insula.lon, R-8 would be added to achieve a total 
of R-38. 
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Residential Water Heating 
There are four general types of electric water heating equip 
ment for the residential market: 

Elecuic resistance water heater 
Heat pump water heater 
Heat recovery water heater (desuperheater) 
Solar water heater 

Each type has unique operating and consumption charac- 
teristics. The UEC for ektric water heating is a anbbmkm (weight- 

ed average) of these four heating types for each building type. 
Individual UECs for each technology type were derived by dis- 
aggregating the weighted-average UEC (from REEPS) using 
the relative efficiencies and shares for each technology type. 
Efficiencies, saturations, and LECs for water heating are shown 
in Figures l7-6, T7-7, and 77-8. 

Brief desaiptions of the residential water heating technologies 
follow. 
High-liffkhcy Ekaric ResMame+Elecuic resistance water 

heaters with Efficiency Factors of 0.96 are compared to 
models that meet federal appli- . 
ance standards (EF10.90). 
Integral Heat Pump Water 

HeateF-Heat pump water heaters 
could be installed either to replace 
electric resistance water heaters or 

Heat Recovery Water Heaters gas water heaters. When an electric 
Solar Water Heaters resistance water heater is replaced, 

MISTING 
Manufactured 

SOURCE: FSEC, 1990. Florida Solar Energy Centec "Electrical Use, Efficiency, and Peak Demand of 
Electric Resisrance, Heat Pump, Desuperheatec and Solar Hot Water Systems. " 

NEW 
Manufactured 

the electricity used for water heat- 
ing is reduced by appmximately half 

Single-Family Multi-Family Home SinglcFamily Multi:Family Home 
All Electric Water Heaters 75.54 78.40 84.68 75.54 78.40 84.68 
Resistance Water Heaters 2 96.00 97.00 100.00 96.00 97.00 100.00 
Heat Pump Water Heaters 2.00 2.00 0.00 2.00 2.00 0.00 
Heat Recovery Water Heaters 2 1 .OO 0.00 - 0.00 1 .OO 0.00 0.00 
Solar Water Heaters 1 .OO 1 .OO 0.00 1 .OO 1.00 0.00 

1 E I ~ C  water heat wtuntbns tor e m n g  households m taken dtnctly from 1993 Rcridentul Sales Profile. Saturations for new households an assumed ta Be the m e  a existing. 

2 h a d  on sRC assurnpbons of me di ibubon of elactric water heating techndogics. 

MISTING NEW 

Manufactured Manufactured 
Single-Family Multi-Family Home Sinple-Family Multi-Family Home 

All Electric Water Heaters 4.178 3,304 3,200 3.807 3.01 1 2,916 
Resistance Water Heaters - STOCK 4.256 3,357 3,200 3,878 3,059 2,916 
Heat Pump Water Heaters 2.276 1.795 1.711 2.074 1,636 1.559 - 
Heat Recovery Water Heaters 3,176 2.505 2,388 2,894 2,283 2,176 
Solar Water Heaters 1.483 1,170 1.115 1,351 1.066 1,016 
Resistance Water Heaters- STANDARD 3,878 3,059 2,916 3,878 3,059 2.91 6 

1 Alleleetnc water heat UEC nlucs tor existing househo~s are direct& from 1993 Residential Saks Profile and exclude e n e r n  with major hot water usmg appliances. 
All e~&c water heat UECs for new househo/ds are uku~ated based on Me adlusment factor used for Stock m Standard. 

2 &lculand based on the shares and relative emciendes such that the weighfedavenge is consistent with the All Electric Water Heater UEC. 

3 &Iw/a#d based on the adjustment of STOCK wnsumplion to m u n t  fornaR,~l~ncredsa in eIfiacncydue to npbamen5.  Efficirncy of STOCK water heaten 
estrmsfed to be Ek0.82 (avenge etlinency in 1986) and of STANDARD Water heaten to be EkO.90 (based on 1990 federal SlandardsJ. 



TECHNICAL D O C U M E N T  7 :  C U S T O M E R  S E R V I C E  O P T I O N S  

(as well as providing reduced cooling loads in some cases). 
A heat pump water heater utilizes a vapor compressor refrig- 
erator cycle similar to that of an air conditioner to draw heat 
from the surrounding air to heat water. The heat pump 
water heater condenser rejects heat to the domestic water sup 
ply. An integral unit includes both the water tank and the heat 
pump water heater located on top of the tank. 

Addon Heat Pmnp Ukkr Hearer-& add-on heat pump water 
heater supplements the existing electric resistance hot water 
system at the supply to the water heater. 

Maintenance of Heat Pump Water Hater-Maintenance 
includes replacing fiters, cleaning coils, checking dhgerant 
charge, checking plumbing connections, and checking 
plumbing insulation to maintain efficiency of the heat pump 
water heater. 

Solar Water Heater-The solar water heating system actually 
assists mher than replaces an electric resistance water heater. 
When solar radiation is available, it is absorbed by collector 
panels and then transferred to the domestic hot water sup 
ply. Some systems heat water directly by circulating potable 
water through the solar loop. Others recifiulate the same absorp 
tion fluid through the collectors and m f e r  the heat via a heat 
exchanger to the potable water supply. 

Heat Recavay Water Heater-Estimates for the replacement 
of an elecaic resistance water heater with a heat recovery water 
heater show the majority of the savings occur during summer 
months. These units recover superheat from the compressor 
k h a r g e  gas of a central air conditioner or heat pump for 
the purpose of heating or preheating water. 

htmtarmus (Tanklese) Elect& Water Heater--Energy sav- 
ings result primarily from the elimination of tank losses. 
Demand inaeases may result in the winter because larger heat- 
ing elements are used and hot water is frequently used dur- 
ing winter peak times. 

Water Heater Tank B p - T h i s  measure includes the instal- 
lation of R-11 external insulation blanket onto electric resis- 
tance water heater tanks. 

Water Henter Heat Trap-This measure includes the installa- 
tion of external heat traps on both the inlets and outlets of 
electric water heaters. 

Hot Water Pipe lasulation--This measure includes the instal- 
lation of pipe insulation to all accessible domestic hot water 
piping (assumed to be 70 feet of pipe in new homes. but only 
20 feet in existing homes). 

law Fbm S-This measure replaces existing show- 
erheads 0-5 gallons per minute or gpm) with high quality low 
flow showerheads (2-2.5 gpm). Water savings, as well as ener- 
gy to heat the water, result for each shower of equivalent qual- 
ity. Estimates are per household. 
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D f f f c t b d C o n h r o l ~ f E l e c t r l c R e ~ ~ ~ H u t c a s -  
Utihtyconuolled radio switches installed on residenual elec- 
tric water heaters could shut off 100 percent of participating 
water heaters during utility system peak periods. 

Bottom Boards-This measure involves placing a 2-inch poly- 
styrene (R-10) board under an electric resistance water 
heater. Savings measurements of 53 to 75 kWh/year have been 
recorded.'Savings of 75 kWyear were assumed for single- 
families, savings and 60 kWyear savings were assumed for 
multi-family and manufactured housing. 

StaadardFffidervrvGas WataHeater-Thismeasureindudes 
replacing an existing electric water heater (assumed EF10.82 
with a standard efficiency gas water heater (EF10.54 for 40- 
gallon heater and 0.56 for 30-gallon heater). 

-Gas Wter Heater-This measure indudes replac- 
ing an existing electric water heater (assumed EF10.82) with 
a high-efficiency gas water heater (EFm0.65 for &gallon and 
EF4.63 for 30-gallon). 

Residential Appliances 
The 1993 UECs and saturations (or shares) from REPS were the 
basis for evaluating new appliances and are shown in Figure 
l7-9and T7-10. 

Brief descriptions of residential appliance technologies 
follow. 
Best Current Frost-Free Refir%aafor--Estimates were includ- 

ed for frost-free refrigerators with efficiencies at least 16 
percent better than those required by federal appliance effi- 
ciency standards. 

Remove Second Rednisgirtor-Customers with second, older, 
and less &dent, yet stiU openring refngeratm could be encour- 
aged to remove them. The utility would be responsible for pick- 
ing up and disposing of the refrigerators. 

Best <;llrrent Frost-Free Freatr-Estimates were included for 
host-free freezers with efficiencies at least 22 percent better 
than those required by federal appliance efficiency standards. 

Remove Second Freezer4ustomers with second, older, and 
less efficient, yet still operating freezers could be encouraged 
to remove them. The utility would be responsible for pick- 
ing up and disposing of the freezers. 

SaoicingResriger;uororFre~er(Rrimaryl~Coi)- 
This measure was included for direct-install type options (pro- = ~ o t h r  ~xyer-~uccessful prototypes that vapor- 
ize the water ~ r l  clothes rather than heating them may now 
have a solutio:: :o the metal button problem. P r e l i i r y  tests 
with a lower frequency magnenon have been successful. Energy, 
drying times, and drying temperatures are all reduced with 
this technology. 
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MISTING NEW 
Manufactured Manufactured 

Ap liance a Home 
Refrigerator - 1st - 989 1,088 990 1.088 989 990 ------ 
Refngerator - 2nd - 757 949-.-- 941 --- 949 757 - 941 
Refrigerator - Average - 980 1,066 9_88..--.-- 1.066 -- --- 980 988 
Freezer -- 989 800 81 5 989 81 5 - 8 0 0  -------- 
Clothes Dper 1.017 957 906 1,017 957 906 --- --------- 
Clothes Washer 1 95 134 113 195 134 113 ----- ----- 
Dishwasher 394 336 394 336 334- -- - -  -- 33-i.- 
Electric Cooking 994 746 994 845 8 4 5  -- -. - -  - -- -- 746- -A_-- 

Pool Pumps (from F E E .  3,117 3.117 3,117 - -- 3.117 - - -  .- 3.117 - -  3.117 - -- - 

From Tennessee Valley Authority 1993 Residential Sales Profile 
FEO = Florida Energy Office 

MISTING NEW 
Manufactured Manufactured 

Appliance Sinole-Family Multi-Family Home Single-Family Multi-Family Home 

- 100 100 100 100 100 Refrigerator - 1st - 100--- --- --- 
Refngerator - 2nd 19 4 4 19 4 4 -- - - - - - - - 

57 16 36 57 16 -er - -  - - - - - -- -- - -- -- - - -- - - -- 36 
Clothes Dryer 72 - 48 59 - 72 48 5 9 -  
Clothes Washer - 47 70 47 70 90 .- -90 ----- 
Dishwasher 53 51 29 53 51 29 - - -- 

85 87 89 85 E l e C t e " _ g  --8L---ss- .  - - - -- 
Pool Pumps N A N A N A N A N A N A - - -- 

From Tennessee Valley AuthoriW 1993 Residential Sales Profile 

Electric Drper with Moisture Sensor-Most dryers utilize a 
temperature sensor to control the operation of the dryer. A 
moisture sensor in the exhaust provides more precise con- 
trol for automatic shutoff of the dryer when the clothes are 
mostly dry. 

Heat Pump Clothes Dryer-The heat pump clothes dryer (not 
yet commercially available) uses a refrigerant cycle to remove 
moisture from exhaust air. This dehumidified exhaust air is 
then rewarmed and recirculated into the dryer. Because the 
exhaust is recirculated. a vent is not needed. However, a con- 
densate drain would be required. 

Horizontal-Axis Clothes Washer-Horizontal-axis clothes 
washers. available overseas. use less water, energy, and 
detergent per cycle compared to the vertical-axis clothes wash- 
er common in the United States. Only the energy savings (from 
the use of less hot water) were estimated. 

High-Efficiency Dishwasher-In 1994 U.S. energy efficiency 
standards for dishwashers improved the effiaency of 
being purchased in the United States. However, models are 
available in the US. that surpass this standard by about 30 per- 
cent. Their savings may be attributed to booster water 
heaters, lower water use, more efficient motors, and air-dry- 
ing features. 

Induction Cooktop--This technology (gaining acceptance in 
the commercial market and available but limited for the res- 
idential market) consists of a high frequency electric coil locat- 
ed beneath a smooth cooking surface. The coil creates an 
alternating magnetic field that induces a current in ferrous metal 
pots, thus causing heating in the pot rather than the cooking 
surface. Induction cooktops have efficiency gains of 20 to 40 
percent over electric resistance cooktops. 
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Electric Cordless Iawr Mower-A cordless lawn mower 
uses a re( ~geable L, :.cry and an electric motor. Estimates 
are based sn Black & Decker's Isinch model with a 12-volt 
leadacid battery. 

Electric Cord Lawn Mower-Gas-powered lawn mowers 
have % percent of the market share. with the rest h g  account- 
ed for by electric cord mowers. Estimates are based on 
Black & Decker models with &amp and 12-mp motors. 

Smart House (Home Automation & Real-Ti Pridng)--A 
home automation system consists of an interface node near 
the utility meter that communicates to a smart thermostat. as 
well as appliance monitoring and control modules in the home. 
Communication between the utility and residence goes in both 
directions, allowing for a wide amy  of advanced services. The 
homeowner can control appliances in response to time-of-use 
rates or real-time price signals from the utility or can allow for 
utiliry control of appliances. 

High-E&iency -1 Rmps4sbnates are included for replac- 
ing a standard efficiency pool pump with a high-efficiency 
pump. 

Dawnsized Pool Pumps with Oversized Piping--This mea- 
sure encourages the combination of (1) properly sizing pool 
pump motors (which are often oversized) and (2) modifying 
the piping to minimize losses (which includes installing 
larger diameter piping. elimimting sharp 90-degree elbows. 
and possibly installing a larger filter). 

Direct Load Control of Pool Pumps-Utility-conuolled radio 
switches could be installed on residenu1 p o i  pumps. which 
could Se controlled by the utility during times of system peak 
demand. During system peak periods 100 percent of partic- 
ipating pool pumps could be turned off. 

Pool Pump Tier-Timers or adjustment of existing timers on 
pool pumps can be used to control the operation dmmg of 
pool pumps. The timer would be set to tum off the pool pump 
during expected times of system peak demand. 

Residential Lighting 
Brief descriptions of residential lighting technologies follow: 
Compact Fhmexmt-Because prices and energy savings estt 

mates vary based on procurement method and hours of 
operation. estimates for a single bulb or household were dwel- 
oped for each option (program). 

Efficient Incandescent-Efficient incandescent light bulbs 
provide relatively equal lighting with reduced wattage due to 
a more efficient filament design and a phosphorescent coat- 
ing. It is assumed that 80 percent of all standard incandescent 
lamps (40W. 6OW. 7 jW. IWW) can be replaced with more effi- 
cient lamps. 
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Residential Security Lighting-High pressure sodium lamps 
operating 4,000 hourdyr were used for this estimate, although 
other types of lamps are available, such as mercury vapor and 
metal halide. 

High Pressure Sodium (Outdoorr-Savings estimates for 
high pressure sodium fixtures that may be used for outdoor 
floodlig!x fmres are based on 1,500 hourslyr operating time. 
This operating schedule assumes that the lights are turned off 
at bedtime. 

Halogen Lamp (Outdoor)--One of the most significant 
improvements to incandescent lamps is to surround the fil- 
ament with a separate capsule containing halogen gasses that 
capture vaporized tungsten and redeposit it on the filament, 
extending its life while preventing condensed tungsten from 
darkening the bulb. The halogen cycle creates more light per 
unit of elecxicity and provides a better quality of light. 

Halogen Lamp (Indoor)-Thick walled A-lamps can be used 
in many residential applications. 

Motion Detrdols for Outdoor -Add-on controls that 
exclude the combination of both a motion detector and a pho- 
tocell would be installed on existing outdoor lighting fixtures. 
Savings estimates assume that the motion detector would be 
activated only 5 percent of the time. 

COMMERCIAL . 
Primary data sources included exiskg saturation surveys, ener- 
gy audits. end-use load fomasts, and TVA institutional data. Hourly 
building simulations of pmtotypical buildmgs were developed using 
micro-AXCESS and TMY weather for Nashville, Tennessee, to esti- 
mate the energy and demand impacts of HVAC technologies and 
buildmg shell improvements. The detailed hpurly building ener- 
gy analysis software used for analyses of the commercial proto- 
type buildmgs, mi-AXCESS. is adab le  through EPRI's (Electric 
Power Research Institute) Electric Power Software Center. 

Secondary data sources included Competitek, EPRI reports, 
energy journals, case studies, other utility filings. manufactur- 
ers' literature, E Source reports, and previous work done by SRC 
and BCI. ESOLXCE, formerly known as Competitek. is a propri- 
etary information service and a subsidiary of Rocky Mountain 
Institute. 

As much as possible, the energy impacts have been adjust- 
ed to be consistent with TVA's commercial end-use forecast (i.e., 
Cc !MEND EUIs [End Use Intensities in kWh/sf/yrl and elec- 
tr., gas shares). For example, the lighting EUI for retail build- 
ings for 1993 was disaggregated into Merent lighting categories 
(e.g., incandescent, fluorescent, mercury vapor. high pressure 
sodium. metal halide) to account for their inherent lighting effi- 
ciencies and assumed distribuuons. These disaggregated EUIs 
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End-Use Demand-Side Measure End-Use Demand-Side Measure 

Space Conditioning High-Efficiency Chiller 4' - 34W LampsElectronic Ballasts 

Equipment High-Efficiency Chiller wIASD 
High-Efficiency DX NC 
High-Efficiency Room AX 
Cool Storage (Partial Ice) 
Rooftop Cool Storage (Partial Ice) 
Thermal Energy Storage (General) 
Heat Pipe Enhanced DX NC 
Hotel Occupancy Sensors 
2-Speed Motor for Cooling Tower 
Speed Control for Cooling Tower 
Air Conditioning Maintenance 

HVAC Air DuctMlater Pipe lnsulation 
Leak-Free Ducts 
HVAC Energy Management System 
Standard Efficiency Heat Pump (Electric Backup) 
High-Efficiency Heat Pump (Electric Backup) 
VAV System with Inlet Vanes 
ASD Ventilation Controls wNAV 
Timer/Programmable Ventilation Control 

' High-Efficiency Ventilation Motors ' . 

Separate Makeup Air/Exhaust Hoods 

Dual-Fuel Heat Pump 
Ground-Source Water Loop Heat Pump 
Wood Fumace (Space Heating Only) 
Wood Boiler (Space and Water Heating) 
Passive Solar Space Heating and Cooling 
Temperature SetupISetback 

- - -. - . 

Space Condlioning Roof lnsulation 
Building Shell Wall Insulation 

Window Film 

Spectrally Selective Windows 
Light-Colored Roofs 

Lighting T8 Lamps I Electronic Ballasts 
Electronic Ballasts 
Reflmelamp 4' - 40W Fluor. Lamps1 
Electronic Ballasts 

RefWDelamp 8' - 75W Fluor. Lamps1 
Electronic Ballasts 

RefVDelamp 4' - 40W Fluor. Lampsl 
Hybrid Ballasts 
ReflDelamp 8' - 75W Fluor. Lampsl 
Hybrid Ballasts 

8' - 60W LampsElectronic Ballasts 
4' - 34W Fluor. Lamps I Dimming Ballasts 
Compact Fluorescent Lamps and Fixtures 
Photoelectric Control 

Energy Management System Lighting Control 
Occupancy Sensors 
Indoor HID Lamps--High Pressure Sodium 
Outdoor HID Lamps--High Pressure Sodium 
Metal Halide (32W) 
LED Exit Signs (Light-Emitting Diode) 
Fluorescent Exit Signs 

Electroluminescent Exit Signs 
Daylighting Design 

LED Traffic Signal 
Sulfur Lamp 

Refrigeration Multiplex: Air-CooledlNo Subcooling 
Multiplex: Air-CooledlAmbient Subcooling 
Multiplex: Air-CooledlMechanicaI Subcooling 

Multiplex: Air-CooledIAmbient & Mechanical 
Subcooling 
Multiplex: Air-CooledlExlernal Liquid 
Suction HX 
Open-Drive Refrigeration System (ASD) 
Anti-Condensate Heater Controls 
High R-Value Glass Doors 
Refrigeration Energy Management System 
(EMS) 
Dual-Path Supermarket Air Conditioning 

Water Heating Heat Pump Water Heater 

Solar-Assisted Water Heater 

Heat Recovery Water Heater 
DHW Heater lnsulation 
DHW Heat Trap 
Low FlowNariable Flow Showerhead 
DWH Recirculation Pumps 

Cooking Electric Forced Convection Oven 
Electric Natural Convection Ovens 
Energy-Efficient Electric Fryers 
Flash Bake Oven 
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then became the base case to which the DSM lighting technologies 
were compared. The use of these disaggregated EUIs helps to 
ensure that potential energy and demand impact estimates are 
consistent with the load forecast assumptions. These EUIs 
reflect the operating charaaeristics of the businesses in the TVA 
region, such as operating hours, lighting levels, etc. 

The commercial technologies include electric consemtion, 
load shifting, peak clipping, and beneficial electrification (load 
gmwth) meames. A listing of the c o m m d  technologies indud- 
ed in the technology database is shown in Rgure 77-11. 

The technologies were grouped by end use. The primary 
end uses cansidered in the commercial sector included: Space 
Conditioning, Building Shell, Lighting, Refrigeration, Water 
Heating, and Cooking. For each end use, the technologies 
were mapped to an appropriate base technology and building 
type. In the commercial market, the following ten building types 
were considered: 

Office (OF) 
Restaurant, Fast Food, and Full Service (FF) 
Retail (R?? 
Grocery (GR) 
Warehouse (WH) 
School (SC) 
College or University (UN) 
Hospital (HS) 
Lodging, Hotel, or Motel (HM) 
Miscellaneous (MI) 

The annual costs and energy impacts were expressed per 
thousand square feet for each appropriate building type. 
Energy-efficient ofice equipment was not included because often 
there is no incremental cost over less efficient models. Also. many 
of these efficient models are already the baseline in new pur- 
chases resulting from market transformation efforts such as EPA's 
Energy Star Program, which TVA supports. 

Commercial Space Conditioning 
Brief descriptions of the space conditioning or building shell tech- 
nologies follow: 

Space Conditioning 
High-Efiiciency Chik-This measure consists of comparing 

standard efficiency [COMPRESSOR COP=5.01 c?.xrifugal 
chillers to high-efficiency [COMPRESSOR COP+.761 cen- 
trifugal chillers. This measure was analyzed only for hospi- 
tals and large ofices and was modeled using micro-AXCESS. 

High-Efficiency Chiller w/ASD-This option consists of 
retrofitting an adjustable speed drive (ASD) controller onto 
high-efficiency centrifugal chillers. The same assumptions apply 

here as in the high-efficiency centrifugal chillers. This mea- 
surt was modeled in micro-AXCESS using an improved 
ch~:.er part-load profile. 

High-Efficiency Direct Expansion (DX) Air Conditioning 
(A/C)-The Energy Policy Act and ASHRAE figures indicate 
the following standards 

-linswv 
(2rstu/aouf) EER 

65 - 135 8.9 
135 - 760 8.3 

An average baseline EER = 8.7 (1.38 kW/ton) is assumed. The 
high efficiency DX AC EER is assumed to be 9.8 (1.23 
kW/ton). This measure was analyzed for all building types except 
hospitals. 

High EfEckncy Room AC Units-Federal Appliance Standards 
mandate the following efficiency standards for 1992: 

-lins Qp=itY 
(kBtu/hour) EER 

Less than 8,000 8.9 
8.000 - 13,000 8.3 

Greater than 13.000 7.9 

An average baselme EER = 8.3 (1.45-kW/ton) is assumed. The 
hgh efficient room AC EER is assumed to be 10.9. This mea- 
sure applies : . all building types. 

Cool Storage (Partial Ice )-This load shifting measure is 
assumed to be specifically partial ice storage or load level- 
ing, and is only applied to buildings with chillers. This 
measure was modeled using DSMSIM, an SRC Systems 
Software Model. The DSMSIM model uses basic algorithms 
to estim .P the ice storage chiller and storage tank capaci- 
ties bas 3n the day wirh the highest accumulated cooling 
load (dewmined from base case load shapes developed by 
miaeAXCESS). Maximum cooling energy is shifted from on- 
peak to off-peak periods based on the p d  ice storage capac- 
ity, using a chiller priority strategy. Ice-making capacity 
and efficiency denting factors are also taken into account. 
The capacities vary by building type and weather zone. The 
characteristics of the base and cool storage chillers were 
assumed to be the same (e.g., chiller type, COP). 

Rooftop Cool Storage (Partial Ice )-Established test stan- 
dards do not yet completely evaluate thermal energy storage 
systems; also suppliers of such systems are currently h ted .  The 
addition of thermal storage to this common A/C equtpment offers 
humiw cwrml, implwed cried &tiency, and dxl dcmmd 
during utility peak periods. Manufacturer estimates (from 
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Powell Energy Products, Inc.) for 5- to 20-ton rooftop thermal 
storage A/C equipment (The Ice Bear) were compared to 
standard &ciencyrooftopDXA/Cunits. D e m o ~ o n s o f t h i s  
technology are underway or planned in the TVA region and 
throughout the United States. 

Thermal Eaergy Storage (Gmed&The installation of a ther- 
mal energy storage system offers a whole range of options 
to permit all or part of a building's cooling or heating load 
to be shifted from peak to off-peak periods while still pro- 
viding space condtioning. 

H a t  Pipe Enhanced DX AK-Heat pipes installed upstream 
of the evaporator can substantially reduce the moisture con- 
tent from incoming outside air, resulting in significant cool- 
ing savings. The performance of this technology was 
esumated using micro-AXCESS by setting up the baseline cool- 
ing setpoint by 4 degrees; this technique was suggested by 
experienced micro-AXCESS users. This applied only to DX 
AC systems. Cooling savings ranged from 0.8 to 30 percent 
(increases in heating and ventilation energy use were not 
included). 

Hotel Occupancy Sensors-This measure is similar to a 
lighting occupancy sensor. The sensor NmS off the air 
conditioning shortly after it detects the room is unoccupied. 
The option was estimated using micro-AXCESS by setting up 
the baseline cooling setpoint by 2 degrees during the on- 
peak period. 

%Speed Motor for Cooling Tower-This measure consists of 
replacing the single-speed motors in the cooling tower with 
a two-speed motor. This applied only to chiller systems. The 
energy savings are estimated to be 80 percent of the Speed 
Control for Cooling Tower measure. 

Speed Control for Cooling Tower-This includes retrofitting 
an ASD (or VFD) to an existing coohg tower fan. This applies 
only to chiller systems. Load impacts from this measure 
were esurnated from the micro-AXCESS model. 

Air Conditioning -This measure consists of annu- 
al cleaning and tuning up of DX AK and chiller systems. The 
impacts of this measure were estimated using micro-AXCESS 
by increasing both the baseline compressor efficiency and 
capacity by 2 percent-suggested by experienced micro- 
AXCESS users. 

HVAC Air Dudwater Pipe Insulation for Chiller and DX 
AG-This measure consists of installing additional insulation 
on air ducts and additional insulation on chilled water 
pipes. The savings and cost estimates are based on ASHRAE 
methodology. 

Leak-Free Ducts-This measure primarily consists of sealing 
all exterior ductwork for rooftop DX A/C equipment. Coohg 
and ventilation demand and energy savings of 7 percent for 

existing buildings and 3 percent for new buildings was esti- 
mated. These savings are based on a combination of estimates 
developed by Bosek, Gibson & Assoc. and mimAXCESS sim- 
ulation (by varying outside air percentage). 

HVAC Energy Management System (EMSbThe impacts of 
this measure were estimated using rnimAXCESS by combi ig  
the inputs of two other simulated measures: 
-Temperature Setuphetback 
-Timer/Prograrnmabie Ventilation Control 
Chiller coil reset was eliminated from this combination since 
independent DOE 2.1 simulations of this particular measure 
for Florida by SRC yielded negative savings. 

Srandard E f B c h q  Heat Pump (Electric Backup)-This mea- 
sure compares standard efficiency air-source heat pumps 
(EERP8.7, HSPF4.8) to standard efficiency DX units (EER-8.7) 
with gas heat (AFUEe78 percent). 

High-EEckncy Heat Pump (Electric BackupbThis measure 
compares a high-efficiency heat pump (EERn9.8, HSPFm7.5) 
to a standard efficiency DX unit (EERs8.7) with gas heat 
(AFU'Es78 percent). 

VAV System with Inlet Wnes-MimAXCESS was used to model 
ventilation fan, cooling, and heating energy and demand impaas 
between a constant volume system and a variable air volume 
system with inlet vanes for both DX A/C and chiller systems 
for all buildngs. 

ASD Ventilation Control with VAV-This measure includes an 
adjustable speed drive control for the ventilation fan in addi- 
tion to the VAV system described above for the VAV System 
with Inlet Vanes. Energy and demand impacts of this c o m b i i  
measure were computed using micro-AXCESS. This was 
simulated for buildings with DX A/C and chiller systems. In 
addition to the cost of a VAV system, the installed capital cost 
for ASDs was included. 

Ti/Progtarmnable leventilation Gmtro&This measure was 
modeled using micro-AXCESS by simply shutting down the 
ventilation fan system one to three hours earlier (depending 
on the buildmg type); consequently. the cooling and heating 
systems shut down (or shifted into night cycling mode), as 
well. T h  measure was not applied to the grocery, hospital, 
or lodging market segments. 

High-Efficiency Ventilation Motors--This measure assumes 
the use of highefficiency motors in place of standard efficiency 
motors, resulting in an average demand and energy savings 
of 3 percent for 1 to 25 horsepower motors. 

%passe Makeup AirEhaust Hoods-This technology is typ- 
ically d e d  in commercial kitchen areas to reduce the ener- 
gy wasted in pre-conditioned supply air via exhaust hoods. 
Cooling energy and demand savings of 80 percent are esti- 
mated within the kitchen areas. Tlus measure was applied to 
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the restaura- .* XI, college, hospital, and lodging market 
: , p e n s .  I: ,ssumed the kitchen areas with hoods are 

proximately 3 percent of sc, ml, college, and hospital; 10 
percent of restaurant; and 2 percent of lodging total floorspace. 

Dual-Fuel Heat Pump-A heating system which utilizes both 
elecniaty and fossil fuels. The system can be designed to min- 
imize energy costs by economically dispatching the system 
bgsed on outside temperature, system operating characteristics, 
and energy prices. 

GroundSOurce Water Loop Heat Pump-A ground-source 
water loop heat pump takes heat from a water source, such 
as a well or a surface water body, to deliver warm air to a build- 
ing during the heating season and rejects heat from the 
indoor air to the water source to provide cooling. 

Wood Furnace (Space Heating OdyjEstimates were made 
for a furnace which bums wood or biomass waste for space 
heat. in commercial buildings. this technology is appropriate 
for applications requiring one MBtu/hour or less. 

Wood Boiier (Space and Water Heath@-Estimates were made 
for a boiler burning wood or biomass waste to supply space 
heating and water heating in commercial buildings. This 
technology is suitable for applications requiring more than one 
MBtuhour. . . 

Passive Solar S p k  Heating and Cooling-Basic passive solar 
applications utilize proper solar orientation, coupled with ther- 
mal mass, to heat a building in the winter and to reduce cool- 
ing load in the summer. These features provide a source of 
solar heat gain and a means to store heat collected. 

Tempemture Setup/Setback-This measure was modeled 
using micro-AXCESS. Based on the baseline prototype build- 
ing characteristics, cooling is shut off at night, while for 
temperamre setback, the heating setpoint was lowered to 55" 
F during off-peak hours. The measure is not applicable to p 
cery, hospital, and lodging. Modeling in micro-AXCESS did 
not rncorporate adaptive recovery technology. 

Building Shell 
Roof Insulation-Additional insulation is installed. raising 

the R-value from 2.53 to 10.53 in existing buildings and 
from 10 to 20 in new buildings. The mea>ure was simulated 
in micro-AXCESS to determine the energy impacts. 

Wall Insulatio-This measure was applied only to new 
buildings. The R-value of the wall was increased from 5.26 
to 11.76 in the buildings simulated. 

Wmdow F b T h i s  measure consists of installing window film 
on existing and new construction. The option was modeled 
using micro-AXCESS by decreasing the window shading 
coefficient and glass U-value. For existing buildings. the 
shading coefficient was reduced from 0.85 to 0.23, and the 
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U-value from 1.06 to 0.69. For new buildings, the shading coef- 
ficient was not changed, but the U-value was reduced from 
1.06 to 0.69. 

Spectd ly  Sektive Wmdows-This measure, applied only to 
new buildings, was modeled using micro-AXCESS by reduc- 
ing the U-value from 1.06 to 0.22 and reducing the shading 
coefficient to 0.20. (ACEEE 1992 Proceedings) 

Iight-Colond RooCcThis measure consists of instahg lighter 
colored roofs or applying a reflective coating at the time of 
roof replacement. The energy savings estimate of 7 percent 
is a conservative assumption based on a report by FSEC. 

Commercial Lighting 
For any lighting retrofit or new design, the entire lighting sys- 
tem should be considered. A lighting system might include both 
task and ambient lighting. lamps. ballasts, the number and 
location of switches, the number of lamps controlled by each 
switch, and the type of switch--on/off, dimming, occupancy. 
or timed. 

The technical potential for savings available from lighting 
revofits and lighting designs for new construction was determined 
by estimating savings for fixtures. applying a reasonable num- 
ber of fixtures to each building type or activity within the 
building, and then multiplying those numbers by our estimate 
of the square footage of that type of building in the TVA ser- 
vice territory. Lighting technologies included in this database were 
selected to represent the more popular or promising ones. in terms 
of energy savings potential and the persistence of savings over 
time, from the enormous number of lighting products available. 

TVA survey results were used to estimate the current pen- 
etration of some lighting technologies in the Valley. Where spe- 
ufic Valley dormation was not available, estimates for the United 
States were used. 

Brief descriptions of the commercial lighting technolo- 
gies follow: 
T8 Lamps--Fluorescent lamps have three starting methods. Most 

lamps are only compatible with one starting method, but the 
T8 lamps can be rapid- or instant-staned. T stands for tubu- 
lar: the number describes lamp dnmeter in 1/8-inch increments. 
A T8 lamp is 8/8 inches in diameter; a T12 is 12/8 inches (or 
1-1/4 inches) in diameter. Estimates considered were: 
Existing - r e d  four 4 foot -T8 lamps tnth 

one electronic ballast to four 4 foot - 34W lamps with 
two magnetic ballasts that meet current standards. 

New Construction-Compared three 4 foot - T8 lamps 
with one electronic ballast to four 4 foot - 34W lamps 
with two magnetic ballasts that meet current standards. 

Electronic Ballas-An electronic ballast uses solid state 
components to provide current to a lamp at high frequency 
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(typically 25,000 to 60,000 cycles per second) in order to pro- 
duce more light using fewer watts than magnetic ballasts. 

Reflector/Delamp 4 foot - 40W .Fluorescent Lamps/ 
Electronic Ballast-This measure (considered only for 
existing buildings) consists of modlfying a 4 foot - 40W fix- 
ture by removing the four 40W lamps and installing an effi- 
cient reflector, along with two 34W lamps. 

Reflector/Delamp 8 foot - 75W Fluorescent Lamps/ 
Electronic Ballast-This measure (considered only for 
existing buildings) consists of modifying an 8 foot - 75W fm- 
ture by removing the four 75W lamps and installing an effi- 
cient reflector, along with two 60W lamps. 

Reflector/Delamp 4 foot - 40W Fluorescent Lamps/ Hybrid 
Ballast-This measure (considered only for existing build- 
ings) consists of modifying a 4 foot - 40W fixture by remov- 
ing the four 40W lamps and installing an efficient reflector. 
along with two 34W lamps. Hybrid ballasts use magnetic tech- 
nology to power the lamp and electronic technology to 
control power to the cathodes. 

Reflector/Delamp 8 foot - 75W Fluorescent Lamp/ Hybrid 
Ballast-This measure (considered only for existing build- 
ings) consists of modlfying an 8 foot - 75W f m r e  by remov- 
ing the four 75W lamps and installing an efficient reflector. 
along with two 60W lamps. 

4 foot - 34W Lamps/Electronic Ballasts--This measure com- 
pares four 4 foot - 34W lamps with one electronic ballast to 
four 4 foot - 40W lamps with two magnetic ballasts that meet 
current standards. 

8 foot - 60W Lamps/Electronic Ballasts--This measure com- 
pares two 8 foot - 60W lamps with one electronic ballast to 
two 8 foot - 75W lamps and one magnetic ballast that meets 
current standards. 

4 foot - 34W Lamps/Dimming Ballasts (Existing Buildings 
Only )-This measure compares four 4 foot - 34W lamps with 
the electronic dimming ballast (including daylight controls to 
four 4 foot - 40W lamps with two magnetic ballasts that meet 
current standards. The lighting energy and demand savings 
are based on benchmark results from DOE 2.1 simulations. 
The technical feasibility depends on the building type based 
on the percentage of perimeter floorspace (15 feet deep) to 
total floorspace. 

Compaa l h o m c e ~  Lamps and Fiartures-hs measure con- 
siders replacing a weighted mix of 6OW, 75W. and lOOW incan- 
descent lamps and fixtures with the same mix of 15W, 18W. 
and 27W compact fluorescent lamps and fixtures in both new 
and existing buildings. The percentage breakdown of the mix 
varies by building type. The incremental installation cost is 
included for existing buildings. The annualized mainte- 
nance cost of replacing both incandescent and compact flu- 

orescent lamps during the lifetime of the compact fluorescent 
ballast is considered. 

Photoelectric ControLThis measure consists of retrofitting 
photoelectric muds onto exterior lighting. Using mimAXCESS, 
the base case exterior lighting schedule of 4:00 p.m. to 7:00 
a.m. (set for most building types) was changed to automat- 
ically turn on and off relative to daylighting hours. Estimated 
exterior lighting energy savings ranged from 14.7 percent to 
25.4 percent, depending on the base case schedule of each 
building type. As expected, there are no demand savings. 

Energy Management System Lighting Control-This mea- 
sure consists of d t t i n g  an energy management system (EMS) 
to automatically control the lighting operation. It was assumed 
that the EMS would save an average of 2 full load hours of 
lighting a day. This equates to lighting energy savings rang- 
ing from 7 percent to 16 percent relative to the operating hours 
for each building type. It is also assumed the lighting demand 
savings is 20 percent of the energy savings. thus ranging from 
1 to 3 percent. 

Occupancy Sensors--This measure consists of retrofitting 
occupancy sensors to shut off lights in unoccupied portions 
of a building. It is assumed that this measure saves 25 per- 
cent lighting energy and 5 percent lighting demand in both 
new and existing buildings. 

Indoor HID Iamps - High Resure SodSIlm (HPShThis mea- 
sure considers replacing one 150-W incandescent lamp with 
one 35W HPS fuaure in both new and existing buildings. 
Incremental installation cost is, included for existing buildings. 
Annualized maintenance cost of replacing both incandescent 
and HPS lamps during the lifetime of the HPS ballast was con- 
sidered. 

Outdoor HID Lamps - High Pressure Sodium (HE'S)-This 
measure considers a weighted mix of 7OW, 100W, 150W, and 
250W high pressure sodium lamps/fixtures replacing the 
same mix of 100W, 175W. 25OW, and 400W mercury vapor 
lamps/fmres. The percentage breakdown of the mix varies 
by building tvpe. 

Metal Halide (3-This measure considers replacing one 15OW 
incandescent lamp with one 32W metal halide fixture in 
both new and existing buildings. The incremental installation 
cost is included for existing buildings. The annualized main- 
tenance cost of replacing both incandescent and metal halide 
lamps during the lifetime of the metal halide ballast was 
considered. 

W Exit Signs-Light-emitting diode (LED) exit signs claim a 
20-year life. are reducing in price, and have an energy con- 
sumption of less than 2 watts. This promising new product 
would replace exit signs now using 14 to 50 watts. If these 
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. recommended in an OF:. . -.. the power factor should be 

. asidered in selecting acr . ~ l e  products. 
maorcsCent Exit Signs--Mo; . new fluorescent exit signs are 

equipped with two 5-watt twin-tube compa~~fluoresents. If 
these are recommended in an option, the power factor 
should be considered in selecting acceptable products. 

Electroluminescent (EL) Exit Signs-EL exit signs have the 
lowest power co~lsu~~lption, but they also have the lowest lumi- 
nance, as well. The EL lamps used are flat, thin-film sources. 
T y p d y  thinner than a awlit card, the lamps consist of a flex- 
ible plastic laminate made up of two electrode plates sand- 
wiching a phosphordoped dielectric film. Light is produced 
when the phosphors are excited upon applicaiion of alternating 
current to the electrode plates. Because of their slim design, 
Underwriters Laboratories (UL) lists EL retrofit kits for use in 
many existing "Listed" single-face exit signs and will "Classify" 
recrofit kits br  use with speclf~c manufaaums' emergenq- signs. 

Day- Design-This measure would consist of a com- 
bination of dimming ballasts, doubling the window area, 
installing spectrally selective glass, and downsizing the cool- 
ing capacity by 10 percent. This measure applies to new build- 
i n g s a n d e x c l u d e s ~ a n d l o d g q .  Onlylighongrmpaas 
were analyzed for this measure. 

IED T d  S i i  recent breakthrough in the development 
of a blue LED (light-emitting diode) may be the last techni- 
cal hurdle before the marketing of energy-efficient traffic sig- 
nals. Each incandescent lamp in a traffic single uses 67 to 150 
watts that could be replaced by an LED unit using only 9 to 
25 watts. 

Sulfur Lamp-The sulfur lamp is a small, rotating, air-cooled 
glass sphere fded with sulfur gas. A rnimprocessor- convolled 
magnetron stimulates the sulfur atoms with microwaves, 
generating light in the visible range. The light produced by 
the sulfur lamp has a highquality color rendering and an 
adjustable color temperature. 

Commercial Refrigeration 
Brief descriptions of the commercial refrigeration technolo- 
gies follow: 
Multiplex: Air-CooledJNo Subcooling-This measure con- 

siders the retrofitting of a 'conventionaln refrigeration sys- 
tem (i.e., numerous stand-alone compressor systems for each 
display case line-up or walk-in) with a multiplex refriger- 
ation system. The term "multiplex refrigeration" refers to the 
use of multiple refrigeration compressors mounted on a rack 
and piped to common suction and discharge manifolds. 
Refrigeration to each display case lineup is provided from 
the rack by a pair of liquid and suction pipes. Several cir- 
cuits can be connected by separate pairs of refrigerant 
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piping. Multiplex systems commonly consist of two, three, 
or four compressors that are sized such that the operation 
of all compmsoxs simultaneously can provide adequate capac- 
ity to meet the design refrigeration load. During offdesign 
operation, the multiplex compressors can be cycled on or 
off so that the capacity of the operating compressors close- 
ly matches the refrigeration load. 

Multiplex: Air-CooWAmbient Subcooling-Ambient sub 
coohg is the cooling of the liquid refrigerant below the con- 
densing temperature by heat rejection to the ambient. Some 
subcooling normally occurs in the condenser, and addition- 
al ambient subcooling can be obtained through the use of a 
separate coil, usually attached to the condenser. 

Multiplex: Air-Cooled/MexbanicaI Subcoolin~Further 
cooling of the liquid refrigerant can be done through the use 
of a vapor compression system. Liquid refrigerant associat- 
ed with a refrigeration system operating with a low suction 
temperature is mec~nicaliy subcooled by a system operat- 
ing at a higher suction temperature. 

Multiplex: Air-Cooled/Ambiept and Mechanic?l Sub-cool- 
@--?his measure combines the benefirs of ambient subcooling 
and mechanical subcooling. 

Muhiplex Air-Cooled/External Liquid Suction HX-This 
measure involves the installation of an externally mounted heat 
exchanger instead of merely soldering the liquid and suction 
lines together. The result is more e@cient liquid- suction heat 
transfer. ~roviding more refrigeration capacity. This measwe 
is applicable only for the very low and low temperature r a g -  
emon applications and is a more efficient alternative to mechan- 
ical subcooling. 

Open-Drive R-on System (ASD)--Open-drive sys- 
tems consist of one or, two opendrive compressors driven 
by external adjustable speed drive elecuic motors. The 
main advantage of opendrive compressors over multiplex 
compressors is the additional electric savings due to oper- 
ating open-drive compressors at low speeds, which is 
intended to increase compressor efficiency. An open-dnve 
sysrern requires larger cornpressoxs, and thus higher compressor 
capital costs, but smaller remote condensers, and thus lower 
condenser capital costs, compared to a multiplex system of 
equal capacity. 

AntiGodeasate Heater Controls-It is assumed that this mea- 
sure saves 5 percent energy and demand, and is applied to 
all market segments, except office, warehouse, and miscel- 
laneous. The cost and impact estimates are based on an assess 
ment study done for Bonnwille, 1988. 

High R-Value Glass Doors-This measure consists of replac- 
ing single-glass doors or mfitring refhgeration cases with high 
R-value glass doors. An avenge of 30 parent enexgy and demand 
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savings is assumed. T~LS  technology is applied to all market 
segments except office, warehouse, and miscellaneous, with 
various levels of technical feasibility and current penetration. 

R-on Energy Management System--This technol- 
ogy consists of suategically controlling many or all refriger- 
ation systems in a given facility. From the EPRI Commercd 
TAG Volume, an energy and demand savings of 10 percent 
and 5 percent is assumed. It is assumed that this techno16 
gy is only applicable to the grocery market segment, which 
has an assumed current penetration of 50 percent (SRC). 

Dual-Path Supetmatket Air Condit io~Similar to Heat 
Pipe Enhanced Air Conditioning, this technology removes a 
sigmficant amount of moisture from incoming air before 
passing over the evaporator. Its best application is where there 
are high humidity levels; therefore, the dual-path air condi- 
tioner is only analyzed for the grocery market segment. 
The energy and demand impacts and costs have been esti- 
mated based on a case study in Miami, Florida, presented in 
an EPRI bmhure, M - P a t b  Szqemmkt W A C S ' ,  1991 
(CU.2053.10.91). Although this is an air conditioning tech- 
nology, it is placed with refrigeration because its applicabil- 
ity is focused on high refrigeration loads. It is assumed this 
technology has no current penetration. 

Commercial Water Heating 
Brief descriptions of the commercial water heating technologies 
follow: 
Heat Pump Water Heater-This measure consists of replacing 

conventional electric hot water heaters with heat pump hot 
water heaters. The estimated energy and demand savings are 
50 percent (assuming an average seasonal COP of 2.0). This 
measure has sipficanly higher capital cost compared to con- 
ventional electric water heaters (i.e., orders of magnitude). This 
measure was applied to all market segments. 

Solar Assisted Water Heater-The solar water heating system 
actually assists rather than replaces an electric resistance 
water heater. When solar radiation is available, it is absorbed 
by collector panels and then transferred to the domestic hot 
water supply. Some systems heat water directly by circulating 
potable water through the solar loop. Others recirculate the 
same absorption fluid through the collectors and transfer 
the heat via a heat exchanger to the potable water supply. 

Heat Remvery W&er Heater-This measure consists of an elec- 
tric water heater that utllrzes a supplemental heat source from 
the cooling system waste heat from a double bundle chiller 
or condenser heat exchanger. There is an assumed 25 per- 
cent energy savings based on the WAPA Guidebook of 
Commercial DSM Technologies, assuming a summer and win- 

ter demand savings of 35 percent and 15 percent, respeaively. 
The current penetration is assumed to be zero. 

DHW Heating Iasulation-This is a retrofit measure consist- 
ing of wrapping an existing water tank with additional insu- 
lation. Energy and demand savings of 5 percent are assumed. 
The technical feasibility and current penetration are assumed 
to be 50 percent and 20 percent, respectively (SRC). - 

DEW Heat Trap-This retrofit measure reduces hot water 
energy due to backflow through the pipes from natural con- 
vection. It is analyzed for all existing market segments; it is 
not-hthenewnmrketsincethe-isae 
ment for some building codes. Energy savings of 10 percent 
are based on the WAPA Guidebook of commercial DSM 
technologies, while demand savings are assumed to be 2 per- 
centThetedmcalfeasibiiandcurrentpenetrationareassumed 
to be 80 percent and 15 percent, respectively (SRC). 

Low Flow/Variabk Flaw Showerheiui-This retrofit measure 
can easily be installed in place of existing showers and 
faucets to reduce the flow of hot water. It is assumed that there 
are approximately two showerheads and four faucets per water 
heater. The estimated energy and demand enelgy savings are 
15 percent. Technical feasibility varies by building type 
based on an assumed percentage of hot water dedicated to 
showers and faucets: 

80 percent-ffice, retail, school, college and lodging 
50 percent-grocery, hospi.pl, and miscellaneous 
20 percent--restaurant 

Current penetration of this measure is assumed to be 10 per- 
cent (SRC). 

DHW Recirculation Pumps-This option consists of installing 
timers to prevent recirculation pumps on the hot water svs- 
tem, which are typically integrated with a boiler, and oper- 
ating during periods of no hot water use. The energy saving 
due to this option was estimated to be 60 percent. There are 
no demand savings attributed to this measure, which is 
more applicable to schools, colleges, and hospitals than to other 
building types. 

Commercial Cooking 
Brief descriptions of the commercial cooking technologies 
follow: 
EIecbric Forced Convectbn Ovens-This technology was mod- 

eled as a replacement option for either electric natural con- 
vection ovens or gas-fired forced convection ovens. Electric 
forced convection ovens have an efficiency of 44 percent com- 
pared to the 62 percent efficiency of electric natural convection 
ovens. Additionally, forced convection ovens can cook three 
times the volume of natural convection ovens. The option was 
applied to restaurants, groceries, schools. hospitals, and 
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lodgmg. 'Ihe cost estimates are based on two $4,285 convection 
ovens per 5,000 square-foot restaurant. The efficiency of gas- 
forced convection ovens is 46 percent, versus 64 percent for 
electric forced convection ovens. The costs for other build- 
ing types were prorated based on energy use. 

Electric Natural Convection Opens-Thls electric technolo- 
gy was analyzed to replace gas-fired natural convection 
ovens (for load building). The efficiency of gas natural con- 
vection ovens is 28 percent versus 62 percent for electric nat- 
ural convection ovens. 

Energy-EBBcient Ehtric F-This technology was mod- 
eled as a replacement technology applicable to the same build- 
ing - e s  as the forced convection ovens. The energy and 
demand savings were estimated to be 10 percent. The cost 
estimates are based on two $2,935 efficient fryers per 5,000 
square feet of r e s ~ u m t ,  prorated to other building types based 
on energy use. This technology was also analyzed to replace 
standard efficiency gas fryers with energy-efficient electric fry- 
ers (for load building). The heating efficiency of gas fryers is 
45 percent, versus 100 percent for elecuic fryers. 

Flash Bake Oven-The flash bake lightwave oven uses a 
combination of intense visible light and infrared energy to cook 
foods almost instantly from the outside in and the inside out. 
Dramaucdy faster and beaer, s h m  coolcing times can enhance 
food flavor and texture. These ovens are particularly suited 
for cooking many fast food products. 

INDUSTRIAL 
A list of industrial technologies was compiled by TVA. BCI and 
SRC suggested additional technologies. The technologies were 
ranked from 1 to 7, with 1 being the most important and 7 the 
least. Cost and energy impacts were sought for technologies that 
ranked 3 or better. 

Technology data were not developed for the following tech- 
nologies for the reasons listed below: 

Ultrasound Treatment of Wet Textiles-This can be used 
to improve the dye uptake in fabric dyeing processes. 
However, no information was found on the specific charac- 
teristics of this process. 
Advanced Hybrid Membranemeat Pump Systems for 
Municipal Water Treatment-No information on this tech- 
nology was available. 
EktmmBcamIrradiationtoSvrilizeMud5pd~- 
No information on this technology was available. A reference 
was found to a test performed by Massachusetts Institute of 
Technology in which a Van De Graaff generafor was successfully 
used to detox@ waste water, however, based on the test, it 
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was determined that a full-scale facility would not be eco- 
nomically beneficial. 
Ceramic Membranes to ~eparsde oivwater ~m&io- 
No information on this technology was identified. Several ref- 
erences were found that referred to the development of 
ceramic membranes as representing a possible irnprove- 
ment in membrane separation processes in the future, but no 
specific information was provided. 
Industrial Lighting-Lighting applications (particularly 
indoor lighting) in industrial facilities are very similar to 
those in commercial warehouses and offices. No technob 
gy data unique to the industrial sector were developed. 

The indusulal technologies for which estimates were devel- 
oped are shown in Figure 77-12. 

Process Separation 
Brief descriptions of the industrial technologies follow: 
Freeze Gormntmtkrl--Used for the separdtion or concentration 

of components in a liquid solution, freeze concentration is a 
substitute for conventional distillation and evaporation. In the 

End-Use Demand-Side Measure 
Process Separation Freeze Concentration 

Electrolytic Separation 
Membrane Separation 
Electrochemical Synthesis 

Process Heating Industrial Process Heat Pumps 
DC Electric Arc Furnace 
Plasma Processing 
Induction Heating 

Manufacturing Flexible Manufacturing Module 

Drying RF & IR Drying 

FabricationEinishing Laser Processing 
Electrical Discharge Machining 
Electrogalvanization 
Electrochemical Machining 
Electron Beam Processing 

Water Treatment Waste Water Ozonation 
Seawater Desalinization by Reverse Osmosis 

Motors 1 Horsepower High-Efficiency Motor 
50 Horsepower High-Efficiency Motor 
200 Horsepower High-Efficiency Motor 
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freeze concentration process, heat is removed from a liquid 
mixture until one component of the mixture crystallizes and 
can be easily separated. The advantages of freeze concentration 
include improved product quality, lower energy consumption, 
increased product recovery/quality, reduced capital and 
maintenance costs, and lower product shipping costs due to 
product concentration. 

Ekarolytic separation-Electrolytic separation results in the 
production of new products as a result of passing an electrical 
anrent through a conductive electrolyte. Elecodytlc edmbgm 
for the separation of chemicals and metals were among the 
earliest commercialited applications of eleaiaty and have been 
economically signifrant since the turn of the century. 

Membiane Sepat-atio-Membrane separation uses permeable 
banien to filter selected components from mixtures. Membranes 
may be made out of polymers, ceramics, or metals and are usu- 
ally categorized by the size of the particle filtered. ~kernatives 
to membrane separation include conventional distillation and 
evaporation, freeze concentration, and elemseparation. 

Electrochemical Synthesis-Electrochemical Synthesis is 
basically a form of electrolytic separation. The difference is 
that in electrochemical synthesis, new compounds are intrc- 
duced at the electrodes in the electrolytic cell that react 
with the ions attracted to the electrodes. Thus. compounds 
are formed at the electrodes that could not be formed from 
the components of the electrolyte alone. 

Process Heating 
Indusrrial Process Heat Pumps-Heat pumpm may be used 

to capture industrial waste heat. Where applicable. industri- 
al process heat pumps can be used to capture relatively low 
temperature waste heat that has no other use and. using a mod- 
erate amount of mechanical energy, elevate the waste heat to 
a temperature that can supply process energy needs. 

DC Elecrric Arc Furnace-Interest is increasing and units 
are being installed in the U.S. and abroad. The major bene- 
fit of a DC furnace is reduced electrode consumption as com- 
pared to 3-phase AC arc furnaces. Other benefits include 
lower noise levels, reduced maintenance, and less electrical 
disturbance on the power system. 

Plasma Processing-Plasma processing involves the electrical 
production of a plasma in the temperature range from 2.000" 
to 10,OOO°C for metals production. At these high temperatures, 
the plasma is a mixture of molecules, atoms, electrons? and 
ions. It is the electrons and ions that allow for the conditions 
of electrical current or arc between two electrodes: the cur- 
rent may be AC or DC. The primary uses in metals produc- 
tion include scrap melting, heating steel in ladles, reductlon 

of ores, treatment of electric furnace shop dusts, f d q  pro- 
duction, and the remelting of metals. 

Induction Heating-Induction heating is a way to heat elec- 
trically conductive materials, such as metals. It is common- 
ly used in process heating prior to metalworking and in heat 
treating, welding, and melting. Induction heating relies on elec- 
trical cunents that are induced internally in the workpiece-mate- 
rial. These so-called eddy cumts  dissipate energy and bring 
about heating. The basic components are an induction coil, 
an ac power supply, and the workpiece itself. 

Manufacturing 
Flexible ManuEacturing Module -A flexible manufacturing 

module can be a single machme tool with part-changing equip 
ment. A flexible manufacturing cell includes two or more com- 
puter numerical control machine tools linked to operate 
sequentially. A flexible manufacturing system is a combina- 
tion of modules or cells that are all controlled by a central corn 
puter. Flexible manufacturing allows a company to quickly 
respond to changing demand and avoid creating a large prod- 
uct inventory to service a fluctuating demand. 

Drying 
Radio Frequency and Infrared Drying-These technologies 

cover the electromagnetic spectrum from visible light to 
radio waves. When a material absorbs infrared radiation, the 
motion of its molecules increases &d it gets hotter. This is the 
basis of mfi-.ared process heating. Infrared radtation is produced 
by heating the filament of a source or emitter. Infrared heat- 
ing can be applied to both conducting and nonconducting. 
whereas radio frequency dyingheating can only be used for 
dielectric. or nonconducting, materials. Radio frequencies 
for heating range from 2 to 200 MHz, which is in the range 
used for broadcasting and communications. A triode oscilla- 
tor generates power in the RF range, and the products are usu- 
ally heated between plate electrodes or through a series of rods. 

Fabricationfiinishing 
Laser Process+Invoives cutting, drilling, welding. markmg: 

and selectively heat-treating a variety of materials. Lasers used 
for metalwohg either have a gas lasing material (carbon diox- 
ide mixed with helium and nitrogen) or are solid state (yttri- 
um-aluminum-garnet crystal). Lasers are best suited to 
situations that involve the need for rapid prototypes, small pro- 
duction runs of precise parts. and/or rapid delivery of many 
different kinds of parts. 

Electrical D i e  Machining-Uses an arc from an elec- 
trode to remove metal from the piece being machined. The 
workpiece and the electrode are in a dielectric bath. In a ver- 
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tical EDM mxhine, a computer-controlled electrode can be 
moved in three axes of motion and can create complex 
pam. WM EDM acts like a band saw and uses a continuous 
wire electrode to cut parts. EDM can be used to create intri- 
cate and unusual parts and can be used to machine any mate- 
rial that is conductive. 

-*This involves the deposition of zinc on 
a steel sheet in an elemlyhc cell. A continuous sheet of steel 
is run through the cell and can be coated on one or two sides. 
' I h e c o n ~ ~ i s h o t d i p ~ w h i c h ~  
dues a thicker coating, but in which it is difficult to coat only 
one si& of the steel and the coated surface, when painted, 
is not totally acceptable for high visibility, high gloss areas. 

Electrochemical M?chtntng (ECM)-this process can be 
used for sinking, cutting, &bumng, and grinding. A conductive 
workpiece is located in an electrolytic cell containing a con- 
ductive electrolyte. A high amperage, low voltage DC current 
passes from the workpiece through the electrolyte to a 
shaped electrode. The current causes particles on the work- 
piece surface to dissolve by electrochemical action. The dis- 
solved rnatenal is removed as the electrolyte is pumped 
through the cell. As the process continues, the workpiece 
becomes a mirror image of the electrode. ECM is best suit- 
ed to situations that involve hard or high strength materials 
and/or complex shapes. 

Eiectron Beam Processing-This technology can be used for 
welding or selective surface hardening. A beam of elec- 
trons from a heated emitter in an electron gun is accelerat- 
ed by attraction to the positively charged anode and focused 
by a magnetic coil. The kinetic energy of the electrons strik- 
ing the workpiece is converted to heat that vaporizes the metal 
directly in the path and melts the adjacent metal. If the 
beam is directed at a joint between two pieces of metal, a weld 
is formed. Depending on the metal being processed, a high, 
partial, or nonvacuum may be required. Electron beam p n  
cessing is used when high precision parts must be welded with 
minimal heat effects, maximum reproducibility. and no gas 
contamination. Electron beam processing is also suitable 
when high production rates are required. 

Water Treatment 
W i a e W a t e r ~ ' I h i s p r 0 c e s s i s u s e d f o r i r o n a n d m m  

ganese removal, oxidation of organics, rniaoflocculation, bac- 
terial disinfection, and viral inactivation. Ozone is generated 
on-site by an electrical discharge in an air or oxygen stream. 

SeaRater Des" ' -This process is used to pduce paable 
water using seawater as a feedstock. The conventional 
approach is to evaporate seawater and condense the vapor as 
purewater. Remmosmosis(R0) isanaltermbemconventional 

evaporation techniques. The RO process uses semipermeable 
membranes which allow solution permeation, but act as bar- 
riers to the passage, or transport, of dissolved and suspend- 
ed substance (i.e., salts, ions, and organic compounds). The 
solution transport in RO is accomplished by using a pressure 
high enough to overcome the natural osmotic pressure in the 
solution?hepamdesizeofspedg~istyplcaYIberwm 
1to 10angsmmwithadriving~ofZOOto 1,000pounds 
per square inch. 

Motors 
1 HP High-Efficiency Motor-Compares the 77.8 percent 

baseline efficiency motor to a high-eRiciency motor. The high- 
efficiency motor reflects NEMA Efiaency Standard definition 
12-6C, having a nominal efficiency of 80.0 percent. Three dif- 
ferent operating hours were analyzed. A load factor of 0.70 
was assumed. 

50 HP High-Ef&hcy Motor-this compares the standard 50 
hp motor with an efficiency of 91.4 percent to the high-effi- 
ciency motor is f f i e d  as having 93.1 perrent &ciency. A ~ ~ K I ,  
three different annual operating hours were analyzed. A 
load factor of 0.70 was assumed. 

200 HP High-EfEchcy Motor-Compares the standard 200 
hp motor with an efficiency of 94.2 percent to the high- efi- 
aency motor is defined as s .0  percent efficiency. &am, three 
different annual operating hours were analyzed. A load fac- 
tor of 0.70 was assumed. 

RENEWABWSELF-GENERATION 
Renewable Energy 
Renewable energy technologies were characterized in four 
reports by BCI for TVA. In these repom technology information 
was divided into four categories: Residential, Commercial, 
Indusuial, and Self-Generation. Both dispersed mewable tech- 
nologies (e.g., solar water heating), as well as more centralized 
generation technologies were considered. Some renewable tech- 
nologies have been mentioned in the earlier sections. Renewable 
energy technologies considered are listed in Figure l7-13. 
Schiller Associates, a subcontractor to BCI, provided two cost 
estimates for wood burning plants at a host facility. 

Self-Generation 
Barakat & Chambedin, Inc. subcontracted to Schiller Associates 
for the cogeneratlon tedmdogy characterization and &et analy- 
sis. The market analysis, prepared by UNLMAR, Group. M., iden- 
tified potential industrial and commercial SIC codes where 
cogeneration would most likely occur. For these customers, Schiller 
Associates selected four system types as typical of cogeneration 
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installed in the under 30-megawatt range. The number of cost 
estimates (for purchase, installation, operation, and maintenance) 
that were developed are shown below: 

8 - Natural gas-fueled reciprocating engine systems in the 
100-kilowatt to 3,000-kilowatt size range 

9 -Natural gasfueled simplecycle gas turbine systems 
in the 3,700-kilowatt to 21,500-kilowatt range 

3 - Natural gas-fuel, combinedcycle gas turbine systems 
in the 13 ,4~ki lowaa  to 28,000-kilowatt range 

1 - Coal-fueled, steam turbine (rankine cycle) system rated 
at 20,000-kilowatt 

BENEFICIAL ELECTRIFICATION 
Beneficial electrification encompasses both electrotechnologies 
and economic development. Because of this connection, it was 
advantageous to have one team assess the market, collect 
technology data, and develop the options. A team from Barakat 
& Chamberlin, Inc. assisted TVA in developing a comprehen- 

End-Ute Demand-Side Measure 
Residential Wood Furnace 

Passive Solar Design 
Wood Stove 
Interactive (Solar and Wood Stove) 
Solar Hot Water 
Residential Rooftop W (4kW) 
Landscape Shading 
Ground-Source Heat Pump 

Commercial Passive Solar 
Wood Furnace (Space Heating Only) 
Wood Boiler (Space and Water Heating) 
Solar Hot Water 
Commercial Rooftop W (4kW) 
Daylight Design 
Photoelectric Control 

Industrial Biomass Process and Drying Heat 
Solar Assisted lndustrial Process Heat 
Wood Waste 

Generation Biomass Fuel -Wood Waste 
Biomass Fuel -Animal Waste 
Landfill Gas 
Fuel Cells 
Small-Head Hydro 
Wind Turbines 
Remote Photovoltaics 

sive list of beneficial elecuification (BE) technologies and in con- 
ducting qualitative, economic, and market screens on the list. 
Next, nine program concepts were developed and were eval- 
uated in DSManager in fourteen options. Some adjustments to 
the original estimates were made for consistency with the 
assumptions made in the analysis of energy efficiency options. 
Figure 77-14, a summary of the beneficial electrification 
options, includes four industrial programs, one program 
focused on environmental technologies, two commercial pro- 
grams, two residential programs and one program, focused on 
transportation. 

mure 77-15lists the technologies for which fact sheets mn- 
taining cost, energy, and demand impacts were developed. 

TECHNOLOGY LISTS 
The residential technologies included in options are listed in 
Figure 77-16 Figure i7-17 contains residential technologies 
that should be considered if the site-specific application 
promises to be cost-effective. Figure 77-18 contains residen- 
tial technologies that should not be included in options. 
Emerging technologies that should be considered for option 
implementation are listed in Figure 77-19. 

Commercial and industrial technologies included in effi- 
ciency or load management options are listed in Figure 77-20. 
C o d  and industrial technologies that should be considered, 
especially in comprehensive programs that customize the set 
of technologies appropriate for each site, are listed in Figure 
i7-21. Technologies that were not included in options are list- 
ed in Figure 77-22. These technologies were either not appro- 
priate for our climate, incentives may be unnecessary for the 
technology to be accepted, or were eliminated for some other 
reason. Emerging technologies for the commercial and indus- 
trial sectors that should be considered for option implemen- 
tation are listed in Figure 77-23. 

Technologies included in Self-GeneratiodRenewable 
Generation options are listed in Figure 77-24. 

Figure T7-25 contains a list of technologies included in 
beneficial electrification options. 
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Pmmnm Name Target Market BE Technologies 
Process Heating SICS 30,32,33,34,35,36 & 37 Induction, Resistance, Process Heat Pumps, Microwave 

RF E g  
Process Heating SIC 33 ------------ DC Arc. Plasma Arc, Induction & Vacuum Melting 
Curing & Drying SICS 20,22,24,26,27,28 8 30 UV Curing, EB Curing. Dielectric RF & Infrared Curing 

SIC 20 Food Processing Freeze Concentration, Reverse Osmosis 
Textiles SIC 20 Vacuum Slots for Drying 
Chemicais and Metals SICS 28,33 834 Electrolytic Reduction, Remelting, Electrogahranizaion, & 

Electroskg 
Environmental techno lo^ SICS 49,20,22,28,33,34 & 36 Ultrafiltration. Microfiltration, Nanofiltration, Ozonation, & 

Reverse Osmosis -..- --- ---- 
Space Conditioning and Schools, hospitals, & government facilities Heat Pump Water Heaters. Air-Source Heat Pumps, & 
Water Heayg E!!?_~_e!e! ~~~~~~s~~~~~~~~~~~~~ . . . . . . . . -. . 

Cookir;g and Security Lighting --- Restaurants, hotels. & other establishments Electric Cooking & Security Lighting 
Residential HVAC Customers replacing non-electric Heat Pump Water Heaters, Air-Source Heat Pumps, Ground- 
FLWC! ! e a t  - - heating ----- and water heating -- systems Source Heat Pumps. 8 Dual-Fuel Heat Pumps -. -- 
Residential Security Promoted among relatively narrow range Electric Lawn Mowers 8 Secunty Lighting 
Lighting & Lawn Mowers of customers in non-attainment and 
- -*-- - high crime areas_ 
Transportation Municipalities Electric Buses - Electric Buses .-- - 
Transportation Corporations and municipalities Variety of Fleet Vehicles (vans, carts, fork lifts. etc.) - Flect Vehicles -- - - - 
Transportation Residential consumers 
- Electric Autos Electric cars 
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End-Use Demand-Side Measure End-Use Demand-Side Measure 

Residential Heat Pump Water Heater Industrial- Induction Heating 
Air-Source Heat Pump 
Ground-Source Heat Pump 
Dual-Fuel Heat Pump 
Security Lighting 
Electric Cordless Lawn Mower 
Electric Cord Lawn Mower 

Commercial Heat Pump Water Heater 
High-Efficiency Air-Source Heat Pump 
Dual-Fuel Heat Pump 
Water Chiller 
Thermal Energy Storage 
Security Lighting 
Convection Oven 
High-Efficiency Fryer 
Solid Element Burners 
Flash Bake Oven 

Industrial- Electrolysis 
Process Industries Reverse Osmosis 

Ultrafiltration 

Microfiltntion 
Freeze Concentration 
Electrochemical Synthesis 

Ozonation/Oxidation 
Ultraviolet (UV) Curing 

Electron Beam Curing 
Dielectric Curing 

Infrared (IR) Curing 
lndustrial Process Heat Pumps 
Resistance Heating 
Microwave Heating 

Radio Frequency (RF) Heating 

lndustriaCTextiles Nanofiltration 
Radio Frequency (RF) Drying 
lnfrared (IR) Drying 
Ultrasound Drying 
Vacuum Slot Drying 

Metals Fabrication Resistance Heating 
Electroforming 
Electrical Discharge Machining 

Electrochemical Machining 
Electrofinishing 

Electron Beam Welding 
Plasma Welding 

Direct Arc Welding 
Laser Welding 

Ultraviolet (UV) Curing 
lnfrared (IR) Curing 

Electrogalvanization 
Electroslag Casting 

_ _________.__ - - 
Industrial- DC Electric Arc Furnace 
Primary Metals Plasma Arc Furnace 

lnduction Melting (Coreless lnduction 
Fumace) 
Vacuum Melting 

Plasma Ladle Refiner 
lnduction Heating 
Resistance Heating 
Electrolytic Reduction 
Electroslag Remelting 

------- -- 
Municipal Reverse Osmosis 

UV-Ozonation 
Plasma Arc Furnace 

--- 
Transportation Electric Car 

Electric Van 
Electric Bus (Overhead Electric Cable) 
Electric Bus (Battery-Powered) 

Electric Rail 

Electric Work Vehicle 
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End-Uta Demand-Side Measure 
Cooling Servicing Central Air Conditioner 

High-Efficiency Room Air Condiioner 
High-Efficiency Central Air Conditioner 
SeMcing Room Air Conditioner 
Cenbal AC Cycling or Direct Load Control 
Heat Pump Cyding or Direct Load Control 

W e a t  Hih-Hlic'i  Air-Swrce Heat Pump 
Ground-Source Heat Pump 
Insider Heat Pump 
Reduced Duct Leakage 
Sewr - - Heat Pump (Coils, Filters, Lubrication) 
Clot!* :ogrammable Thermostat 

Building Shell Insulation (Ceiling) 
Double or Triple-Pane Windows 
Low-Emissivity Window 
Reflective GlassMlindow film/Solar Screen 
CaulkingMleatherstripping 
Reduced Duct Leakage 

Lighting Compact Fluorescent Lamp 
High Pressure Sodium (Outdoor) 
Motiot Detectors for Outdoor Lighting 

Water Heatin: Faucet Aerator 
Low Row Showemead 
Hot Water Pipe Insulation 
Water Heater Tank Wrap 
Water Heater Bottom Board 
Heat Pump Water Heater 
Maintain Heat Pump Water Heater 
Solar-Assii Water Healing 
Stofage Water Heater Cycling 
or Direct Load Control 
Standard Electric Water Heater Cycling 
or Direct Load Control 

Appliances High-Efficiency Frod Free Refrigerator 
High-Efficiency Freezer 
SeMcing Refrigerator or Freezer (Clean Coils) 

. Removal of Secondary Refrigerator or Freezer 
Clothes Dryer with Moisture Sensor 
Heat Pump Clothes Dryer 
High-Efficiency Dishwasher 
Smart House (Home Automation 
& Real-Time Pricing) 
High-Efficiency Pool or Spa Pump 
Horizontal-Axis Clothes Washer 

End-Ure Demand-Side Mers.::e 
Cooling Two-Speed Central Air Conditioner 

High-Efficiency Central Air Condiioner 
Ceiling Fan 
Thermal Energy Storage (Cooling) 

Heatiw Wood Furnace 
Electric Thermal Stofage - 

CodMeat Dual-Fuel Heat P u m ~  
Two-Speed Heat Pump 
Std. Add-On Heat Pump 
High-Efficiency Add-On Heat Pump 
Ducts in Conditioned Spaces 
Reduced Duct Heat Transfer 

Building Shell lnsulation (Wall. Foundation) 
Reflective Roof Coating 
Radiant Roof Barrier 
Stom or Thermal Door 

Lighbng Halogen Lamp (Outdoor Applications) 
Efficient Incandescent 

Water Heating High-Efficiency Electric Water Heater 
.. Early Replacement of Old Water Heater 

High-Efficiency ~ a i  Water Heater 

Appliances Best Current Refrigerator or Freezer 
Eally Replacement of Old Refrigerator or Freezer 
High-Efficiency Clothes Dryer 
High-Efficiency Range and Oven 

- 
Induction Cooktop 
Downsized Pool Pumps wI0versized Piping 
Direct Load Control of Pool Pumps 
Green Plug Motor Control 
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End-Use Demand-Side Measure 
Cooling Direct Evaporative Cooler 

lndirect Evaporative Cooler 
Two-Stage Indirect Evaporative Cooler 
Removal of Second Room Air Conditioner 
Attic Fan 
Whole-House Fan 
Shade Trees 

Heating Active Solar Space Heater 
Zoned Resistance Heating 
Resistance Heat & Heat Pump Cycling 

CooVHeat Room Heat Pump 
Multi-Zone Heat Pump 

Lighting Halogen Lamp (Indoor Applications) 

-- 
Water Heating Heat Trap 

Water Heater Timer 
Water Heater Thermostat Setback 
Tankless Water Heater (Instantaneous) 
Heat Recovery Water Heater 

Appliances Refrigerator or Freezer Anti-Sweat Switch 
Duct Heat Recovery from Clothes Dryer 
Pool Pump Timer 

End-Use Demand-Side Memute 
CooVHeat Gas Absorption Heat Pump 

Aerosol Duct Sealing 

Lighting Hafnium Single Crystal Filaments 
Sulfur Lamp 

- - 
Water Heating Ultrasonic Faucet Control 

Appliances Microwave Clothes Dryer 
WholeHouse Surge Protection 
Cordless Lawn Mowers 
High Spin Speed Clothes Washer 
Low Energy and Water Use Dishwasher 
Golden Carrot Refrigerator 
Automatic Clothes Washer Controls 
200-to 300-kwh RefrigeratorlFreezer 
Low Powered Color TV 
Bubble Action Clothes Washer 
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End-Use Demand-Side Measure End-Use D ~ K ~ : . -  5 S i d e  Measure 
4' -;h Fluor. LampsAIimming Ballasts Cooling High-Efficiency Chiller 

Speed Control for Cooling Towers 
High-Efficiency DX AIC 
High-Eff iciency Room AIC 
Thermal Energy Storage (Ice or Water) 
Rooftop Cool Storage 
HVAC Maintenance & Condenser Coil Cleaning 

CooVHeat High-Efficiency Air-Source Heat Pump 
Gmund Source Heat Pump 
SetbacklSetup Thermostat 

Ventilation Adjustable Speed Ventilation Motor Drives 
Variable Air Volume Systems 
High-Efficiency Ventilation Motors 
Leak-Free Ducts 
Programmable Ventilation Control 
HVAC Air DucVWater Pipe lnsulation 

Building Shell Roof lnsulation 
Wall lnsulation 

. . High-Efficiency Windows (High R-value) . 
Tinted Windows (Spectrally Selective) 
Low-Emissivity Films (Window Films) 
Passive Solar Design 

Lighting T8 Lamps 
Electronic Ballasts 
Ref.lDelamp 4' - 40W LampEE Ballasts 
RefJDelamp 4' - 40W LampElectrone Ballast 
Ref./Delamp 4' - 40W Lamp/Hybrid Ballast 
Ref./Delamp 8' - 75W LamplElectronic Ballasts 
4' - 34W LampslElectronic Ballasts 
8' - 60W Lamps~Electronic Ballasts 
Compact Fluorescent Lamps 
Compact Fluorescent Fixtures 

Photoelectric Control 
Lighting Timers 
Occupancy Sensors 
Indoor HID Lamps - High Pressure Sodium - 
Outdoor HID Lamps - High Pressure Sodium 
LED Exit Signs 
Fluorescent Exlt Signs 
Electroluminescent Exii Signs 
DayligMing Design 

--- ------ 
Water Heating Heat Pump Water Heater 

Heat Recovery Water Heater 
High-Efficiency Water Heater - Increased lnsulation 
Add Heat Trap 
Low Flow Showerheads 
Pipe lnsulation 
DHW Recirculation Pumps 
Solar-Assisted Water Heater 

Refrigeration Glass Doors for Refrigerated Cases (High 
R-Value) 

Anti-Condensate Heater Controls 
Dual-Path Supermarket Air Conditioning 
Ambient Subcooling 

Appliances Energy-Efficient Electric Fryers 
Electric Forced Convection Ovens 

---- 
Miscellaneous Interruptible Rate Option 

Industrial High-Efficiency Motor 
Motor Downsizing 
Adjustable Speed Drives 
Compressed Air Efficiency lmprovements 
Process Efficiency Improvements 
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End-Use Demand-Side Measure 
Cooling High-Efficiency Chiller wIASD 

Heat Pipe Enhanced DX AJC 
Hotel Occupancy Sensors 
2-Speed Motor for Cooling Tower 
Heat Recovery Absorption Chiller 
Outside Air Economizer Cycle 
Hydronic Economizer Cycle 
Cooling Towers - Fans 
Chilled Water Reset 

Heating Zonal Electric Heat 

CooVHeat Closed Water Loop Heat Pump 
Ground-Coupled Heat Pump 
Dual-Fuel (Add-on) Heat Pump 

Ventilation Reduction in Fan Flowrate 
Fan Motor Downsizing 

Building Shell Double- and Triple-Pane Windows 

Lighting . Lighting Management Systems 

- 
Water Heating Desuperheater: Refrigeration or AIC 

Storage Water Heating 

~ ---- ----- 

Refrigeration High-Efficiency Evaporator Fan Motors 
Condenser Coil Cleaning 
Mechanical Subcooling 
Energy-Efficient Case Lighting 
High-Efficiency Evaporator Fan Motors 

Office Equipment Personal Computers 
Computer Printers 
Copiers 

Miscellaneous Energy Management System 
Time-of-Use Metering 
Real-Time Metering 

Industrial Other High-Efficiency Motors 
Voltage Unbalance 
Efficient Motor Rewinding Techniques 

End-Use Demand-Side Measure 
Cooling Direct & Indirect Evaporative 

Heating Active Solar Space Heater 

Ventilation Reduction of Outside Air 

Building Shell Interior Shade 
Thermal Scanning 
Vestibule/Revolving Doors 

Lighting Task Lighting 
Electrodeless Fluorescent 
Halogen Lamps 
Metal Halide 

-- 
Refrigeration Multideck Strip Curtains 

Dual Gaskets 
Liquid Pressure Amplifier. 
Evaporative Pre-Cooler for Air-Cooled Condensers 
Parallel Unequal Compressor Systems 
Variable Speed Compressor Systems 

Appliances High-Efficiency Griddle 
Low Temperature Dishwasher - Stationary 
Low Temperature Dishwasher - Conveyer 
Clothes Dryer - Moisture Sensor 
Clothes Dryer,- Heat Pump 
Clothes Washer - High-Efficiency Motor 

Office Equipment Fax Machines 
Telephone Systems 

Miscellaneous High-Efficiency Pool Pump 
Low Pressure Drop Pool Filters 
Time-of-Day Pool Pumps 
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En~"U3a Demand-Side Measure 
CooVHeat Zempic Refrigerants 

GAX Absorption Heat Pump 
Absorption Heat Pump 
Aemsol Duct Sealing 
Electrohydrodynamic Heat Transfer Enhancement 

Lighting Hafnium Single-Crystal Filaments 
General Service Halogen IR 
Advanced Rctlector Design 
Thermal Bridging for fluomscent Fixtures 
Lower Cost Dimmable Ballast 
Integrated Fixtures/Controls 
Architectural Daylighting Device 
Electrodeless HID 
Coated Filament Incandescent 
fluorescent Surface Wave Lamp 
Sulfur Lamp 
DC Lighting System 
LED Traffic Sinals 

Water Heating Ultrasonic Faucet Control 
Ozonated Commercial Laundering 

Refrigeration Supermarket System Integration 

Appliances Microwave Clothes Dryer 
High Spin Speed Clothes Washer 
Automatic Clothes Washer Controls 
Bubble-Action Clothes Washer 
Green Plug Motor Controller 

Industrial Swlched Reluctance Drive (Improved DC Motor) 
Five-Phase Motors (Improved Perm 
Magnet DC Motor) 
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Lnd-Ute Demand-Side Measure 
Renewables Landfill Gas - Fuel Cells 

Small-Head Hydro 
Biomass Fuel -Wood Wade 
Photovoltaics 

Self-Generation Reciprocating Engine Systems 
Gas Turbine Systems 
Coal-Fired Stwn Turbine Systems 
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End-be Demand-Side Measure End-be Demand-Side Measure 

Residential Heat Pump Water Heater ; Industrial -Textiles Nanofiltmtion 
Air-Source Heat Pump 
Ground-Source Heat Pump 
Dual-Fuel Heat Pump 
Security Lighting 
Electric Cordless Lawn Mower 
Electric Cord Lawn Mower 

Commercial Heat Pump Water Heater 
High-Efficiency Air-Source Heat Pump 
Dual-Fuel Heat Pump 
Security Lighting 
Convection Oven 
High-Efficiency Fryer 

Industrial - Reverse Osmosis 
Process Industries Ultrafiltration 

Microfiltration 
Freeze Concentration 
OzonationlOxidation 
Ultraviolet (UV) Curing 
Electron Beam Curing 
~ielectnc Curing 
Infrared (IR) Curing 
lndustrial Process Heat Pumps 
Microwave Heating 
Radio Frequency (RF) Heating 

Vacuum Slot Drying 

lndustrial - DC Electric Arc Furnace 
Primary Metals Plasma Arc Furnace 

induction Melting (Coreless lnduction 
Furnace) 
Vacuum Melting 
Plasma Ladle Refiner 
Induction Heating 
Resistance Heating 
Electrolflc Reduction 
Electroslag Remelting 

Industrial - Induction Heating 
Metals Fabrication Resistance Heating 

E l e c t r ~ g a l ~ n b t i ~ n  
Electroslag Casting 

Municipal Reverse Osmosis 
Ultraviolet-Ozonation 

Transportation Electric Car 
Electric Van 
Electric Bus (Battery-Powered) 
Electric Work Vehicle 
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Below are definitions of terms that will be used often in this appendix. (Terms in definitions which are themselves defined in 
the Glossary are printed in italics.) 

AC-Air Conditioning. 

Add-Ons-Purchases of new or addi- 
tional equipment of a type previously 
not present in an existing facihty, such as 
the purchase of a food freezer for a home 
that previously had none or the purchase 
of a second room air-conditioner. --- 
by the utility for program planning, design, 
management, and administration. They 
include labor, office supplies, data pro- 
cessing, etc. They exclude the costs of mar- 
keting, purchase of equipment for 
programs, incentives, and monitoring and 
evaluation. 

Advancd Batkrks-An advanced tech 
nology battery that has more storage 
capacity than a lead acid battery. 

AFLE-Annual fuel utilization efficiency 
(AFUE) is an efficiency rating used for gas 
apphces  based on average usage indud- 
ing on and off cycling described in a 
Standardtzed Deparanent of Energy test p m  
cedure. These ratings are listed in publi- 
cations from the Gas Appliance 
Manufacturers Association (GAMA). 

A g r h b d  Sector-The group of non- 
residential customers engaged in the pro- 
duction of crops or livestock, forestry, 
fishing, hunting, or trapping. 

Ambient -Surrounding. 

Annual Participation-The number of 
customen m11ed in a pgnicular progam 
for a given year. 

Annual -on Rate-The ratio of 
the number of participating units in a 
particular year to the number of eligible 
units. 

ASD-An adjustable speed drive (ASD) 
may be used to control the speed of an 
electric motor. 

ASHRAE-American Society of Heating. 
Refrigeration, and Air-conditioning 
Engineers, Inc. 

Attriiutes-Measures or criteria used to 
waluate options and strategies. For exam- 
ple, total TVA debt is an attribute. 

Availability-The percentage of time 
that a TVA power plant (or generating unit 
in a power plant) can be called on to p m  
duce power. 

Avoided Cost-The incremental cost to 
TK.4 for capacity or energV or both which, 
but for an acquisition from another source, 
the TVA would have to incur. (In other 
words, the cost of Plant A, which TVA 
would have acquired except for that fact 
that it was able to acquire Plant B.) 

B 
Base Load Capacay-Iqe power plants, 
often coal- or nuclear-fueled, which are 
designed to operate around the clock a1 
high capacity factors. 

B a d h e - A  mid-range set of assumptions 
on all variables, with a "business as usual" 
decision strategy. 

Beneficial Electrification-Electricit)' 
may be used as a tool for economic 
development to fuel new products or 
replace other fuels for process improve-, 
ment. 

Biomass-Biomass involves the har- 
vesting of stands of close growing whole 
trees, truck transport. tree storage, and dry- 
ing using air heated by boiler flue gas, and 
combustion of the whole trees in a spe- 
cial deep bed burner at the bottom of the 
furnace. 

Boiler--A component that consumes a fuel 
for a heat source to produce steam from 
water. 

Capabiity-41) With respect to supply- 
side resources, the amount of electric 
power that a generating unit or electric sys- 
tem can reliably deliver under specified 
conditions over a specified period of 
time; (2) with respect to demand-side 
resources, the ability and skills to perform 
demand-side marzagement activities such 
as market research, program design, eval- 
uation. etc. 

Capacity-The amount of elecuic power 
that can be delivered by a generating 
unit or electric system, as determined by 
manufacturer's nameplate ratings or by test- 
ing. (For example, the capacity of a com- 
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bustion turbine power plant, based on its 
nameplate rating, would be stated as 225 
m 

Capadty Factor-A universal standard 
for measuring power plant performance. 
It compares a plant's actual output with its 
maximum potential output, expressed as 
a percentage. 

Chemical Coproduction-The pro- 
duction of a chemical product while 
simultaneously producing electricity. 

Cblorofluom-carbon (CFC)-A family 
of inert, nontoxic, and easily liquified 
chemicals used in refrigeration, air con- 
ditioning, packagmg, and insulation or as 
solvents and aerosol propellants. Because 
CFCs are not destroyed in the lower 
atmosphere, they drift into the upper 
atmosphere, where their chlorine com- 
ponents destroy ozone. 

Class 1 Areas-Nonattainment area- 
the part of a state where a state fads to atrain 
and maintain pollutant levels below the 
National Ambient Air Quality Standards. 
States are required to impose additional 
control requirements on sources of ozone, 
carbon monoxide, particulates (PM 101, sul- 
fur dioxide, m q e n  dioxide, and lead wxh- 
in the nonattainment area in order to 
attain the ambient standard. 

Climate Challenge-The principal util- 
ity industry component of the President's 
Climate Change Action Plan, which pro- 
vides for a voluntary reduction of green- 
house gases (primarily COZ). 

CO-Carbon Monoxide. 

COZ -Carbon Dioxide. 

Cogeneration-The use of a primary Customer Class-A group of customers 
fuel, such as natural gas, to produce both with similar characteristics, such as eco- 
elecnical energy and thermal energy used nomic activity or level of electricity use. 
as steam or process heat. 

Customer Service Options-Actions 
Coincident Peak-The demand of a taken to influence the nature of loads 
WA customer or group of customers at the on the customer-side of the meter. 
time TVA's entire system is at its peak laad. 

ComtIlercial Sector-The group of non- 
residential customers that provides services, 
including retail, wholesale, finance, insur- 
ance, and public administration. 

Conservation-A reduction in either 
energyusageorpaakdemrmdsoastopre 
vide the prior end-use service levels at a 
lower cost. 

COP-Coefficient of Performance (COP) 
is dimensionless and defined as the use- 
ful energy effect dwided by the energy from 
external sources. 

Criteria-Measuring rods used in inte- 
p t e d  resource p lamg.  They are derived 
from issues or concerns. Examples include 
concerns over future rates, acceptable 
levels of environmental impacts, etc. 

Cumulative Effects-The changes in 
electricity use and demand caused by all 
of a program's participants from the pro- 
gram's inception through the current year. 

Cumubtk -on-The number 
of PQlticipating units from the start of a pro 
gram through the current year. 

Cumulative Participation Rate-The 
ratio of the number of participating units 
from the start of a program through the cur- 
rent year to the number of eligible units. 

Decision Analysis-A decision-making 
process that provides a mathematical 
framework by which a large set of resource 
strategies can be evaluated for a number 
of uncertain parameters. (For example, an 
ultimate decision might include five sub- 
decisions, each with five key uncertain p- 
meters, for which there are three values 
representing the range of likely outcomes. 
In this example, 1,115 scenarios would be 
evaluated in making the decision.) 

Decllniag Blodr Rates-A utility rate 
where after a certain level of consumption 
in a period, additional consumption of ener- 

I 
gy is charged a lower rate. 

Demand-The amount of electric ener- 
gy used at a specific point in time, mea- 
sured in watts (or multiples thereof, such 
as k q  or GW. Demand is measured 

I 
for indmdual customers, for groups or class 
es of customers. and for TVA's system as 
a whole. 

Demand-Side Management (DSM)- 
Activities which influence electricity use 
on the customer's side of the meter. 

I 
Examples include home weatherization, 
use of compact fluorescent lighting, etc. 

Demand-Side Management Measure- 
A single technology, such as a compact flu- 
orescent light bulb? which can be used to 
alter customer load. 
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-* M==gement mP=- 
Organized uthty activities that are intend- 
ed to affect the amount .and timing of 
customer electricity use. 

Demand-SideMaoagementRgollrce-- 
Bundles or packages of DSM activities that 
can be used to reduce customer energy 
demands, and thus be viewed in many 
respects like a generating source. 

D3esel Gememm-An elecnical genemx 
powered by a traditional diesel engine. 
Direct-Installation ProgramsActivities in 
which the utility (or its contractor) installs 
DSM measures in the facilities of partici- 
pating customers; such programs gener- 
ally cover low-cost measures, such as 
water-heater wraps and compact fluo- 
rescent lamps. 

Dispatchable-Capable of being con- 
nected or disconnected from a utility's sys- 
tem as necessary for efficient operation of 
the system. Generally applies to generat- 
ing facilities, but could also apply to a load 
that is interruptible when necessary. 

Distributed Generation-Power gen- 
eration facilities located close to energy 
users. These are normally small size units 
(i.e., less than 50 MW and may include 
both generation and energy storage tech- 
nologies. 

Diversified Coincident Peak Demand 
Effect-The change caused by the utili- 
ty's DSM program in the demand for 
electricity at the tune the uriljty experiences 

its system peak. 

DiversSed Demand-The average load 
(in kW across a group of customers or end 
uses. 

DOE 2-A public domain building ener- 
gy analysis software program developed 
with funding from the Department of 
Energy. 

DX-Dimt expansion (DX) refers to cool- 
ing equipment with a refrigerant to air coil 
and no chilled water system. 

Early Replacement-The removal of 
equipment before it reaches normal retire- 
ment age and the substitution of new 
equipment for the old. 

Eco-Effidency-Sustainable manufac- 
turing and pollution prevention practices. 

Econometric Models-Models that use 
past statistical relationships between elec- 
tricity sales and the major assumptions such 
as economic activity and prices to forecast 
future electricity sales. 

Economic Dispatch-The hour-by-hour 
operation of TVA's system of generating 
units to meet hourly and daily load swings 
in a way that minimizes the cost of p w  
ducing electricity. 

Economic Potential-An estimate of 
the possible energy savings assuming 
that all energy-efficient options will be 
adopted and all existing equipment will 
be replaced with the most efficient when- 
ever it is cost-effective to do so, without 
regard to market acceptance. 

Economy Surplus Power (ESP)-A 
form of interruptible power sold by TVA. 
The price for ESP changes hourly and is 
based on a markup over the incremental 
cost of the power. There are several vari- 
ations of ESP with different markups and 
interruption provisions. 

EER-Energy eficiency ratio (EER) is a ratio 
calculated by dividing the cooling capac- 
ity in Btu's per hour (Btuh) by the power 
input in watts at any given set of rating con- 
ditions, expressed in Btuh per watt 
(BWwan). These ratings are listed in pub 

lications by the Air-conditioning & 
Refrigeration Institute (AN). 

EF-Energy Factor (EF) is a measure 
of the overall efficiency rating of a water 
heater certified by the Gas Appliance 
Manufacturers Association (GAMA). 

JBluent-Tbtewater--~eated or untreat- 
ed-that flows out of a treatment plant, 
sewer, or industrial outfall. Generally 
refers to wastes discharged into surface 
waters. 

Electric and Magnetic Fields-Two 
types of energy fields that are emitted from 
any device that generates, transmits, and 
uses electricity. 

Eligible Market-The subset of the total 
market that is qualified to participate in a 
program based on the program's partici- 
pation criteria. 

EMF-Electric and Magnetic ~aelcis. 

Emission-Pollution discharged into the 
atmosphere from smokestacks, other 
vents, and surface areas of commercial or 
industrial facilities; from residential chim- 
neys and from motor vehicle, locomotive, 
or aircraft exhausts. 

EMS-Energy management system is a 
term used for automated control of HVAC 
and lighting systems in buildings. 

End Use-The ultimate benefits provid- 
ed by electricity. For example, comrner- 
clal electric energy uses can be segmented 
into several end uses, such as lighting, air 
conditioning, ventilation, heating, cook- 
ing, refrigerating, etc. 

End-Use Model-An energy forecasting 
approach that focuses on the end uses of 
electricity, and the factors that influence 
such end uses. 
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Energy-The amount of power con- 
sumed over a period of time, measured in 
wan hours, kwh, MWh, or GWh. 

generally dealt with environmental exter- 
nalities arising from various forms of 
pollution. 

ized ( ~ # ~ ~ t ~ c r i o n  costs, fixed opemhg and 
maintenance costs and fuel inventory 
costs. These costs are recovered whether 
or not the resource is actually operated. 

Energy EfRciency41) With regard to 
sup&s&=rcer, reducingtheamaunt 
of fuel reqtllred to produce a given amount 
of electric energy; (2) with regard to 
demand-side management resources, 
reducmgthe~ofeleuricenergyused 
without ~ducing the functionality of that 
&or example, by replacing a 74 wan 
incandescent light bulb with an 18 wan 
compact fluorescent light bulb delivering 
the same amount of lumens. 

Environmental Mitigation-Making 
environmental pollutants less severe. 

Fqipment Cost-The price of compo- 
nents that the utility purchases directly for 
a DSM program, including the cost of 
DSM measures disnibuted free to partic- 
ipants. 

Evaluation Critaia-Measures to eval- 
uate the contribution of resource options 
to srated objectives and values. 

FkxSWlity-The degree to which resoufie 
decisions can be changed over time as 
events unfold, and near-term futures 
become more clearly known. 

FrceD&as-CummeswhomkeDSM- 
program-recommended actions because 
of the pqmm, but who do not participate 
directly in the program (e.g., they do not 
claim rebates). 

E n a W ~ R o g r P n s ~  
(sometimes called energyconservation 
progmms) that are aimed at reducing the 
energy used by specific end-use devices 
and systems without degrading the services 
praided, theffby reduang werall electricity 
consumption (kWh), often without regard 
for the timing of programinduced savings. 
Such savings are generaYI achieved by sub 
stifuting technically more advanced equip 
ment to produce the same level of end-use 
services (e.g., lighting or warmth) with less 
elecviaty. 

Storage-Mechanism of utilizing 
during the peak load period energy that 
was stored during the light load period 
when energy production costs were rel- 
atively low. nK duration of an energy stor- 
age cycle rarely exceeds one week. 

Environmental  Externalities- 
~emajitlesareactivitie~ch result from 
the production and co~wmption of goods 
and services that impose costs or bene- 
fits on society that are not reflected in the 
prices of those goods or services. For 
example, negative atemahties such as pol- 
lution and sonic booms can impose costs 
on a society that are not reflected in the 
prices of those goods associated with 
the pollution or sonic boom. Discussions 
of externalities in the utility industry have 
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Existing Buildings-Suuctures that are 
in use as of the beginning of the current 
Year. 

 consequences or impacts 
of resource developmen: that are not 
directly accounted for in the price paid 
for the resource developed. 

Fcdshck-The raw materials utilized by 
a chemical production facility to make the 
final product. 

Free Riders-Customers who would 
have adopted program-recommended 
actions even without the pmgmn, but who 
participate directly in the program (e.g., 
they claim rebates). 

Fuel Cells-A device capable of con- 
vening a fuel and an oxidizer directly to 
electricity. 

Fuel Switching Prograols-Programs 
that encourage customers to change 
from one fuel to another for a particular 
end-use. 

Firm Capacity-41) With regard to sup  
plyside resources, a binding commitment 
to purchase or sell cupdtv. Purchases 
inaease the czp&h@ of T . .; s system; sales 
deuease TVA's capabil@, (2) with regard 
to danand-side management resources, 
the amount of caphlip that must be pro 
vided to a customer under normal con- 
ditions. 

Firm &er-power sales that do not 
have ~rovisions in the contract for inter- 
rupt s. (See Interruptibk Power) 

Fixed Costs-Com associafed with con- 
structing and maintaining resources in 
an operable condition, including capital- 

Full-Scale Prognms-Mature, system- 
wide programs that a- available to all of 
the eligible customers in the utility's ser- 
vice area. 

Futmt+A combination of discrete values 
for key uncertainties that are being treat- 
ed explicitly. For example, a future 
might assume a high rate of load growth, 
low oii prices, low coal prices, high inter- 
est rates, and no new carbon dioxide 
(Cod regulations. 

Futures (F, wndal Market)-The sale 
of a produ ror delivery at some time in 
the future for a specified price. Most 
major commodity markets have well- 
organized active futures markets. For 
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example, farmers will sometimes sell part 
of their crop for fall delivery before it is 
planted. 

General Information programs- 
Programs that refer to utility efforts to 
inform customers about DSM options 
through such mechanisms as brochures, 
bill stuffers, TV and radio ads, and work- 
shops. 

Global Warming-The theory that cer- 
tain gases such as carbon diaxide (COz), 
methane (ma), and cblorofuorocarbon 
(QU in the eanh's atmosphere effectively 
restrict radiation cooling, thus elevating the 
earth's ambient temperatures. 

Greenhouse Effect-The build-up of 
carbon dioxide or other trace gases that 
allows light from the sun's rays to heat the 

/ 
Earth but prevents a counterbalancing 
loss of heat. 

Greenhouse Gas Emissions--A gas 
whose presence in the upper atmosphere 
contributes to the greenhouse effect by 
allowing visible light to pass through the 
atmosphere whde preventing heat ndnting 
back from the Earth from escaping. 
Greenhouse gases from anthropogenic 
sources include carbon diomde; nitrous 
d e ,  methane, and chlorojluorocarbons 
(CFCs). There also are even larger quan- 
tities of naturally occumng greenhouse 
gases. notably ozone and water vapor, 
whose concentrations may be affected 
by interactions with atmospheric pollutants. 

GW-Gigawatt, an amount of electric 
power equal to 1,000 MWor 1 bdhon wafts. 

w i g a w a t t  hour, an amount of ener- 
gy equal to 1,000 MW% or 1 billion wan 
hours. 

ItIaZardous Waste-A byproduct of soci- 
ety that can pose a substantial or poten- 
tial hazard to human health or  the 
environment when improperly managed. 
Possesses at least one of four character- 
istics (ignitability, corrosivity, reactivity, 
or toxicity) or appears on special 
Environmental Protection Agency lists. 

HSPF-Heating Season Performance 
Factor (HSPF) is the total heating output 
of a heat pump during its normal annu- 
al usage period for heating divided by the 
total electric power input in wan-hours dur- 
ing the same period. This rating is listed 
in publications by the American 
Refrigeration Institute (ARI). 

HVAC-Heating, Ventilation, and Air 
Conditioning 

Hydro Generation-A dam creates an 
upper and a lower water reservoir. The 
height difference between the two reser- 
voirs establishes pot& energy that is used 
to generate electricity by allowing water 
from the upper reservoir to flow through 
a hydro turbine to the lower reservoir. 

Incentive-An award offered to encour- 
age participation in a DSM program and 
adoption of recommended measures. 

Incentive Programs-Programs that 
offer cash or noncash awards to cus- 
tomers, trade allies, or employees to 
encourage participation in a DSM program 
and adoption of recommended measures. 

Incremental Cost-The additional cost 
incurred because of an activity. For exam- 
ple, a plant sitting idle has costs associat- 
ed with it such as interest on funds used 
to build it and basic maintenance. When m- 
ed up, the plant has additional costs such 
as fuel? additional maintenance, and other 

costs. These latter costs are the incremen- 
tal costs of producing the product. S i  
terms are avoided cost and marginal cost. 

Incremental Fuel Cost-The cost of 
replacing a unit of fuel in today's market. 

Incremental Partiapation-Thenum- 
ber of annual participants in the current 
year minus the annual participants in the 
previous yeat. 

Industrial Sector-The group of non- 
residential customers that provides prod- 
ucts, including agriculture, construction, 
mining, and manufacturing. 

Integrated Resource Planuing-A util- 
ity p b g  process that evaluates supply- 
side resourn and DSM maim on a level 
playing field to reliably meet the future 
energy needs of customers. 

Internalized Costs--Costs that result 
from the production and consumption 
of goods and services that are reflected in 
the price of those goods and services. 

mptibk --A type of danand- 
side management activity in which the 
power contract allows TVA limited rights 
to turn off the power when overall demand 
is high in return for a lower price to the 
customer. Many industrial customers buy 
pan of their power as interruptible. (See 
Firm P o w )  

Issue-A concern expressed regarding 
TVA's energy resource plan or its imple- 
mentation. For example, an i n d u d  cus- 
tomer may see low electricity rates as 
vital to its continued operation. 

kW-Kilowatt, which is the amount of 
power equal to 1,000 wafts. Common mea- 
sure of demand for electricity at any 
moment. 

kwh-Kilowatt hour. which is the amount 
of energy equal to 1,000 watt-hours. 
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Common measure for use of electricity over 
time. 

L 
Lapcycle Costs--Method of expenditure 
evaluation that recognizes the sum total of 
all costs associated with the expenditure 
during the time it is in use. 

Limited Int-ptibk Powet (UP)-A 
form of interruptible power sold by TVA. 
LIP customers get discounts from firm 
power rates in exchange for granting 
TVA limited rights to interrupt the power 
if necessary when the power supply sit- 
uation is very tight. 

Load-The amount of power that is 
drawn from TVA's electric system at a 
given point in time. 

Load Factor-A measure of the vari- 
ability in electric usage, defined as the ratio 
of energy actually consumed to the poten- 
tial consumption at peak load for the 
period of time of interest. Load factor is 
usually calculated over a one year (8,760 
hours) time period. 

Load Management-The control of cus- 
tomer demand during peak periods or dur- 
ing periods when supplies of electricity are 
short. Unlike energy conservation, load 
management may not conserve energy. 

Load Not Served-A measure of the 
reliability of a power system. 

Load Shape-The time-of-use pattern 
of customer electricity use, generally a 
24-hour pattern or an annual (8,760-hour) 
pattern. 

Load-Building Programs -Programs 
that aim to increase electricity consump 
tion, generally witho~ -;.gard to the tim- 
ing of the increased usge .  

Load-Shiftias Programs-Programs that 
aim to move electricity consumption from 
one time to another (usually from the 
on-peak to off-peak periods during a sin- 
gle day). 

Mnrka EMential-An estimate of the pos 
sible energy savings that would occur 
because of normal market forces (i.e., 
likely customer adoption over time of 
various actions without a DSM program) 

Methane ( 0 - A  greenhouse gas that 
is colorless, nonpoisonous, and flarnrna- 
ble and is created by anaerobic decom- 
position of organic compounds. 

~ A X Q E S S - A  building energy analy- 
sis software program available through EPRI. 

Mitigation-Measures taken to reduce 
adverse impacts on the environment. 

Monitoring and Evaluation Cost-, 
Expenditures associated with the collec- 
tion and analysis of data used to assess 
program operation and effects. 

MW-Megawatt, the amount of power 
equal to 1,000 KW or 1,000,000 watts. 

MWh--Megawatt hour, the amount of 
power equal to 1,000 KWh or 1,000,000 
wan hours. 

Net Effect-The change in electricity 
use or demand for a participating customer 
that can be attritcted to the utility DSM 
program, expresil in MWh/year and MW 

New Construceio. Buildings ar, 51- 
ities that are cons ted during ti.. a- 
rent year; it ma) ,is0 include major 
renovations of existing facilities. 

New Chn%rWh Programs-Progr;uns 
that affect the design and construction of 
residential and commercial buildings and 
manufacturing fadlitces; such programs may 
also include major renovations of existing 
facilities. 

New Participants-Customers wfIo take 
pan in a program during the current year 
and did not panidpate in the progmm dur- 
ing the previous year. 

NIMBY--Not in my backyard. 

Non-Attainment Area-A geographic 
area that does not meet one or moR of the 
National Ambient Air Quality Smdards for 
the criteria pollutants designated in the 
Clean Air Act. 

Nomincident --The peak demand 
imposed on TVA by a customer, group of 
customers or all the customers as a whole, 
but not necessarily at the same. time. 

Normal Replacement-The removal of 
worn-out (and perhaps obsolete) equip 
rnent and the installation of new equipment. 

Off-Peak-The periods of time during 
which energy is being delivered far below 
the maximum demands that could be 
placed. 

On-Peak-The periods of time during 
which energy is being delivered near, or 
at, the maximum coincidentpeak load. 

Operating and Maintenance Costs- 
Noncapml, equipment-related expenses 
that con! e over the life of the equipment; 
they inc. . ..r fuel costs. as well as costs for 
maintaining and servicing equipment. 
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Option-Actions TVA can take to resolve 
an issue. For example, if TVA forecasts an 
energy deficit, it has the option to meet it 
with DSM programs or other resources. 

P 
ParCicipant Costs-Those expenses asso- 
ciated with taking part in a DSM pro- 
gram paid by the customer and not 
reimbursed by the utility. 

Participants-Units used by a utility to 
measure participation in its DSM pro- 
grams; such units of measurement include 
customers or households for residentials 
programs and customers, floor area, or kW 
connected for commercial and industrial 
customers. 

Participation Rate-The ratio of the 
number of participants in a program to the 
number eligible for the program, with 
both the numerator and denominator 
defined in the same units. 

Peak Demand-The maximum rate of 
electricity use, expressed in kK 

Peak Load-The maximum load expe- 
rienced by TVA's electric system over a 
given period of time. 

Peak-Clipping Programs -Programs 
that aim to reduce electricity demand 
(kW at certain critical times, typically 
when the uthty experiences system peaks. 

Peaking Capacity--Capacity that is avail- 
able for use and used to meetpeak load. 
Such capacity, usually represented by 
combustion turbines, often has low c a p  
ital costs and high fuel costs. and is 
designed to operate for relatively shon pen- 
ods of time. 

Penetration-The ratio of the number of 
new units of a speclfic type installed to the 
total number of new units installed dur- 

ing a given time (e.g., the fraction of 
new airconditioner sales that exceeds 
an energy-efficiency ratio of 10). 

Photovoltaics-Solar-photovoltaic (PV) 
power plants convert solar energy to 
electricity using a semiconductor mater- 
ial, usually silicon doped with phospho- 
rus and boron, to generate dc current. 

Point Sources-A stationary location or 
f ~ e d  facility from wluch pollutants are dis- 
charged or emined. Also, any single 
identifiable source of pollution, for exam- 
ple, a pipe, ditch, ship, ore pit, or facto- 
ry smokestack. 

Real Prices--(Or constant dollar prices, 
prices excluding inflation) As applied to 
price changes, the rate of change in a price 
over time adjusted for the overall inflation 
rate. For example, if the price of a wid- 
get goes up 1 percent while the average 
price of all goods sold in the economy goes 
up 2 percent, the real price of the widget 
is said to have declined 1 percent. 

Real-Time Pricing-Energy is priced at 
the cost of producing it at the time it is con- 
sumed. 

Rebate-Money given to customers, 
contractors, homebuilders, or other trade 
allies who make equipment choices to 
help defray the incremental cost of DSM 
measures. 

Reference Case--One given set of cir- 
cumstances used to compare other sets of 
circumstances. 

Reliability-The ability of TVA's electric 
system to deliver uninterrupted power 
to its customers. 

Renewable Resources-Power plants 
or other generating devices whose fuel 
source is generally considered to be 
renewable. These include generators 
fueled by biomass, water, pbotovoltaics, 
solar, wave or wind energy. 

Resene Margin-The difference between 
the capability of TVA's electric system 
and expected peak load, expressed as a 
percentage of expected peak load. 

Residential Sector-The group of cus- 
tomers to whom electricity is sold for 
household purposes, including space 
heating, water heating, air conditioning, 
lighting. and appliances in single-family, 
multi-family, and mobile homes. 

Resources-Supply-szde or DSM options 
that can be used by TVA to meet fume as 
tomer energy needs. 

Retrofit-Replacement or upgrading of 
equipment before it reaches normal retire- 
ment age. 

Retrofit Programs-Programs that 
upgnde existing facilities and equipment. 

Revenue Requirements-The amount 
that must be recovered from customers to 
cover a utility's fixed and variable costs. 

Robustness-The degree to which an 
energy strategy meets an objective for 
most or all futures. 

SatrPation--On the demand side, the per- 
centage of a group of customers that 
have a particular end use. For example, 
the residential saturation of heat pumps is 
50 percent if half of residential customers 
have them. In the commercial sector, sat- 
urations (also know as fuel shares) are gen- 
erally measured on a percentage of square 
footage basis. 
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SCADA-System Control and Data 
Acquisition 

Scenario-The combining of one strat- 
egy with onefirture. 

SEER-Seasonal Energy Efficiency Ratio 
(SEER) is the total cooling of a central uni- 
tary air conditioner or unimry heat pump 
inWsdunngirsnonnalmualusageperi- 
od for cooling divided by the total elec- 
tric energy input in watt-hours during 
the same period. nis rating is listed in pub 
lications by the American Refrigeration 
Institute (ARI). 

Stranded Cost--Costs that a utility faces 
because of stranded investments. For 
example, a utility may owe money on a 
closed plant that is generating no income. 
If a svanded investment can operate and 
cover pan of its cost: only the portion of 
the cost not covered would be stranded. . . 

Stranded --An investment in 
plant or equipment that loses its value 
because of competition that forces down 
the price of the product. In the electric util- 
ity mdustry, fums may have been allowed 
or directed by regulators to build high cost 
capacity to meet the obligation to serve their 
customers, If the market is open to com- 
petition, lower cost producers may c a p  
m e  these customers, causing the high cost 
capacity to close and become a stranded 
investment. 

Strategy-A combination of options 
intended to fulfill a particular resource goal. 
For example, an energy deficiency in 
2007 might be met with a combination of 
supply-side resources and DSM resources. 

uok Cost-The sum of previous invest- 
-nents; monies that have already been 
spent. 

Supply-side Resource-Resources that 
meet customer needs bl- --creased p r e  
duction of electricity. 

Sustainable Ikvelopment-Meeting 
the needs of the present without com- 
promising the ability of future genera- 
tions to meet their own needs. 

System Energy Requirements-The 
total energy the generating system needs 
to produce to meet customer needs over 
some time penod, generally a year. System 
energy requirements include all sales and 
system loses. Customer needs are mea- 
sured before Ioad manugemat measures 
are applied. 

System Losses-Difference between the 
energy metered at the generator and the 
energy recorded at the customers' meters. 

Takdmck-Changes in customer behav- 
ior resulting in greater energy use stimu- 
lated by participation in a DSMprogram. 

Target Market-The group of customers 
(a subset of the eligible market) that is the 
focus of utility marketing efforts. 

Total prograb Costs-All expen :es 
associated with a D W  program regardless 
of whether h e  by the utility, paniapating 
customer, or trade allies. The costs paid 
by customers and trade allies are first 
adjusted for incentives from the utility to 
avoid double-counting costs. 

Total Resource Costs (TRC) Test-A 
benefit-cost test that measures the net 
costs of a demand-side program as a 
resource option based on the total c o .  - ' 
the program, inducing bGLq the partic& 
and the utility's costs. The costs in t h ~  
are the program costs paid by both the uud 
ity and the participants plus the increase 
in supply costs for any period in which load 

has been increased. All equipment costs 
are included in this test. 

Total Value Test- the Total Resource 
Casts test to not only include the total cost 
of an option, but also the effects upon the 
benefits or "value" that participants and 
ratepayers receive. 

T n d e  Allies-Organizations (e.g., archi- 
tect and engineer firms, building con- 
tractors, appliance manufacturers and 
dealers, and banks) that affect the ener- 
gy-related decisions of customers who 
might participate in DSM programs. 

Utility Costs-All the expenses (admin- 
istrative. equipment. incentives? market- 
ing, monitoring and evaluation. etc.) 
incurred by a utility in a men year for oper- 
ation of a DSM program regardless of 
whether the costs are capitalized or 
expensed. 

Valley-Filling Program-Programs that 
typically seek to increase off-peak eleLpiaty 
consumption (without necessarily reduc- 
ing on-peak demands). 

Variable Coss--Costs associated with the 
generation of electricity that vary with 
the utilimticm of the generating station, such 
as fuel, consumable supplies, etc. 

Variable Frequency Drive (VFD)-A 
variable frequency drive is a type of RSD 
that varies the frequency of the electrici- 
ty to an electric motor to control its speed. 

VOCs--Volatile organic compounds. 

Volatile Organic Compounds -Any 
organic compound that participates in 
atmospheric photochemical reactions 
except for those designated by the 
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Environmental Protection Agency admin- 
istrator as having negligible photochem- 
ical reactivity. 

W 
Weather Adjusted--(Or weather nor- 
malized) Having the effects of the dif- 
ference between actual and expected 
normal weather removed. For example, 
'NA forecasts summer peakr for a 
expected Wey-wide avenge temperature 
of 96 degrees. If the peak one year 
occurs at 100 degrees, a weather adjust- 
ed peak will be estimated by applying a 
per degree adjustment factor to the four- 
degree difference. 
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Resource Integration 

The Strategy Matrices are detailed descriptions of the supply- were eliminated and some new ones were created. In the sec- 
side, environmental, customer service, and transmission ond aategy mank, F(qutl? R7-2, many new sftategies wenz formed 
improvement options contained in each strategy. The first to provide more flexibility to Energy Vision 2020, TVA's 
strategy matrix, Figure 23-1, depicts how the initial strategies Integrated Resource Plan (IRP). The third strategy matrix, 
were formed from a list of customer service, supply-side Figure m-3, represents the final strategies that were evaluated 
expansion, and nuclear refinement strategies. By analyzing how in order to develop the Energy Vision 2020 portfolio. 
each strategy behaves under key uncertainties, some strategies 
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T E C H N I C A L  D O C U M E N T  8 :  RESOURCE I N T E G R A T I O N  

ENVIRONMENT 

---- 
Eusttng System In 1996 5577 14968 2292 5498 0 2300 
Exlshng System In 2010 5577 14968 2292 5498 0 1100 
Cbangn lrorn ExisIing System -- - ---- 
Rmracr CCnPPlCoal with Low-Pnce DSM 0 1155 5930 0 0 1740 ~ e f e r e n r  No No 
ClUtoANr &mice Shbgkt - 
1 CGnPPlCoal with No DSM 0 1575 6720 0 
2 CC/IWICoal with Block 1 DSM 0 1890 0 0 5310 .--- Reference 
3 WPPlCoal with Blocb 1 6 2 DSM 0 1155 4840 0 0 720 Rafcrence No - - -- -- ---- No- 
4 CCnPPlCoal with Blocks 1.2,6 3 DSM 0 735 0 0 0 No No Reference 4520 - 
5 CCnPP/Coal wRh LowPrice DSM 0 1155 5930 0 1740 D-- Reference No -- No 
6 CCnPPICoal wth Low BE 0 1890 6570 0 0 1740 Reference -- ------ No No -- 
7 CCnPPICoal Hnth H~gh BE 0 1890 0 0 1740 Reference 6 7 2 L  - - - -  -- N o - _ _  No 

Supply-side Expansion Slntegies - 
1 Coal Expanston 0 5168 3M)O 0 0 0 Reference ---- ------------- No 
2 CCICoal Expans~on 0 1890 0 ss90___-- (I 0 -- Reference - No 
3 CC Renewable Expans~on 0 0 7490 0 1700 0 Reference No No -- -- 
4 CC and IPP Expansion 0 0 6250 0 0 2520 ---- -- 

Nack81 Rdinement Strategies ---- 
1 Defer WBNBFN and Bu~ld 2235 735 4690 0 0 1140 Reference - - - NO 
2 Defer WBNBFN and Cancel 0 18% 5010 0 0 1 860 Reierence No -- No 
3 Defer BLN and Bu~ld 2424 0 5010 0 0 1440 Reference No No 
4 Defer BLN and Cancel 0 - 1155 4990 0 0 1440 Reference -- -- -_ --- NO No 
5 Convert BLN to CC O 1575 6590 0 0 720 - - -  - _- Reference No No 
6 Partner BLN as Nuclear 1212 1155 5 s 1 0 -  0 0 2040- -- - Reference No No 
7 Partner BLN as IGCCICoproduct O 1890 5010 - 0 0 1924 Reference No No 

8 Convert BLN to lGCClCopmduct O------ 2520 5140 0 O -  1140 Reference No No 
9 Cancel Four Nuclear Un~ts 0 5010 0 0 lE90 1860 No No Reference 

10 Cancel Three Nuclear U n m u l l d  WEN 2 1170 1890 5010 0 0 720 Reference ------- -------------- 
Mied  8 1 n l e g j  -- ----------- -- 

24 3750 0 0 5380 1 ~ l n l m u m  ~ e b t  ~urchase*p~~-on-o Fuel swrtch 
1890 471 0 163 0 1140 7 LOw-Cost Producer I* cC/IPP/Coal E x p a ! ! ? ! L  ---_- Reference No No -- -- 

8 Low-Cost Producer 2. CoaKoal Expans~on 0 4253-?!00-163_- 0 0 -- Reference No No - 
10 Max 'Customer Value I n d H  0 2933 4050 163 0 0 Reference 0.3% No 

(MI-Sys Sales. Htgh BE. Decl~nlng Blk) ---- 
11 Low TRC. Coal Expans~on, and Hlgh 1 1 5 5  DSM 0 3900 163 0 0 Reference 03% N o  
12 Max Sales. Ccd and Stor. W n .  Hgh Of-Sys Sales 1613 7392 668 0 0 Reference No 0 
14 Competitive 1 0 1575 4880 1 O 2460 --- --- Reference No 
15 Compeht~ve 2 0 1575 1 0 -- --- -- 7190 1560 Reference No No 
2 Mm Con. Natural Gas Repowerlng O -Ig31 8850 163 0 0 13% Yes '!epowenng 
3 Mtn C02, Nat Gas Repower~ng, L Renewables 0 -1931 4665 163 2240 0 Repowerlng 
4 Max Consemon o 0 3876 163 o 12M Reference ::: -+r 
5 Green Strategy, Waste Methane. Wmd. L Solar 0 -1931 4721 668 3500 0 Repowenng 0.3% Yes 
6 Renew, Was$ Methane, Wnd.+ 6 bmass 0 -1931 3971 668 5740 Repowenng 0.3% Yes 0 - - - - - - - -  

13DW~tedGenerabon.CC,Cogen.IPP.6hrlCells 0 O - - - - - - -  6310 0 500 3300 Reference 
16 Maxtmum Dwenrty 0 It=5 4676 506 700 1560 Reference 1.3% - -  
17 Environmental Susta~nabtlrty 0 -2609 8181 1011 300 0 Repowenng 1 3% Yes 

Notes: 1. The reference strategy, cancel BLN 1 L BLN 2, defer and cancel WBN 2 and BFN 1 with a CC. IPP, coal expansion with low-price DSM provides common point for tiade-off plots. 
2. Reference clean air sbafagy is scrub Paradii Unit 3 and Allen Units 1-3 with wious fuel switches. 
3. Repowering clean air srategy is natural gas combimd cycle repowering of Johnsonville and Allen units. 
4. Fuel switching clean air strategy is switch to low sulfu~coal at most plants and switch to natural gas at Allen. 
5. Renewables include solar, wind, short rotation woody crops (SRWC), refusederived fuel (RDF), and methane options. 

Initial strategies were formed from a list of customer service, supply-side expansion, and nuclear refinement options. 1 



I T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  l N T E @ R A T l O N  

CU!TOMER SERVICE, PRKWSGIRATES TRAWSMISSION 

-4180 0 0 0 35 ..-.._ -- ...- 
-4187 0 0 0 535 Yes . - -- - -- - -- .- - - --- -- - -- - -- 

0 0 0 276 Yes 
0 0 0 596 No . - - - - - - - - ---- - 

-4468 0 0 0 256 NO . - -. -- -. - . --- -. -. - . - .--. -. - . - - - . -- -. -- -. . . . .- - -- -. - -- - - - - 
0 0 0 0 -331 NO . _________^I_._____-_I__-_____-_-_._____- 

0 76 0 110 No 
0 0 0 -87 NO 
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T E C H N I C A L  D O C U M E N T  8: R E S O U R C E  I N T E Q R A T I O N  ! 

IPP Ind8pmdant Powar Pdmr 
WBN wausBvNuc*vPlmt 

2020 0 ' 7230 5550 162 1500 0 ' Reference 0.3% No -1480 0 . 0 0 : -437 
12 m u m s a l e s  

16 Maximum C ~ C W  D '  : 2005 . 0 . 0 ,3902 0 0 625 Reference . 1.3% No , -999 0 ; 62 ' 0 ; 122 1 
2020 : 0 5355 6122 162 . 1640. 775 : Reference 1.3% Nc -517 i 0 : 25 : 0 1 -629 1 

18 Bellafonte Nuclear Partnership : 2005 : 600 0 , 3960 0 0 775 . Reference i 1.3% - No : -998 : 0 : 0 1 0 , 55 1 
2020 . 600 5T75 8050 , 0 0 1075 Reference 1.3% : No ' -516 1 0 0 i 0 i -542 , 

20 Bellatonte &&duct and 

with Reference Expansion 

28 Combined DSM and 

29 Decentrali Generation 2005 0 0 . 430  i 160 . 0 .  775 , Ret~rence ; No ; No ! -998 i 0 ; 0 / 0 90 
with More Renewables 2020 0 '  0 '10860: 160,1900: 925:Rderence ; N o .  N o :  -517: 0 '  0 :  01-1707, 

34 Low-Cost Renewabks, 2005 0 : -1931 ' 5284 , 1011 j 740 j 450 j Repowering j 0.3% : Yes i -998 j 0 : 0 0 ; 235 , 
Low-Price DSM. Repowering 2020 ! 0 : 2307 8115 1 1173 3340 1 450 ! Repowering : 0.3% j Yes . -517 i 0 i 0 i 0 - -253 

39 Flexible Strategy with 2005 ' 0 ' 0 900 , 0 ' 1000 3773 : Reference 0.3% No ' -999 : 1000 62 ! 0 648 : 
2020 ' 0 i 7665 4800 : 162 , 1500 : 1973 Reference ' 0.3% No : -517 i 0 , 25 ' 0 402 

40 Flexible Strategy with 2005 i 0 . 0 .  2570 : 0 : 1250, 1973 : Reference ; 0.3% No i -999 1 1000 ,, 62 1 0 , 583 ' 

' 2020 0 ' 7665 i 5720 162 : 1500: 1673 ! Reference 0.3% No -517 1 0 ; 25 : 0 , 454 
41 Low Cost. Low Rates. : 2005 ; 0 0 ' 2850 i 0 ! 1250, 1534 I Reference j 0.3% 1 No j -999 , 1000 j 62 ' 0 4 9 3  

Improved Environment 1 2020 ' 0 6930 ' 5850 : 162 : 1500 1534 : R&rence ' 0.3% : No . -517 1 0 i 25 j 0 . 369 

Notes: 1. The reference stratsoy, cancel BLN 1 & BLN 2, defer and cancel WBN 2 and BM 1 with a CC. IPP. coal expansion with low-price DSM provides common point fortndtaff plots. 
2. Reference clean air strategy is scrub Paradise Unit 3 and Allen Units 1-3 bith various fuel switches. 
3. Repowering clean air strategy is natural gas combined cycle repowering of Johnsonville and Alkn units. 
4. Fuel switching ckan air strategy is switch to low sulfur coal at most phnts and switch to natural gas at Alkn. 
5. Renewables include solar, wind, short rotation woody crops (SRWC), Muse-der'wed fuel (RDF), and methane options. 
6. Off-system sales begin in 1996 and end in 2004. 
7. Strategies 3 and 12 contain additional transmission system capital and efftckciamy improvements. 

New strategies were formed to provide more flexibility to NA 's Integrated Resource Plan. 1 
T8.4 ENERGY VISIM\( 2020 



1 T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E Q R A T I O N  

/TRANSMISSION CAPACITY AND ENERGY BY FUEL TYPE 

/ ; 
i s 

I 
I 

1 E g S C S $ p  
r Q  
\ 

'-P i ;s $' 6 a I I * b * c e C 

188 i g r e  L t' I I & w w 8 s s 
e P s c P 8 +" 

" # I 
; .@,p ,Q a $ - \ e " g g e  t .s p 4- 1 /" 

8 8 .3" 9 9" 
5577 30171 : 14968 96212 2292 1009 5498 19268 0 0 1800 

' 5577 32414 14968 100654 2292 1403 5498 20780 740 5898.5 1MX) 

(CF) (eF) (cr) fW (W fW 
;yes 5577 67.1% , 13037 84.2% 7l27 20.4% 5498 42.4% 0 0 1800 4.4% 
' Yes a 5577 67.1% ' 13037 85.1% , 16592 39.1% 5660 42.1% 0 0 1000 0.6% 
, Yes 5577 67.1% , 13037 82.9% 6057 164% 5498 424% 740 91.0% 1800 4.1% 

Yes 
'NO 

I 5577 67.1% 13037 84.9% 13557 34.1% 5660 421% 3640 62.7% 1000 1.1% 

5577 67.1% 17346 80.5% 4692 11 7% 5498 42 4% 0 0 1800 7.5% 
L No ' 5577 67.1% 24021 79 0% 7692 9.7% 5660 42 1% 0 0 1000 1.0% 
: No : 5577 67.1% ' 14968 82.8% 6722 13.2% 5498 424% 0 0 2725 26.0% 

I *;: ' 5577 67.1% 20743 82.2% 10812 11.2% 5498 433% 0 0 2225 35% 
, 5577 67.1% 17946 77.8% 4992 7 9% 5498 424% 0 0 1800 4.7% 

' No 5577 67.1% 24921 75.8% 8142 6.8% 5660 421% 0 0 1000 1.1% 
No 5577 67.1% 15268 78.5% 4542 7.5% 5498 42 4% 0 0 1800 5.3% 

I !:s 

5577 67.1% 22198 75 1% 7842 8 1% 5660 421% 1500 941% 1000 07% 

5577 67.1% 15846 83.5% 8112 19 5% 5498 424% 0 0 1800 4.0% 

Yes 5577 67.1% 20046 83.7% 12766 21.0% 5660 42.2% 0 0 1000 0% 
No 5577 67.1% 14968 83.2% 6194 184% 5498 424% 0 0 2425 24.6% 

1 : 5577 67.1% , 20323 82 4% 8414 16 0% 5660 42.2% 1640 28.6% 1775 30.3% 
6177 67.9% 14968 81.5% 6252 11 5% 5498 42 4% 0 0 2575 41.4% 

NO 6177 67.9% 20743 81.4% 10342 10.5% 5498 43.3% 0 0 2075 54.4% 
s No 5577 67.1% 14968 81.3% 4842 6 4% 5498 42.4% 500 94.1% 4084 27.5% 

g ;No 
, 5577 67.1% 20743 80.0% 8142 64% 5660 42 1% 1500 94.1% , 3584 28.4% 

No 6747 63.7% 14968 79.8% 5802 9.2% 5498 424% 0 0 2575 21.9% 
No 7812 67 1% 20323 79 1% 9102 9 4% 5498 43 3% 0 0 177s 29.1% 

NO 5577 67.1% 13037 844% 7402 22 7% 5498 42.4% 740 91.0% 1800 5.2% 

@ ;: 5577 67.1% 13037 85 0% 14027 35 3% 5660 421% 3640 62.4% 1000 1.1% 
5577 67.1% 16746 78.0% 4692 7 3% 5498 42 4% 0 0 1800 4.7% 

No 5577 67.1% 22521 75 7% 7992 6 75 5660 42 1% 1500 94.1% 1000 0.8% 

No 5577 67.1% 14968 82.7% 6722 134% 5658 430% 0 0 2575 24.4% 

@ ;: 5577 67.1% 14968 84.7% 13172 29.7% 5658 44.3% 1900 591% 1925 28.0% 

5577 67.1% a 14968 80.5% 4842 6.9% 5498 424% 500 941% 3184 24.5% 

No 5577 67.1% 21478 77.9% 7992 6.6% 5660 421% 1500 94.1% 2534 26.6% 
No 1E 5577 67.1% 13037 84.5% 7576 25 0% 6509 358% 740 91.0% 2250 22.4% 

5577 67.1% 17275 83 6% 10407 22.9% 6671 357% 3340 633% 1450 23.3% 

No 5577 67.1% 14968 81 3% 3192 5.3% 5498 424% 1000 941% 5573 22.8% 
NO 5577 67.1% 22633 76 3% 7092 6.7% 5660 42 1% 1500 941% 2973 20.0% 

I ;: 5577 67.1% 14968 80.6% 4862 7.2% 5498 424% 1250 94.1% 3773 24.5% 

5577 671% 22633 764% 8012 6.496 5660 421% 1500 941% 2673 21.6% 

No 5577 67 1% 14968 80.5% 5142 7 1% 5498 424% 1250 94.1% 3334 25.6% 
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TECHN I C A L  DOCUMENT 8 :  R E S O U R C E  I N T E G R A T  I O N  

m w  
BFN B m  Ferry Nuclear Plant 
BLN BeUcfontt Nuclur Plant 
CC Natural Gas Combined Cyck 
CT Combwim Turbine 
IGCC IWmd Gasiiicstion Combined Cycle 
IPP InUqwmt Power Roducer 
WEN WaUs Bar W a r  Plant 
C02 Carbon DiMe 
SO2 Sulfur Dto*da 

SUPPLY PROFILE ENVIRONMENT CUSTOMER SERVICE, PRlClNGlRATES 

- - 
Existing S m m  in 2005 5577 14968 2292 5498 0 1800 -. ------- 
Existing System in 2020 551714968 2292 __-_ 5498 0 1000 
C l m n p r r t r m a ~ ~ ~  

0 -187 
- - 

A 2 Min a- (Nat Gas Repowering 2005 0 -1931 4695 o o o Repomring 1.3% yes -3171 o o 
of ExisIjng Coal) 2020 0 -1931 - - _ - . .  14425 162 0 .________-_-..-___ 0 Repovwring 1.3% Yes . -1480 0 0 --. _ 0 -1810 -- ---- 

11 3 MinQ- (Nat Gas Repwering 2005 0 1931 3765 0 740 0 Repowering 1.3% Yes -3172 0 0 0 -126 
0 0 -1147 

2005 0 2378 2400 0 0 0 Reference No No -999 1000 62 -796 330 
of ExistinGoal a Re-) 2020 0 -1931 12150 162 3040 . -0. . epowerinp. ..1,3%- . !es-..1!_480 0--- .. .- ... . . 

C 8 Low-Cost Producer 
(coal-  as ad) 2020 0 9053 5%-!62 0 .- ._P.. ..@!erence_ J o -  -. NL : 517 0 25-.-1043. - :254 

0 9 Reference (Combined Cycle. 2605 0 0 4430 0 0 925 Reference No NO -997 0 0 0 20 
Purchased Power, Coal) -- -- -. 2020 0 5775 8520 0 0 3 2 5 .  -P!erence--. _-_No.._ No.._ .15!7 _0 -. .. !? .- :6?0 .- 

E 10 MaxCustomerValue Index'(Mf- 2005 0 2978 2700 0 0 0 Reference 0.3% No -997 1000 180 167 203 

------- sys~ales. ~ i g h  BE. ~=lining ~ l k )  2020 0 1 0 3 ~ s ~ - 2 2  0- . .. 0 -.R~!FE _0:3~!o- _ NO .-_.. -517 K. -7' -- ._ 3 9 .  . ..:313 
F 11 Low TRCNigh DSM 2005 0 300 2250 0 0 0 Reference 0.3% No -3169 0 0 0 -302 

2020 0 7230 5550 162 1500 0 Reference __ 0.3% _ _..__ No _ . -1480 _ _._-- 0 0 _ _ _  0 -468 
I 

- 
G 12 Maximum Sales 2005 0 878 5820 0 0 0 Reference 0.3% No -1 1000 180 0 461 

2020- 0 5498 -__I_--..---_- 9242 1173 0 0 - Reference 0.3% No 0 0 71 0 -341 . -- ---- 
H 16 Maximum Capacity D'wersity 2005 0 0 3380 1011 60 775 Reference 1.3% No -999 0 62 0 95 

- 0 -701 
0 55 

2020 o-452_02!0218~- 1.3:. - 3 5 -  ~efs~e _.-. ~ 3 9 6  .. . . NO_- - c- --o_L 
1 18 Bellefonte Nuclear Partnership 2005 600 0 3960 0 0 775 Reference 1.3% No -998 0 0 

516 0 0 0 -542 2°m212-E-- -8E A- - - -. 0 _!_q75.. .REf??!E - - -1.3% _ -hl?..- .-_I 
J 20 BelUonte Coproduct and 2005 0 484 2550 0 750 1650 Reference 0.3% No -998 0 0 0 318 

Renewables 2020 0 6994 5850 162 1500 ._- - .  1950 -- Reference 0.3% No -517 0 0 _ _. 
K 23 Defer and Build BFN 1 L WEN 2 2005 1170 0 3510 0 0 7 5  Reference No No :997 0 0 

with Reference Expansion 2020 2235 5355 6810 0 ---- 0 775 - Reference 517 0 0 0 -799 N_o_-%-: 
L 24 Minimize C02 with Less DSM 2005 0 -1931 5110 0 740 0 Repowering 1.3% Yes -2048 0 0 0 144 

0 -1191 2020 0 -193_L12770 162 2840 0 Repowering 1.3a/0 Yes -958 0 0 
M 28 Combined OSM and 2005 0 1778 2400 0 0 0 Reference 0.3% No -2047 1000 0 0 188 

Off-Sp Sales ---- 2020 - - - - - - - - - - - _ - - - _ - _ _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ I _  0 7553 5550 162 1500 0 Reterence 0.3% No -957 0 0 0 -317 - 
N 29 Decentralized Generation with 2005 0 0 3960 160 0 775 Reference No No -998 0 0 0 39 

More Renewables 2020 0 0 10860 160 1900 925 Reference No No -517 0 0 0 -1596 

1 
----------------------I_-~----- 

0 32 Bellefonte Coproduct. More OSM, 2005 0 484 2550 0 500 900 Reference 0.3% No -2049 1000 0 0 428 
and More Off-Sys Sales 2020 0 6994 5700 162 150! 1050 Reference 0.3% No -958 0 0 ------------ -----.---- 0 263 

P 34 Low-Cost Renewable, 2005 0 -1931 6105 0 740 300 Repowering 0.3% Yes -998 0 0 0 203 
Low-Pnce DSM, Repowering 2020 0 207 11025 1174 2090 450 Repowering 0.3% Yes -517 0 0 ---- 0 -771 

I 
Q 39 Flexible Strategy with 2005 0 484 900 0 1000 3289 Reterence 0.3% No -999 1000 62 0 648 

External Options 0 402 
2005 0 484 2570 0 1000 1489 Reference 0.3% No -999 1000 62 0 583 

---- 2020 0 8149 5420 162 1500 1489 Reference 0.3% No -517 0 25 0 454 

2020 0 8149 4800 62-12001489--R_e_t_e_ere?ceI,?k--F!~_O-511_--! -.1? 
R 40 Flexible Strategy with 

Internal Options --__ _ 
S 41 Low Cost. Low Rates. 2005 0 484 2850 0 1250 1050 Reference 0.3% No -999 1000 62 0 493 

- Improved Environment 7-10 0 7414 5850 162 1500 1050 Reference 0.3% No -517 0 25 0 369 
0 390 
0 -55 

---.--- -__ll_-__l__-_-_ _. 

7 44 Low-Cost Renew. Low-Price DSM. 3 0 -1447 6225 0 0 450 Repowering 0.3% Yes -998 0 0 
Repowering. BLN Coproduct Part 220  0 691 10750 1174 450 2500 Repowering OIzIo -517 Yes 0 0 ------- 

U 45 Low-Cost Renewable~. More DSM, 2005 0 -1447 5145 0 0 300 Repowering 0.3% Yes -2048 0 0 0 252 

- Repowering. BLN 0 0 0 -12 COP-Mud Part 2020 0 691 10750 1174 2100 450 Repowe$g 0.3% Yes -957 _ _ _  
Notes: 1. The reference strategy, cancel BLN 1 8 BW 2. defer and cancel WBN 2 and BFN 1 with a CC. IPP. coal exgansion with low-price DSM pmvides common potntfor tradeofl plots. 

2. Reference clean air strategy is scrub Paradise Unit 3 and Allen Unb 1-3 with various fuel switches. 
3. Repowering clean air sbdtepy is natural gas combined cycle repowering of Joh~SOmrille and Allen units. 
4. Fuel switching clean air stmgy is switch to low sulfur coal at most plants and switch to natural gas at Allen. 
5. Renewables include sdar. wind, shori rotation woody crops (SRWC), refusederived fuel (RDF). and methane options. 
6. Off-system sales begin in 1996 and end in 2004. 
7. Stfategis 3 and 12 contain additional transmission system capital and efficiency improvements. 

I 
This table details the final strategies that were evaluated to develop NA's portfolio of resource options. 8 

T8.8 ENERGY VlSlON 2020 



T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E G R A T I O N  

TRANSMISSION CAPACITY AND ENERGY BY FUEL TYPE 

E s S 8 e c t' S e c s 5 
s E s e 8 00 e c &' 2 e e E 9 8 8 8 @ 

w w $ 2 6 e P t" t" 
Q I 5 5 & a C C 8 

8 e I I e c a 8' 
9 - - - 

5577 30171 14968 96212 2292 1009 5498 19268 0 0 1800 
. 1 ---- 5577 32414 14968 100654 2292 1403 5498 20780 -- 740 5898.5 - -- - - - - - - -- - . - - - - 1000 

(CF) (CF) -- (CF) (CF) (CF) -- -- (CF) 
Yes 5577 67.1% 13037 842% 6987 20.7% 5498 42.4% 0 0 leOO 3.4% 
Yes 

-- Y. 
42.1% 0 0 1OW 0.7% 5577 67.1% 13037 85.1% 16717 39.5% 5660 

5577 67.1% 13037 82.9% €057 16.1% 5498 42.4% 740 91.0% 1800 4.0 

-- Yes 5577 67.1% 13037 85.0% 14442 34.2% 5660 42.1% 3040 69.4% 1000 0.3% - - -. - -- . - .. - - --- - ---- -- 
No 5577 67.1% 17346 80.4% 4692 11.5% 5498 42.4% 0 0 1800 7.5% a --- NO 5577 67.1% -- 24021 78.9% 7692 9.6% 5660 42.1% 0 - 0 1 OW 1 .OOh 
No 5577- 67.1% 14968 82.7% 6722 13.0% 5498 42.4% 0 0 2725 25.8% 
NO 5577 67.1% 20743 82.2% 10812 11.1% 5498 43.3% 0 0 2225 35.1% 
No 5577 67.1% 17946 77.8% 4992 7.7% 5498 42.4% 0 0 1800 4.7% 

5577 67.1% 25356 
--------A- I : -- 8142 5.8% 5660 42.1% 0 0 1000 0.8% 74.6Qh - --- -- - -- -- 

5577 67.1% 15268 78.4% 4542 7.4% 5498 42.4% 0 0 1800 5.2% 

- -- No 5577 67.1% 22198 75.0% 7842 6.0% 5660 42.1% 1500 94.1%- 1000 0.7% -- 
Yes 5577 67.1% 15846 83.4% 8112 19.4% 5498 42.4% 0 0 1800 3.9% 

5577 67.1% 20466 83.9% 11534 17.4% 6671 42.2% 0 0 1000 0 - -. - - I E 5577 67.1% 14968 83.6% 5672 12.8% 6509 41.0% 60 87.7% 2575 25.6% 
No - 5577 67.1% 19588 84.1% 7702 11.7% 7683 41.1% 1740 28.7% 1925 32.5% -- -- .- . -- .. - 
No 6177 67.9% 14968 81.5% 6252 11.5% 5498 42.4% 0 0 2575 23.8% @ . NO 6177 67.9% 20743 -- 81.4% 10342 10.5% 5498 43.3% 0 0 2075 32.6% 
NO 5577 67.1% 15452 81.3% 4842 5.9% 5498 42.4% 750 94.1% 3450 17.4% 
No -- 5577 67.1% 21962 78.7% 8142 5.3% 5660 42.1% 1500 94.1% 2950 15.4% - --- --- 
NO 6747 63.7% 14968 79.8% 5802 9.0% 5498 42.4% 0 0 2575 21.9% fl --;: 7812 67.1% 20323 79.1% -- -- 9102 9.3% 5498 43.3% -- - 0 -0 1775 29.1% 

5577 67.1% 13037 84.3% 7402 22.7% 5498 42.4% 740 91.0% 1800 5.2% 
No 5577 67.1% 13037 85.0% 15062 35.3% 5660 42.1% 1000 0 . - -- 2840 71.9% - 
No 5577 67.1% 16746 77.9% 4692 7.1% 5498 42.4% 0 0 1800 4.6% I :: 5577 67.1% 22521 75.6% 7842 6.7% 5660 42.1% - -- -- . - -- -- - 1500 94.1% 1000 0.9% 

5577 67.1% 14968 82.6% 6252 13.8% 5658 43.0% 0 0 2575 25.1% 
NO 5577 67.1% 14968 84.7% 13152 30.0% 5658 44.3% 1900 59.1% 1925 30.0% - 
No 5577 67.1% 15452 80.6% 4842 6.8% 5498 42.4% 500 94.1% 2700 13.4% 8 - - -No 5577 -- 67.1% - -- 21962 -- -- 78.1% -- -- 7992 - -- 6.5% 5660 42.1% 1500 94.1% --- 2050 12.7% - 
No 5577 67.1% 13037 84.5% 8397 24.0% 5498 42.4% 740 91.0% 2100 17.3% 
NO 5577 67.1% 15175 84.8% 13317 28.0% 6672 43.4% 2090 75.1% 1450 26.7% - 

;: 5577 67.1% 15452 81.4% 3192 5.2% 5498 42.4% 1000 94.1% 5089 16.7% 
5577 67.1% 23117 76.4% 7092 6.7% 5660 42.1% 1500 94.1% - - - - -- ---- - --- 2489 72% 

No 5577 67.1% 15452 81.4% 4862 8.1% 5498 42.4% 1000 94.1% 3289 17.3% 
No 5577 67.1% 23117 76.5% ---- - 7712 6.4% 5660 42.1% 1500 94.1% 2489 6.9% 1 " .  -- 

5577 67.1% 15452 80.6% 5142 7.0% 5498 42.4% 1250 94.1% 2850 15.3% 
No 5577 67.1% 22382 78.1% -- -- 1500 94.1% 8142 6.7% 5660 42.1% - 2050 13.0% - 
No 5577 67.1% 13521 84.7% 8517 26.9% 5498 42.4% 0 0 2250 19.7% 
NO 5577 67.1% 15659 84.8% 13042 27.7% 6672 43.3% 2500 69.0%- 1450 26.5% 11 -- NO 5577 67.1% 13521 84.6% 7437 23.6% 5498 42.4% 0 0 2100 15.1% 
No 

.- 
5577 67.1% 15659 84.8% 13042 26.9% 6672 43.3% 2100 76.2% 1450 26.6% 
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TECHNICAL DOCUMENT 8 :  R E S O U R C E  I N T E a R A T I O N  

Following is a set of tables showing the ranking of supply-side 
and customer service options for Energy Vision 2020. The 
rankings of these options are used to help create the strategies, 
as shown in the Strategy Matrices (Figures I&1 through 73-3). 

Figurn 784 through 18-12 show supply-side options, 
and Figures T8-13 through 73-18 show customer senrice 
options. The options are ranked by several key criteria. The cri- 
teria used are total resource costs, rate impact measure (RIM), 
customer value, average shm-term rates, average mid-term rates, 
debt, and environmental characteristics. 

All of the options were standardized in the supply- 
side and customer service options ranking. In the sup- 
ply-side ranking, the capacity for base and peaking 
options was standardized to 500 megawatts and 250 
megawatts, respectively. In addition, the construction 
lead time, if greater than seven years, was adjusted to seven 

years. One unit of either base or peaking was allowed to 
come on-line in the year 2001. All other system expansion 
was completed with pulverized coal and combustion 
turbine plants. 

Customer service options were developed in a similar 
manner. For purposes of xanking, all customer service blocks were 
standardized at 250 megawatts. Penetration of a customer ser- 
vice block began in the year 1995 and full penetration (250 
megawatts) was completed in the year 2005. 

, Tnts methodology provides a companson of supply-side and 
customer service options on an equal basis. However, the 
ranking results are not comparable to other expansion results 
in Energy Vision 2020. . 

'Ihe boldface column on each &g table provides a frame 
of reference for purposes of comparison among tables. 

; Emissions Average 
Total Cusiomer Short- Mid- i Annual 1996-2020 

Resource RIM Value Term Term DeM Debt ! - 
Fuel Costs Test Test Rates Rates 20Ol 2007 ! SO2 NO. C02 

Option Type (% M S) (SIMWh) (%M S) (SIMWh) (SlMWh) (M $) (M S) (TO&) (Tons) (KIO~S) 
BLN Reoowerina - Svn-Gas 861 73 51 .I 1287 44.8 49.3 30864 34090 521457 437186 139332 
IGCC doprodu&on ' 

W/ Partners . . . . - .. . - . - 
12x242 MW) 
BLN Repowering - Syn-Gas 86460 51.2 1063 44.7 49.3 30572 33812 522020 437360 139053 
IGCC Demo 
W/ Partners 
flr250 MWI 

BLN Repowering - Coal-Gas 87417 51.7 165 45.0 49.9 31382 34396 520462 436568 139978 
IGCC with 
Cooroduction - - 

j l i ~ i z 9  MW) 
BLN Repowering - Natural 88158 52.1 -378 44.8 50.3 30478 33326 538600 442571 138940 
CC (1 0x222 MW) Gas 
BLN Repowering - Coal-Gas 88218 52.1 -464 44.9 50.4 30799 33548 529762 439567 138753 
Phased CCIIGCC- 
Phase A-CC 
(9x222 MW) 
BLN Repowering - Coal-Gas 88241 52.1 -508 45.0 50.4 31011 33744 520248 437839 138586 
IGCC (9x250 MW) 
Supercritical PC Coal 88266 52.2 -524 44.9 50.4 30942 3384!i 524181 437457 138943 
Plant (4x300 MW) 
BLN Repowering - Coal 88317 52.2 -569 44.9 50.4 30853 33837 523942 438145 138931 
PC (4x616 MW) 
kmnrcn KW 
BLN Llkfonts Nuclur Plant PC Pulverized Coal M Millions NDx NiWpen Oxides 
CC Natural Gu Combined Cycle C& Cubon Dioxide MW Mcga!naUs RIM Rate Impact Measure 
IGCC Integrated Gastiation Combined Cycle K Thousrnds MWII Megawatt-Houn S& Sunur Dioxide 
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T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E G R A T I O N  

Emissions Average 
Total Customer Shorl- Mid- Annual 1996-2020 

Resource RIM Value Term Term Debt Debt 
Fuel Costs Test Test Rates Rates 2001 2007 SO2 NOx CO2 

Option 0 
Shawnee Unit 11 Coal 88137 52.1 -363 44.8 50.3 30544 33400 538592 448260 139224 
(1x168 MW) --- ----- 
Partially Completed Coal 88147 52.1 -389 44.8 50.3 30732 33584 525128 437768 139082 
PC Plant (1x710 MW) --- 
Advanced PFBC - No Coal 88232 52.2 -538 44.9 50.5 30879 33682 524977 437396 138291 
Development Cost -- 

11x300 MW\ 

State-of-the-Art PC Coal 88242 52.1 -502 44.9 50.4 31029 33910 520914 436690 138526 
Plant 11x400 MW\ 

Supercritical PC Coal 88266 52.2 . -524 44.9 50.4 30942 33845 524181 437457 138943 
Plant (4x300 MW) -- ---- 
Restart of WBF Coal 88301 52.1 -498 44.8 50.4 30538 33425 542777 447129 139444 
11x56 MW) -- --- 
Supercritical PC Plant Coal 88303 52.2 -562 44.9 50.4 30980 33874 524141 438198 139054 
14x300 MW) -. -- -- - - - - - - - - - - .- -- - -- -- - - - - - . - - - -- -- -- - - 
Advanced PFBC - Coal 88316 52.2 -640 44.9 50.6 31030 33779 524359 437180 138198 
W/ Development Cost 
(1 x3OO MW) ----- ---- -- - - -- - - - -- -- -- -- 
Unit Power Purchase- Coal 88325 52.2 -546 44.7 50.4 30220 33181 533915 443556 138952 
15 Year -- - -- -- - - 
Circulating AFBC Coal 88331 52.2 -591 44.9 50.5 31022 33909 523172 437370 138974 
(1x200 MW) -- ----- - . - -- - - - ---------- 
Flrst Generation Coal 88334 52.2 -568 44.9 50.4 30915 33880 523486 437426 138487 
PFBC (1x340 MW) -------- - ----- 
AFBC Repowenng. Coal 88344 52.2 -619 45.0 50.5 31441 34150 502340 430923 138665 
Generlc (lx125MW) -- 
Supercriiical PC Plant Coal 88360 52.2 -626 44.9 50.5 31092 33977 524220 437414 138840 
(1 x3OO MW) -- ----- 
First Generation PFBC Coal 88395 52.2 -667 45.0 50.5 31471 34183 501609 430616 138078 
Renowerim 
( i i i i x i  MWI) -- - - - --------------- - - 
NUG - Generic IPP Coal 88429 52.2 -672 44.7 50.7 30182 33159 528976 440190 139098 
Lionite CFBC 
(1x300 MW) - --- 
Lignite-Fired CFBC Coal 88513 52.3 -750 44.9 50.6 31113 34004 537571 442027 139050 
(Lx200 MW) - -- -- -- -- ---------- -- --- 
NUG - Gener~c IPP Coal 88614 52.3 -780 44.7 50.7 30182 33080 522594 437188 138766 
PC w/ Cogeneration 
(2x1 70 MW)_--- - --- ---- --------- p- 

Generic PFBC Coal 89708 52.9 -1728 44.7 51.4 29945 32688 522164 436896 137064 
Cogeneration 
!&70 MW) - --- 

NUG Non-UtiMyGencntion CD;, Carbon Dioxide 
ECmA%spheric Fluidiid Bed Combustion PC Pulvemed Coal K Thousands 
CFBC Circulat~ng Flu~d~zed Bed Combustmn PFBC Presumed Flu~dized Bed Combustion M Millions 
IPP Independent Power Producer WBF Watts Bar Fost~l Phnt MW Megawatts 

MWh Megawan-Houn 
Nitmgen Oxides $1% Rate Impact Measure 

SO2 Sulfur Dlox~de 
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TECHNICAL D O C U M E N T  8 :  R E S O U R C E  I N T E Q R A T I O N  

Total Customer Short- Mid- 
Resource RIM Value Term Term Debt Debt 

Fuel Costs Test Ted Rates Rates 2001 2007 
Option Trpe (95 MS) (S/MWh) (%MS) (SlMWh) (UMWh) (M $1 1M $1 
Coal Refinery/ CoalGas 86778 51.4 688 45.1 49.5 31822 34583 
IGCHAT. Greenfield 
(1 ~530 MW) 
Coal Refinery/lGCC, Coal-Gas 86881 51.5 581 45.1 49.6 31934 34730 
Greenfield 
flx530MW) 

Emissions Avera e 
Annual 1996-2d0 

So2 NOX C02 
(Tons) (Tons) (Icrons) 
520817 437042 139173 

IGCC CoaKias 87527 51.8 24 45.1 50.0 31609 34506 520424 437379 139462 
WI Coproduction, 
Greenfield 
(1x498 M w  . ---- ---- -- - - -- --- - ----- - - -- - -- 
IGCHAT Coal-Gas 87590 51.8 0 45.0 50.0 31386 34336 520567 437361 139258 
w: Coproduction, 
Greenfield 
(1x598 MW) .--- - - -- - -- - - -- -- - - -- - - -- - --- - -. -. - -- - - -- -- - - - -- - -. 
IGCHAT Coal-Gas 87638 51.8 25 45.0 49.9 31338 34273 520592 436206 139776 

F-CT (2x203 MW) - -- -- - . -- 
IGCHAT Coal-Gas 87790 51.9 -96 44.9 50.0 31211 34032 521038 436376 139672 
wl  Coproduction, 
G-CT (2x420 MW\ 
lGCC w/ Fertilizer Coal-Gas 87910 52.0 -238 45.0 50.2 31454 34282 520600 436519 138632 
Coproduction 
(3x227 MW) -- --- * ----- - -- 
IGCHAT, G-CT Coal-Gas 88138 52.1 -396 44.9 50.3 30856 33679 520295 436050 138591 
1 2 x 4 w ) _ - -  --------- --- - --- ---- - - --------- 
Coalbed Methane Coal-Gas 88141 52.1 -355 44.7 50.3 30846 33743 518427 437149 137012 
- (l*MW) --.-pp- ---- ----- 
IGCHAT. F-CT Coal-Gas 88189 52.1 -449 44.9 50.4 30922 33686 520335 436063 138708 
(7x303 MW\ 
\-=--I ----- --- 
Parhered IGCC Coal-Gas 88193 52.1 -421 44.8 50.4 30550 33318 538769 442732 138934 
wICoproduction, 
Greenfield 1lx530MWI 

IGCC (3x245 MW) Coal-Gas 88237 52.1 -507 44.9 50.4 31023 33900 520107 436280 138182 
Supercritical PC Coal 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
!!!!!!x3!i!!!cew_) 
NUG-Generic IPP Coal-Gas 88990 52.5 -1104 44.6 50.9 29927 32988 538026 442356 138404 
IGCC (1x1 10 MWI 

Coal-Gas - Repowering I Conversion Options 
Revower ALF Coal-Gas 88364 52.2 -549 44.9 50.4 30919 33749 520946 436546 138459 

Repower WBF Coal-Gas 88497 52.2 675 44.9 50.5 31039 33828 520628 436447 138561 
w/ IGCC (1x242 MW) -- 
Repower JOF Coal-Gas 88549 52.3 -747 45.0 50.6 31312 34027 508182 432744 138203 
1-6 W/ IGCC 

Repower JOF Coal-Gas 88590 52.3 -764 45.1 50.6 31262 33982 505874 432131 138026 
7-10 W/ IGCC 
(1x250 MW) --- -- -- ------- 
k m m  Key: 
ALF Allen Fossil Planl IGCC Integmd Gasiiicatton Combined Cycle PC Puhrtrind Coal MWh Megawatt-Hours 
CC Natural Gas Combined Cycle IGCHAT Integtaled Gaslicat~on Cascaded WBF Watts Bar Fossd Plant NOx Niogen Oxides 
CHAT Cascaded Humidifled Advanced Turbine Humidlled Advanced Turbine COz Camon Oiox~de RIM Rate Impact Measure 
CT Combustion Tum~ne IPP Independent Power Producer K Thousands SO2 Sulfur Oioude 
F F-Senes JOF Johnsonvtllc Fowl Plant M Millions 
G G-Series NUG .Non-Utility Genenhon MW Megawatts 



T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E G R A T I O N  

Emissions Average 
Total Customer Short- Mid- Annual 1996-2020 

Resource RIM Value Term Term Debt Debt 
Fuel Costs Tea Tea Rates Rates 20M 2007 SOI! NOx C02 

Option Type (95 M S) (SIMWh) ( 9 5 1  S) (SlMWh) (S/MWh) (M $1 (M $1 (Tons) (Tons) (KTons) 
Landfill Methane Methane 88087 52.0 -294 44.7 50.2 30846 33787 518472 437164 127369 
11x2 MW) - -- ---- 
CHAT, F-CT Natural 88158 52.1 -377 44.8 50.3 30508 33287 538942 442617 138931 
Llx288 MW) Gas - - 
CC (1x470 MW) Natural 88204 52.1 -429 44.8 50.4 30599 33492 538341 442587 138870 

Gas - - - 
CC Repowering, Natural 88213 52.1 -440 44.8 50.4 30776 33561 531387 440361 138712 
Generic Gas 
(1x425 MW) -- - - - --- - - - -- - - - - -- - - -- - - - -- -- - -- - - - 
Supercritical PC Coal 88266 52.2 -524 44.9 50.4 30942 33845 524181 437451 138943 
Plant (4x300 MW) ---------- -- - -- -- -- -- -. - - - - - . . -- - - - - -- - - - -- -- - - - - - -- 
Repower ALF w/ CC Natural 88301 52 -507 45 50 30725 33610 531197 428773 138666 
(1 x705 MW) G a s  -. -- - - - - -- -- - - - - - - -- - - -- - -- . - -- - - 
NUG - Generic IPP Natural 88326 52.1 -511 44.7 50 4 30182 33212 538736 442762 138787 
CC (1x150 MW) Gas -- - - - -- - -- - - - - . -- - - - - - --- - - - . - - - - - -- - - -- -- -- - - - - 
NUG - Generic IPP Natural 88330 52.2 -542 44.7 50.5 30182 33212 521829 437156 137280 
CC (2x260 MW) Gas -- -- - -- - - - - - -- - -- - - - -- - - -- - - - -- - - -- -- 
Small CC Natural 88339 52.2 -563 44.8 50.5 30661 33586 538189 442805 138783 
(1x42 MW) Gas - -  -- - - - - - -- --- -- - -- -- -- _ - - 
Repower JOF 7-10 Natural 88344. 52.2 -608 45.0 50.5 31331 34082 514674 434521 138661 
wl CC (1x465 MW) Gas ----- ..--- * 
Power Purchase - Natural 88449 52.2 -633 44 7 50.5 30182 33212 537802 442431 138720 
Base Load Gas 
(1x300 MW) -- - -- ---- ----- 
Fuel Cell - Natural 88684 52.3 -785 44.7 50.6 30867 34064 537059 442471 138373 
MCFC or SOFC Gas 
(1x2 MW) -- -- -- 
Small Cogeneration Natural 89293 52.7 -1387 44.7 51.1 30485 33491 519502 438804 137040 
CC (3x10 MW) - Gas --- -- -- - - - -  
Generc CC Natural 89580 52.8 -1587 44.6 51.2 29880 32901 518960 436333 136234 
Cogeneration Gas 
(2x210 MW) -- 

Acmnym Key: 
ALF Alkn Fossil Pknt MCFC Moken Carbonate Fuel CeII K Thousands 
CC Natural Gas Combined Cycle NUG Non-Ufilny Genenmn M Millions 
CHAT Cascaded Humidifled Advanced Turbine PC Pulverized Coal MW Megawatts 
IPP Independent Power Producer SOFC Solid Oxlde Fuel Cell MWh Megawan-~oun 
JOF Johnsonvillc Fossil Plant COI, Carbon Dioxide NOx Nirogen Oxides 

RIM Rate l m p d  Measure 
SO2 Sulfur D~oxlde 
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T E C H N I C A L  DOCUMENT 8 :  R E S O U R C E  I N T E Q R A T I O N  

Emissions Avera e 
Total Customer Short- Mid- Annual 1996-2d0 

Resource RIM Value Term Term Debt Debt 
Fuel Costs Test Tett R* Rates 2001 2007 S& NOr C& 

Option Twa  (95 M $1 (SMWh) (% M $1 (SlMWh) (SIMWh) (M $1 (M $1 fTons) (Tons) (KTons) 
BLN - Partnership Nuclear 88135 ------ 52.1 -382 44.7 50.4 30220 33050 522617 436943 136391 
ALWR (1x1 300 MW) Nuclear 88258 52.2 -533 45.0 50.4 31222 33997 518890 435684 135874 -- --- 
Surb-cfitical PC Coal 88266 52.2 -524 44.9 50.4 30942 33845 524181 437W 138943 
Pla- ; f4x3Illl MW\ - - - , - -- - - . - - - - - ---I - 
Gas Turbine - Nuclear 88348 52.2 -636 45.1 50.5 31362 34241 519552 435951 135939 
Modular Helium -- 

-&89 MW) -- 
BFN 1 Recovery Nuclear 88380 52.2 -622 45.0 50.4 30996 33868 523209 437234 136495 
wl F w d  Cost 
(1x1065 MW) ---- ---------- -, 

Recover BFN 1 Nuclear 88599 52A -863 45.1 50.6 31390 34111 522685 437121 136299 

BLN 1&2 Nuclear 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
Cancellation --- --- ------ - -----A ----- 
BFN 1 Cancellation Nuclear 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 --- 
WBN 2 Cancellation Nuclear 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 ---- --- -- 
Completion of Nuclear 88338 52.2 -560 44.9 50.3 31064 33886 523272 437236 136542 
BLN 2 (1x1212 MW) --- -------- ------ 
Completion of Nuclear 88533 52.3 -773 45.0 50.6 31232 34134 522943 437178 136357 
WBN 2 (1x1170 MW) 
Cornplebon of Nuclear 88685 52.4 -896 45.1 50.4 31347 34000 523944 437570 136205 
BLN 1 (1x1212 MWl 

~ 

knnp K V  
ALWR Advanced LigM Water Reactor WBN 2 Watts Bar Nudear Plant Unl2 M Millions NOx l i e n  Oxides 
BFN 1 Browns Feny Nuclear PLun Unit 1 Carbon Dioxide MW Mapswam Rate tmpacl Mawun 
BW 1L2 BeMonte Nuclear Wnt Units 1&2 ? Thousands MWh ~egawan-~wrs % Sultur Dioxjde 

Emissions Awn e 
Total Customer Short- Mid- 

Resource RIM Value Term Term Debt DeM 
Annual 1 9 9 6 - A  

Costs T& Ted Rates Rates 2001 2007 SO2 NOx CO;, 
Option Fuel Type (951 S) ($/MWh) (95 M $1 (S/MWh) ($lMWh) (M S) -(M $) (Tons) (Tons) (KTons) 
RDF Companion RDF 87268 51.6 350 45.0 49.7 31840 34488 521935 438327 136912 
Boiler - WBF (1x60 MW) .. -- -- 
RDF Companion RDF 87268 51.6 350 45.0 49.7 31840 34488 521935 438327 136912 
Boiler - Kingston 
(1x60 M y  . -- ------ 
RDF - FBC Repower REF 87426 51.7 256 45.1 49.7 31956 34799 521528 438149 136835- - WBF (1x56 MWI 
RDF-Fired Stoker RDF 87514 51.8 29 45.5 49.9 33611 36182 520247 437069 136718 
(1x40 MW) ------- ----- -------- --- 
Wind - 39M Variable Renewable 88265.7 52.2 -537 44.9 50.5 31131 34011 522088 436579 138356 
Speed A Turbine 
(444x.45 MW) -- - -- 
Supercritical PC Coal 88266.5 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
Plant (4x300 MW) -- ------ 
Wind - 33M Variable Renewable 88303 52.2 -575 44.9 50.5 31159 34031 521858 436496 138318 
Speed A Turbine 
(285x.35 MW) ------ --- 
Biomass WE Boiler SRWC 88619 52.4 -855 44.9 50.7 30990 33884 537493 442477 1372% 
i i x m  MWI 

- - - - - - - 

Large Solar-Photo Solar 88820 52.5 -1105 44.9 51.0 31558 34415 533805 440998 13752i 
- Fixed Flat Plate 
(1x50 MWI 

kmnym Key: M Meter W B F  Watts Bar Foss~l Plant M MI~IIOIIS 
A Advanced PC Pukerued Coal WTE Whole Tree Energy MW Memm 
WC Ru~dued Bed Cornbustmn Photo Photovok%c E02 Carbon D~oxtde MWh MeprmR-Houn 

ROF Rduse-Denved Fuel moumds NOx N~tropen Oudes 

RIM Rate Impact Musure 
SO2 Sulfur Dioxide 
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T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E a R A T I O N  

Emissions Avera e 
Total Customer Short- Mid- ~nnual  199&20!0 

Resource AIM Value Term Term Debt Debt 
Coots Test Test Rates Rates 2001 2007 SO2 NO= Cot 

Option Fuel Type (95 M S) (SlMWh) (95 M $1 (S/MWh) (SMWh) (M $1 (M t )  (Tons) (Tons) (KTons) 
NUG -Generic IPP Renewable 88134 52.0 -343 44.7 50.3 30220 33098 536938 441964 138416 
Run of River 
e ( 4 x 2 0  M W) --- --- ---- 
Hydro Renewable 88394 522  -641 44.9 50.5 30902 33799 530570 439794 138793 
Modernization 

------A- 

Hydro - Existino Renewable 88522 52.3 -805 45.0 50.7 31542 34275 520160 436025 138243 
Nonpower 
Projects (1x10 MW) - .---- 
Hydro - Existing Renewable 88777 52.5 -1077 45.1 50.9 31783 34670 527280 436443 137992 
Projects (1x24 MW) ---. - . . . - 
Hydro - New Renewable 89431 52.9 -1805 45.4 51.6 32985 35382 518447 435504 137341 
Conventional 
Projects (1x65 MW) . .- ---- --.--- 

m w  
IPP Independent Pomr Roduar COz Carbon Diirdde M Millins 
NUG Non-Utility Genemion K Thousands MW Megawatts 

MWh Megam-Hours RIM Rate Impact Measure 
NOx Nbopen Oudes SO2 Sunur D~oxide 

Emissions Average 
. . Total Customer Short- Wid- Annual 1996-2020 

Resource RIM Value Term Term Debt Debt 
Costs Test Test Rates Rates 2001 2007 SO2 NOx C02 

Option Fuel Type (95M S) (SlMWh) (95M $1 (SMWh) (S/MWh) (MS) (M $1 (Tons) (Tons) (KTons) 
CHAT, G-CT Natural Gas 88141 52.1 -362 44.7 50.3 30494 33322 538715 442532 138919 
11x400 MW) ----- --- - 
Water Spray Natural Gas 88220 52.1 -474 44.9 50.4 30847 33721 524476 437570 139003 
Cooling CT Inlet Air -- 
Intercooled Natural Gas 88256 52.2 -519 44.9 50.4 30975 33871 524211 437446 138914 
Aeroderivative CT 

xl25 MW) .l1-------_-- .- 
Slrnple Cycle CT Natural Gas 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
( 1 x 1 5 m  _ -- --- .-. ----- --- -. .---- -- 
Power Purchase Natural Gas 88277 52.2 -526 44.9 50.4 30838 33765 524166 437454 138947 
- Peaking 
(1x300 MW) ---- ----------- --A 

New CT for Natural Gas 88337 52.2 -606 44.9 50.5 31107 33973 523683 437296 138886 
Steam to DuPont 
(Johnsonville) 

Asmqm Nay: 
CHAT Cascaded Humidified Advanced G G-Series 

Turbine Carbon Dloxide 
CT Combustion Turbine E9 Thousands 

M Milhons 
MW Mepawam 
MWh Megawall-Hours 

NOx Nitrogen Oxides 
RIM Rate Impact Measure 
SO2 Sunur Dioude 
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T E C H N I C A L  D O C U M  S O U R  R A T I O N  

Emissions Average 
Tots1 Customer Short- Mid- Annual 1996-2020 

Resource RIM Value Term Term Debt DTL: 
Cosb Tesl Tesl Rates Rates 2001 2007 SO2 NOx C& 

Option Fuel Type (95 M $1 (f/MWh) (95 M $1 ($/#IWh) (WWh) (M S) (M S) (Tom) (Tons) (KTons) 
Raccoon Mountain Electricity 87891 51.9 -165 44.9 50.1 30994 33823 514655 434026 137708 
Modernization 
Raccoon Mountam Electricity 88030 52.0 -328 45.0 50.3 31169 33922 514987 434183 137635 
Addition 
Advanced Battery Coal 88050 52.0 -333 44.9 50.3 31023 33812 514347 433925 137542 
(1x20 MW) - 
SMES (1x500 MW) Coal 88052 52.0 -341 44.9 50.3 31092 33882 514415 433964 137567 
CAES Natural Gas 88197 52.1 -466 44.9 50.4 30956 33753 523053 436994 138930 
W/ Recuperation 
(3x337 MW) - -- -- . --- ----------- 
Inlet Air Natural Gas 88200 52.1 -457 44.9 50.4 30891 33615 524312 437574 138988 
Precooling 
w/Storage 
(16x61 MW) ---- --------------- 
C AES Natural Gas 88206 52.1 -471 44.9 50.4 30943 33699 523890 437252 139007 
W/ Hurn~dification 
(3-Y --___------ --------- -------- -- --- 
IGCASH plus Natural Gas 88268 52.2 -532 44.9 50.4 31087 33982 518388 435435 138397 
NGCASH 
(1x850 MW) ----- 
Lead Acid Battery Electricity 88292 52.2 -554 44.9 50.5 31011 33901 524370437513 138933 
! - -2 --- . - - 
Rorex Creek Electricity 88316 52.2 -604 45.0 50.5 31135 33989 525653 437945 139052 
Purn~-Storaae 
(3x292 MW j - - -  -------- ---- - - --- 
Laurel Branch Electricity 88323 52.2 -61 1 45.0 50.5 31147 33999 525611 437932 139046 
Pump-Storage 
(4x386 MW) -------- 
Reynolds Creek Electricity 88384 52.2 -680 45.0 50.6 31252 34078 525172 437783 138983 
Pump-Storage 

x366 MW) K - -- 
IGCASH Coal /Gas 88401 52.2 -676 45.0 50.5 31251 34109 517682 435197 138814- 

x410 MW) I I  - ..-. -. .-- --- - _ ---- -- 
NUG - Generic Electr~cty 88569 52.3 -786 44.9 50.6 30838 33711 523328 437020 138497 
!!T&m@?_o_!ageeee --__ -- 

Acronym Key: 
CAES Compressed Atr Energy Stora~e NUG Non-Why Genention MW Megawam 
IGCASH Integrated Gasifiutlon Compressed Air Storage with SMES Superconducting Magnetic Energy Storage MWh Megawatt- ours 

Humttihtion Carbon Dioxidc to' Thousands 
N i e n  Oxidcs 

IPP Independent Power Producer 
NGCASH Natural Gas Compressed Air Storage wRh Humitii~cat~on M 

Rate Impact Msasure 
Millions SO2 smr D~oxtde 
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T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E G R A T I O N  

Total Customer Short- Mid- 
System Resource RIM Value Term Term Debt Debt 

Peak MW Costs Test Test Rates Rates 2001 2007 
Option Impact (95 M $1 (SlMWh) (%M $1 (UMWh) (SlMWh) (MS) (M $1 
Supercritical PC Plant 88266 52.2 -524 44.9 50.4 30942 33845 
(4 X 300 MW) -- 
Residential HVAC 110 88780 51.9 2571 44.8 50.3 30600 33524 

Emissions Aven e 
Annual 1996-2& 

and Water Heating -- 
Process MeRing -71 8881 7 51.8 -450 --3!E--- 44.9 31336__2!!043 -- 526744 438231 140179 
Cooking and -22 88822 52.0 3179 44.9 50.5 31304 34209 523538 437094 139696 
Security Lighting -- 
Process Heating and -78 88872 51.8 -457 44.9 50.5 31343 34048 526517438161 140155 
Melting -- ---- - ---. - ---- 
Electrotechnolooiesl -2 89060 51.9 -145 45.0 50.5 31353 34189 525578 437855 140090 
Textiles -- - --- . --- - 
Secunty Lighting 0 89124 51.9 -494 44.9 50.4 30983 33800 529809 439384 139651 
and Lawn Mowers -- -- - - -.- -- - 
Electrotechnologiesl -47 89139 51.8 -457 44.9 50 4 31337 34043 526741 438230 140179 
~ o o d P r o c e s s l n g  - - -  -- -- - --- - -. -- -- - - - - -- -- 
Electrotechnologiesl -5 89239 51.8 -458 44.9 50.5 31348 34184 526016 437996 140141 
Chemicals & Metals -- - -- - - - - -- - -- - - - - - - - - - - -- -- - 

-1 6 c ~ ? g @ E w ! - - -  89511 51.8 -241 44.9 50.5 31347 _ _  34052 -_ - 526334 - 438102 - - - --- 140130 
Envronmental -29 89802 51.8 -475 44.9 50.5 31345 34049 526461 438147 140149 
Technologies-- - - -  -- -- .- -- - - -- -. -- _.-- -- -- . - - - - . -- - - - 
Fleet Vehicles 0 89933 %_ -- --?!?_-- 45.0 50.6 -_ 31016 3378?___ 530207 439499 139572 
Space Condit~onlng -19 91311 51.5 14265 45.2 50.7 31258 34174 534849 440960 141249 
andwat*e*P- - -- - - - -- - - 

Electric Buses 0 ! w ! 52.0 -- *!%- . - -!:9-.- -_50!!--- 3e79 -- 33_795__- _ 529656 - 439336 139644 
Electr~c Autos 0 93145 52.0 6689 44.9 50.5 31010 - 33776 530301 439532 139593 - - -- - -- -- - -- - - -- - - - - - - - -- - - -- - - - -- - - - - - - - 
CT Combustion T u r b i ~  MW Megawtls 
CO2 Carbon Dioxide MWh Megawall-Hours 
HVAC Heahng. Ventitation. Air Conditionmg NOx N * ~ e n  Oudes 
K Thousands RIM Rate Impad Measure 
M Milhons SO2 Sulfur Oioxtde 
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Emissions Average 
Total Customer Short- Mid- Annual 1996-2020 

System Resource RIM Value Term Term Debt Debt 
PeakMW Costs Test Test Rates Rates 20U 2007 S& NOx C02 

Option impact (95 M S) (SlMWb) (95 MS) (SlMWh) (UMWR) (MS) (M S) (Tons) (Tons) (KTons) 
Energy Efficient Rates 53 87935 52.7 -1040 45.0 50.6 30600 33508 521306 436510 137385 
Water Heat~ng 27 87950 52.4 -645 44.8 50.4 30590 33597 527044 438430 138233 
Conversion - 
Commercial Lighting 417 87980 52.5 -698 44.9 50.5 30593 33502 524854 437685 137798 I I 
Rebates 
Comprehensive 105 88029 52.4 -638 44.8 50.4 30591 33280 527894 438762 138033 I 
Measure Financin~ 
Comprehensive 57 88074 525 -648 44.9 50.5 30597 33506 525191 437797 137853 I 
Appliance Rebates - - 
Comprehensive 190 88109 52.4 -569 44.9 50.5 30596 - .'38 527913 438783 137993 I 
Measure Rebates --- 
Commercial New 124 88130 52.5 -672 44.9 50.5 30598 33286 527515 438670 138016 I 
Construction 
Small Commercial 122 88147 52.5 -695 45.0 50.5 30660 33707 525374 437805 138003 - 1 - - - ~ -  

Retrofit-Direct Install -------- ---- 
Commercial New 23 88183 52.4 -563 44.8 50.4 30595 33283 527671 438685 138000 
Construction- 
Renewables --. --- -- 
Commercial Cool 57 88238 52.1 -883 44.8 50.4 30596 33155 534000 440930 139002 
Storage -- ----- 
Commercial HVAC 133 88256 52.4 -608 44.9 50.5 30566 33322 529300 439282 138227 
Rebates I 
Supercritical PC Plant 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
@X300-!3 -- --- 
Rooftop Cool 70 88275 52.1 -474 44.8 50.3 30597 33156 533986 0 9 2 0  138997 
Storage ---- 
Small Commercial HVAC 14 88395 52.3 314 44.8 50.3 30590 33002 329664 -439388 138204 
Maintenance Program 

CT Combustion Turbine 
HVAC Heanng. Ventilatmn. Air 

E02 Carbon Dioxide 

Conditmning 
Thousands 

M M i t l i  

RIM Rate lmpacl Measure 
SO2 Sultur Dioxide 

Emissions Average 
Total Customer Shori- Mid- Annual 1996-2020 

System Resource RIM Value Term Term Debt Debt 
Peak MW Costs Test Test Rates Rates 2001 2007 SO2 NOY C02 

Option Impact (95 M $1 (SlMWh) (95M t )  (SMWh) (SlMWh) (M S) (M S) (106) (TOG) ( K T O ~ )  
Industrial Tech 11 87819 52.6 -803 44.9 50.5 30594 33361 523008 437050 137429 
Rebates - HE Motors ------- - 
Industrial Tech 4 87969 52.7 -967 45.0 50.6 30569 33179 522697 436968 137169 
Rebates - AS Drives ------------ -- 
Industrial Process 110 88037 52.7 -774 44.9 50.5 30561 33171 523051 437055 137186 
EE - Distributor Sewed - -- 
Industrial Process 98 88049 52.7 -776 44.9 50.5 30562 33171 523011 437043 137180 
EE - Direct Served - -- 
Supercritical PC Plant 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
(4 X 300 MW) - -- -- - - . ------ 
Industrial Tech Rebates - 3 88356 52.7 -893 45.1 50.7 30515 33443 522273 436820 137311 
CA Efficiency ------- ----- 
mQm w: 
AS Miustable Speed EE Energ Efficiency CO2 Catlm Dioxide MW Mepawatts RIM Rat  Impact Measure 
CA Comprtsscd Air HE ~ l p h  k i e n c y  K Thousands MWh Megawatt-Hours SO2 SuLr Dtoxide 
CT Cornbust~on Turbme Tech techno lo^ M Mill~ons N& Nitrogen Oxides 
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T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E G R A T I O N  

Emissions Averaae - - - . - - - 
Total Customer Short- Mid- Annual 1996;265 

System Resource RIM Value Term Term Debt Debt 
PeakMW Cosk Test Test Raes Rates 2001 2007 SO2 NOx C02 

Option Impart (95 M $1 (UMWh) (95 M $1 (tlMWh) W W h )  (M $1 (I $1 (ions) (Tons) (Klons) 
Res Water Heater 89 87725 52.8 -610 44.9 50.6 30594 33556 519719 435940 137147 
Conversion Program 
Res Refrigerator 18 87834 52.9 -828 45.2 50.6 30516 33773 521465 436542 137386 
Tum-in 
Res Heat Pump 88 87855 52.8 -2661 44.9 50.6 30556 33313 520491 436216 136960 
Water Heater 
Leasing 
Res Efficiency 99 87864 52.6 -582 44.9 50.5 30590 33596 523229 437142 137720 
Products Catalog 
Res New Homes 121 87889 52.6 -649 44.9 50.5 30594 33283 524254 437503 137494- 
Res Lighting 75 87892 52.5 -659 44.8 50.5 30592 33359 524547 437571 137621 
Retail Component 
Res Heat Pump 334 87931 52.3 -735 44.8 50.4 30590 33358 528759 439077 138249 
*g 
Res Low Income 66 87935 52.6 -593 45.0 50.6 30596 33505 523160 437136 137608 
Res Direct Install 386 87937 52.6 -585 45.0 50.6 30595 33649 522999 437069 137746 
Res Heat Pump 305 87969 52.4 -415 44.8 50.4 30592 33134 528956 439143 138159 
Rebates - 
Res Self-Audit 22 87995 52.5 -988 44.9 50.5 30593 33646 523753 437296 137905- 
Res Student Self- 22 88042 52.6 -1010 44.9 50.5 30606 33515 524314 437524 137691 
Audit ----------- 
Res Ground Source 19 88061 52.3 -1934 44.8 50.3 30558 32618 531340 440046 137928 
Heat Pump Leasing - 
Res Heat Pump 317 88079 52.3 -477 44.8 50.4 30592 33229 529434 439304 138353 
Loans - -- 
Res Efficient Air 85 88131 52.2 -436 44.8 50.4 30595 33283 530994 439848 138588 
Conditioning 
Res Appliance 26 88230 52.9 -999 45.2 50.9 30560 33338 522149 436717 136873 
Rebates 
Supercritical PC Plant 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
(4 X 300 MW) - -- 
-r*n Ksy: 
CT Combustion Turbme K Thousands 
Res Reriacnfial M Millions 
C 9  Carbon Dioxide MW Megawarts 

MWh Megawatt-noun SO2 SuLr Dioxide 
NOx Nitrogen Wdcs 
RIM Rate Impact Measure 
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T E C H N I C A L  D O C U M E N T  8 :  R E S O U R C E  I N T E G R A T I O N  

Load Curtailment -- -----a -- 
Res Load 54 88179 52.2 -539 44.8 50.4 30591 33645 530137 439487 138812 
Management - Air 
Conditioners 

Emissions Average 
Total Customer Short- Mid- Annual 1996-2020 

System Resource RIM Value Term Term Debt Debt 
PeakMW Costs Test Test Rates Rates 2001 2007 S& NOr C& 

Option Impact (95M $1 (S/MWh) (%M $1 ($/MWh) W W h )  (M $1 (M $1 (Tons) (Tons) (KTom) 
Commercial Group 173 88096 52.2 -446 44.8 50.4 30589 33226 532452 440356 138799 

Supercritical PC Plant 88266 52.2 -524 44.9 50.4 30942 33845 524181 437451 158943 
(4 X 3 0 0 3 -  - -- 
R ~ s  Load 32 88294 52.2 -681 44.9 50.6 30746 34077 527879 438532 138745 
Management 
w/ SCADA - ----- -- ------------- 
Res Load 86 88328 52.2 -674 44.9 50.5 30592 33555 530515 439642 138780 
Management 
- Water Heaters - -- - -- --- -- .- 
Flexible Load 86 88378 52.2 -656 44.9 50.5 30622 33581 531283 439866 138780 
Managed Water 
Heater Program - -- ----------- ---- -- ---- - -- -- we--. - -. - --- - .- -- -- 
Res Load Management 41 88463 52.3 -791 45.0 50.6 30631 33590 530444 439604 138687 
- Storage 
Water Heaters ----- - - - - - - - - - - 
Res Load 64 88474 52.3 -806 45.2 50 5 30840 34169 527053 438305 138691 
Management 
- New Technoloov 

mnlm I(w 
CT Combustton Turbine C02 ' CarDonOioide 
Res Residential K ThOusands 
SCADA SUWNIZO~~ Conhol and Data M MiiCom 

Aquk~tion Systems Mw W W n t r  

MWh Megawall-Hours 
NDx Nmopen Oxides 
RIM Rate Impact Measure 
SO2 Sulfur Omde 
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TECHNICAL D O C U M E N T  8 :  R E S O U R C E  I N T E Q R A T I O N  

Emissions Avera e 
Total Customer Short- Mid- Annual 1996-2d0 

System Resource RIM Value Term Term Debt Debt 
Peak MW Costs Ted Test Rates Rates 2001 2007 SO2 NOx C02 

Option Impact (95 M $) (SllrrlWh) (95 M $1 (SlMWh) W W h )  (M $1 (M $1 (Tons) (Tons) (KToW 
Landfill Gas/ 43 87544 52.6 -594 44.8 50.4 30553 33310 522179 436724 137086 
Fuel Cells 
Small Head 5 87717 52.7 -428 44.9 50.5 30591 33554 521513 436547 137435 
Hydro 
Existing Cogenerabon 75 87842 52.5 -557 44.8 50.4 30588 33642 524667 437629 137965 
- Commercial 
Commercial Flexible 570 87963 52.5 -603 44.9 50.5 30592 33462 524997 437715 137862 
Lighting Options 
New Cogeneration 30 88031 52.6 -622 44.9 50.5 30588 33642 521910 436688 137596 
- Industrial 
Flexible 224 88044 52.4 -536 44.8 50.4 30591 33279 527532 438632 137963 
Comprehensive 
Fmancina 
Flexible Group 275 88161 52.2 -507 44.8 50.4 30589 33643 529877 439360 138792 
Load Curtailment 
New Cogeneration 17 88193 52.4 -541 44.8 50.4 30589 33643 525770 438011 138129 
- Commercial 
Supercritical PC Plant 88266 52.2 -524 44.9 50.4 30942 33845 524181 437457 138943 
J4X300 MW) 
Photovoltaics/ 2 88610 52.3 378 44.8 50.4 30594 33152 530673 439760 138431 
Technology 
Advancement - 
Photovoltaics 1 89099 52.3 1631 44.9 50.4 30603 33292 529929 439503 138375 

M Millions 
MW Megawms 
MWh Megmm-Houn 
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T E C H N I C A L  DOCUMENT 8: R E S O U R C E  I N T E G R A T I O N  

E, -gy resource plans being made today must account for the 
undeniable fact that the future will be unlike expectations of the 
future. If TVA knew the future state of the energy world, 
resowe plans could be made simply to best meet various plan- 
ning criteria. However, the future is uncertain. Resource plans 
must account for a range of possible future events. Plans must 
be flexible enough to change as certain key parameters change; 
also, they should be able to withstand shifts in the long-term para- 
meters that drive electric utility operation. 

UNCERTAINTY TREATMENT PROCESS 
An exhaustive list of parameters that could vary in the future 
was identified through discussions in the Energy Vision 2020 
Building Block teams, the Energy Vision 2020 Review Group, 
the   ore cast Review Board, the Tennessee Valley Industrial 
Committee, Tennessee Valley Public Power Association, and 
environmental review groups; as well as reviews of other util- 
ity resource plans. Almost 50 individual items were identified 
as uncertain items to be explored in Energy Vision 2020. 

Each uncertain item is described and a range of possible 
outcomes identified for the future. Since in Energy Vision 2020, 
TVA is evaluating its resource options for a number of planning 
criteria, variations in the item are needed for the different cri- 
teria. Four planning criteria are being used to represent the more 
extensive list. These are total resource costs, electric rates, car- 
bon dioxide output, and debt. 

RESULTS OF THE UNCERTAINTY REVIEW PROCESS 
The evaluation of each uncertain item for the four planning cri- 
teria shows items that are most critical in future resource plan- 
ning. They result in the largest variation from the mid-mge forecast 
and thus should be considered further in the next, more 
detailed phase of the evaluation. 

Issues that were found to be most sensitive include the 
following; 

Load Growth 
Nuclear Issues 
- Capacity Factor 
- Operations and Maintenance Cost 
- Capital Cost 
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Environmental Issues 
- Carbon Dioxide Compliance 
- Air and Water Environmental Controls 
Price 
- Natural Gas 
- Revenue from Coproducts (Combined Cycle) 

Issues for which selected sensitivity evaluation can be 
performed include the nuclear moratorium and the inability to 
site central station generating capacity. 

Process to Represent Uncertainty 

As stated previously, if TVA knew the future state of the 
energy world, resource plans could be made simply. Alternative 
actions would be chosen to meet the various planning criteria 
without risk. 

The real world is, however, highly uncertain. When energy 
resource plans were beiig made for 1335 twenty years ago, innu- 
merable factors about the energy world in 1995 were not 
known. Load growth was projected to double every seven years. 
Construction costs were projected to be stable with project con- 
struction lead times short; fuel prices were to remain relatively 
low. Of course. these projections were far from the actual 
experience. Neither the Public Utility Regulatory Policy Act, the 
National Energy Act of 1992: nor the pile of regulations brought 
on by such events as Three Mile Island existed. There were no 
regulations on sulfur dioxide emissions and other environ- 
mental issues. Forecasting twenty years into the future still 
remains highly speculative. yet planning resource capabilities 
requires a long-term outlook. 

Resource plans must account for a range of possible future 
events. Plans should be sufficiently flexible to change as key para- 
meters change, and they should, once implemented, be capa- 
ble of withstanding shifts in the long-term parameters that 
drive electric utility operation (robustness). 



TECHNICAL DOCUMENT 8 :  R E S O U R C E  I N T E G R A T I O N  

Two important questions are: "What future events should number of uncertain issues to a much smaller. more manage- 
be considered when malung resource plans?" and "What future able list. 
events, if known today, would change the plan significantly?" Issues that can cause significant impacts on resource plan 
In the planning process, it is desirable to ensure that all para- results are then used in the complete, detailed evaluation and 
meters that can impact resource plan selection are sufficiently integration of supply- and demand-side alternatives. 
represented and considered. 

Identif~cation of numerous parameters that could vary in the 
future is the first step in the representation of uncertainty. An 
exhaustive list of parameters has been developed through dis- 
cussions by the Enernv Vision 2020 Building B ~ O C ~  teams, the A Quantifiable lks~riflon 
Forecast ~ & e w  ~ o a i d ,  and Energy Vision 2020 Review Group of the Future 
and in analyzing resource plans from many other utilities. 

Each issue or parameter must be quantified so that its impact 
on resource plans can be evaluated. A wide range of future pos- 
sibilities of the parameter was developed that typically is r ep  
resented by a probability distribution as described in the 
following section. 

An exhaustjve r e m e  evaluation would include every para- 
meter that has been identified as an issue. This list of anywhere 
from 20 to 100 issues would be explored fully and all evalua- 
tions would consider their impacts. 

Realistically and computationally, the number of parame- 
ters must be reduced to those that are significant to the decision 
at hand. In order to determine those uncertain parameters that 
can significantly impact a resource planning decision or actu- 
ally change a decision, a sensitivity evaluation is performed on 
each parameter. 

These sensitivity diagrams, sometimes referred to as "tor- 
nado" diagrams because of their shape, help to narrow the large 

Given that the future is so uncertain, how can it be considered? 
In general, parameters can be described mathematically by a prob 
ability distribution. A probability distribution describes the like- 
lihood of the value of a parameter. Typically, a "normal" 
distribution can be used to describe most uncertain parameters. 
Figure 7F-19shows a normal distribution where the y-axis indi- 
cates the probability of the value that occurs on the x-axis. 

A cumulative distribution can then be consuucted that accu- 
mulates the probabilities and the values sum so that Figure 773- 
19 becomes as shown in Figure 773-20. The y-axis accumulates 
to 1.0 (or 100 percent). The accumulated level represents that 
percentage of the values that are at least that large. 

In order to utilize this information in a resource plan, it 
is necessary to determine discrete values that can be used to 
represent the distribution. Typically, 3 points on the cumula- 
tive probability distribution are chosen to represent the curve 
so that the points represent a value that has a 10 percent prob 
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T E C H N I C A L  D O C U M E N T  8: R E S O U R C E  I N T E G R A T I O N  

Bonneville Power Administration 
Load Growth 
Salmon Migration 
System Operation 
Endangered Species Act 
Availability of Reserves 
Capacrty from Neighbors 
(Contracted) 
Extreme Weather Impacts 

Dub Power Company 
Load Growth 
Load Factor 
Coal Fuel Price Escalation 
Oil Fuel Price Escalation 
Capital Cost (Coal. Combustion 
Turbine, Combined Cycle) 

Entergy 
Weather 
Mechanical Failures 
Customer Demand 
Inflation 
Fuel Prices (Gas & Oil) 

Georgia Power Company 
Financial 
Environmental Cost 
Load Growth 
Fuel Cost 
Unit Cost 

New Enpland Elecbic System 
Load Growth 
Schedule Delays 
ConservationRoad Management 
Effectiveness 
Performance of Existing Facilities 
Schedule Delays of 
Cogeneration Sources 
Future Gas & Coal Prices 
Non-Utility Generator 
SitingILicensing Problems 
Externalities 

Niagara Mohawk Company 
toad Growth 
Economic Growth 
Fossil Fuel Prices 
Regulation 
Extemaliies 
Non-Utility Generators (NUGS) 
Demand-Side Management (DSM) 
Participation 

Pacific Corporation 
Load Growth 
Electrification 
Loss of Resources 
High Gas Prices 
Carbon Dioxide Tax 
Environmer tal Externalities 
Renewable iiesources 
Demand-Side Acquisition 
Plant.Performance 

Viminia Electric Power Company 
Economic Growth 
Load Growth 
Fossil Fuel Prices 
Regulation 
Price of Sulfur Allowance 
Demand-Side Effectiveness 
Plant Efficiency and Reliability 

Wisconsin Power and LipM Company 
Economy 
Fuel Price 
Fuel Availability 
Technologies 

Uncertain parameters considered as issues 
by other electric utilities throughout the 
country are shown in tnis table. 

ability of being that amount or less; a 50 per- 
cent probability of being that amount or less; 
and a 90 percent probability of being that 
amount or less. 

These three points represent, respectively, 
approximately 25,50, and 25 percent of the dis- 
tribution. 

There are numerous techniques available 
for developing these cumulative probability 
distributions. Such techniques indude probability 
assessment interviews with experts, delphi tech- 
niques, and historical data. 

Typical UncePtain 
Parameters in Integrated 
Resource Planning 
Figure 78-21 shows parameters considered in 
sample integrated resource plans from electric 
utilities in the country over the past five years. 
Some issues, such as load growth and fuel 
cost, are fairly standard. Other issues may be 
regional, such as "Salmon Migration" an issue 
important in the Pacific Northwest. In this pan 
of the country, it may be air quality in the 
Smoky Mountain National Park or mining resnic- 
tions for Appalachian coal. 
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RANGE - 

ITEM (UNm) Low Medium High 

HYDROENERGY (Billion kwh) 13 18 22 

COAL 
Capital Additions (SkWNear) (94s) 12.5 13.6 I 14.8 
& Improvements 
Operating & (ykWNear) ( 9 6 )  21.7 21.7 21.7 
Maintenance Cost (Escalation) -2% Base -1% Base +1% Base - 
Plant Life (w No Retirements No Retirements 75C VW 
Extension R r  . ?  
Reliability of New Units (Equivalent Forced 6% 9%' 2(rh 

Outage Rate) 
Fuel Cost WMBtu) 100 109' 121 
j5X Coal in 2000) (Escalation Rate) 2.8% 3.3% 4.0% - - - - - - 
Fuel Cost (EAIIBtu) 119 131 146 
Existing System (Escalation Rate) 3.0% 3.5% 4.1% -- -- -- - -- 

COMBINED CYCLE -- - 
Market Price of Coproduct (Won) 91 262 320 
in 2000 for Intearated 
Gasification combined Cycle - 
Gas Cost (CNBtu) 256 342 41 8 
(2000) (Escalation Rate) 2.4% 5.3% 7.9% -- - - 

NUCLEAR 
Moratorium Normal Operat~on Normal Operation Units Do Not 

Operate after 2006 ---- 
Return to Se~ce/Commercial Base Schedule 12-17 Month Delay 24-33 Month 
Operation Date -- Delay 
Capacity Factor (K) - 55 67 I 86 - 
Operating Cost -- (WWNear) ( W )  55 - ---- 69 83 
Fuel Cost W B t u )  35 41 - I 50 
Spent Fuel (-1 1 .O 1.0' 2.0 
Storage 
Capital - Additions 8 1WNear)  9 12' 19 
lmprovements -- ---Po-- 

Capital Cost (Billion $) 
Bellefonte 1 1.3 2.6 3.5 
Bellefonte 2 0.9 1.8 2.4 
Watts Bar 2 1.2 2.4 3.2 
Browns Ferry 1 1 .I 2.2 2.9 

Browns Ferry No Extension, Yes Yes 
License Extension Replace in 201 3 
Summer Limits Lose 150 MW No Impacts No Impacts 
on Discharge 
Water Temperature 
Decommissionina (Million $/Unit) 200 300 600 
Cost 

COGENERATION 
Cost - ($new) 159 175 -- 263 
Availability (MW) 1800 2000 I N/A 

TRANSMISSION 
Electromagnetic Field No Additional Impacts t $50 MillionIUnit + 50% Cost of 

for New Site Central Overall Trans- 
Generation mission System --- - 

Transmission Limit Increased Reserve Margin Normal TM Capability I Normal TM 
Wheeling Requirements for 1200 MW of Capability 

Reduced TM Capability 

l8.24 ENERGY VISION 2020 
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I RANGE 
mM ( U N m  1 Low Medium Hioh 

PURCHASED POWER 
Quantity 1125 MW 1500MW 1875 MW 
Price (2000) (Escalation) -2% Medium 56 VMWh +3% Medium 

(6.5% Escalation) 

ENVIRONMENTAL QUALIN 
Carbon Dioxide Emission Cost Voluntary Compliance $5Kon by 2002 W o n  by 2002 and 

No Additional Controls 1 above Limits $lO/Ton by 2010 
above Limits 

Sulfur Dioxide Allowance Price 
~2000) (Won) 21 1 284 1 409 
Air Quality Combined No Additional Low NOx Low NOx Controls 

Clean Air Capital Cost Controls 1 Controls at at Cumberland 
Air Toxics Cumberland and Gallatin 
Visibility and Gallatin Reduced Hg by 2002 
Ozone Reduced Hg by 2010 SNCR by 2002 

SNCR by 2010 
Water Quality Combined No Additional Cooling Towers Cooling Towers and 

*Thermal Plant Regulations Regulations I at All Steam Additional Runoff 
*Aquatic Biota Plants in 2002 Control Q 190 S M  
*Toxins @ 13OSIkW in 2002 (1 994$) 

Water Flow Alteration (1 994)  
*Toxics, Bioaccumulation, pH 

LOAD REQUIREMENT 
Load Growth . (%) 1994-2000 0.0 2.2 I 3.4 

2000-2020 0.0 1.91 3.2 
Interruptible Load (MW) 700 19001 2560 
and Ememencv 
Appeals (2000j - 
Competition with (%) 1994-2000 0.9 2.2 1 2.1 
Neighbors, Open 2000-2020 1 .O l.gl 2.2 
Access, and 
Fence - Growth 

SITING No Restrictions 1 No Central Station No Central Station 

Options Options 
DEMAND-SIDE (MW) 31 24 5494 ' 8219 
MANAGEMENT Savings in Year 201 0 
EFRCTIVENESS 

NEW TECHNOLOGY COST Reduce Cost 50% Reference 1 Reference 

COMBUSTION TURBINE 

Rel~abilii (%) 68 84' 90 
Plant Lie (Years) 25 Years 30 Years 30 years 
Plant Efficiency (Btulkwh) 9,000 10,500 1 12,000 

DISCOUNTIINTEREST RATE (%) 6 8 '  12 

Indicates value in Energy Vision 2020 Reference 

ENERGY VlSlON 2020 t8.25 
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hydro generation over the 100-year period would in .cate a 10 per- 
cent likelihood of the energy output being around 3 bihon kilo- 
watt-hours or less, and a 10 percent chance the energy output 
could be 22 billion kilowatt-hours or higher. The mid-range fore- 
cast of around 18 billion kilowatt-hours has a 50 percent 
chance of the output being lower or higher. While hydro vari- 
ation may occur for several years at a time, it is less likely to remain 
consistently at a high or low level over the long term. Thus, this 
uncertainty is more significant to short-term plans of, say, five 
years or less. 

Although not being treated explicitly, another scenario 
that could create a range of outcomes in long-term hydro gen- 
ationisthe TVA~mdcanaoldoftheCumberiand~. 

TVA could lose some d the Cumberland Pmps  due to license 
extension requirements. TVA could gain hydro output through 
negotiated control of additional segments of the river generat- 
ing output operated by Southeastern Power Administration 
(SEPA). 

ISSUE 2: COAL 
Below are various uncertainties involving TVA's coal usage. 

lssue 2.1: Capital Additions and Improvements 
for New Coal Capacity 
Capital additions and improvements are betterments of plants. 
They are expected to have a long life and are therefore caphalized. 
In contrast, the cost of current repairs and minor replacement 
is charged to operating expense. 

The medium estimate for a mature commercial supercrit- 
ical pulverized coal plant (4 units of 300 megawatts each) is $13.6 
per kilowatt per year. For the range of values, the low is $12.5 
per kilowatt per year and the high is $14.8 per kilowatt per year 
(This is in 1994 dollars.) 

lssue 2.2:Xoal and Combined Cycle Operating 
and Maintenance Costs 
Operating and maintenance costs for fossil units are divided into 
fixed and variable components. Variable operating and main- 
tenance cost is the incremental cost of generation incurred only 
if the unit generates. Fixed operating and maintenance cost at 
an operating unit is incurred whether or not the unit operates. 
The mid-range of both the fixed and variable operating and main- 
tenance costs escalate using standard TVA escalation with a 1 per- 
cent impro~ ,:Tent (fiscal year 1999 to fiscal year 2C-3). The low 
case include ? pemnt improvement, while the hig 3se includes 
a 1 ,percent ir,:rease (fiscal year 1999 to fiscal yea: 2020). For 
the mid-range case, the fixed operating and maintenance cost 
is $21.7 per kilowatt per year of dependable capacity (in 1994 
dollars) and the variable operating and maintenance cost is 0.39 
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mil 3er kilowatt-hour (based on 1994 dollars). The same base 
is u 2 for both low and high, while the standard TVA escala- 
tion rate with a 2 percent annual improvement for the low, and 
a 1 percent annual increase in escalation is assumed for the high. 

lssue 2.3: Plant Life Extension 
Additions and improvements are made to the existing fossil units 
at a steady rate to ensure the units continue to operate into the 
fuhlre. One range of unceminty would be a TVA decision to retire 
a coal facility that is low in the loading order. For purposes of 
illusmation, the Widows Creek Units 1-6 were reed, reprexnting 
750 megawatts of capacity that must be replaced. 

lssue 2.4: Reliability (Coal and Combined Cycle Units) 
The reliability of a generating unit is a measure of the hours 
during a,year that the unit is available to operate and includes 
the possible reduction in full unit output due to derating 
conditions. This excludes the time a unit is out for scheduled 
maintenance. 

An unscheduled outage may be defined as a total loss of gen- 
eration due to a failure of a component essential to unit opera- 
tion. A derating is a failure of a component that may only 
reduce the amount of generation available from the unit. 
Reliability measure of equivalent forced outage rate is inade up 
of these two facton. 

The mid-range forecast is 9 percent: while the high is 20 
percent, and the low is 6 percent. 

lssue 2.5: Fuel Cost (Coal) 
Fuel prices for coal facilities are based on FOB mine price pro- 
jections combined with transportation rates to determine deliv- 
ered price forecasts to each TVA stockpile. Delivered fuel price 
forecasts of three independent consultants have been averaged 
to obtain the TVA coal spot price forecast. These consultants are 
Energy Ventures Analysis. Inc., Hill and Associate, Inc., and J. 
D. Energy, Inc. 

For a new coal facility at Tennessee River Mile 160 for a 
5.0 pound sulfur dioxide per million Btu coal plant, the mid- 
range price projection (in 2000) is 109 cents per million Btu 
with a 3.3 percent escalation rate. The low forecast is projected 
to be 100 cents per million Btu with a 2.8 percent escalation. 
High projection is 121 cents per million Btu with 4.0 prrcent 
escalation. 

'qr TVA's existing coal facilities, the mid-range price fore- 
c.. 131 cents per million BN with a 3 5  percent escalation 
ra: . .'e low forecast is 119 cents per million Btu (3.0 percent 
escalation), and the high forecast is 146 cents per million Btu 
(4.1 percent escalation). 
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Low Medium High 
Year $/Ton $/Ton $/Ton 
1995 82.7 237.4 290.0 
1996 84.4 - 242.1 295.8 
1997 86.0 247.0 301.8 
1998 87.8 251.9 307.8 

The viabil~iy of coal gasification combined cycle projects depends on 
the value of the coproducts. This chart shows the range of values for 
a byproduct of coal gasification. 

lssue 2.6: Market Price of Coal Gasification - 
Combined Cycle Coproduct 
Coal gasification technology is commercially utilized for pro- 
ducing synthesis gas for chemical applications including the 
production of ammonia, methanol, and methyl tertiary butyl 
ether (MTBE). The viability of coal gasification combined 
cycle projects depends on the value of the coproducts. Much 
of the gas produced is used up producing the coproduct, and 
the remaining low heat value gas is used to produce electric- 
ity. The following estimate in Figure T8-24 is representative 
of various coproducts for screening purposes. 

per year. In preparing this medium natural gas price forecast, 
TVA relied on forecasts by Energy Ventures Analysis, Inc., 
Jofree Coporation, and ICF Resources. 

The low and high values are 256 cents per d i o n  Btu with 
a 2.4 percent escalation and 418 cents per million Btu with an 
escalation rate of 7.9 percent. The high and low fonxasts for gas 
prices were derived using several nationally recognized fotecasbm 
such as Gas Research institute, American Gas Association, 
DRVMcGraw-Hill, and the Energy Information Administration. 

ISSUE 4: NUCLEAR 
Below are various uncertainties relative to TVA's use of its 
nuclear facilities. 

lssue 4.1: Nuclear Moratorium 
Issues that affect nuclear production include those events that 
alter the perception or physical capability of these facilities. 

A major event either industry-wide or world-wide could 
cause a partial or complete shutdown of all nuclear units. 
Similarly, an event could create a shutdown of a specific unit 
type or vendor type for a period of time. 

The range of outcomes assumed here are from the reference 
forecast to a shutdown of all nuclear units on the TVA system 
in fiscal year 2006. 

lssue 4.2: Return to Service or Commercial 
Operating Dates on Nuclear units 
A range of operating dates are 12- to 36-month delays beyond 
the base for all the nuclear units beginning production after Wtts 
Bar Unit 1. 

lssue 4.3: Nuclear Capacity Factor 
Capacity factor. the prcentage of actual power generated com- 
pared to its maximum potential generation, is an uncertainty 
that impacts cost per kilowan-hour of the nuclear facilities, as 
well as total production cost. The leading contributor to lost 
generation, or capacity factors less than 100 percent. for the 
nuclear industry as a whole is refueling. during which time the 
unit is unavailable for power generation. Additional lost gen- 
eration may occur during operations due to testing, equipment 
maintenance, or other outages. 

In this evaluation the mid-range capacity factor for nuclear 
units is 67 percent, with a low of 55 percent and a high of 86 
percent based on TVA historical information and industry 
projections. 

ISSUE 3: COMBINED CYCLE FUEL PRICE - WATURAl GAS 
For the year 2000, the forecast for natural gas prices at a new 
combined cycle facility at Tennessee River Mile 160 is 342 
cents per million Btu. This is expected to escalate at 5.3 percent 

ENERGY VISION 2020 18.27 
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lssue 4.4: Nuclear Operating Cost 
Operating costs cover those expenses incurred over the oper- 
ating life of the unit. Nuclear costs are grouped into four cate- 
gories: operating and maintenance, capital additions and 
improvements, fuel, and decommissioning. Operating and 
maintenance c m  for nuclear units are projected in the medium 
casetobe $69perkilowattofdependablecapa~basedor'IVA's 

at the operating nuclear units since 1989. Nuclear oper- 
ating and maintenance costs are driven by staffing levels. 
Typ-, mothi& of the coral operaring and maintenance bud- 
g e t g o e s d i r e a t y ~ p g y i n g s a l a r ~ , ~ , a n d - ~  
o p t i n g  and maintenance costs escalated during the 1980s at 
rates in excess of general inflation as plant staff and contractors 
were added to respond to new regulatory quimmm. The level 
of new regulations has dropped dramatically in the past five years, 
however, and the rate of operating and maintenance cost 
increases has likewise dropped. The nuclear industry has devel- 
oped a strategic plan for reducing costs at operating units 
while still mainmining high levels of safety and performance. The 
trend in the nuclear industry is clearly toward smaller plant staffs, 
and a reduction in operating and maintenance cost is expected 
to follow. Industry targets for staffing levels at 2-unit sites like 
.Sequoyah, Watts Bu, and Bellefonte is 0.5 persons per installed 
megawatt. This staffing level would result in operating and main- 
tenance cost of about $55 per kilowatt per year, and this is used 
as the low value, with the high Miue at $83 per kilowatt per year. 
These estimates would escalate at 4.5 percent annually. 

lssue 4.5: Nuclear Fuel Cost 
TVA cost for nuclear fuel consists of two components; sunk cost 
and incremental fuel costs. 

Sunk Cost of Fuel 
TVA accumulated a uranium inventory during the 1980s of about 
11 million pounds due to plant defenals/cancellations and the 
1985 extended outage. Interest on this inventory was capitalized 
throughout this period. The resulting high book value of ura- 
nium is driving TVA nuclear fuel costs. TVA is considering a 
write-off of the excess book value of uranium. This must be 
done if fuel costs are to be competitive before the inventory 
has been used. Barring write-off action, the existing inventory 
will affect fuel costs through 2001. Other actions have been 
initiated to reduce fuel costs, including renegotiation of con- 
tracts that will save approximately $70 million over the term 
of the conrracts, loaning uranium from inventory, and utiliion 
of fuel delivered for Watts Bar and Bellefonte in the operat- 
ing plants at Browns Ferry and Sequoyah where practical, and 
purchasing enrichment services on the spot market at k o u n t s  
of 30-35 percent relative to current term contracts. However, 
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the effect of these other actions is small compmd to the ura- 
nium book value. 

Sunk cost is made up of two components: excess interest 
(approximately $1 billion dollars) and excess uranium inventory 
(approximately $400 million). 

Incremental Cost 
Incremental cost of nuclear fuel is the cost that TVA wouldpay 
today to replace the fuel. For Eneqy Vision 2020 considerations, 
'IVA'snuclearplantfuelcosambasedonanavemgeinaemencal 
fuel cost for each of the nuclear plants. The incremental nuclear 
fuel cosrs (in 1994 dollars) are: 

Pressurized Water Reactor Fuel (Sequoyah, Watts Bar, and 
Bel1efonte)--41.4 cents per million Btu 
Boiling Water Reactor (BWR) Fuel (Browns FerryM1.7 
cents per million Btu 

Escalation of Nuclear Fuel Cost 
The nuclear fuel escalation rate may be affected by a number 
of factors including the general inflation rate, availability of nuclear 
fuel, demand for conversion, enri~hrient, and fabrication ser- 
vices, as well as spent fuel disposal costs. 

For the next 30 years, abundant supplies of reasonably priced 
UjOg will be available. The primary sources of supply will be 
inventories, production of existing projects, and known re~trves, 
along with substantial quantities obtained from the nuclear 
weapon dismantlement program. In addition, enrichment and 
fabrication capaaty exceeds demand. This situation is q e d  
to continue for the foreseeable future. 

Based on these considerations, nuclear fuel is expected to 
escalate at a rate equal to or less than general inflation during 
the period of 19952020. Energy Vision 2020 assumes escalation 
equal to general inflation. With a medium escalation forecast of 
2.5 percent, the low is projected at 2.0 p e m t ,  with a high esca- 
lation forecast of 3.5 percent. 

Issue 4.6: Spent Fuel Storage 
A nuclear plant uses around 20 tons of fuel annually. A very 
small percentage of nuclear waste remains radioactive for thou- 
sands of years. The Nuclear Waste Policy Act of 1982 established 
a program to buf d a national undergrwnd high-1- 
itory early in the next century. Currently a fee of $1 per 
megawatt-hour is collected to pay the Department of Energy for 
the disposal site. A high range is $2 per megawatt-hour. 

lssue 4.7: Nuclear Additions and Improvements Costs 
The cost of modifymg an operating unit is a capital cost aggre- 
gated under the term additions and improvements. Modifications 
to nuclear facilities are driven by three causes: 





I Millions S I 
Bellefonte 1 Bellefonte 2 B& Feny 1 WaHs Bar 2 

Low 1311 91 2 1187 1 097 
Medium 2622 1824 2374 21 94 

I High 3470 2420 31 50 2910 I 
This chart shows the low, medium, and high range of cost estimates to complete 
fhese nuclear generating units. 

---  
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cost estimated for each line item. Management reserve require- 
ments were determined based on results of this study and 
indudedinthebasecosredmate.'Ihe~resetverequirP 
ment ranged from 10 percent to 30 percent depending on the 
level of risk. 

To accommodate uncertainties not otherwise covered, 
a d j j n t s  are applied to the detailed engineering cost estimates 
based on the emrs  in past cost forecasts. The low completion 
cost estimates are the detailed engineering cost estimates them- 
selves with the management reserve included. 

The medium and high estimates are based on the low esti- 
mates adjusted for past errors in forecasting nuclear plant con- 
struction costs. The historical record of forecasting nuclear 
plant construction cost for plants in the United States and in the 
TVA region was reviewed for accuracy. The general conclusion 
of this review was that for plants 4 to 6 years from completion, 
the actual cost to complete was significantly greater than the fore- 
cast or estimated cost. The actual costs to complete were gen- 
erally 100 to 200 percent greater than the forecast costs. 

TVA's nuclear project cost estimate accuracy since 1987 was 
also reviewed. This review indicates that the error in forecasting 
future nuclear plant costs ranged from 100 percent to 230 per- 
cent. From 1987 to 1994. the average error in estimates made 4 
to 6 years before completion was approximately 165 percent. 

The major dilemma facing forecasters of nuclear plant com- 
pletion costs is to what degree past forecast errors have been 
corrected in current estimates. The low forecasts assume that 
the latest engineering cost estimates are accurate. The high esti- 
mates, whch use a multiplier of 2.65, assume that forecast errors 
will continue in the future at the same level experienced in the 
past. The mid-range or medium estimate of the cost to complete 
assumes that the fume forecast error will be somewhat less than 
historical errors. Past forecast errors were due, at least in pan, 
to rapidly changing regulations and the difficulty in managing 
large nuclear construction projects. Future errors could there- 
fore be reduced if regulations were more stable and with 
improved consuuction project management. The medium fore- 
cast is based on the assumption that future forecast errors will 
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match the minimum historical TVA error, which is appmx- 
imately 100 percent Thus, the medium forecast in Fgwz 
78-25 is twice the low estimate. 

There is likewise a range of capital cost estimates 
for completion of the nuclear units. This range is shown 
in millions of dollars in Figure i3-25. 

lssue 4.9: License Extension 
The operating licenses for Browns Feny Units 1,2, and 
3 currently expire in 2013,2014, and 2016, respective. 
The Nudear Regulatory Commission, howwer, issued 

regulations establishing the requirements for obtaining an 
extension in the operating license for up to 20 additional years. 
The on@ rule issued by the Nuclear Regulatory Commission 
in 1991 is currently being revised and is expected to be final- 
ized in mid-1995. 

TVA, along with other utilities and industry organiza- 
tions, has completed some preliminary review of the poten- 
tial for extending operating licenses. No technical issues have 
been identified that would preclude license extension on 
Browns Feny. In fact, Browns Ferry provides some unique ben- 
efits for license extension as a result of the extensive work being 
done to recover these units. 

Whiie it is difficult to accurately estimate the cost and sched- 
ule requirements for obtaining a license extension in advance 
of final issuance of the rule, the cost appears to be low 
(potentially on the order of $10 million). 

Given the status of the rule, however, it is impossible to 
predict with cenainty the success of an application for license 
extension at this time. Therefore, Energy Vision 2020 considers 
cases where license extension does not occur, as well as cases 
in which it does occur. , 

lssue 4.10: Nuclear Summer Limits - 
Temperature Water Discharge 
Cooling towers are provided to support operation of the 
Sequoyah and Browns Ferry Nuclear Plants during periods of 
high river water temperature. Nonetheless, on rare occasions dur- 
ing extremely hot condttions, these units may be required to reduce 
generation. A loss of 150 megawatts is considered in the Energy 
Vision 2020 analyses. 

lssue 4.11: ~irtcommissioning Costs 
At the end c. :acilityls operating life, the reactor plant must 
either be dls. -Aed or placed in a state of protective storage. 
A safe storage mode would be followed by removal of the reac- 
tor plant after a period of dormancy. The decision as to the mode 
of decommissioning will be influenced by a number of factors 
v e n t  at the time of final piant shutdown. These faam include 
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Value Pressurized Water Boilina Water 

Low .2 $200 Million per Unit $250 Million per Unit 
Medium $300 Million per Unit $350 Million per Unit 

High $600 Million per Unit $700 Million per Unit 

1 ~rtimate m based on the DECON wtion 
2 Tha low nlm tor tlw PWRs md BWRs am barrd on lit# N u m r  R ~ u l l m r y  

C a m m w n  lormulad SlOS and S130 million lm Jlnuuv 1986 dollanl. 

N A  has developed low medium, and high estimates for 
decommissioning its nuclear power plants. The NRC formula 
for pressurized water reactors and boiling water reactors was used 
in developing the estimates. 

potential use of the site for other purpases, cost of the alternatives, 
minimization of occupational radiation exposure, availability of 
low-level disposal space, availability of a high-level waste 
repository or spent fuel monitored retrievable storage facility, 
regulatory requirements, and public opinion. 

As shown in Figure T8-26, TVA has developed low, 
medium, and high estimates for decommissioning its nuclear power 
plants. In developing the estimates. the Nuclear Regulatory 
Commission formula for Pressurized Water Reactors (PWb) and 
Boiling Water Reactors (BWRs) was used to determine the low 
values. A medium value was determined from the range of cur- 
rent industry estimates to be $300 million (approximately 90 per- 
cent of the industry estimates are lower than hs value). The high 
value was developed by doubling of the medium estimate. The 
high cost estimate, which is double the medium estimate, con- 
siders the uncertainties of decommissioning, including spent fuel 
disposal, and low-level waste disposal. 

Some recent industry estimates for decommissioning are 
as high as a billion dollars, due primarily to high estimates for 
off-site storage and management of spent fuel and other high- 
level wastes. TVA's plan for spent nuclear fuel is to store it on- 
site at the plant locations where it is generated until the 
Department of Energy (DOE) accepts physical custody by 
shipment off-site to a monitored retrievable storage facility or 
to an underground repository for ultimate disposal by burial. 
TVA has sufficient outside site area at each of its nuclear facil- 
ities to store any high-level waste associated with decommis- 
sioning activities. This would be done, possibly in containers 
provided by the Department of Energy, until the federal gov- 
ernment is able to fulfill its contractual obligation to move the 
fuel off-site. 

ISSUE 5: COGENERATION 
Below are uncertainties related to cogeneration. 

lssue 5.1 : Cost of Cogeneration 
Cogeneration projects are being developed throughout the 
United States. As replacement power, capital cost of construc- 
tion is an uncertain issue that is treated in a resource plan. In 
this case, the capital cost range is from a base of 5175 per k i b  
wan for the medium with a 10 percent reduaion for the low and 
a 50 percent increase projected for the high. 

lssue 5.2: Available Amount of Cogeneration 
The amount of cogeneration may be limited, especially if it is 
located outside the Tennessee Valley. A limit of 2,000 megawatts 
is placed on cogeneration capability to study the sensitivity of 
results of this issue. 

ISSUE 6: TRANSMISSION 
Below are three uncertainties that involve transmission issues. 

lssue 6.1: Transmission-Related 
Electromagnetic Fields 
Concern over possible health effects due to elemomagnetic field. 
(EMF) could cause diff~culties in siting transmission lines. To lower 
magnetic field levels, extensive reconstruction of existing trans- 
mission lines would be required, and new lines would be 
much more expensive. 

Several methods that can be used to reduce EMF include: 
Buildmg transmission h e s  underground with appropriate pro- 
tection 
Increasing ground clearance of overhead lines 
Installing reversephasing (double circuit) lines 
Using photovoltaics, batteries, and other types of modular tech- 
nologies at the customer level and thereby mitigating the need 
for transmission service 

In Energy Vision 2020, the range of this uncertain parameter 
has been represented as follows: the low-range case is one in 
which no additional con~)ls/modifications are requmd. The rnid- 
range case is $50 million increase in the cost to build transmission 
for a greenfield site, while the high is represented by a 50 per- 
cent increase overall in transmission costs. 

lssue 6.2: Wheeling Requirements 
Transmission access (wheeling) involves allowing another util- 
ity company or retail customer access to the transmission sys- 
tem to send electricity from one util~ty to another uuhty. The mles 
of such access are being developed in response to the Energy 
Act of 1332. Wheehg requirements are subject to the availability 
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of the TVA system, good faith requests and responses, facilities 
upgrades and additions, scheduling and operations, losses, 
opportunity costs, etc. The wheeling rate being developed by 
TVAis~ofthreecomponents:  r e a a i v e p o w e r m  
firm transmission service rate-base, and margin basis. 

lssue 6.3: Transfer Limitations on Interconnections 
Limitations on intmomections could cause two short-term 
responses. If Bellefonte is built, some exccss energy may be avail- 
able for export for a short period of time. This energy arport d d  
be limited under certain transmission scenarios. Second, relia- 
bility requirements could increase with reduced transfer capa- 
bilities, thus requiting replacement of capacity earlier if Bellefme 
is canceled. 

The limit on transfer capability is modeled in the uncertainty 
study through an increased reserve requirement. 

ISSUE 7: PURCHASED POWER 
Following are two uncertainties that involve purchased power. 

lssue 7.1: Purchased Power Amount Available 
The amount of power available from other utilities depends on 
the load and power supply situations of these potential suppli- 
ers and the timing of the need for WA While there is a mid-mge 
of 1,500 megawatts of purchases available in the medium fore- 
cast, a range of 25 percent less or m t e r  represents the low and 
highforecasts.'Ih~~s,thelow~;mgeassumptionispurdmsedpawer 
levels at 1,125 megawatts while the htg range is 1,875 megawatts. 

lssue 7.2: Purchased Power Price 
In the year 2000, the purchased power projected prices are $56 
per megawatt-hour with an escalation rate of 6.5 percent annu- 
ally for the next five years. The low range is represented by a 
2 percent reduction in escalation rates, while the high range is 
represented by a 3 percent increase in the escalation rates. 

ISSUE 8: ENVIRONMEWTAL QUALITY 
The impact of future environmental issues is divided 
into several uncertainties for discussion. 

lssue 8.1: Emission Caps on Carbon Dioxide 
Carbon dioxide emissions are capped in the medium 
forecast at 1990 levels by the year 2002. The cost of a& 
tional emissions above 1990 levels of 83 million tons 
are priced at $5 per ton. 

For the more constrained projection, in addition 
to the medium limits, an additional constraint by 
2010 is a ceiling of 80 p m t  of 1990 levels. Emissions 
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over that ceiling are priced at $10 per ton. Escalation of these 
values from 1994 are at 4 percent. 

lssue 8.2: Sulfur Dioxide Price Allowance 
The price of sulfur dioxide emission allowances on the market 
will vary in the future. The medium projection of $284 per ton 
(in 2000);s projected to range from $211 to $409 per ton. By 
2010, that range is $201 to $723 per ton with a medium of $321 
perm. ~onbeyOndthatperiodisOpercentforthemedium, 
with a range from -1 to +3 percent. 

lssue 8.3: Environmental -Air 
I;igure7&27showstheairqualitycanponentroftheenvironmernal 
issue. Additional information on these environmental air uncer- 
tainties can be found in the Environmental Uncertainties 
Appendix. 

lssue 8.31: Clean Air Capital Cost 
Capital costs associated with compliance with W s  Clean Air 
Suategy may vary. These capid projects help control sulfur diox- 
ide, nitrogen oxides, and other emissions. The medium forecast 
is $210 million, with a low of $180 and a high of $236 million 
in the year 2000. These include expenditures at the majority of 
the coal-fired power plants. 

lssue 8.32: Air Toxics 

lssue 8.33: Visibility 

lssue 8.34: Ozone 
The above-named three issues have been combined into one 
control scenario with a range of possible costs to control the pol- 
lutants related to these issues. 

The control of mercury is the key issue in air toxics; visi- 
bility is affected by "haze," and the requirements for the ozone 

Control Issue Assumed Control Methods 
Health-Air Mercury Wet Scrubbers at Selected Units 
Twcs Scrubbers at Selected Units 

12 Coal at Selected Units 
Visibility Haze (Sutfate) Wet Precipitators at Selected Units 

SNCR at Selected Units 
Ozone Non-Attainment Areas SNCR at Selected Units 

Nashville 
Smoky Mountains 
Further Nitrogen 
Oxides Limits 

This chart shows the air quality components of rhe environmental issue. 
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Conlrol Isme ksumed Control Methods 
Thermal Existing Plant Regulations Cooling Towers 
Aquatic - Biota Closed Mode Operation 

andlor Cooling Towers 
Water Toxins Mixing Zone Controls 

Linkage Regulations 
Water Row Atteration Minimum In-Stream Rows 
Water Toxics. Bioaccumulation, 8 pH Surface Water 

Discharge (Eliminate) 

This chnt shows the issm and possiblG controls. 

Water toxins can be reduced by implementing mixing zone 
controls or linkage regulations. Minimum in-sueam flows 
would require expenditures and additional operating and 
maintenance costs to stabilize water flow. 

Surface water discharges can be eliminated at a substan- 
tial capital cost and added operating cost to control toxics, bioac- 
cumulation, and potential of hydrogen (pH). 

ISSUE 9: LOAD REQUIREMENTS 
The load requirements issue involves several uncertainties, 
which are addressed individually below. 

controls relate to non-anainment areas in Nashville and the Smoky 
Mountain regions. 

Mercury can be controlled through expenditures to add 
wet precipitators and scrubbers. In addition, an incremental oper- 
ating cost of around $2.5 per megawatt-hour will occur at selected 
plants in 2002. Haze is controlled through expenditures of $410 
million capital and an incremental operating cost of $2 per 
megawatt-hour at Bull Run, John Sevier, and Kingston plants 
by 2002; with a moderate impact having conml by 2012. Ozone 
can be enhanced through capital expenditures of $68 million 
plus an added $2 per megawatt-hour operating cost at 
Cumberland and Gallatin by 1996. A more stringent case 
would also require $93 million capital and a $2 per megawatt- 
hour operating cost increase at Cumberland, Gallatin, Bull Run, 
John Sevier, Kingston, and Widows Creek plants. 

lssue 8.4: Environmental -Water 
Figure 78-28 shows the issues and possible controls. Additional 
information on these environmental water uncertainties can be 
found in the Environmental Uncertainties Appendix. 

lssue 8.41: Thermal Plant Regulations 

lssue 8.42: Aquatic Biota 

lssue 8.43: Water Toxins 

lssue 8.44: Water Flow Alteration 

lssue 8.45: Water Toxics, Bioaccumulation, and pH 
These five issues have been combined into one control scenario 
with a range of possible costs to control these issues. 

Thermal lvnits at existing plants can be met by adding cwl- 
ing towers. Aquatic biota concerns can be met through oper- 
ating in a closed mode or by adding cooling towers. 

lssue 9.1: Native Load Growth 
Total demand for electricity is measured in peak load require- 
ments and in annual energy requirements. The growth rates for 
the medium forecast of peak loads from 1994 to 2000 is 2.2 per- 
cent per year, with a low of zero percent and a high of 3.4 per- 
cent. These rates are calculated from a 1994 base peak load of 
24,400 megawatts. The growth rates for the period 2000 to 2020 . 
are 1.9 percent for the medium, with a low of 0.0 percent and 
a high of 3.2 percent. 

lssue 9.2: Deliverability of Interruptible Load 

lssue 9.3: Customer Response 
to Emergency Appeal 
These two items are combined in the sensitivity analysis. The 
medium reduction in load requirements is 1,900 megawatts (in 
2000) with a low forecast of 700 and a high forecast of 2,560 
megawatts. These reductions in load are equivalent to reduced 
capacity reserve requirements. The low scenario increases 
desired reserve levels by around 4 percent with the high 
decreasing reserves by 2.5 percent. 

Limited Inrermpoble Power W) and Economy Surplus Power 
(ESP) contracts allow TVA to interrupt load if needed when peak 
loads occur on the TVA system. The frequency and amount of 
actual intempted load may vary from the contracted amount for 
several reasons including the fact that the load under interruptible 
conuact may simply not be engaged at the time of the peak load. 
A medium value for the year 2000 is 1,765 megawatts available 
to be interrupted, while a low of 700 megawatts and a high of 
2,160 megawatts are forecast. 

Volunmy public appeals may result in peak load reductions 
ranging from 0 to 400 megawatts with a medium forecast of 140 
megawatts. Any reduction of peak load results in a lower 
probability of loss of load, which makes the power system more 
reliable and lowers desired reserve requirements. 
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Issue 9.4: Competition with Neighbors 
and O z n  Access 
In rece . years, the electric utility industry has undergone a fun- 
damental change. The world of regulated monopoly is being 
replaced by a world of competitive pressures. Wholesale open 
access (the right of wholesale customers to buy power from gen- 
erating utilities other than the one whose lines serve them) can 
be mandated by the Federal Energy Regulatory Commission 
(FERC). Retail firms, such as large industrial customers, are look- 
ing for the same privilege, and retail open access is beginning 
to be mandated by some state rrgulatory bodies. In a more com- 
petitive market, TVA's success as a generating company will be 
greatly affected by whether TVA is successful in being a low- 
cost provider. 

TVA has incorporated these competitive assumptions into 
its forecasts. In the medium forecast, TVA will maintain its 
c u m t  territory and will not gain outside customers nor lose cus 
tomers inside its service temtory. 

TVA's forecast price of electricity, discussed earlier, is 
expected to remain competitive with other utilities. Market 
and regulatory changes would have less impact in the medium 
case, than in the high or low cases. As a result. the net impact 
of competition in the medium forecast is an even balance of gains 
and losses of sales. 

The prospect of increasingly competitive markets increases 
the uncertainty in the forecast. ETVA operates at lower costs than 
the competition, and regulations permit, TVA may have oppor- 
tunities to gain customers. This is termed high competitive suc- 
cess. Likewise, if TVA is a higher cost producer than its 
competitors, it is likely to lose customers-described as low 
competitive success. Both cases assume that deregulation of the 
electric market continues. The high and law forecasts recognize 
the risks and opportunities of increased competition. 

TVA analyzed competitive impacts for all sales. The effon 
was aimed at looking at the market rather d m  speafic customers. 
In the low competitive success case, TVA will lose customers to 
competing electric utilities. In order to estimate the potential for 
losing sales to competition, TVA's customer survey--completed 
by many of the distributors of TVA power and directly served 
customers-was used to identify the amount of load that 
appeared to be at high risk. 

In the high competitive success case, TVA wdl gam customers 
from its competition. To estimate the potential forth: gain in 
the wholesale markets, loads of municipal and cooper2 ~ve dis- 
tributors in neighboring regions were used. The chance of 
gaining any distributor was partly influenced by the wholesale 
price paid by that distributor. Because a very large percentage 
of TVA's sales are wholesale, compared to neighboring utilities, 
the potential gain in the wholesale market in the high competitive 

success case was smaller than the potential loss in the low com- 
petitive success case. -- 

For directly served customers, less specific information on 
nearby oppoxtunities was available. Because TVA is sumunded 
by states with large industrial loads, a judgment was made that 
potential gain is higher than loss of industrial loads. 

Q7holesale and retail gains in load were assigned thehigh- 
es~ probability for the low electric price forecast, malung TVA more 
competitive. A more complete discussion of all uncertainties in 
the forecast can be found elsewhere in the uncertainty section. 

ISSUE 10: SITING 
Availabiiity of sites to use in developing new power supply alter- 
natives is imporcant to enable capacity to be added as required. 
Some additional capacity could be constructed on existing sites. 
However, there are other issues such as water usage and 
environmental output that could reduce site potential. Two lev- 
els of assumptions are being analyzed for the sensitivity of this 
issue. In the reference case, there are no consuaints. A second 
scenario assumes there are no cenual station options built; rather, 
future requirements are met by fuel cells, batteries, and other 
distributed generation sources. 

High and low forecasts of the impact of demand-side manage- 
ment programs are evaluated to detehine their sensitivity. The 
mid-range scenario reduces the peak load by 5,494 megawatts 
in the year 2010, while low reduction is 3,124 megawatts, and 
the high reduction is 8,219 megawatts. 

ISSUE 12: NEW TECHNOLOGY COST AND AVAILABILITY 
The cost of power produced using new technologies could be 
significantly impacted by breakthroughs in theoretical con- 
cept, design, materials, and other factors. In order to consider 
the potential effect of improvements in new technologies, a 50 
percent reduction in the capital cost for generating options using 
new technologies has been included. 

ISSUE 13: DYNAMIC OPERATING BENEFITS 
Operating flexibility is defined as the benefit of a unit's oper- 
ating flexibility in responding to system load variations. The abil- 
ity to "turn down." for example ':om a maximum capacity level 
to a minimal level over the od of the day as the load 
requirements decrease would : ame benefit. Another alter- 
native is to make expenditure. ~apital to enable generating 
equipment to respond appropriately to instantaneous and 
short-term conditions. These benefits are being determined in 
a separate sensitivity review outside this .evaluation. 
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the medium forecast of 109 cents per million Btu and a 3.3 per- 
cent escalation rate. 

With the low coal price forecast, the total resource cost 
becomes $93,103 million or a reduction in total costs of 
$279 million. If the high coal prices are assumed, the total reswrce 
cost increases to $93,951 million, which is an added cost of 
$569 million. 

Thus, the variation in total resource cost due to the uncer- 
tainty in coal prices ranges from a reduction of $279 million to 
an increase of $569 million. 

Results of the sensitivity evaluations are shown in Figures 
TB-30 through 78-37 As described above, the tornado diagram 
shows the impact each uncertainty has on the basic nuclear com 
pletion decision. 

Figure 23-30 shows the change in long-term total resource 
costs for a range on 35 parameters described earlier in this paper. 
Using zero as the base, the increases or decreases in total 
resource costs are shown as bars from zero. 

Figure 23-31 shows the variation in the planning criterion 
of electric rates. Figure 23-32shows the change in debt in the 
year 2007 due to variations in the various parameters. Change 
in average annual carbon dioxide emissions are shown in 
Figure TB-33. 

Since some of the uncertain items only make a difference 
under selected expansion strategies, Figures 78-34 through 
78-37show the impact of these "special issues" on the selected 
criteria. 

Natural gas prices show up in a scenario in which natural 
gasbased capacity is conmaed, e.g., combined cycle. The effec- 
tiveness of demand-side management programs is only impor- 
tant in scenarios in whch demand-side management options are 

pursued. Finally, the value received from coproducts is impor- 
tant in the scenarios in which integrated gasification combined 
cycle plants with coproduction facilities are installed. 

In the &urn 2834 through 11P-37, these different alter- 
natives are evaluated for the same four criteria-total resource 
costs, electric rates, debt, and average annual carbon dioxide 
emissions. 

Gonciusim 
Issues that were canied forward into the Energy Viim 2020 eval- 
uation are listed below: 

Load Growth 
Nuclear Issues 
- Capacity Factor 
- Operating and Maintenance Cost 
- Capital Cost 
Environmental Issues 
- Carbon Dioxide Compliance 
- Air and Water Environmental Controls 
Price 
- Natural Gas 
- Revenue from Coproduct (Combined Cycle) 
Demand-Side Management Effecriveness 

Issues for which selected sensitivity evaluation can be 
performed include the nuclear moratorium and the inability to 
site central station generating capacity. 
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ISSUE 14: COMBUSTION TURBINES 
The uncertainties p e d g  to combustion turbines have b& 
subdivided into the issues below. 

lssue 14.1: Reliability of New Combustion Turbines 
Reliability of pealung capacity is aitical since the periods of time 
the units are called on are peak load hours. The medium pro- 
jection for combustion turbine reliability is 84 percent, while 
a low of 68 percent and a high of 90 percent are evaluated. 

lssue 14.2: Plant Ufe of Existing Turbines 
Plantlikofnewcapacityisassumedtobe30yearsinthemedium 
forecast. The low case assumes a life of 25 years. 

lssue 14.3: Efficiency of Combustion Turbines 
A range of efficiency is evaluated for the combustion turbines. 
A medium forecast of 10,500 Btu per kilowatt-hour is forecast. 
A "high value" or low heat rate of 9,000 and a 'low valuen or 
high heat rate of 12,000 Btu per kilowatt-hour is used to rep- 
resent the range. 

ISSUE 15: DISCOUNT RATE 

ISSUE 16: INTEREST RATE 
The discount rate (economic evaluation rate for investments or 
minimum attractive rate of return) is used to perform equiva- 
lence calculations (e.g., present value) necessary for comparing 
investment alternatives. The discount rate 
includes an amount for the time value of money 
and contains an implicit fomast of inflaaon expec- 
tations. A very basic consideration in selecting 
a discount rate is the cost of capital. No c o w  
ration can stay in business for the long term by 
investing at return rates less than the rates paid 
for funds. Keeping this in mind and noting the 
need to compare options with various forms and 
sources of financing, TVA has chosen the long- 
term interest rate as the discount rate to be 
used in Energy Vision 2020. 

The interest rate TVA pays for funds is pro- 
jected to rise somewhat over the next 10 years as 
worldwide demand for capital increases after the 
European and Japanese economies begin to 
recover. However, the moderate rate of inflation 
and declining federal budget deficit will keep rate 
increases moderate. 

Since discount and interest rates must be set 
consistently, a medium discount and interest rate 

of 8 percent is evaluated with a low range of 6 percent and a 
high range of 12 percent. 

Tomado diagrams are useful in determining the parameters that 
am significant in the decision-making pmces. This ensures that , 

the most important parameters continue to be cons~dcred in the 
evaluation and allows less important parameters to be dropped 
from ?e analysis. 

Figure 28-Bshows the most significant items as identified 
from the tornado diagrams. 

To describe the tornado diagram, the following information 
can be used to illustrate development of the tornado diagram. 
The 30-year annual resource coss (discounted to 1394 at 8 per- 
cent) for the reference set of assumptions with Bellefonte com- 
pleted are $93,382 million. 

To determine the sensitivity of this resource plan to coal 
prices, the range of coal prices is used to develop total resource 
costs. As described in Issue 2.5, the low forecast is projected 
to be 100 cents per million Btu in the year 2000 with a 2.8 per- 
cent escalation. The high coal price forecast is 121 cents per mil- 
lion Btu with a 4.0 percent escalation. These are ranges around 

Total Carbon Dioxide 
Unmhinty Resourn Cost Rates Debt in 2001 Emissions 
Nuclear Moratorium 
Nuclear Capacity Factor 
Nuclear Operating and ? 
Maintenance Cost 
Nuclear Capital Cost ? 
Carbon Dioxide Compliance 
Environmental-Air ? ? ? 
Environmental-Water 
Load Growth 
Compebbve Success 
S i s  0 

Coproduct Revenue - 
DSM Effectiveness ? * CI - ---- ? 
Natural Gas Price ? ? 

Based on the tornado diagrams which follow, the most significant uncertainly items are 
shown here. 
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Uncertainties Relative to Existing System, Nuclear Completion, and Coal-Based Expansion 

Coal Addions & lmprovements 

Coal Operating & Maintenance Cost 

Coal Lie Extension/Existing 

Coal Re l i i i l i i  

Coal Fuel Cost 

I Gas Fuel Cost I 
Nuclear Moratorium 

Late Nuclear Commercial Operation Date 

Nuclear Capacity Factor 

Nuclear Fuel Cost 

Nuclear Storage 

1 Nuclear Addions & Improvements I 
Nuclear Capi i  Cost 

Nuclear Life Extension (Browns Ferry) 

I Nuclear Summer Capacity Detate ( 
Decommission Cost 

Electromagnetic Aeld Impact 

I Transmission Limit I 

Purchase Price 

I Carbon Dioxide Cost Compliance 

Sulfur Dioxide Allowance 

Environmental Air Cost 

Environmental Water Cost 

Load Growth 

Response to Emergency 

I Competiive Success I 
New Sites 

Cost of New Technology 

I Combustion Turbine Reliability I 
Combustion Turbine Lie of Existing Units 

Combustion Turbine Efficiency 

Replacement Capital Cost 

-30,000 
Millions of 19% S 
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Uncettrintias Relative to Existing System, Nuclear Completion, and Coal-Based Expansion 

Hydro Energy Available 

Coal Additions & Improvements 

Coal Operating & Maintenance Cost 

Coal Lie ExtensionExiin~ 

Coal ReliaEili 

CollFuetCost 

Gas Fuel Cost 

Nuclear Montwium 

Late Nuclear Commercial Operation Date 

Nuclear Capacity Factor 

Nuclear Operating & Maintenance Cost 

Nuclear Fuel Cost 

Nuckar Storage 

Nuclear Additions 8 Improvements 

Nuclear Capital Cost 

Nuclear L i  Extension (Browns Ferry) 

Nuclear Summer Capaclty Derate 

Decommission Cost 

Electromagnetic Field Impact 

Transmission Limit 

Purchase Amount 

Purchase Price 

Carbon Dioxide Cost Compliance 

Sulfur Dioxide Allowance 

Environmental Air Cost 

Environmental Water Cost 

Load Growth 

Response to Emergency 

Competitive Success 

New Sites 

Cost of New Technology 

Combustion Turbine Reliability 

Combustion Turbine L ie of Existing Units 

Combustion Turbine Efficiency 

Replacement Capital Cost 

I 
-5 
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Uncertainties Relative to Exi i ing System. Nuclear Completion, and Coal-Bawd Expansion 

Hydro Energy Available 

Coal Additions & Improvements 

Coal Operating & Maintenance Cost 

Coal L ie ExtensionExisting 

Coal Reliability 

Coal Fuel Cost 

Gas Fuel Cost 

Nuclear Moratorium 

Late Nuclear Commercial Operation Date 

Nuclear Capacity Factor 

Nuclear Operating & Maintenance Cost 

Nuclear Fuel Cost 

Nuclear Storage 

Nuclear Additions & lmprovements 

Nuclear Capital Cost . 

Nuclear Life Extension (Browns Ferry) 

Nuclear Summer Capaclty Derate 

0ecommission Cost 

Electromagnetic Field Impact 

Transmission Limit 

Purchase Amount 

Purchase Price 

Carbon Dioxide Cost Compliance 

Sulfur Dioxide Allowance 

Environmental Air Cost 

Environmental Water Cost 

Load Growth 

Response to Emergency 

Competitive Success 

New Sites 
-- 

Cost of New Technology 

Combustion Turbine Reliability 

Combustion Turbine L ie  of Existing Units 

Combustion Turbine Efficiency 

Replacement Capital Cost 

I 

Millions of 2007 $ 

ENERGY VISION 2020 T8.39 



T E C H N I C A L  DOCUMENT 8 :  R E S O U R C E  I N T E Q R A T I O N  

UnwrtaiaUes Relflve to Existing System, Nuclear Cornplation, and CoaCBased Expansion 

Hydro Energy Available 

Coal Addlons & Improvements 

Coal Operating i3 Maintenance Cost 

Coal Life Extension/Existing 

Coal Reliability 

Coal Fuel Cost 

Gas Fuel Cost 

Nuclear Moratorium 

Late Nuclear Commercial Operation Date 

Nuclear Capacity Factor 

Nuclear Operating 8 Maintenance Cost 

Nuclear Fuel Cost 

NL v Storage 

Nuclear Additions 8 Improvements 

Nuclear Capital Cost 

Nuc~ 3r Lie Extension (Browns Ferry) 

NUCIW Summer Capacity Derate 

Decommission Cost 

Electromagnetic Field Impact 

Transmission Limit 

Purchase Amount 

Purchase Price 

Carbon Dioxide Cost Compliance I 
Dioxide Allowance 

Environmental Air Cost I I I I I I I I  
I I I I I I I I I I I 

Environmental Water Cost I 
I I I I I 

load  Growth 
I I I 

Response to Emergency 

Competitive Success 

New Sites 

Cost of New Technology 

Combustion Turbine Reliability 

Combustion Turbine Life of Existing Units I 
Combustion Turbine Efficiency 

Replacement Capital Cost 

I I 
-20,000 0 20,000 

Millions of Tons 
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Selected Uncertainties Relative to Selected Expansion Options 

Natural Gas-Based 

Natural Gas Price 

Replacement Capital Cost 

Demand-Side Management-Based 

Demand-Side Management Effectiveness 

Clean Coal with Copmduct 

Coproduct Revenue 

Replacement Capital Cost 

Millions of 1995 $ 

Selected Uncertainties Relative to Selected Expansion Options 

Natural Gas-Based 

Natural Gas Price 

Replacement Capital Cost 

Demand-Side Management-Based 

Demand-Side Management Effectiveness 

Clean Coal with Coproducl 

Coproduct Revenue 

Replacement Capital Cost 

I 
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Selected Uncertainties Relative to Selected Expansion Options 

Natural Gas-Based 

Natural Gas Price 

Replacement Capital Cost 

Demand-Side Manapemeat-Based 

DemanbSii Management Effectiiness 

Clean Coal with Copmduct 

Coproduct Revenue 

Replacement Capital Cost 

I 
-15.000 

Millions of 2007 $ 

Selected Uncertaintiet Relative to Selected Expansion Options 

Natural Gas-Based 

Natural Gas Price I 
Replacement Capital Cost 

Demand-Side Management-Based 

Demand-Side Management Effectiveness 

Clean Coal with Coproduct 

Coproduct Revenue 

Replacement Capital Cost 

Millions of Tons 
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Health - Air Toxics Uncertainty 
Scenario 1: Utilities remain unregulated for air toxics 
Impact onTVA: None 
Probability of this scenario: 10 percent 

Scenario 2: Environmental Protection Agency decides in 1996 
to regulate air toxics from utility sources beginning in 2002. 
Equipment needed to control mercury will also control radioac- 
tive particulates and other heavy metals. 
Impaa onTVA: For Paradise 1-3, Cumberland 1-2, Widows Creek 
7-8: and Allen 1-3 facilities, add wet precipitators at S50 per kilo- 
wan. For other fossil plants, add spray dryer at $160 per kilo- 
wan and switch to low sulfur coal of no more than 2 pounds 
per million BN of sulfur dioxide emissions (some low sulfur coals 
are known to be low in toxic metals): add 0.4 cents per kilowan- 
hour in variable operating and maintenance costs. 
Probability of this scenario: 40 percent 

Scenario 3: In 2003, long-range transport and visibility issues 
produce new regulations that require sulfate and fine particu- 
late controls by 2010. Best Available Retrofit Technology is deter- 
mined to be 90 percent removal scrubbers and control of all 
particulates of 10 microns or less. Older units burning high or 
medium sulfur coal (in excess of 2.5 pounds per million Btu) 
are also required to reduce sulfur dioxide emissions and paniculates 
of 10 micros or less emissions. These units add induct lime injec- 
tion systems. (These controls will address the condensible por- 
tion of particulates of 10 micros or less. The mass portion of 
particulates of 10 micros or less should not affect TVA due to 
high efficiency of TVA's precipitators.) 
Impact on TVA: Same as scenario 2. In addition, add in-duct 
lime injection systems at all unscrubbed units burning coal with 
2.5 pounds per million Btu or greater sulfur dioxide emissions 
at cost of $15 per kilowatt and increased operating cost of 0.2 
cents per kilowatt-hour. 
Probability of this scenario: 10 percent 

Scenario 3: Same as scenario 2 except: Envimnrnental Protection 
Agency decides in 2004 to regulate air toxics emissions begin- 
ning in 2010. 
Impact o n  TVA: Same as scenario 2. 
Probability of this scenario: j0 percent 

V~sibilii - Acid AarosoIsIParticuIate 
Matter (PM) Uncertainty - 
Scenario 1: No new requirements 
Impact o n  TVA: None 
Probability of this scenario: 60 percent 

Scenario 2: In 1997, visibility issues produce new regulations 
that require sulfate controls. TVA units put in service after 1962 
are required to install Best Available Retrofit Technology (BART) 
by 2002. Best Available Retrofit Technology is determined to be 
90 percent removal scrubbers. These are required on Bull Run, 
Paradise 3, and Colben 5 plants. 
Impact on  TVA: Add scrubbers at capital cost of $200 per kilo- 
wan, with increased operating and maintenance expense of 0.4 
cents per kilowatt-hour. 
Probability of this scenario: 30 percent 

Health - Ozone Uncertainty 
Scenario 1: No new requirements 
Impact onTVA: None 
Probabiity of this scenario: 10 percent 

Scenario 2: In 1996, Nashville area is redesignated serious non- 
attainment for ozone: and modeling shows direct impacts due 
to nitrogen oxides emissions at Cumberland and Gallatin plants. 
Nicrogen oxides reductions are required at Cumberland and Gallatin 
plants by 1999. Low nitrogen oxides burners planned for instal- 
lation at the Cumberland plant are judged inadequate to meet 
reduction requirements. 
Impact on TVA: Selective non-catalytic reduction is added at 
Cumberland and Gallatin at cost of $20 per kilowatt. Variable 
operating and maintenance costs increase by 0.2 cents per 
kilowatt-hour at these plants. 
Probability of this scenario: 30 percent 

Sceoatio 3: In 2002, ozone non-anainment within the Great Smoky 
Mountains National Park forces additional nitrogen oxides 
reductions from sources within a 200-kilometer radius of the park. 
Requirements are met by adding selective non-catalytic reduc- 
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tion in addition to the previously installed low nitrogen oxides 
burners. 
Impact on TVA: Additional controls are added to John Sevier, 
Bull Run, Kingston, and Widows Creek plants at $20 per kilo- 
watt and 0.2 cents per kilowatt-hour variable operating and main- 
tenance increase. 
Probability of this scendo: 30 percent 

Scenaiio 4: Combine scenarios 2 and 3 
Impact on TYA: Combine impacts of scenarios 2 and 3 
ProbaMUty of this scenario: 30 percent 

6eneral Air Regulation Uncertainly 
Scenario 1: No new requirements that are independent of the 
other uncertainties described in this paper 
Impact on TVA: None 
Probabiity of this scenario: 90 percent 

Scenario 2: New legdation in 2005 requires that all plants must 
meet all new source requirements, including new require- 
ments for air toxics, by 2010. All plants must be equipped with 
90 percent removal efficiency scrubbers and wet precipitators. 
Impact on TVA: Add scrubbers to all unscrubbed units at cost 
of $200 per kilowatt. Add wet precipitator to all units at cost of 
$50 per kilowatt. Variable operating and maintenance increases 
at all plants by 0.4 cents per kilowatt-hour. 
bbability of this scenario: 10 percent 

Qnslwuse 6as Emissions UncerWiy 
Scenario 1: No greenhouse gas legislation 
Impact on TVA: None 
Probability of this scenario: 35 percent 

Scenario 2: New legislation is passed in 1997 to stabbe green- 
house gas emissions at 1990 levels in the year 2002. Offsets for 
sequestration and "allowance tradingn are allowed. Offsets are 
available at $3 per ton for the first million tons above 1990 lev- 
els, $5 per ton for any additional emissions. 
Impact on TVA: Impose greenhouse gas emissions cap of 98 
million tons of carbon dioxide equivalent beginning in 2002. 
Reduce value of sulfur dioxide allowances by 10 percent start- 
ing in 2002. 
Probability of this scenario: 40 percent 
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Scenario 3: Same as scenario 2 except the emissions limit is 
reduced to 80 percent of 1990 levels in 2010. Needed offsets in 
excess of ten million tons cost $15. 
Impact on TVA: Same as scenario 2 except the emissions cap 
drops to 80 percent of 1990 levels in 2010. The value of sulfur 
dioxide allowances drops 40 percent in 2010. Natural gas 
prices increase by 50 percent in 2010. 
Probability of this scenario: 25 percent 

lkmI Water Discharge Uncertainty 
Sanario 1: Regulation of thermal discharges remains unchanged 
Impact on TV. None 
Probability of this scenario: 80 percent 

Scenatio 2: AU Section 316(a) variances that currently allow less 
stringent thermal limits are eliminated by 2002. Cooling towers 
operating in helper mode would be required at eight existing 
coal-fired plants, modifications would be required to the exist- 
ing cooling towers at Sequoyah, and additional cooling towers 
would be required at Browns Ferry facilities. 
Impact on TVA: Capital cost for coohg tow& at existing coal- 
fired plants would be approximately $1.7 billion. Addition of cool- 
ing towers would also result in loss of 860 megawatts capacity 
and increased operating and maintenance cost of $3.9 million 
per year. 
Probability of this scenario: .I0 percent 

Scado  3: Mixing zones for d a c e  water discharges are restricted 
to a maximum of 1,000 feet by 2002. Cooling towers operating 
in closed mode are requved for all existing coal-fired plants and 
all new thermal plants to minimize mixing zone size. Modifications 
are requred at Sequoyah and additional towers requued at Browns 
Ferry facilities. 
Impact on TVA: Capital cost for cooling towers is approximately 
$2.5 billion. System loses 860 megawatts capacity and annual 
operating and maintenance cost is increased by $13 million per 
year. 
Probability of this scenario: 10 percent 



EntrainmenUlmpingement Uncertainty 
Sceoario 1: Section 316(b) regulation, which applies to the effects 
of surface water intakes on aquatic biota, remains unchanged. 
Impact on TVA: None 
Probability of this scenario: 80 percent 

Scenario 2: Section 316(b) regulations change in 1996 to 
require a reduction in entrainmendimpingement effects at 
exsting plants. TVA elects to comply by constructing cooling tow- 
ers at existing thermal plants to reduce the volume of water taken 
into the plant. Towers in closed mode are added to all coal-fired 
plants, repairs are required at Sequoyah, and additional tower 
cells are required at Browns Ferry facilities. 
Impact on TVA: Capital cost for cooling towers would be 
approximately $1.7 billion. Capacity is reduced by 860 megawatts, 
and operating and maintenance cost increases by $13 million 
per year. 
Probability of this scenario: 20 percent 

Toxics/BioaccumuIation Uncertainly 
Scenario 1: No changes to regulations affecting surface water 
discharges. 
Impact on TVk None 
Probability of this scenario: 75 percent 

Scenario 2: Reauthorization of Clean Water Act in 2000 
requires National Pollutant Discharge Elimination System per- 
mits for discharges of pollutants to groundwater which is 
"hydrologically connected to surface waters." TVA complies by 
lining all ash ponds at existing coal-fired plants. Ash in exist- 
ing ash ponds is excavated and stabilized in lined areas. Metal 
cleaning waste ponds are lined. 
Impact on TVA: Cost for existing plants will be $1.1 billion. 
Probability of this scenario: 25 percent 
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Scenario 2: States require additional minimum in-stream 
flows downstream of new and existing TUA hydro plants by 1998. 
Minimum in-stream flows would be maintained downstream of 
hydro plants by pumping water over the dam to the tailwater 
to supplement turbine releases. 
Impact on TVA: Requires expenditure of $180 million capital 
and annual operating and maintenance cost increase of $11 mil- 
lion per year. 
Probability of this scenario: 20 percent 

ToxicsIBioaccumulalfao and pH Uncertainty 
Scenario 1: No new regulation that is not covered under the 
Toxics/Bioaccumulation uncertainty above. 
Impact on nTA: None 
Probability of this scenario: 90 percent 

Scenario 2: Reauthorization of Clean Water Act in 2005 requires 
the elimination of discharges of all pollutants by 2010. All sur- 
face water mes, including thermal, and dsdmges to ground- 
water that are "hydrologically connected to surface water" 
would be eliminated. All thermal plants would operate closed 
cycle. Blow down and other miscellaneous wastewater are 
treated on-site, primarily by evaporation and constructed wet- 
lands. All combus6on byproducts and scrubber sludges are han- 
dled dry. Existing ash in ash ponds is stabilized in lined areas 
to eliminate discharge to groundwater. Chemical cleaning 
ponds are also to be lined. 
Impact on WA: Capital cost d l  be $11 billion and annual oper- 
ating and maintenance costs increase by $14 million per year. 
Probability of this scenario: 10 percent 

Row Alteration Uncertainty 
Scenario 1: No new requirements (beyond TVA commitment 
to policy outlined in the Final Environmental Impact Statement, 
Tennessee River and Reservoir System Operation and Planning 
Review - Lake Improvement Plan). 
Impact on TVA: None 
Probability of this scenario: 80 percent 
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The Key to Crimia is a summary of the eval- 
uation aiteria that was used to evaluate each 
strategy. These criteria were crucial in 
the analysis of the strategies as shown in 
the various trade-off graphs. The units 
and a brief description of all key criteria 
are given in Figure 78-38, 
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label Description Units 
Customer Value Test Customer Value Test Present Value -(1996-2030) 
Total Resource Costs Total Resource Costs (E) Present Value - (1996-2030)- 
Electric Market Customer Value in Present Value - (1996-2030) 

Electric Market 

RIM Test Rates Impact Measure $/MWh Levelized (1996-2030) 
lRIMl Test 

ShoR-Term Rates Short-Term Rates $/MWh Average from (1996-2000) 
Mid-Term Rates Mid-Term Rates --- W W h  Average from (1996-2005) 
Long-Term Rates - $/MWh Average from (1996-2015) Long-Term Rates - -  -___ 
New Mid-Term Rates Mid-Term Rates $/MWh (2001-2005) 

Debt 2001 Total Debt ln Year 2001 Millions $ - 
Debt 2007 Total Debt in Year 2007 Millions $ 

Total Employment --- Total Employment Per Year 
Total Income Average Annual Thousands $ 

Environmental Criteria: --- 
CO Emissions Carbon Monoxide (CO) Annual Average 

Emissions Tons (1996-2030) 
CO;, Emissions Carbon Dioxide (Con) Annual Average Thousands 

Emissions of Tons (1 996-2030) 
NOx Emissions Nitrogen Oxides (NOx) Annual Average 

Emissions Tons (1996-2030) 
SO2 Emissions Sulfur Dioxide (SOz) Annual Average 

Emissions Tons (1 996-2030) 
VOC Emissions Volatile Organic Compounds Annual Average 

(VOCs) Emissions Tons (1 996-2030) 
TSP Emissions Total Suspended Particulates Annual Average Tons 

(TSPs) Emissions (1 996-2030) 
Mercury Emissions Mercury (Hg) Emissions Annual Average 

Tons (1 996-2030) 
Solids Solids Annual Average 

Tons (1 996-2030) 
Thermal Discharge Thermal Discharges Annual Average Quadrillion 

BTUs (1996-2030) 
Water Usage Water Usage Annual Average Trillions 

of Gallons (1996-2030) - 
Water Consumption Water Consumption Annual Average Trillions 

of Gallons (1 996-2030) 
Coal Burned Coal Burned Annual Average Millions 

of Tons (1 996-2030) 
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label Description Units 
Environmental Criteria: -- 
Biomass Bumed Biomass Burned Annual Average Milhons 

of Tons (1 996-2030) 
RDF Burned Refuse-Derived Fuel Annual Average Millions 
g) 

Landfill Methane Landfill Methane Capture Annual Average Tons 
Capture (1 996-2030) 
NG Burned Natural Gas Burned Millions of Standard Cubic Feet - 
Total Power Sales Totatawer Sales MWh 
Nuclear Power Sales Nuclear Power Sales MWh 
Fossil Power Sales Fossil Power Sales MWh 
Hydro Power Sales Hydro Power Sales MWh - 
Wind Capacity wind MW capEzY  r t Y . - - - - - - - - -  

New Thermal Plants New Thermal Plants Number 

Environmental Im_pacts: - 
Air: 
Health - Inhalation Human Health - Inhalation Index 
V is ib i l i  -- Visibility Index 
Forests And Crops Forests and Crops Index - 
Materials Materials Index 

(Structural and Cultural) - 
Water: 
Health - Ingestion Human Health - Ingestion Index -- 
Water Supply/ Water SupplyMlaste Index 
Assimilation Assimilation 
AquaticBiodiversity Fish and Aquatic Life/ Index 

Biodiversity ----- 
Other: 
Greenhouse Gases Greenhouse Gas Emissions Total Equivalent Carbon Dioxide 

(Millions of Tons) 
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The TradedGraphs represent how each strategy performs given of the criteria, three sets of trade& graphs focusing on specific 
cenain criteria. Specifying a particular future, some strategies criteria are attached. They are cost, rates, debt, and value 
were betrer than others for each criteria. To illustrate the eval- tradeaffs, Figures 28-39 through M I ;  environmental emissiom 
uation of certain strategies, as well as the correlation of some mde-offs, Wres through 78+@ and environmental impaa 
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uade-offs, Figures 78-49 through 78-55 In the environmental air quality becomes better, the attributes associated with the envi- 
emissions trade-offs, there is a correlation between the emission ronmental air impacts also improve. There is no true correlation 
criteria. In the environmental impacts trade-offs, there is a cor- between the environmental water impact indices (Figures T8- 
relation between the environmental air impact indices. As the 53 through 78-55). 

TRC (Millions 1995 S) 

Short-Tenn Ratat (SlMWh) 

Stntegy 
A Minimum C a r h  DioxidtNstural Gas Repowring ol Exkting Coal 
B Minimum Carbon D~oudclYatunl Gas Repowring ol IXsiirq Coal and 

RenamMes 
C LowGost Pmduccr (Coal-Based) 
0 Cwnblned Cycle. Purchased Power, Coal (Rafenncc) 
E Maximum Customer Value Index-Otf-System Sales. High Beneficial Electrification. 

Declining Block Pricing 
F Low Total Rewrec Coa High Demand-Side Management 
G Maximum Sales 
H Maximum Capacity D imi ty  
I Bcllefome Nuclur Parmenhip 
J BcllcfOntc Copmduct. Renwbles. Independent Power Pmducen 

Dafer and Build Browns Feny 1 md Watts Bar 2 2 Reference Expans~on 
Minunurn Carbon Dioxide with Less Damand-Side Management 
Combined Demand-Sldc Managmentnrud Mf-System Ih 
Demnrmired Gmenlion with More RenmMas 
Bclktontc Coproducf More Demmd-Sie Management. More MI-System Sala 
Low-Cosl Rencnnblts. Low-Price Damand-Side Mamgmnt Rapowering 
FWbk wi?h External Options 
Rs*bk wim Internal Opbw 
Low Cost. Low Rates, lmprwad Envimment 
LowCost RenevnbIcs. LowPrice Demand-Side Management. Repowering. 
~ o n 2 e  Copmdud Parmenhip 
h C o s t  RenmMcs. More Demand-Sic Management. Repomring. Belktonte 
CoWodud Partnership 
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TRC (Millions 1995 $) 
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Debt in Year 2001 (Millions S) 

h @ O y  
A Minimum Carbon Dimxidt-Nf u n l  Gas Repowering of Eristii Cod 
B Min~mum Carbon DioxidtNatunl  Gas Repowring of W t m g  Coal and 

RenewabKs 
C Low-Con Producer (Coal-Wed) 
D Combined Cycle. Purchased P m r .  Coal (Reference) 
E Maximum Customer Value Index--011-System Sales. High Beneficial flectrifiulion. 

Declining Block Pricing 
F Low Tol l  Resource Cost, High DemanbStde Management 
6 MaximumSak 
H Mar6mum Capacity D'ivcnity 
I BellcfMc Nuclear Partnership 
J Belkfonte Copmduct. Renewables, Independent P m r  Pmducen 

M e r  and Build Browns Feny 1 and Watts Bar 2 wim R & r e n ~  Expansion 
M i m u m  Carbon Dioxide with Less Demand-Si Management 
Combined Demand-Side Management and MT-System Sales 
Demtralind Generation with More Renewables 
Bsllefante Copmduct. More Demand-Stde Management. More Off-System Sales 
Low-CWt RmmMes. Low-Pria Dmnand-Side ManrpemZt. Repomring 
&me wim Emnul Optlonr 
FkxiMe with Internal Options 
Low Cost Low R m ,  Improved Envinnment 
LovCod RMewaMcs. Low-Ria Dermnd-Side Mamagamant Rcpowenng. 
Bellefome Copmduct Parhenhip 
LowCast Renewabk, More Demand-Side Management. Regowering. Bellatome 
Cwroduct Pamenhip 
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Average Annual Carbon Dioxide Emissions (k Tons) 

TRC (Millions 1995 S) 
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TRC (Millions 1995 $) 

- 
Average Annual Sulfur Dioxide Emissions (Tons) 

Stntagy 
A Mm~mum Carbon D i m i k l l r t u n l  Gas Repowring of Existing Coal 
B Minimum Cub#, Diixidc--Nrmnl Gas Repowering of Existing Coal and 

RenawMes 
C LOW-Cost Producer (Coal-Based) 
0 Cambmed Cyck~. P u ~ ~  Power. Coal (Rctmce) 
E Maximum CurtomerVIlw Index-Dlf-System Sales. High Beneficial Elecmhcation. 

Declining Blocl; PWng 
F Low Tolal Resource Cost. High Demand-Side Manylment 
G MaximumSalas 
H Maximum Capacity Diversity 
I Ballctonte Nuclear Partnership 
J Belletonte Cmduet. Renewabks, Independent P m r  Producers 

-2 ENERGY VISION 2020 

Deter and Build Bmwns Fmy 1 and Watts Bar 2 with Retemnce Expansion 
Mmimum Camon Dioxide with Less Demand-Side Management 
Combmed Demand-Sie Management and Oli-SyNm Wes 
D~entnl~eed Genenfion with More RenwaMas 
BeMonte Copmduct. Mom Demand-Sie Management. Mom Dli-System Sales 
LavCool RenemMa. Low-Price Demand-Side Management. Rspowanq 
UerdMc with Extsml Options 
Flexible with Internal Options 
Low Cost. Low Rates. Impmcd Environment 
Low-Cost Renewabk. Low-Price Demand-Side Management. Repowaring, 
Belldonte Copmdud Patlnership 
Low-Cost RemMes, Mom Demand-Side Management. Repwering. Belletonte 
Cormduct Partnership 
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TRC (Millions 19% t) 
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Strategy 
A Minimum Carbon Dloxlde--Natural Gas Repowering of W i n g  Coal 
B Minimum Carbon Dloi!dtNatural Gas Repowering of Existmg Coal and 
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C LowGost Producer (CoJCBased) 
D Combined Cycle. Purchased Power, Coal (Reference) 
E Maximum Customer Value Index--Mf-System Sales. High Beneficla1 Ekct 

Declining Block Pricing 
F Low Total Ruoune Cost, High Demand-Side Management 
6 Maximum Sales 
H Maximum Capacity Diversity 
I Bellefonh Nuclear Rmership 
J Belletonte Coproduct. Renewables. Independent Power Producers 
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Deter and Build B m s  Ferry'l and Watts Bar2 with Reference Expansion 
Minimum Carbon Dioxide wiM Less Demand-S~de Management 
Combined Demand-Side Management and Mf-System Sales 
D c m ~ l i i d  Generation with More Renembles 
BdYonte Copmduct. More Demand-Sida Management. More (m-System Wes 
LowGost Renswables. LowPrice Demand-Sie Management. Repowering 
Flexible with External Optbns 
flexible with Internal Options 
Low Cost. Low Rates, lmpmwd Env~mnment 
Low-Cost RenewaMes. Low-Price Demand-Sie Management. Repowering. 
Bellefonte Coproduct Partnersh~p 
Low-Cost Renewables. More Demand-Side Management. Repowering, BelUonte 
Copmduct Partnership 
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TRC (Millions 1995 S) 

- -- - 

Thermal Discharge (Quadrillion BTUE) 

Shtegy 
A Minimum Carbon Dioxjdc-Natunl Gas Repowering of Existing Coal 
I M~nimum Carbon D~ox idbNatud  Gas Repowering of Exiimg Coal and 

R e n ~ b l c s  
C Low-Cost Producer (Coal-Blscd) 
D Combined Cyde. Purdoed Power. Coal (Reference) 
E Maximum Customer Wue Index-Ofl-System Sales. High Benehcial Electrification. 

Declinmg Block Pncmg 
F Low Totll Rczwrce Con. High Demand-Side Management 
G Maximum W s  
H Maximum Capacity Diversity 
I Bellefonte Nudaar Partnership 
J Ballctonte C~pmduct. Renewable, Independent Power Producen 

Defer and Build B m s  kny 1 and Watts Bar 2 with Reference Expanson 
Minimum Carbon Dloude with Less Demand-Side Management 
C o m b i  Demand-Side Management and MT-System Sales 
Decenhlizcd Genention with More Renewables 
Bellefonte Copmduct. More Demand-Side Management. More Oft-System Sales 
Low-Cost Rrnewabks. Low-Price Demand-S~de Management. Repowering 
Fkxible wRh External Opt~ons 
Flexible with Internal Opbons 
Low Cost. LOW Rates. Improved Environmem 
LowGort R~ewat~les. Low-Price Demand-Ldt Management Repowerinp. 
BelMonte Copmduct Partnership 
Low-Cost Rencwa!~ks. More Demand-Side Management. Repowenng. Bellefonte 
Coproduct PaRnenhlp 
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Average Annual Carbon Dioxide Emissions (kTons) 

--- -~ - -- ~- 

Volatile Organic Compounds (Tons) 

Strategy 
A M~nimurn Carbon Dioxide--Natural Gas Repowering of h a n g  Coal 
B Mmirnurn Carbon D~oxide-Matunl Gas Repomring of Existing and 

Renewables 
C Low-Cost Producer (Coal-Wed) 
D Combined Cycle. Purchased Power. Coal (Reference) 
E Muarnum Customer Value Index--Mf-System Sales, High Beneflual Ekchifiution, 

Declining Block Pricing 
F Low Total Resource Cost. High Demand-Side Management 
G Maurnum Sales 
H Maumum Capacity CIiwemm 
I Bellefome Nuclear Partnership 
J Bellefome Coproduct. Renewables. Independent Power PmduCUS 

Defer and Build Bmwns Feny 1 and Watts Bar 2 wRh Reference Expansion 
Minimum Carbon Dioxide with Less Demand-Side Management 
Comblned Demand-Side Management and On-System Sales 
D e c e W i d  Generation wiM More Renewabler 
Belletome Copmduct. More Demand-Sidt Management. Mom On-System Sales 
LwtCost Renewables. Low-Price Demand-Sie Managtmnt. Repowering 
flexible with External Options 
flexible with Internal Options 
Low Cost Low Rates, Improved Environment 
LowCcst Renewables. Low-Price Demand-Side Management. Repowenng. 
Beltcfonte Copmduct Partnership 
LowGost Renewables. More Demand-Side Manapement, Repowering. BelHonte 
Coproaun Partnership 
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Avenge Annual Carbon Dioxide Emissions (kTons) 

Total Suspended Particulates CTom) 
S h B W  
A Minimum Carbon D i  G8 R e p ~ w a m  ot M n g  Coal 
0 Mmimurn Carbon DWc- IY l tud  Gu Reponarinp a( Existing Coal md 

k m b k  
C LowCort Producer (cd-Bmd) 
0 Combinsd Cyde. PumhW Pomr. Coal (Reference) 
E Maximum CwtomerVIlw Index--0n-System Sak, Hiih BanaficPl ElectMiation. 

Dedining Block Plicing 
F Lwv Total Rasouree hst. Hgh Demand-We MMagement 
6 MaximumSales 
H Maximumcapacity Diifsity 
I Ballcfontc Nudaar Pafinenhip 
J Wlcfontc Copmdua Rmsmbles. Independent P o w  Rodumn 

Defer and Build Bmmr Feny i ad Watts Btr 2 wiM Reference Expanrim 
Mmimum Carbon Dioxide wim Les  Demand-Side Managant 
Corntima OcrmnbSids Magemem and Otl-System Was 
Dccantnl i i  Gcncmon wim More R- 
kllslonb Copmdud Mom DemaneSi Managmnmt. More Off-System Sab 
LDwCost Rencwables. LowPrice Demand-Side Mrnspemnt. Repowam 
flexible wim Eatwmal Ophons 
flexible with lntenul Options 
Low Cost Low Rates, ImpmMd Environment 
LowCost Renrwibla. Low-Pm Demand-Side Management, kpomrinp. 
Bellcfonte Coprod~d PlRnnhi 
Low-Cost Rambles, More Demanddie Management Repmering. Bellcfontc 
Copmduct Paftnenhip 
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Average Annual Carbon Dioxide Emissions (kTons) 

--- -- 

Thermal Discharge (Quadrillion BTUs) 
Stntegy 
A Minimum Carbon Diidb-Mtural Gas Repowering of Exirtinp bat K f)rter and Build Browns Ferry 1 and Watts Bar 2 Referma lixpanrion 
B Minimum Carbon D i e - N a t u n l  Gas Repowering of Existing h! ond L Minimum Cubon Dioxide with Lus Demd-Side Management 

Renevnbles M Combined Demand-Side Wmementmd OfI-System Sales . . . . . . . . - 
Low-Cosl Producer (Coal-Bared) 
Combined Cycle. Purchased Power. Coal (Reference) 
Maximum Customer Value Index--0n-System Sales. HiQh Beneficial Elachifiation 
Declining Block Pricing 
Low Total Rsswrcc Cost. Huh Demand-Sie Management 
Maximum Sales 
Maximum Capactly Diinity 
Bellefonte Nuclear Pamenhip 
BellafMc Copmduct. RenvnMes Independent Power Produars 

D e m t n l i i  Generation wiUI More ~ennvabb i  
BellstDnte Copmduct. Mom Demand-Side Management. More Oil-System Saks 
Low-Cost Renewables, Low-Pnce Demand-Side Management Repomnno 
Flexible with M m l  Options 
flexible with Intemal Options 
Low Cost. Low Rates, Improved Environment 
LowCort Rmewables. Low-Price Demand-Side Manapemant Repomring. 
Bellefomc Coproduct Pannenh~p 
LarGosI Rmowabks. More Demand-Side Management. Rspowanng. Bdl~f~nte 
Copsduct Partnership 
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Health Inhallion (Index) 

I 

Total Equivalent Carbon Dioxide Emissions (Millions of Tons) 

strregy 
A Min~mum Carbon D i i d e - N n h t n l  Gas Repowerinp of Existlng Coal 
B M~nimum Carbon D~oxidbNatunl  Gas Repowering of Existing Coal and 

Renewabk 
C L o w C o a t R o d \ ~ ~ r ( W g U a d )  
0 C o m b i  Cycle, Punhasod Power. Coll (Reiennce) 
E Mudmum CustomerValue Index+-System Sales. Hih Beneficial Eledrkaion. 

Declining Bbck Priunp 
F Low Total Resource Cost, H'ih Demand-Side Managemem 
6 MvhnumSIlts 
H MuimumCarcityD'mnlty 
I Bellafome Nuclear Partnership 
J Bellefonte Coprodud. Renewabk.5, Independent Powr R o d ~ M m  

M r  and Build Bmwns kny 1 and Watts Bu 2 with Reference Eqmsmn 
Minimum Carbon Dimxi& with Less Demand-Side Muuwmcnt 
Combined Demand-Side Marnprmm and MT-System W s  
D e m l n h d  Gencntion with More Remwsblas 
I # m e  Coproduct. More DwtmnbSi Management. Mom Off-System Sales 
LowGwt Renmvabks. Lav-Price Demand-Side Management. Repmaring 
flexible wim E m m l  Optiom 
Flexible with Internal Ophom 
Low Cost. Low Rates. Lmpmvrd Envimnment 
Low- Renwables. Lorv9rice Demand-Sic Management. Repowering. 
BalWonte Copmdud Partnership 
Lov*Cost Renewsblts. More Demand-Slde Marnwmnt. Repowering. BelMonte 
Ccproducl Parhership 
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Health Inhalation (Index) 

- 

Visibility Impairment (Index) 

Strategy 
A Minimum Carbon D~oxidt-Natunl Gas Repowenng ol W n g  W 
B Minlmum Carbon DmxW-Natunl Gas Repowering ol Existing Coal and 

RenewMes 
C Low-Cost Produar (Coll-Based) 
D Combined Cyck. Purchased P m r .  Coal (Refennee) 
E Maximum Customer Value Index-OW-System Sales. H i h  Beneficial Elactrihalion. 

Declining Blodc Prici~~g 
F Low lo t4  R ~ s w n c  Coat. High Dmnd-Siie Muupsmtm 
6 MuimumSala 
H Maximum Capacity DivenIty 
I Bellatontc Nuclear Parmtrship 
J Bclldonte Copmduct. Renewables, Independent Power R o d ~ a n  

M e r  and Build B m s  krry 1 and Watts Ear 2 wilh Reference kPMSi0n 
Minimum Carbon Dioxide wiM Less Dcmmd-Slde ManageMnt 
Combined Demand-Side Management md OR-System Sates 
Doanttalized Wnention with More RsnmMtt - 
Bctktonte Copmdun More Dermnd-Sii Muupcment, Mom Ofl-System Wes 
~ow4ost  Renewables. Low-Price Demand-S~de Management. Repomring 
Fkxibk with Emmal Options 
Flexible with lntenul Options 
Low Coat. Low flates, lmpmwd Envimnment 
Low4osl RenemMes. LowPnce Demand-Side Manapement. Rapowemp. 
Bellcfonte Copmduct Paflnetship 
Low-Cosf RenawaMes. More Demand-Sidc MaMpement. Repowering. Bellefontc 
Copmduct PaItnenhip 
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Health Inhalation (Index) 

Forests & Crops (Index) 

Strategy 
Minimum Camon O'mxidc--Mtum Gas Rapowaring of Exidinp Corl 
Minimum Carbon Dm-nl Gas Rapowering of basmg Coll me 
RenrvlMcJ 
LowCoS Producer (Coal-Bwd) 
Combid Cycle. Purehaw Power. Coal (Rcfarsna) 
Maximum Customer Value Indar--otf-m Sales, High Beneficial Elect-. 
Dscliing Bloc$ Ricing 
Low Total Resourca Cost. High Demand-Side Managmem 
Maximum Sales 
Maximum Wplwly Dweroity 
BeUefonk Nucbar Pamanhip 
BellsfDnh Copmdud. Rencmbles, Independent Pomr Pmdumn 

Defer and Build Browns krry 1 and Walto Bar 2 wim Rstannce w o n  
Minimum Carbon Dioxide with l s s  DwndSide MscPgsment 
Combintd Demmd-Side Management md Off-System Sales 
D n a n t n l i  Genemon wim Mom Renewsblu 
BellsfDfonh Copmduct. More Demand-Si Management. More M(-System Sales 
Low-Cosl R~ncrw;lbleS. Low-Price Demand-Si MaMgemm. Repowering 
flexible with Extcmal Options 
Flenble with Internal Opbom 
Low Cost. Low Rates, ImproMd Environment 
LowCOst Rencmbla. Low-Prica Demand-Sie Management. Repowering. 
Bellefofonh Coprodud Rbenh ip  
Low-Cwt R m a n k .  More Demand-Side Managemant. Repomring. Bellefonte 
&product Parmarship 
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Health Inhalation (Index) 

* 

Materials (Index) 

Smtegy 
A Minimum Carbon Dioxkldde--Natunl Gas Repowenng of -tin9 Coal 
B Minimum Carbon Dmxidt--NaIutunl Gas Repowering of Exnting Coal and 

Renewabks 
C Low-Cost Producer (Coa l -W)  
D Combined Cycle. Purchased Power. Corl (Reference) 
E Maximum Customer Value Index-OfI-System Sales. High Bmeficial Electrification. 

Declining Block Pricing 
F Low Total Resource Cost, High Demand-Side Management 
G Maximum Sales 
H Maximum Capacity Dwenity 
I Bellefonte Nuclear Pannenhip 
J Bellefonte Copmduct. Renewablts. Independent P M r  Pmdwrs 

O d r  rnd Build Browns Ferry 1 and Wm Bar 2 with Reference Expansion 
Minimum CuWn Dioxide with Less Demand-Sic Management 
Combined Demand-Side Management and MI-System lies 
Decmtnlucd Genenhon with More RenewaMes 
BeMonte Copmduct. More  erna and-Sirk Management. More Mf-System Sales 
LowCost Renewables. Low-Rice Demand-Side Management. Repwring 
flexible with External Optmns 
flexible with Internal Optiins 
Low Cost, LOW Rales, lmpmwd Env~mnment 
Low-Cost Renmables. Low-Pnce Demand-Side Management. Repowering. 
Bellefonte Copmduct Pamenhip 
Low-Ccst Renwables. More Demand-Lde Management. Repowering. Bellefonte 
Coproduct Pamenhip 
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Health haastion (Index) 

Water Supply & Waste Assimilation (Index) 

A Minimum Carbon DlorddcElltunl Gas Repowering of Existing Coal 
B Minimum Carbon Diixid-nl Gas Repowering of Existing Coal md 

RsnawaMa 
LowGmt Pmducer (CoMaW) 
C o m b i i  Cycle. Punhwd Power. Cad (Rcfmnce) 
Maximum Customer Value Index-Off-Symm Lk, High Bsnsticial Elc*rification. 
Min ing  Block Pricing 
Low Total Rwoura Cost. High DemmbSic Management 
Mvlimum Sams 
Mudmum Capdty DivcnRy 
Bcllefonte Nuclear Partnarsh~p 
Bcllefonte Coproduct. Rmmbles, Independent Power Producers 

- 
Omr and Build Bmwns Ferry 1 and Wms Bar 2 with Reference Expamion 
Minimum Carbon Dioxide uiM Lcrr DemandSida Management 
Combmad DemmbSidc Managanmnl Md OH-System Sales 
Decsntnl i i  Gencmon wilh More Renwabks 
BeUcfom Copmduct. Mom DsmW-Si i  Minrgcmem. More OfSystem S a k  
Low-Cost Renmbks. Low-Price Demmd-Side Muugemmt. Repowering 
w* wim Exteml options 
flexible wiM I n t e a  Options 
Low Cost Low Rates, Improved Environment 
Low-Cost Rsmwiblu. LowPrice Demand-Sic Management. Repowering. 
Lllctonte Coprodud Pamenhip 
LowCost Renmbks. Mom DcmandSide Management. Repomring. Bdlctontc 
Coproduet R W i  
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Healh Ingestion (Index) 

- -- - 

Fish & Aquatic Life (Index) 

Strategy 
A Mtnimum Carbon D i o M t u r a l  Gas Repowering ot Existing Coal 
B Minlmum Carbon Diox&-Natur;ll Gas Repwering of Ex*tin9 Coal and 

RenewrMes 
C Low-Cost Producer (Corlgrsed) 
0 Combinad Cycle. Purc lwd  Power. Coal (Reference) 
E Maximum Customer Value Index--0fI-Sytnm Sales. High Beneficial E l e ~ o n .  

Declining Block Pricing 
F Low Total Resource Cost. nigh Demand-Side Management 
G MaximumSala 
H Maximum Capauty D'wenity 
I Bslkfonte Nuclmr Pamership 
J EelMonte Copmduct. Renewables, Independent POW Producers 

Merand Build Browns Ferry 1 and Wattr Bar 2 wiM Reference Expu\riOn 
Mmtmum Carbon Dioxide with LIss Demand-Slde Management 
Combined Demand-Side Ma;rgernent and Mf-System Lk 
Decenhalid Gmention with More Renewabks 
Bclkfonte Coproduct. More Demand-Slde Management. More On-System Sales 
LW-Cost Renewabks. Low-Rice Demand-Sic Management. Repowering 
Flexible with Exremal Options 
Flcnble with Internal Opt~ons 
Low Cost. Low Rates, Improved Environment 
Low-Cost RenewaMes. Low-Rice Demand-Side Management Repwering. 
Bcllefonte coproduct Pamershii 
Low-Cost Renewah.  More Demand-Side Management. Repowering. Bellctonte 
Copmduct Partnersh~p 
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Water Supply & Waste Assimilation (Index) 

Fish & Aquatic Life (Index) 

smm 
A Minimum Carbon Dioxide-Natud Gas Repowering ofE*sting Coal 
B Minimum Carbon DimMeNawd Gas Repowering of W i n g  Cod and 

RemrvlMes 
C Low-Coot Pmducar ( ~ ~ )  
0 Combimd Cycle. Putchased Pomr. Coal (Reference) 
E M u i m t a  Cuslomar W e  Indcx--On-Sy~t~m Sales. Hi Lnsficial E r n o n .  

Declining Block Pricing 
F Low Total Resource Cost. High Demand-Side Management 
6 MaximumSolas 
H MaximumCaprdtyDiiroity 
I Bellaome Nwlaar Rmwnhi 
J BeiMnte Copmduct. Renewmet, lndtpcndent Pomr Producan 

Dhr tnd  Build B m  Ferry 1 and Wlns Ear 2 with Reference Expansion 
Minimum Carbon D i i  wim Las Dcmmd-Side M-ment 
Combmad Demand-Sii Managemem and Otf-Qnm Sales 
Dccenb; l l i  Genention with More Renowabh 
BaUcfonte Copmdud More Dcmmd-Side Marugcrnsnt. More Off-System Sales 
LDwCozt Rensvnblas. Low-Price Dammd-Side Management. hpowenng 
AaxlMs wifh External Opbons 
FIadble with Internal Dptiom 
Low Cost. Low Rates. Impmod Envimnment 
LowCost Renewables. Low-Price Demand-Side Managemant. Repowering. 
BalMom Copmdud Rrmenh~p 
LowCort Renmabks, Mom Demand-Side Manawment. Repomring. Bcllefonte 
Copmduct Partnership 
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l&&paperisjkman?po?i, 7NA'sNucdaarOpLiars,ARepaf 
on BePeforrte W s  1 and 2, Watts Bar Unit 2, and Brounrs 
F e n y  Chrft 1," tbat was issued by W A  in Decenrber 1994. 

Overview 
This is an interim review of issues involving four unfinished or 
inoperative TVA nuclear units and their impacts on rates. debt, 
long-term costs and flexibility for meeting future power needs. 
It has been developed largely in response to concerns identi- 
fied through TVA's Integrated Resource Planning (IRP) process. 

The three major concerns identified in TVA's IRP to date- 
debt. competitiveness, and nuclear power-are interrelated. In 
the opinion of many TVA customers and the public. high debt 
is generally associated with a poor competitive position. Since 
the large capital expenditures necessary to complete TVA's 
nuclear units will increase TVA's debt, completing these units 
contributes to a perception that TVA's competitiveness will 
suffer. With this in mind, the TVA Board of Directors requested 
the Chief Financial Officer (CFO) to initiate a study to look at 
the possibility of stopping the growth of debt. A summary of the 
conclusion of this study is: 

"The results of this review, which has encompassed the 
involvement of all areas of the TVA. is that TVA can limit its 
level of debt to $2 billion to $3 billion below the $30 billion 
debt ceiling and can achieve this limitation by the end of fis- 
cal year 1997." 

Additionally, the Board of Directors is requesting that the 
Chief Financial Officer conduct a feasibility study of reducing 
future levels of debt. The internal limit on debt would be for- 
mally reviewed periodically to ensure that thls limitation meets 
W s  continuing business needs. The debt limit will be carefully 
observed in the development of TC'A's Integrated Resource 
Plan. The IRP will examine the disposition of TVA's debt in light 
of an increasingly competitive business environment. 

TVA has three nuclear units in various stages of conmction 
with scheduled completion dates rangng from 2003 to 2006. These 
units and current estimates of the costs to complete them are: 

Bellefonte Units 1 and 2, near Hollywood, Alabama- 
$4.4 billion 

Watts Bar Unit 2, near Spring City, Tennessee-$2.2 billion 
In addition, one TVA nuclear unit previously licensed to 
operate would need major modifications and is tentatively sched- 
uled to return to service in the year 2001: 
Browns Ferry Unit 1, near Decatur, Alabama-$2.4 billion 

The question of how to proceed with these four nuclear units 
is of critical importance to TVA and the region it serves. The total 
cost to complete or restore them to service as nuclear units is 
estimated to be about $9 billion-unquestionably a major 
investment by TVA customers. But in addition to these costs. TVA 
must consider several other factors, such as: 

The need for power in the future 
The cost of other options that could replace the nuclear units 
Prior investment in the nuclear units 
TVA's long-term costs 
TVA's rising debt 
The impact of any decision on short- and long-term rates 
The environmental effects of various options 

All of these issues are currently being addressed in TVA's 
IRP, a comprehensive study of future power needs in the TVA 
region and the various ways and costs of meeting them. The IRP 
will not be completed until late 1995. However, several con- 
cerns regarding TVA's nuclear construction plans have already 
been identified through the IRP process. It is necessary, there- 
fore, to review the current status of these units to ensure that 
they are being managed in the most cost-effective and benefi- 
cial manner for TVA customers. 

As a result of this review, staff recommends that over the 
near term TVA should not fund the completion or restoration 
of Bellefonte Units 1 and 2, Watts Bar Unit 2, and Browns Ferry 
Unit 1 as nuclear units. Instead. TVA should keep open alter- 
natives for these units that would minimize short-term rates, 
increase long-term flexibility, minimize long-term costs, and 
limit debt. 

Alternatives to completing/restoring these units as nuclear 
units include: 

Convening them to another technology such as natural gas 
Replacing them with different types of supply- and demand- 
side resource options 
Completing the construction of one or more units in panner- 
ship with others 
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Maintaining the nuclear units in a "mothballed" state and 
deciding later whether to complete or replace them 

Some options could involve limited TVA investment in the 
future. All options will be carefully considered in the IRF' 
process and, ultimately, the most cost-effective long-term uses 
for these units will be decided by the TVA Board of Directors. 

TVA formally began its IRP process in February 1994. An IRP 
is a process for identifying, thoroughly evaluating, and select- 
ing a set of resource options to meet the expected future con- 
sumer demand for electricity. TVA's IRP process is called 
"Energy Vision 2020." 

TVA is committed to developing an energy strategy for the 
future with considerable input from customers and stakeholders. 
Decisions and recommendations for meeting future energy 
needs will take into account the values and expectations customers 
have for their energy supplier for both elecuical generation and 
demand-side options, as well as for new energy technologies. 
Information TVA receives from stakeholders is being incorporated 
into the technical analysis process for Energy Vision 2020. 

A series of open meetings provided an opportunity for TVA 
to both inform the public about its resource planning process and 
collect valuable input from the public. From July to November, TKA 
held 12 meetings throughout the Tennessee Wey.  Approximately 
300 people attended to view the Energy Viion 2020 displays, talk 
with TVA representatives, and provide input to the planning 
process. After publication of the draft IRP in July 1935, there will 
be another round of public meetings across the Wey. These meet- 
ings will update the public on the latest findings and provide an 
opportunity to review and react to TVA's draft plan. 

During the summer of 1994, one-on-one interviews were con- 
ducted with about 100 opinion leaders across the Tennessee Wey 
and in Vbshington, DC. The opinion leaders qnrsmted disnibutors 
of TKA power, industrial customers, environmental advocates, gov- 
ernment, and community leaders. A questionnaire was designed 
to gather opinions on the issues TVA will examine in Energy V i h  
2020. The questions fell into three major areas: 

General questions about the Tennessee Valley region 
Questions about economic development and the environment 
TVA-specific questions 

The Energy Vision 2020 Review Group was established in 
June 1994 to bring key stakeholders into TVA's energy planning 
process. It consists of 18 representatives From various organizations 
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outside TVA with a wide variety of views and interests. Members 
of the group provide input and views on TVA's planning 
assumptions, new options for consideration, and issues assodated 
with long-term energy planning. To date, the Review Group has 
had seven intensive, full-day sessions, performing in-depth 
reviews of TVA's IRP planning assumptions and the overall IRF' 
process. Four additional meetings are scheduled. 

The Tennessee Wey Public Power Association, an association 
dthe 160~0f~Apower,hasestabl ishedaPowerSupply 
Planning Committee. This Bmember committee provides crit- 
ical reviews of TVA's IRP process and of the major issues facing 
TVA and the distributors. Since it was formed in May 1994, n7A 
has met with the committee three times to discuss energy plan- 
ning issues affecting TVA's wholesale customers. 

Through this interactive public participation process and inter- 
nal reviews, numerous concerns have been identified. Among 
those most frequently voiced are: 

1. TVA's competitive position 
2. TVA's nuclear program 
3, TVA's debt 

With many of the fundamental assumptions necessary for an 
energy strategy already in an advanced state of review in the IRP 
process, TVA staff has been able to perform a preliminary analy- 
sis of these three concerns. As a result, the staff has prepared this 
interim report to present the latest findmgs to the TVA Board of 
Directors. It should be stressed that these are only initial findings. 
Taking interim action on these findings would not preempt the 
ultimate decisions to be made through the IRP process. Rather, 
this will enhance TVA's abiity to respond to the rapidly developing 
competitive environment of the elecuic utility industry. 

This report examines the question of whether TVA should 
fund the completion or restoration of Bellefonte Units 1 and 2, 
Watts Bar Unit 2, and Browns Ferry Unit 1 as nuclear units. 
Alternatives to TVA completing these units include: 

Convening them to another technology such as natural gas 
Replacing them with different types of supply- and demand- 
side resource options 

Completing the construction of one or more of the units in 
partnership with others 

Maintaining the nuclear units in a "mothballed state and decid- 
ing later whether to complete or replace them 

A more detailed explanation of these alternatives is 
described in the Nuclear Options Appendix. 

Each of these alternatives will affect fut~re costs, elecuic rates, 
debt, and environmental impaas, as well as TVA's ability to respond 
to an ever-changing marketplace. In this paper, we will: 

Review certain key assumptions, such as the need for power, 
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Kentucky Utilities 
Kentucky Power 
Kingsport Power 
Appalachian Power (VA) 
Public Service of Indiana 
TVA 
Louisville Gas & Electric 
Mississippi Power 
Ohio Power 
East Kentucky Power 
Gulf Power 
Big Rivers 
South Carolina Elec & Gas 
Alabama Power 
Duke Power 
Union Electric 
Georgia Power 
Louisiana P&L 
Florida Power 
New Orleans Pub Ser 
Florida P&L 
Gulf States Utilities 
Carolina P&L 
Virginia Power 
Mississippi P&L 
Arkansas PBL 
Illinois Power 

1 Using Sourn KentuW REC Com. as 
mpnsentatii of LJt Kentucky Power Coop Source: DOE 826. REA Forms 7 6 12. and N A  Electric Sales Stahstics - 

cost of the nuclear units, and several other key assumptions 
that significantly affect the alternative choices available con- 
cerning the TVA nuclear construction program. 
Evaluate the changes in costs, electric rates, and debt result- 
ing from the different resource choices. 
Draw some p r e m  conclusions upon which the TVA Ebard 
may wish to act. 

'TVA'S COMPETITIVE POSITION 
TVA electric rates are currently competitive with other utilities. 
Comparisons of TVA rates with surroundmg utilities for residenaal, 
commercial, and industrial customers are shown in Figures 78- 
56, T8-57, and T8-58. 

TVA's residentla1 elecoic rates are lower than most surrounhg 
utilities. Of the 27 Southeastern utilities shown in Figure T8-56, 
TVA ranks sixth lowest. Likewise, TVA's commercial and indus- 
trial rates are below the median level of other utility rates 
shown in Figures 78-57and 78-58. The recommendations in this 
report are intended to improve TVA's competitive position into 
the future. 

SELF-IMPOSED DEBT LIMITATION 
The three major concerns identified in the IRP to date-debt, 
competitiveness. and the future of the four nuclear units-are 
interrelated. In the opinion of many TVA customers and mem- 
bers of the public, high debt is generally associated with a poor 
competitive position. Since the large capital expenditures nec- 
essary to complete TVA's nuclear units will increase TVA's 
debt, completing these units contributes to a perception that WA's 
competitiveness will suffer. With the rapid evolution of the util- 
ity industry into a competitive environment, many utilities are 
improving their debt structure so that the pricing of electricity 
can be more flexible in response to future uncertainty. Clearly! 
with the increasing risk of TVA losing customers to other utili- 
ties, prudent business practices suggest that debt be carefully 
managed and controlled. With this in mind. the TVA Board of 
Directors requested the CFO to initiate a study to investigate the 
possibility of stopping the growth of debt. This study. "Report 
on Controlling the TVA Debt," was completed in December 1994. 
The following Introduction and Conclusion of the CFO study high- 
light several key points concerning TVA's debt: 
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Kentucky Utilities 
Public Senrice of Indiana 
Kingsport Power 
Kentucky Power 
Appalachian Power (VA) 
Ohio Power 
Louisville Gas & Electric 
Gulf Power 
South Carolina Elec. & Gas 
Florida Power 
TVA 
Mississippi Power 
Duke Power 
Virginia Power 
Union Electric 
Florida PBL 
East Kentucky Power 
Big Rivers 
Carolina PBL 
Alabama Power 
Gulf States Utilities 
Georgia Power 
Arkansas P&L 
Louisiana P&L 
Illinois Power 
New Orleans Pub Ser 
Mississippi P&L 

Sourn: WE 826. REA Fomu 7 6 12. and lVA Electric S a k  Sfatistics . 

'At the Tennessee Valley Authority Board of Directors meet- 
ing on September 21,1394, the Board of Directors requested 
that the Chief Financial Officer undenake a study to determine 
if it would be possible to stop the growth of debt in TVA and, 
in effect, impose an internal limitation on debt below WA's 
statutorily mandated limit of $30 billion. If that is possible, 
what should that limit be and when could a e achieved. 

'The results of this review, which has encompassed the 
involvement of all areas of the TVA, is that TVA can limit its 
level of debt to $2 billion to $3 billion below the $30 billion 
debt ceiling and can achieve this limitation by the end off& 
cal year 1997." 

The internal debt limit would be formally reviewed peri- 
odically to ensure that this limitation meets TVA's continuing 
business needs. 

Additionally, the Board of Directors is requesting that the 
CFO conduct a feasibility study of reducing future levels of debt. 

Tk debt limit will be carefully observed in the develop 
ment of TVA's IRP. In addition, the IRP will examine the dis- 
position of TVA's debt in light of an increasingly competitive 
business environment. 

I. Key Assumptiom for Evaluating 
TUKs Nuclear Construction Program 
Although many assumptions about possible futures must be 
made to evaluate TVA's &clear construction program, two key 
assumptions are both important and highly uncertain. These 
are the need for power, which is largely determined by the 
expectations of future load growth, and the cost and perfor- 
mance parameters for constructing and operating TVA nuclear 
power plants. 

NEED FOR POWER 
TVA will likely require additional power beginning in 1998 and 
increasing to several thousand megawatts (MW) by 2005. This 
need is shown graphically in Figure 78-59 

The bars in Figure 28-59 represent TVA's long-term fore- 
casts of peak loads plus the necessary capacity reserves to rnain- 
tain a reliable power system. TVA's peak loads are approximately 
24,000 MW today and are expected to increase 1.9 percent per 
year from 1994 to 2020. Forecasts of future load growth are par- 
ticularly uncertain, and this uncertainty is represented by low 
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Big Rivers 3.0 $/kwh 
Ohio Power 3.2 
Kentucky Utilit~es 3.3 
Kentucky Power 3.3 
Public Service of Indiana 3.4 
K~ngsport Power 3.5 
Mississippi Power 3.6 
Louisville Gas & Electric 3.8 
Appalachian Power (VA) 3.8 
South Carolina Elec. & Gas 3.9 
TVA 3.9 2 
Louisiana P&L 4.1 
Duke Power 4.3 
Gulf Power 4.3 
Illinois Power 4.4 
Virginia Power 4.4 
Alabama Power 4.5 
Gulf States Utilities 4.6 
Georgia Power 4.7 
Florida Power 4.8 
Union Electric 5.2 
New Orleans Pub Ser 5.3 
Florida P&L 5.4 
Carolina P8L 5.5 
East Kentucky Power Coop 5.5 3 
Arkansas P&L 6.0 
Mississippi P&L 6.6 
1 Non-Alummum Industml is 3.9 nnWkWh 
2 NA's ddlmctly semd mdu!xml cort a 3.0 c e m h  

and the dlnnbutor served tndustnal cost a 4.6 
wntsikwh 

3 h n g  South Kentucky REC Cow as 
fapmntabve of Easl KmWy Power Coop Source DOE 826. REA Forms 7 & 12. and NA Ekctnc Lbs Statmcs - 

and high forecasts of peak load, which generally bound the range 
of uncertainty. In the low load forecast, peak loads are expected 
to increase by 0.1 percent per year from 1994 to 2020, and in 
the hgh  forecast by 3.3 percent per year over the same period. 
In Figure 78-59, the three segments of each bar represent 
TVA's low, medium, and high demand requirements for that year. 

WA currently has approximately 25,500 MW of existing capac- 
ity, with a plan to add 2,235 MW upon the completion of 
Watts Bar Unit 1 and the return to service of Browns Ferry Unit 
3. This existing and future capacity, or supply, is shown by the 
solid line in Figure 78-59. 

Matching the supply with projected future demand require- 
ments (comparing the bars to the supply line in Figure 78-59) 
indicates that WA's need for additional capacity wiU inaease from 
700 MW in 1998 to several thousand megawatts by 2005. It must 
be recognized that these capacity needs are highly uncertain. 
With low demand requirements, there is no need for future capac- 
ity from 1996 to 2020; whereas, with high load growth, there is 
an almost immediate need for additional capacity. 

NUCLEAR COSTS AND PERFORMANCE 
The question of whether to completehestore the nuclear units 
is affected by several key assumptions about nuclear con- 
struction and operation. Most important are the cost to complete 
the nuclear units, the cost to operate and maintain the units, and 
the level of generation from the units or capacity factors. Of lesser 
sigruf~cance are the fuel costs and costs to decommiss'i the nuclear 
plants at the end of their useful lives, currently estimated to be 
at least 40 years. The future construction cost and operational 
performance of the nuclear units cannot be precisely forecast 
and this uncertainty in cost and performance is represented by 
a range of forecasts for these key assumptions. 

Project Cost and Schedule Estimates 
Both the expected, or medium, forecast and the low and high 
forecasts for the cost to complete the nuclear units are shown 
in Figure M. 

The medium and highcost estimates are based on detailed 
engineering cost estimates plus adjustments reflecting the his- 
tory of cost-estimating experience by TVA and the nuclear 
industry. The detailed engineering cost estimates that have 
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been developed for each of the nudear projects serve as the "low" 
estimate for IRP analysis. 

Capacity Factors 
Capacity factor is a ratio of actual generation from a generating 
unit compared to its theoretical best output ow . a certain 
period of time. TKA's average annual nuclear capacity factor since 
restoring Sequoyah Units 1 and 2 and Browns Ferry Unit 2 to 
service has been 67 percent. This value is used as the medium 
estimate for future capacity factor for the currently operating units 
(Sequoyah Units 1 and 2 and Browns Feny Unit 21, for projects 

Operations and maintenance cost 
assumptions are based on the costs 
incurred by TVA for the operating units 
over the past five years. The range of 
potential costs is based on potential vari- 
ations in plant staffing levels, since this 
is the primary driver for nuclearopera- 
tions and maintenance costs. 

The cost of additions and improve- 
ments has dropped ~ i ~ c a n t l y  through- 
out the nuclear industry with the 
completion of regulation-driven modifi- 
cations required after the 1979 Three 
Mile Island accident. TVA is assuming a 
level of expenditures consistent with 
industry experience. Replacing steam 
generators at Sequoyah Units 1 and 2 and 
Wans Bar Units 1 and 2 is an unusual addi- 
tion and improvement and is considered 
explicitly in the IRP analysis. 

Nuclear fuel costs at TVA have been 
higher than average because of contracts 

written during the 1980s. As these contracts have expired, TVA 
will be procuring fuel at a cost typical of the industry. Nuclear 
fuel is relatively abundant now, and sufficient supplies are 
expected to be availnule throughout j e  period of the IRP to limit 
cost escalation to that of general inflation. 

Decommissioning costs are accrued and set aside during 
the operating life of the plant in accordance with rules issued 
by the Nuclear Regulatory Commission (NRC). Current cost esti- 
mates for decommissioning exceed these NRC requirements. TVA 
has identified a range of possible decommissioning costs for con- 
sideration in the IRP assumptions that use the NRC-required level 

under active construction or modification (Watts Bar Unit 1 and as a low estimate. . 
Browns Ferry Unit 31, and for the currently inactive pro- 
jects (Watts Bar Unit 2, Browns Ferry Unit 1, and 
Bellefonte Units 1 and 2). TVA's high and low estimates 
for nuclear capacity factor are 86 percent and 55 per- 
cent, respecnveiy. Indusny mds have shown @cant 
improvement in nuclear performance over the past 
decade. 

Operating Costs 
Operating cans for a nuclear unit include "opemiom and 
maintenance," 'additions and improvements," and fuel. 
In addition, funds are accumulated for decornmission- 
ing throughout the life of the unit. These cost estimates 
are shown in Figure 78-61. 

Cost Estimate 
(millions of 1994 dollan) Nominal Schedule 

Projed Low Medium High (months) 
Bellefonte Unit 1 131 1 2622 3470 67 

Bellefonte Unit 2 912 1824 2420 

Browns Ferry U-' 1 1187 2374 31 50 78 
- .- 

Watts Bar Unit .. 1097 21 94 291 0 62 

* Appraximately 18 months after Bellefonte Unit 1 is completed 
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terminating their operation at the current license 
expiration date. 

I Law Medium High 
Operations 8 Maintenance $55/kw/yr $69IkW/yr w I k W / y l  

I 1 combined cycle, and integrated gasification 

License Extension combined cycle with coproduction of a chemical product such 
Operating licenses for the Browns Ferry units expire during the as methanol or methyl tertiary butyl ether. 
time period covered by the IRP. The NRC issued regulations in 
1991 that allow an operator to apply for a license extension of THE CANCELLATION ALTERNATIVE 
up to 20 years. These rules are currently being revised and are AND REPLACEMENT WITH 
not expected to be finalized until mid-1995. Consequently, the SUPPLY- OR DEMAND-SIDE RESOURCES 
cost and schedule for obtaining a license extension cannot be The key assumptions for supply- and demand-side alternatives 
definedwith certainty. Technical studies, however, have not shown that are available to replace the nuclear units are too numer- 
any "show-stoppersn that would preclude extendmg the Browns ous to display in this paper. However, the cost and performance 
Feny licenses. To accommodate t h ~ ~  possibility, the IRP will con- characterizations for each supply option are identified in the 
sider both extending the operating licenses at these units and paper, "Energy Vision 2020 Supply-side Options." Cost and per- 

THE CONVERSION ALTERNATIVE 
Additions L Improvements Approx. 

$15 million/unWyr 
Incremental Fuel $0.42hillion Btu 
Decommissioning 

Pressurized Water Reacton $200 million $300 million $600 million 
Boiling Water Reactors $250 million $350 million $700 million 

Ga~Fired IGCC with Copmduction. 
Pulverized Coal. Combtned Cycle IGCC, 9x250 9x239 MW 

4x616 MW 10x222 MW MW (feasibility only) 

Figure 7842 provides a cost and performance 
summary for convening the Bellefonte nuclear 
units to fossil-fueled units. Four alternatiw con- 
version options are considered: coal-fued plant, 
natural gas combined cycle, integrated gasification 

Capacity, MW 2,464 2.220 2,250 2,151 - 
Heat Rate. EtulkWh 9,611 7.367 8,488 11.761 
Fuel Illinois Basin Natural Gas Illinois Basin lllinois Basin 

3.0 l@z Coal 7.0 Ib SOz Coal 7.0 Ib SO2 Coal 

Capital Cost, 2 $1,263 (base) $475 (base) $1.484 (base) $1,730 (base) 
W W  (1 994) $1,158 (low) $442 (low) $1.327 (low) $1 530 (low) 
$ 1 , 3 2 5 ( h i g h )  $1.650 ( h ~ h )  $1.942 (high) 
Total Capital Cost, $3,112 (base) $1.054 (base) $3,339 (base) $3.721 (base) 
MM$ (1994) $2,853 (low) $981 (low) $2.986 (low) $3.291 (low) 

$3,265 (high) $1.125 (high)- $3.712 (high) $4,177 high) 
Coproduct none none none Methyl Tertiary 

Butyl- Ether 
Coproduction Rate. none none none 4,410 tpd 
TonsiDay - 
Schedule, Months 
First Capacity Addition 90 months 66 months 66 months I 66 months I 

- - 81 months 81 months4 - 

Last Capacity Addition 126 months 90 months 90 months I 90 months I 
108 months 108 months 

1 Fuel SOir is given in terms of pounds of sulfur dioxide prcduced per million 4 Fimt duration assumes phased wnstfuclion with gas-find genentlon 
Btus fired. . coming on-line first, followed by conversion to integrated w ~ f i a t i o n  corntunad 

2 Bua capital wst h the expected cost. The high and b w  nnges define the crcle at a later date. Sewnd dunlion assumes that project pmceeds 
potential nnge of capital costs given Me uncaflainbss that have bscn directly to integnted gasification mbined cycle without phased construction. 
identhed. 

3 Duntion to first capacity addiion assumas appmximaely 3 years fmm 
pmicQ initiation to start of construdon for environmental permimng achvi- 
bes. Thn dunton m y  be reduced to 18 months if eredin an be taken for 
prev~ouly wllected environmental data. 
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formance cF?ncteristics for the demand-side 
options can tic found in "Energy Vision 2020 
Customer Service Options.' 

Canceling the nuclear projects also involves 
liquidating the asset. Past experience with nuclear 
projea mcellatlons has shown that there is 
essenuauy no net recovery from the existing 
equipment by the time the project is closed. The 

Bellafon:~ Belleftink WaBs Bat Browns Feny 
Un% 1 Unit2 Unit 2 Unl 1 I 

Current $3.7 Billion $0.8 Billion $ 1.7 Billion $0.7 Billion 
Undepreciated 
Investment 

IRP, therefore, assumes no net proceeds from canceling the units. 
The undepreciated value of the projects, shown in Figure 

1863, must also be recwawl following cxnc&tion. N A  is inves 
tigating the possibility of using recovery periods of up to 30 years. 

THE DEFERRAL OPT ION 
The cost of maintaining a nuclear project in a condition that would 
permit it to be completed at a later date is approximately $10 
to $20 million per unit per year. Deferring the decision to a s u b  
sequent IRF' would allow additional time to acquire informa- 
tion regarding nuclear unit performance and economics, TVA's 
need for power, and the possible role of nuclear power in min- 
imizing total environmental impacts. 

Evaluation of Alternatives 
Based on the assumptions outlined in the previous section, the 
alternative nuclear strategies will be evaluated against several 
key criteria. These criteria (and their measurements). shown in 
Fzgure T8-64. were developed for the IRP process. 

In the full IRP proc. 5s. each nuclear strategy is evaluated 
against the criteria in Figure 78-64. For example, a strategy to 

Criteria Measurement 

Long-Run Cost and Value Total Resource Costs 
Rate Impact Measure 
Participant TesVElectric Bill 
Total Value 

Rates/Comptiiiveness Electric Rates (CenWkWh) 
1996-2000,1996-2005 

Reliability Reserve Margin 
Load Not Served 

Environment Emissions 
(Sop, C02, NOX, VOC. TSR etc.) 
MWh Nuclear Generation 

Economic D a p m e n t  Jobs, Total Personal Income 
Financial Borrowings, Debt. Cash Flow, 

NetJcome --- 
Risk Management -- Robusmess. Flexibility 

complete the nuclear units is compared to a strategy to replace 
them with other options, such as coal-fired units. This comparison 
or trade-off would tell us which strategy (nuclear or coal) 
would have the lowest costs (total resource costs), lowest 
rates, least impact on debt, and most flexibility. 

Not all of the IRP criteria will be used for the evaluations 
in this report, but some will be represented as constraints in eval- 
uating the strategies. For example, for each strategy evaluated, 
the reliability of the power system will be maintained. using a 
13 percent capacity reserve margin. Under the environmental 
criteria, all strategies are evaluated assuming compliance with 
Phase I and I1 of the acid rain provisions of the Clean Air Act 
and conpliance with the voluntary goals for greenhouse gas 
emissions of the Climate Challenge Program. 

The criteria for economic development will not be addressed 
in this report but will be addressed through the IRF'. 

In this report, suategies will be evaluated speafically on long- 
term cost (total resource cost), electric rates, and total debt, reflect- 
ing the many concerns expressed about TVA's costs and 
flexibility. 

EVALUATING NUCLEAR STRATEGIES - THE PROCESS 
Many different strategies were developed as combinations of 
the nuclear opr~ons, supply-side replacement options, and 
demand-side options. For the purposes of this report, the focus 
has been narrowed to a few key strategies and the resulting 
changes in costs. m, debt, and flexibility. (For a complete desaip 
tion of all strac lgies and their development. see TVA's Nuclear 
Options Appendix.) 

In evaluating the strategies, the staff looked for those 
that will minimize long-term costs, minimize short-term rates, 
minimize long-term debt, and be flexible enough to adapt to 
an uncertain future. In particular, the staff investigated whether 
there are strategies better than TVA funding the completion of 
the four nuclear units. In the analysis, several successive suate- 
gies wc a!uated-each of which improves TVA's position 
in one ... c of the areas of c w ,  rates, debt, or flexibility. 
These str;:cg;rs are grouped as: 

Completing the nuclear units, as opposed to replacing them 
with alternative supply- and demand-side resource options 
Convening Bellefonte to another technology 
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Completing Bellefonte as a nuclear plant, but with a partner 
providing funds to complete the plant 
Deferring Watts Bar Unit 2 and Browns Ferry Unit 1 to pro- 
vide flexibility for an uncertain future 

Each of these successive evaluations results in a potential 
improvement in long-term costs, short-term rates, long-term debt, 
and flexibility compand to TKA funding completion of the nuclear 
units. Exactly which strategy or strategies will be pursued as an 
alternative to completing the nuclear units will be determined 
through TVA's IRP. 

T E C H N I C A L  D O C U M E N T  8 :  RESOURCE I N T E G R A T I O N  

Completing the Nuclear Units vs. Replacement 
Five specific nuclear completion strategies are evaluated in this 
analysis: 
1. Complete Bekfonte Units 1 and 2, Rms Bar Unit 2, and Browns 

Ferry Unit 1 
2. Complete Bellefonte Unit 1, Watts Bar Unit 2, Browns Ferry 

Unit 1, and replace Bellefonte Unit 2 
3. Complete Watts Bar Unit 2, Browns Ferry Unit 1, and replace 

both Bellefonte Units 1 and 2 
4. Complete Watts Bar Unit 2 and replace Bellefonte Units 1 and 

2 and Browns Ferry Unit 1 
5. Replace all four units: Bellefonte Units 

1 and 2, Watts Bar Unit 2, and Browns 
Ferry Unit 1. 

Supply-side Option% For each of these 
strategies, the supply-side replacement 
options considered were natural gas- 
fired combined cycle units (CC) in the short 
term and, for the long term, clean coal units 
(advanced integrated @cation combined 
cycle (IGCC). Peaking capacity was sup- 
plied by combustion turbines. Many dif- 
ferent supply-side resource options were 
evaluated for replacement capacity. These 
included coal-based capacity, natural 
gas-based capacity, renewables, and pur- 
chases of power from cogenerators, other 
utilities, and independent power pro- 
ducers. Some of the lowercost options in 
the short term were coal-fired units and 
combined cycle units. In the long term, 
natural gas-based options, renewables, and 
clean coal technologies such as inte- 
grated gasification combined cycle units 
were lower in cost. An alternative in the 
short term to replacing the nuclear units 

with combined cycle units would be to replace the units with 
a combination of TVA-financed combined cycle units and pur- 
chases of power from other utilities, cogenemtors, or independent 
power producers. Such a strategy would also produce a com- 
bination of relatively low long-term costs, low short-term 
rates, and lower debt. 

Demand-Side Options: Several combinations of demand-side 
options were also evaluated. For this report, the demand-side 
replacement option was a 700-megawatt block of programs 
(installed by 2005) that is both low in long-term cost and does 
not increase electric rates over the short term. 

In all cases, the environmental strategy for compliance with 
Phase I1 add rain regulations is based on a combination of switch 
ing to low-sulfur coal at several plants and building a scrubber 
at Paradise Unit 3 and the Allen Steam Plant. 

The supply-side, demand-side, and environmental strate- 
gies will be thoroughly reviewed in the IRP process. 
A comparison of the five nuclear completion/replacement 
strategies for long-term total resource costs (TRC) and total debt 
in the year 2007 is represented in Figure 78-65 

DeM - Millions of S 

38000 : 

TRC (Millions 19955) 

A Build 4 
B Cancel BLN2 
C Cancel BLNl82 
D Cancel BLN182 8 BFNl 
E Cancel4 
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In Fwre  7845 the trade-off between 
long-term cos TRC on the horizontal 
axis) and debt m the year 2007 (vertical 
axis) is shown for the five strategies. The 
results indicate that completing the four 
nuclear units (A) has the highest debt 
and highest cost compared to other strate- 
gies. The strategy that results in the low- 

- est cost and lowestdebt is to replace all 
four nuclear units with alternative supply- 
and demand-side resource options. The 
other strategies indicate that not corn- 
pleting various combinations of the nuclear 
units and replacing them with other 
resource options would result in succes- 
sively lower long-term cost and debt. 

A comparison of these same five 
strategies for long-term cost and shm-term 
elecuic rates (average from 19% to 2000) 
is shown in Figure ma. 

Long-term costs are a measure of 
the long-term economic efficiency of the 
power system and short-term rates are a 
measure of short-term competitiveness. 
Short-term viability is extremely impomt 

TRC (Millions 1995 $) 

93.000 I I I I 

I 

Short-Term Rates (MillsntWh) 

A Build 4 
B Cancel BLN2 
C Cancel BLNlB2 
D Cancel BLNlL2 L BFNl 
E Cancel 4 

as the electric utility industry is deregulated and competition or 
competitive pressures increase. Low rates will be an important 
measure of success. 

The comparison of the five strategies indicates a trade-off 
between long-term TRC and short-term rates, as indicated by the 
dashed trade-off line. Building all four nuclear units results in 
the highest cost and lowest rates. whereas replacing all four units 
results in lower cost and a slight increase in rates. Replacing only 
Bellefonte Units 1 and 2 (C) results in lower costs but increased 
short-term rates. The short-term rate increase would result 
from an increase in rwenue needed to write off previously spent 
(sunk) capital expenditures on the nuclear units if these units 
are replaced. 

Replacing all four nuclear units has a lower effect on rates 
than replacing Bellefonte Units 1 and 2 only. One might 
expect that replacing all four units would have a greater 
effect on short-term rates than simply replacing two units, since 
the write-off of sunk cost for four units is greater. However. the 
short-term rate increases are less when replacing four u. * : rs  
because of other cost savings. The lower cost-to-complete, cap 
ital additions and improvements, and operation and mainte- 
nance costs for Browns Feny Unit 1 offset the increase in revenue 
needs due to write-offs. 
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Converting Bellefonte to Another Technology 
Three strategies for convening ~ellefonte Units 1 and 2 to an 
alternative technology are: 
1. Convert to a natural gas-fired combined cvde (CC) 
2. Convert to an integrated gasfiation combined cycle unit (IGCC) 

in which coal is gasified and the synthesis gas is used in a com- 
bined cycle unit - 

3. Convert to an integrated gadication combined cycle plant where 
some of the synthesis gas is used to produce a chemical coprod- 
u a  such as methanol (IGCCIP) 

Converting %tts Bar Unit 2 or Browns Feny Unit 1 to another 
technology is less feasible because there are, or will be, oper- 
ating nuclear units at these sites. Although not completely infea- 
sible. the shared systems would make conversion .mly difficult 
from a technical viewpoint. Thcs. for this repon, . nvening Watts 
Bar Unit 2 and Browns Ferry Unit 1 are not considered. 

These three Bellefonte conversion strategies are compared 
to the completion and replacement strategies previously eval- 
uated. For comparison purposes, all of the conversion strategies 
assume that Warn Bar Unit 2 and Browns Feny Unit 1 art: replaced 
by the same supply- and demand-side options as in the previ- 
ous comparisons. The completion, replacement, and conversion 
strategies are shown in Figure M 7 f o r  long-term costs and total 
debt in 2007. 
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Debt - Millions of $ 

E - - - - - - - - - - - - - - - -  
26.000 

24,000 
85,000 86.000 87,000 88.000 89,000 90,WO 91,000 92,000 93,000 - 

TRC (Millions 1995$) 

A Build4 E Cancel4 
B Cancel BLN2 F CancelCCConv 
C Cancel BLN1&2 G Cancel IGCC Conv 

. . D Cancel BLNl L 2  L BFN1 H Cancel IGCCIP Conv 

Debt - Millions of S 

TRC (Millions 1995s) 

A Build 4 F Cancel CC Conv 
B Cancel BLN2 G Cancel IGCC Conv 
C Cancel BLNI L2  H Cancel IGCCP Conv 
D Cancel BLN1L2 & BFN1 I Defer L Partner 
E Cancel4 

The conversion options (F,G, and HI com- 
pared to replacing all the nuclear units 0 
have higher debt associated with them The 
conversion to combined cycle (F) and 
integrated gasification combined cycle 
(GI also tends to increase costs by approx- 
imately $1 billion. The conversion to an 
integrated gasification plant with a chem- 
ical coprodua (H), although inaeasing debt, 
does lower long-term costs by approxi- 
mately $3 billion compared to replacing 
all of the nuclear units (0. 

Although not shown in Figure l8-67 
the conversion to combined cycle or the 
conversion to integrated gasification com- 
bined cycle with a coproduct (IGCC/P) 
have about the same effect on short-term 
rates as replacing all of the nuclear units. 

The conclusion from this comparison 
is that converting Belefonte to a combined 
cycle (CC) plant increases long-term cost 
and debt slightly compared to replacement, 
but appears to be a viable alternative to 
completing Bellefonte as a nuclear plant. 
The conversion to integrated gasification 
combined cycle with a chemical coprod- 
uct (IGCC/P); can significantly reduce 
long-term costs but significantly increases 
debt. To reduce the impact on debt for the 
conversion to a plant that produces a 
coproduct, TVA is exploring an option 
for a partnership to build the IGCC/P 
plant. This option will be fully explored in 
the IRP process. 

Bellefonte Nuclear Partnership 
Another strategy currently being explored 
by TVA is to enter into a partnership with 
another firm to complete Bellefonte as a 
nuclear plant. In this arrangement, the 
partner would complete the construction 
of the nuclear plant and TVA would buy a 
part or all of the electricity produced at pre- 
determined prices. Any profits from the sale 
of electricity would be returned to TVA and 
the partneds). This parulership strategy is 
compared to the completion, replacement, 
and conversion mtegies in Figure l8-68. 
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The Bellefonte partnership strategy is shown in Figure T8- 
68 as an '1'. Based on preiiminary assessments of the potential 
for a partnership arrangement, this strategy could reduce long- 
term cost and debt compared to replacing Bellefonte with 
alternative supply- or demand-side ~.esource options. Thus, a part- 
nership for Bellefonte will be fully evaluated in TVA's IRP. 

UNCERTAINTY IN KEY ASSUMPTIONS 
The strategies to complete the nuclear units, replace the nuclear 
units, convert Bellefonte, or enter into a p e r s h i p  to complete 
Bellefonte as a nuclear plant have been evaluated based on a 
mid-range set of assumptions discussed in the previous section. 
All of the evaluations have been based on a mid-range future 
that includes: 

The mid-range load forecast 
The mid-range cost and operating characteristics for the 
nudear plants 
Other assumptions necessary for the evaluations 
Basing the evaluations solely on the mid-range assumptions 

implies that we can perfectly forecast the future. Since no one 
has perfect fores~ght, it is necessary to evaluate the nuclear strate- 
gies using different assumptions about the future. Under the IRP, 
over 30 different parameters already have been analyzed, as well 

native futures as compared to the mid-range assumptiom. To 
derive these futures, we have varied the load forecas;, the 
cost-to-complete, the operation and maintenance cost, and the 
capacity factor of the nuclear units. The first future is a "low per- 
formance" future consisting of: 

Low load growth 
High cost-to-complete the nucleai units 
High operations and maintenance costs of the nuclear units 
Low nuclear capacity factor 

The second 'high performance" future consists of: 
The high load forecast 
Low cost-to-complete the nuclear units 
Low operations and maintenance costs 
High nuclear capacity factor 

A Comparison of Nuclear Completion 
and Replacement with Alternative Futures 
The effect on long-term cost and debt for the five nuclear 
completion and replacement strategies for the "low perfor- 
mance" future is shown in Figure T8-69. 

In Frure f19-69 the lowest cost and lowest debt option is 
to replace d:I four nuclear units with alternative supply- or dernand- 

as how variations in these parameters 
can change the evaluations of these 
strategies. From these analyses, we have 
idenufied the most imponant parameters 1 
or uncertainties whose variation could 
alter the evaluations of the nuclear strate- 
gies. These uncertainties are: 

The load forecast 
The cost to complete the nuclear plants 
The operations and maintenance cost for 
the nuclear plants 

The capacity factor of the nuclear plants 
Whether there will be future legislation 
on carbon dioxide (C02) emissions or 
greenhouse gases 

Further evaluations have indicated that 
decisions concerning completing the 
nuclear units versus replacing them would 
not be affeaed by possible future legislation 
on Ca emissions. In these evaluations3 CQ 
was valued at $5 and $10 per ton. Before 
it became a significant decision factor, 
CO2 would have to be valued at approx- 
imately $30 per ton. 

To examine uncertainty, the nuclear 
strategies have been evaluated for two alter- 
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side options. This result is the same as for 
the "mid-range forecast" shown in Figure 
78-59 in the "Key Assumptions" section. 

The same strategies evaluated with 
the "high performance" future are shown 
in Figure 78-70. 

In Figure 78-70. the five nudear com- 
pletion and replacement strategies are eval- 
uated for the "high performance" future and 
the resulting impacts on long-term costs and 
debt are represenred ?hese resulrs differ from 
previous results in that the lowest-cost 
option is to complete the nuclear units 
(A) compared to canceling the units (E). 
Completing the units (particularly the 
Bellefonte units) generally results in higher 
debt when compared to replacing them (A 
and E). 

SUMMARY OF ALTERNATIVE 
FUTURES 
For the "mid-rangen future and "low per- 
formance" future, the lowest long-term 
cost and debt strategy was the strategy to 
replace all four of the nuclear units. For the 
"high performance" future. the comple- 

Debts - Millions of S 

I 

26,000 I 
I I I I I I I 

~oo,aoo 101,ooo 102,000  om 104,000 105000 106,000 107,000 loam0 
* 

TRC (Millions 1995s) 

A Build4 
B Cancel BLN2 
C Cancel BLN1&2 
D Cancel BLN1 ti2 & BFNl 
E Cancel4 

tion of Watts Bar Unit 2 and Browns Ferry Unit 1 could reduce 
costs compared to replacing the units and not significantly 
increase debt in 2007. Thus, if we could predict for certain that 
the "high performance" future would occur. costs could be reduced 
by completing Watts Bar Unit 2 and Browns Ferry Unit 1 com- 
pared to replacing the units. 

An alternative that would allow TVA to gain additional mfor- 
mation about load growth and nuclear performance would be 
to defer until a later time the decision to complete or replace 
the nuclear units. If. in the near future, the "mid-range perfor- 
mance" or the "low performancen future appears more likely. 
the nuclear units could be replaced. If the "high performance" 
future seems likely, then the nuclear units could be completed. 
The additional cost of such a strategy is the cost of keeping the 
nuclear units in a deferred status, or approximately $10 to $20 
million per vear per unit. 

Deferral of the Decision on Watts Bar Unit 2 and Browns 
Ferry Unit 1 

Since there are clearly several strategies available for the 
completion and conversion of the Bellefonte units. an attrac- 
tive strategy may be to defer the decision to complete or replace 
Watts Bar Unit 2 and Browns Ferry Unit 1 for several years. An 

evaluation of a strategy to defer the decision on these units until 
the year 2000 is shown in Figures 78-72 and T8-72. 

Figure 78-71 indicates that deferral does not significantly 
raise long-term cost or debt compared to immediately replac- 
ing the nuclear unlts or replacing Watts Bar Unit 2 and Browns 
Ferry Unit 1. 

Deferring the decision to either complete or replace these 
two units provides flexibility to adapt to significantly different 
futures. With the "medium or low performance" furure. the deci- 
sion can be made to replace these two units. With the "high per- 
formance future." the decision can be made to complete 
construction of the nuclear units. The value of this flexibility is 
estimated to be about $200 rmllion more than the costs of keep- 
ing the nuclear units in a deferred status. 

Deferring a decis~on on Watts Bar Unit 2 and Browns 
Ferry Unit 1 also has a favorable impact on short-term rates as 
shown in Figure 723-72. 

In Figure 7&72 the continued deferral of both nuclear units 
is represented by 'D' if the deferred units are completed and by 
'B' if the units are canceled at a later date. Comparing the defer- 
ral strategies to the replacement strategies (A and C) indicates that 
short-term rates are reduced by defemng the decision on Browns 
Ferry Unit 1 and Watts Bar Unit 2. 
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Debt - Millions of $ 
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Thus, the continued deferral of 
Watts Bar Unit 2 and Browns Ferry Unit 
1 can provide flexibility to adapt to a 
highly uncertain future and reduce 
short-term rate changes compared to an 
immediate decision to either build or 
replace the units. 

SUMMARY OF NUCLEAR 
STRATEGY RESULTS 
Combining the different nuclear strate- 
gies is likely to produce a single strat- 
egy that minimizes debt, long-term 
costs, and short-term rates. Such a strat- 
egy could include: 

Completing Bellefonte as a nuclear 
plant with a partner 
Converting Bellefonte by TVA alone 
or in partnership 
Deferring a deasion to complete or 
replace Warn Bar Unit 2 and Browns 
Ferry Unit 1 
Replacing capacity with combined 
cycle units or a combination of com- 
bined cycle units and purchases of 

TRC (Millions 1995 $) 

Short-Term Rates ( M i l W h )  

A Cancel4 
B Cancel BLNl&2 DeferlCancel WBN2 8 BFNl 
C Cancel BLNl 82 Build WBNP & BFNl 
D Cancel BLNl 82 DeferlBuild WBNP 8 BFNl 
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term rate changes 

The change in debt from 1995 to 
2010 for such a strategy is shown in 
Figure l8-73. By the end of 1995, total 
TVA debt will be slightly less than $27 
billion. Wuhout a conversion at Bellefonte 
or a conversion with a partner provid- 
ing the capital funds, debt will remain 
slightly less than $27 billion through the 
year 2006. With the conversion of 
Bellefonte to combined cycle, debt 
increases to slightly less than $30 billion 
in the year 2002 and under the other con- 
version strategies, debt reaches $30 bil- 
lion in the year 2002. 
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Millions S 
40.000 

I 
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Note: Expand with CCnPP/Coal and Low-Price DSM 
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Ill. Conclusions 

" Convert to IGCC Comrt to IGCCICOpmdud No Conversion Convert to CC .- 

Evaluations of the nuclear strategies for the long-term cost, debt, 
short-term rate, and flexibility criteria lead to the following con- 
clusions: 

Continued TVA construction of Bellefonte Units 1 and 2 
and Watts Bar Unit 2 as nuclear units and restoration of Browns 
Ferry Unit 1 lead to higher costs and prevent TVA from lim- 
iting debt. 
Alternatives which could lower costs and limit debt include: 
- Replacing the nuclear units 
- Convening Bellefonte to another technology 
- Completing or converting Bellefonte in partnership 

with others 
Under certain conditions in the future, nuclear generation could 
emerge as a low-cost option. These conditions are: 
- High load growth 
- Improved nuclear performance 
Holding the nuclear option open can lead to lower short-term 

rate increases and increased long-term flexibility compared 
to rnmediate decisions to either complete or replace the nuclear 
units. Flexibility may be enhanced by: 
- Completing Bellefonte in partnership with others ($100 

million savings and reduced debt) 
- Convening Bellefonte to another technology in partner- 

ship with others 
- Deferring Watts Bar Unit 2 and Browns Ferry Unit 1 - 

(value of the flexibility gained by deferring these units 
is upwards of $200 million when compared to cancel- 
ing them immediately) 

TVA should not fund the completion or restoration of 
Bellefonte Units 1 and 2, Watts Bar Unit 2, and Browns 
Ferry Unit 1 as nuclear units. Instead, TVA should keep 
open alternatives for these units that would minimize short- 
term rates! increase long-term flexibility, minimize long- 
term costs. and limit debt. 
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AtteMBtiVe Ilesom 81ra$gies 
Sevaalposibksaategieshavebcendevelopedforthefournudear 
units, Bellefonte Units 1 and 2, Watts Bar Unit 2, and Browns 
Ferry Unit 1. These strategies include: 
1. Complete the units as nuclear units. 
2. Conven them to another technology. 
3. Cancel one or more of them and replace them with other s u p  

ply- and demand-side technologies. 
4. Defer the decision and decide at a later date either to com- 

plete, convert, or cancel the units. 

Completion ol the Nuclear Units 
Completing the units as nuclear requires continuing the projects 
as currently planned with TVA performing and paying for con- 
struction. The four nuclear units are described in Figure 72-74. 

Another option for completing the nuclear units is for 
TVA to enter into a partnership. Under this approach, TVA would 
contribute the nuclear asset as it is currently constructed to the 

project parmership. The other member(s) of the parmershtp would 
complete the units with non-TVA funds. The output of the plant 
after completion could be sold to TVA or other consumers at pre- 
arranged prices. Any profits from the sale of the electricity from 
the units would be shared by the partners: TVA and the other 
party(ies). TVA is currently exploring this type of arrangement 
for Bellefonte Nuclear Plant. 

Conversion to Alternative Technologies 
Alternatives for convening Bellefonte to a fossil-fueled facility 
have been considered since the late 1980s. The alternatives include 
converting the units to: 

Pulverized coal-fired units (PC) 
Natural gas-fired combined cycle (NGCC) 
Integrated gasification combined &le (IGCC) 
Integrated gasification combined cycle with coproduction of 
a chemical byproduct 
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hllefonte Bellefonte Browns Feny Watls Bar 
Unit 1 Unit 2 Unit 1 Unil2 

Plant Location Hollywood. AL Hollywood, AL Decatur, AL Spring City, TN 
Power Level 1212 MW 1212 MW 1065 MW 1170 MW 

Reactor Pressurized Pressurized Boiling Pressurized 
Type Water Water Water Water 

Reactor Reactor Reactor Reactor 
Nuclear Steam Babcock & Babcock & General Westinghouse 
Supply System Wilcox Wilcox Electric 
Manufacturer 

Construction 1974 1974 1967 1973 
Permit Date 
Construction 88% 5- 1 00% 61% 

Current $3.7 Billion $0.8 Billion 5 0.7 Billion $ 1.7 Billion 
Undepreciated 
Investment 
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The four nuclear units could be replaced with many different 
types of s"upply- and demand-side resource options. 

SUPPLY-SIDE OPTIONS 
Supply-side options are drawn from a variety of sources. Some 
are traditional power supply technologies, such as the pulver- 
ized coal and natural gas-fired combined cycle options. Other 
supply-side options describe oppomnities that unique to TVA. 
Examples of this second group include 
completing or converting the Bellefonte 
Nuclear Units or increasing the capacity 
of the Raccoon Mountain pumped-storage 
facility. Still other options reflect ongoing 
research and development of new tech- 
nologies including solar power, wind 
power, fuel cells, and some of the more 
advanced combustion technologies. 

A challenge faced in developing the 
supply-side options catalog is to ensure that 
a sufficiently broad spectrum of options 
is identified while still keeping the total to 
a manageable number. Clearly the nuclear 
completion, conversion, and cancellation 
options had to be included since they rep 
resented near-term decisions that TVA 
needs to make. Traditional options are 
included to provide a comparison with pre- 
vious work and because a number of 
these technologies are still viable options 
being constructed by other utilities today. 

1VA also reviewed 20 other utllay IRPs 
to determine if we had left out any irnpor- 
tant options. Comparing TVA's option 
list to the list extracted from the review 
provides some indication of reasonable- 
ness. Figure T8-75 illustrates this com- 
parison. With the exception of geothermal 
(which is not available to a significant 
degree in the TVA region), large solar col- 
lectors (which do not appear to be eco- 
nomical as compared to other solar 
options), and diesel generators (whlch are 
covered better as customer service options), 
the TVA list spans the range covered by 
other IRPs. 

Obtaining power supply from cogenerators and indepen- 
dent power producers (IPPs) has become common jn the util- 
ity indusuy. Generally, contracts for this kind of power supply 
are obtained through a bidding process after a utility defines its 
needs (in terms of capacity type, power level, and need dates). 
TVA has issued a request for proposals on options for fum power 
purchases. 

TVA also can buy power from other utilities. In the near term, 
some utilities in the region have excess generating capacity. This 
excess capacity is expected to be consumed by the early 
2000s, however. In the longer term, power pufihases from other 

% of lRPs Citing Option 
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Area Options MW 
Enerov Efficiencv 30 2.780 12.455 

GwH I 
setGeneration - 3 1 46 575 
Beneficial Electrification 14 -397 -1,931 
Rates 3 670 -1,533 

utilities will still be possible, but will likely have higher prices 
that reflect their cost of adding new capacity. 

DEMAND-SIDE MAWA6EMENT 
In addition, there are over SO different demand-side opt 
could be used to replace all or a part of the nuclear units. The 
demand-side options cover several different technologies includ- 
ing load management, energy efficiency, and renewables. 
Demand-side oprims have been developed for residential, 
commercial, and industrial customers. 

TVA's customer service options were developed in four 
key areas: 

Energy efficiency, including conservation and load rnanage- 
ment options 
Self-generation 
Beneficial electrification 
Pricing or rate incentives 

Figure 78- 7Gprovides a summary of all optio ns that have 
been developed by TVA to date for consideration in the IRP. Thirty 
options (17 residential and 13 commercial and industmi) have 
been developed in the energy efficiency classification. k gen- 
eral options have been identified for the cogeneration classifi- 
cation. Fourteen options spanning all sectors of the economy, 
including the transportation sector, have been developed for ben- 
eficial electrification. These options affect both the need for new 
generating capacity. in terms of megawatts (MW), and the 
level of electricity sales, in terms of gigawatt-hours (GWH) that 
WA would be required to provide. Thus, Figure l8-7Gshows 
that in 2005, over 2,500 megawatts of capacity savings are 
contained in the proposed energy efficiency options. Further, 
small-scale self-generation would reduce the direct demand on 
the TVA system by almost 150 megawatts. Time-of-day rates for 
the residential, cornme. ' and industrial sectors wodd reduce 
demand by 616 MW; r ever, energy use would ,i.::rease by 
1,533 GWH. Finally, beneficial electrification option5 represent 
an increase in the demand for electric capacity by almost 400 
megawatts. 
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Short-Term Decisions Long-Term Decisions 
(ISSS-1999) (2000-2020) 

w 
SUPPLY 

Build Bellefonte For Build, Cancel or 
Convert Bellefonte Convert. Options Are: 

-CTs, Coal -Coal 
-Combined Cycle -Gas-Based 
-Integrated Gasification -Clean Coal (IGCC) 
Combined Cycle (IGCC) -Renewables 

4GCC ~Xoproduction 
Cancel Bellefonte 
Cancel BellefoW 
Browns Ferry Unit 1 
Cancel Bellefontel 
Browns Ferry Unit 1. 
Watts Bar Unit 2 
If Cancellation, Replace with 
-Combustion Turbines 
(CTs), Coal 

-CTs, Combined Cycle 
-CTs, IGCC with or 
without Coproduction 

-Purchased Power, 
Cogeneration, lPPs 
-Phased CT. CC, IG"^ 
-Repower Fossil Li , 
-Market-Based Oph. 11s 

Hydro Modernization 
Storage Options 
Defer Nuclear Units :Then: 

-Build Nuclear 
-Cancel Nuclear 
-Convert Nuclear 

ENVIRONMENT 
Phase I1 Acid Rain Phase I1 Acid Rain 

-Reference Case C02 Offsets 
(Low Cost) 
-Minimum Debt 
-Minimum CO2 
-Advanced Technology 

Wood Cofiring 

Defer the Dedsian to Complete 
the Nucleap Units 
Another option is to defer the decision to either build, cancel, 
or convert some of the nuclr .nits to a later time period. This 
or?tio: '-*as been specificall) &red for Watts Bar Unit 2 and 
1 JW 'erry Unit 1. For th. minary analysis, the decision 
t w i  . ~r cancel the nuclea 6 could be deferred to the year 
2000. The deferral of the Belirionte plant was not considered 
since the partnering option and conversion option are being con- 
sidered at Bellefonte. 
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Short-Term Decisions Long-Term Decisions 
(lS6-1999) (2000-2020) 

MARKETS 
DSM DSM 

-Low Rates Beneficial Electrification 
-LOW Cod 
-Low Penetration 
-High Penetration 
-Renewables 
-Low Income 

Beneficial Electrification 
-Low Penetration 
-High Penetration 

Off-System Sales 
Distributed Generation 
Fuel Switch to Natural Gas 

PRICING 
Price Levels 
-Higher 
-Lower 

Pricing Structure 
-Current Practice 
-Time-of-Day 
-Real Time 
-Block Structure 

TRANSMISSION 
Efficiency Improvements 
East-West Transmission 

-Capability 
8 

Resource Strategies 
The numerous nuclear, conversion, and supply- and dernand- 
side resource options may be categorized into several different 
groups as outlined in Figure T8-77. 

In Figure T8-77, options have been categorized according 
to those which can be implemented in the short term and those 
for the long term. The options have also been grouped by type, 
such as supply, environment, market, pricing, and transmission. 

Slrategies Evaluated 

SUPPLY OPTIONS - NUCLEAR 
Build Bellefonte (BIN) 
Units 1 and 2, Browns Ferry 
(BM) Unit 1. and Watts Bar 
(WBN) Unit 2 
Build BLN 1. BFN 1, WBN 2. 
and Cancel BLN 2 
Build BFN 1, WBN 2, , 

and Cancel BLN 1 and 2 
Cancel All Four Units 
Convert BLN, 
Cancel WBN 2, BFN 1 

-Combined Cycle (CC) 
-Integrated Gasification 
Combined Cycle (IGCC) 

-IGCC with Coproduction of 
Chemical Product (IGCCIP) 

Defer WBN 2, BFN 1 
-Cancel BLN 1 and 2 
-Convert BLN to CC 
-Convert BLN to IGCC 
-Convert BLN to IGCCIP 
-Nuclear Partnership at 
BLN 1 and 2 

OTHER SUPPLY OPTIONS 
Short-Term Long-Term 
*Combined Cycle *Clean Coal (IGCC) 

Coal (Shawnee I I) Renewable 
Purchased Power, (Wind,Biomass) 
Cogeneration. IPPs 
Independent Power 
Producers (IPP) 

DEMAND-SIDE MANAGEMENT (DSM) 
No DSM 
LOW-Cost DSM Block 
(1 000 MW) 

*Low-and Medium-Cost Block 
(2000 MW) 

*Low-Price Block (700 MW) 

ENVIRONMENT 
*Phase II Acid Rain Strategy 
*Fuel Switch and Scrubber 

at Paradise Unit 3 
*All Fuel Switch Strategy 

For this study, options have been chosen from Figure T8-77in 
order to develop strategies. The possible strategies are shown 
in Figure 78-78. 
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tal compliance for TVA's fossil and hydro facilities. 

GERALD E. BROOKS 
Position: Manager, Specialist in Energy Resource 

Planning & Engineering 
Educatkm B.S., Mathematics 

MAT., Physics 
Ergenence: 17 years of experience in TVA power resource 
planning (reliability and production cost studies). Previous 
experience as meteorologist in U.S. Air Force and TVA air 
quality program. 

PHIUP 0. BROWN 
Position: Engineering Specialist 
Education: B.S., Nuclear Engineering 

M.E., Nuclear Engineering 
M.B.A. 

Ergenence: 19 years of experience in TVA fuel planning 
and evaluations. 

6ARY C. BUUOCK 
Position: Manager, Transmission Planning Department 
Education: B.S., Electrical Engineering Technology 

M.S., Electrical Engineering 
Experience: 19 years of experience in planning, operations, 
and construction of utility transmission systems at TVA. 

THOMAS F. B U N R  
Position: Project Manager/Specialist 
Education: B.S., Mechanical Engineering 
Experience: 23 years of experience in TVA engineering 
design, performance monitoring and testing, and research 
and development. 

ROY V. CARTER 
Pm'tion: Project Engineer 
Education: B.S., Biology 

B.S.C.E., Civil Engineering 
M.S.E., Environmental Engineering 

Expmrence: 18 years of experience in air pollution and 
environmental engineering at TVA. Previous experience 
includes air pollution engineering and air quality monitoring 
at the U.S. Environmental Hygiene Agency and the U.S. 
Anny Construction Engineering Research Laboratory. 
Registered Professional Engineer. 

CHAlWlTTE C. CHEN6 
Position: Power Supply Engineer 
Education: B.E., Electrical Engineering 

M.S., Elecuical Engineering 
Experience: 3 years of experience in TVA power resource 
planning. Previous experience in the electrical department 
at Johnsonville Steam Plant. 

J. DIANE CHRISTIAN 
Parition: Senior Financial Analyst 
Education: B.S., Business Administration 

M.B.A., Finance 
Erpenence: 23 years of experience in TVA financial, 
accounting, and management positions. 

JOSEPH L COWHS 
Position: Botanist 
Education: B.A., Biology 

Ph.D., Plant Taxonomy 
Experience: 19 years of experience in TVA environmental 
review and site assessment. Previous field experience with 
the general flora of the Southeast United States, Peru, 
Panama, and Costa Rica. 

RICHARD E. COLUHS 
Position: Generation Technology Specialists 
Education: B.S., Chemical Engineering 
Erpenence: 20 years of experience in TVA pollution control 
abatement. Registered Professional Engineer. 

EUZABETH A. CREEL 
Position: Manager, System Power Marketing 
Education: B.S., Mathematics 

M.S., Computer Science 
Experience: 19 years of experience in TVA power resource 
planning and bulk power marketing. 
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JAMES 1. CROSS 
Position: Vice President, System Planning and 

IRP Project Manager . 
Education: B.S., Mechanical Engineering 

M.S., Mechanical Engineering 
Expenence: 31 years of experience in TVA with all aspects 
of utility business. 

DEHWls 1. CURnN 
Pasition: Specialist, Natural Resource Management 
Education: B.S., Forest Management 

M.S., Forestry 
,Eqxmence 16 years of experience in WA natural resources 
management and forestry operations. 

MARTHA 1. DWOUL 
Position: Manager, Specialist in System Integration 

and IRP Coordinator 
Education: B.A., Business 

M.A., Economics 
Expenence: 18 years of experience in TVA load forecasting 
and power resource planning. 

w w m  A. DOYLE 
Position: Manager, Transmission Planning, (Retired) 
Education: B.S., Electrical Engineering 
Eqenence: 9 years of experience in planning; 39 years at 
TVA. 

HAROU) I. DRAPER 
Position: National Environmental Policy Act Specialist 
Education: B.S., Botany 

B.S., Conservation 
MS., Engineering and Policy 
D.Sc., Engineering and Policy 

Eqenence: 5 years of experience in TVA environmental 
impact assessment. Previous experience in state bioenergy 
and renewable energy program development, Florida 
Governor's Energy Office and Mississippi Energy and 
Transportation Division. 

RICHARD 1. DRIGOAIYS 
Position: Manager, Strategic Processes & Planning, 

Resource Group 
Education: B.S., Engineering 

M.B.A. 
l ipmeme: 18 years of experience in TVA research and 
development for electric transportation, communications, 
and expert systems; strategic planning; and technology plan- 
ning activities. Registered Professional Engineer. 

JOSEPH P. FRUUI 
Position: Manager, Special Studies 
Education: B.S., Mathematics 
l ipmeme: 15 years of experience in TVA load forecasting 
and power resource planning. 

6ARY P. GARRETT 
Position: Manager, Energy Resource Planning & 

Engineering 
Education: B.S., Electrical Engineering 

MS., Electrical Engineering 
Experience: 22 years of experience in TVA power resource 
planning. 

LARRY 1. GAUTWEY, JR. 
Position: Systems Analyst/Envipnmentd Modeler 
Education: B.S., Physics 

M.S. Ed., S. Physics 
Expenence: 20 years of experience with TVA developing 
and applying atmospheric dispersion models to support 
TVA's fossil program. 

JERRY 1. GOUlEN 
Position: Manager, Advanced Production and 

Environmental Technology 
Education: B.S., Mechanical Engineering 

M.S., Engineering 
Experience: 22 years of experience in TVA engineering 
design and project/program management for air pollution 
control projects; member of Acid Rain Advisory Committee, 
Climate Challenge Steering Committee. 

JUDY 6. DRlGGANS 
Position: Power Supply Engineer 
Education: B.S., Engineering 
Expertence: 2 years of experience in TVA demand-side plan- 
ning; 9 years with TVA solar and conservation programs. 
Registered Professional Engineer. 
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JUAN E. 60urrln 
Pasirion: Senior Economist for Economic Forecasting 
Education: B.A., Economics, Political Science, and 

Mathematics 
M.A., Economics 
A.B.D., Economics 

Expenence: 17 years of experience in TVA economic fore- 
casting and economic development. Previous experience 
includes research in economic forecasting and utility e c e  
nomics at the University of Florida. 

CHARLES H. 600MIARD 
Position: Manager, Technical Analysis (Acting) 
Education: B.S., Economics 

M.S., Economics 
Expenence: 3 years of experience in fuel supply planning. 
Previous experience includes financial analysis and forecast- 
ing, market research, and load analysis. 

J. B E N r n  GRAHAM 
Position: Senior Archaeologist 
Education: B.A., English 

M.A., Anthropology 
Expwrence: 21 years of experience for TVA in archaeologi- 
cal site identification, evaluation and analysis, and cultural 
resource compliance. Previous experience includes teaching 
anthropology at Wright State University and the University 
of Alabama; archaeological research in Southeast/Midwest 
United States, Costa Ria, and South Africa. 

ANDREW MOTH 
Position: Economist 
Education: B.A., Economics 

M.A., Economics 
A.B.D., Economics 

Experrence: 9 years of experience in TVA regional economic 
forecasting and research. 

JAMES A. HAU 
Position: Specialist, Generation Technology 
Education: B.S., Mechanical Engineering 
Experience: 17 years of experience in TVA Research and 
Development, Power Supply, and Fossil & Hydro Power; 
principal investigator for repowering study of TVA power 
plants. 
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6ARY H. HARRls 
Position: hdmger, Services Education, Training & 

Development 
Education: B.S., Business Administration 
Expenence: 3 years of experience in TVA education, train- 
ing and development. Previous experience includes crude 
oil, natural gas, and electricity production at Chevron U.S.A. 
Oil Company. 

MARY JANE HEAVENER 
Pmlion: Manager, Market Research 
Education: B.S., Business Administration 
hpenence: 25 years of experience in TVA market research. 

KATHY A. HECK 
Position: Manager, Public Participation 
Education: B.S., Education 

MS., IndustriaVOrganizational Psychology 
hpenence: 4 years of experience in TVA Nuclear 
Mechanical Quality Control; 9 years of experience in 
Individual and Organizational Development. 

MARK K. H IU  
Position: Specialist, Generation Technology 
Education: Bachelor of Mechanical Engineering 
hpenence: 16 years of experience-in TVA Research and 
Development, Fossil & Hydro Power, and fluidized bed 
combustion; principal investigator for TVA's greenhouse gas 
emissions reduction activities. 

JOHN W. HUTTOW 
Position: Staff Support Manager, TVA Nuclear 
Education: B.S., Mechanical Engineering 
hpenence: 20 years of TVA experience in nuclear power 
plant operations, engineering, planning, and licensing. 

ROBERT E. IMHOFF 
Position: Systems Analyst,Atmospheric Modeler 
Education: B.S., Engineering Science 

M.S., Environmental Engineering 
Erpenence: 20 years of experience in measuring and mod- 
eling atmospheric concentrations due to emissions from TVA 
sources. 
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WILUAM F. IRISH 
Position: Manager, Specialist in System Business Planning 
Education: B.S., Economics 

M.S., Economics 
Ph.D., Economics 

Expwrence: Experience in TVA risk management, evalua- 
tions of call and put option proposals, and system forecast- 
ing. Previous experience as staff economist for the North 
Carolina Utilities Commission. 

PHIUP H. NET 
Position: Area Communications Manager, TVA Energy 

Communications Staff 
Education: English and Social Studies 
Expwrence: 16 years of experience in business communica- 
tions; 9 years of experience in print and broadcast media. 

GARY L. JACKSON 
Position: Manager, Bulk Power Marketing 
Education: B.A., Mathematics 

Ph.D., Economics 
Expenence: 15 years of experience in TVA load forecasting. 
generation planning, suategic planning, business evaluation, 
and competitive market assessments. Previous experience 
includes teaching at the University of Tennessee at 
Chattanooga. 

ScOn c.  JON^ 
Position: Power Supply Engineer 
Education: B.S., Electrical Engineering 
Expenence: 4 years of experience in TVA power resource 
planning. Previous experience includes working in System 
Engineering at Watts Bar Nuclear Plant. Registered 
Professional Engineer. 

JOHN 0. JOSUN, JR. 
Position: Environmental Scientist 
Education: B.A., Psychology 

M.S., Human Development 
M.F., Forestry 
Ph.D., Forestry 

Ejcparace: 12 years of experience at TVA in research on air 
pollution effects on forests, soils, and streams. Previous 
experience in teaching, soil mapping, and horticulture. 

EDWARD 1. JULlAN 
Position: Fuel Supply Analyst 
Education: B.S., Geology 

M.S., Geology 
Ph.D., Mineral Economics 

Experience: 15 years of experience in TVA fuel market 
analysis, price forecasting, and fuel supply planning. 
Previous experience includes teaching and research ingeol- 
ogy and industrial and resource economics at North Carolina 
State University and Pennsylvania State University. 

HAWK E. JUUAW 
Position: Hydrogeologist/Civil Engineer 
Education: B.S.? Civil Engineering 

MS., Civil Engineering 
Eqermce: 6 years of experience in hydrogeologic charac- 
terization studies, groundwater modeling, and research. 
Previous experience includes technical consulting as an 
environmental engineer. 

J. MICHAEL KEUY 
Position: Senior Technical Specialist 
Education: B.S., Biology 

M.S., Plant and Soil Science 
Ph.D.! Forest Ecology/Soils 

Expwrence: 25 years of experience in research and analysis 
of air pollution impacts on terrestrial ecosystems. Certified 
Professional Soil Scientist and Fellow of the Soil Science 
Society of America. 

DAVID B. LAMB 
Position: Manager. Marketing Product Development 
Education: B.S., Agricultural Engineering 
Experience: 27 years of experience in energy end use appli- 
cations, program development, implementation, and 
evaluation. 

ALAN L. W O N  
Position: Quality Manager 
Education: B.A., Economics 

Ph.D.! Economics 
Experience: 15 years of experience in TVA load forecasting 
and planning. Previous experience includes teaching and 
research in economics at the University of Tennessee at 
Chattanooga. 
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JON M. LOIIEY 
Position: Manager, Environmental Management 
Education: B.S., Geography 

MS., Geography 
@enence: 23 years of experience in environmental plan- 
ning, review, and management related to energy, natural 
resources, and economic development. 

JW s. UIEDTKE 
Pasirion: Demand-Side Planning Specialist 
Education: B.A., Economics 
Ejqwnence: 2 years of experience in demand-side planning 
at TVA. Previous experience in demand-side planning and 
integrated resource planning with the Public Service 
Commissions of Michigan and Maryland. 

STEVEN K .  WET 
Position: Power Supply Engineer 
Education: B.S., Mechanical Engineering 
E q m e m e :  22 years of experience in TVA environmental 
engineering and demand-side and resource planning. 
Previous experience as design engineer on Skylab and 
Space Shuttle. Registered Professional Engineer. 

ROBERT A. MARKER 
Position: Recreation Specialist 
Education: B.S., Outdoor Recreation Resources 

Management 
I3pnence: 24 years of experience in recreation planning 
and management. 

scon P. mARTEU0 
Position: Economist 
Education: B.A., Economics 

MS., Economics 
Eqenence: One year of experience in TVA load forecasting. 

RICHARD M. MARTIN 
Position: Manager, Cost and Rate Analysis 
Education: B.B.A., Economics 

M.A., Economics 
Eqenence: 18 years of experience in electric utility cost-of- 
service and rate design. Previous experience includes 
research in fossil fuel supply and transportation. 

LYNN C. MAXWEU 
Position: Manager, System Integration and IRP 

Technical Manager 
Education: B.A., Economics 

M.A., Economics 
Ph.D., Economics 

Experience: 20 years of experience in TVA load forecasting 
and power resource planning. Previous experience includes 
teaching and research in economics at the University of 
South Dakota and the University of Wyoming. 

M U O R  C. R. rmcoLlnUGH 
Position: Project Engineer, Geographic Information and 

Engineering 
Education: B.S., Chemistry 

M.A., Anthropology 
Ph.D. Anthropology (Archaeology) 

I3qwrmce: 17 years of experience in cartography. 

BERT A. MCDOWEU 
Position: Electrical Engineer 
Education: Bachelor and Masters of Electrical Engineering 
Experience: 9 years of experience in planning, 15 years at 
TVA. 

ALEXANDER IAN MCLEOD 
Position: Environmental ~oordiktor,  Customer Group & 

TransmissiodPower Supply 
Education: B.A., English Language and Literature 
E?cpenence: 4 years of experience in environmental plan- 
ning and oversight. Prior experience includes 12 years in 
TVA Corporate Communications with focus on power 
resource planning and environmental issues. 

JAMES F. MEAGHER 
Position: Manager, Atmospheric Sciences 
Education: B.S., Chemistry 

Ph.D., Physical Chemistry 
Experience: 20 years of experience in air quality research at 
TVA. Previous experience includes research and teaching 
experience in atmospheric chemistry and physical chemistry 
at Pennsylvania State University and University of 
Washington. 



ROBERT 1. -16 
Position: Manager, Utility Planning 
Education: Bachelors and Masters of Electrical Engineering 
.kpnence: 22 years experience in power plant operation, 
maintenance and management; 3 years experience in power 
system planning. 

ROBERT C. M l W R D  
Position: Manager, Specialist in Load Forecast and 

Analysis 
Education: B.S., Economics 

M.B.A. 
Experience: 14 years of experience in TVA load forecasting 
and power resource planning. 

E. CHERl MlllER 
Position: Market Development Specialist in Fuel 

By-products 
Education: B.S., Biology 
Expenence: l j  years of experience in TVA environmental 
assessments, ground water quality, permitting, and site devel- 
opment work for coal combustion by-product utilization and 
disposal projects. 

PATRICIA H. MlUER 
Position: Senior Strategy Advisor 
Education: B.S., Mathematics 

M.S., Mathematics 
Education: 26 years of experience in utility operations, 
including analysis of utility industry restructuring, budgeting, 
and long-range planning. 

JACK D . MlUlGAN 
Position: Environmental Engineer 
Education: M.S., Environmental Engineering 
Expenence: 20 years of experience with TVA in water quality. 

COUEEN M. MOORE 
Position: Power Supply Analyst 
Education: B.S.? Electrical Engineering 
.Experience: 12 years of experience in TVA power resource 
planning and system power marketing. Previous experience 
in Engineering at Sequoyah Nuclear Plant. 
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LEONARD J. Mum 
Position: Senior Financial Analyst 
Education: B.S., Electrical Engineering 

M.B.A. 
Expnence: 5 years of experience in TVA finance organiza- 
tions. Previous experience as electronic desigdproject 
engineer. 

HlKl STEPHANIE MICHOW 
Position: Forest Ecologist 
Education: B.A., Biology 

M.S., Ecology 
Ph.D., Forestry 

Ejcpenence: 12 years of experience in forest ecology. 
Previous experience in science division of National Park 
Service and on research faculty at Virginia Tech. 

DAVID E. NICHOLS 
Position: Chemical Engineer 
Education: B.S., Chemical Engineering 

M.S., Chemical Engineering 
M.B.A. 

Expnence: 25 years of experience in TVA engineering and 
management including preparing Title V permit applications 
for TVA fossil plants and research and development for 
chemical processes. 

CHARLES P. NICHOLSON 
Position: Zoologist 
Education: B.S., Wildlife and Fisheries 

M.S., Wildlife Management 
Experience: 16 years of experience in TVA wildlife and 
endangered species management and assessment. 

NORRlS A NIELSEN 
Position: Meteorologist 
Education: B.S., Meteorology 

M.S., Meteorology 
Expenence: 20 years of experience in TVA applied meteo- 
rology for power programs and environmental assessments. 
Previous experience as Meteorology Group Leader at Radian 
Corporation; and as National Weather Service weather 
observer. 

STEPHEN F. MUEUER 
Position: Senior Environmental Scientist 
Education: MS., Meteorology 
Experience: 16 years of experience in TVA air quality analy- 
sis and research. Certified Consulting Meteorologist. 
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BARBARA 0. NIER' 
Positio* Ma: -1, Special Projet ts and IRP Coordinator 
Ed~cati In: B.S A M.S., Interdisciplimy 

Ph.D., Human Ecology, Planning, and Housing 
Experrence: 16 years of experience in TVA demand-side 
management, strategic, and system planning. Previous 
experience includes teaching and extension service at the 
University of Tennessee at Knoxville. 

PATRICIA HORTnCUTT 
Position: Team Leader, Mapping and GIS Services, 

Geographic Information and Engineering 
Education: B.S., Geoscience, Remote Sensing 

M.A., Environmental Mcdtoring 
h p n e n c e :  3 years of experience in TVA Remote Sensing 
and GIs. Previous experience includes remote sensing, GIs, 
and software design and development at Intergraph 
Corporation. 

P E W  K. O'DEU 
Position: Manager of Elecuonic Media 
Erpenence: 18 years of experience in graphics and graphic 
design. 

AMY T. PARHER 
Position: Manager, Fuel Supply Analysis 
Education: B.S.B.A., Accounting 
E p m n c e :  3 years of experience in oversight related to 
TVA's fossil fuel supply requirements; fuel accounting/finan- 
cia1 functional areas of TVA. Licensed Certified Public 
Accountant. 

BEVERLY J. PATTERSON 
Position: Computer Graphics Technician, Geographic 

Information and Engineering 
Education: A.A.. Graphic ArtdDrafting 
&. erience: 10 years of experience in TVA cartographic pro- 
d~ :on. Previous experience in cartographic work with 
government contractors. 

LAURIE SHERMAN PEARL 
Position: Recreation Planner 
Education: B.S., Forestry and Wildlife 
Experience: 17 years of experience in TVA recreation 
resource planning and management. 
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SAMUEL C. PERRY 
Position: Lmdscape Architect - Technical Supervisor 
Education: B.L.A . 
Ejcperrence: 25 years of experience in TVA Reservation and 
Site Planning. 

PAUL A. PIER 
Position: Environmental Scientist 
Education: B.A., Forest Science 

M.S., Forest Physiology 
Ph.D., Crop Physiology 

Experience: 7 years of experience in TVA biological 
research on air ~ d l u t i o n  effects and trace gas emissions. 

M. WMTON POWERS 
Position: Power Supply Engineer 
Education: B.S., Mathematics 

MS., Mathematics 
Ph.D., Mathematics 

Experience: 15 years of long-range planning experience 
including power resource planning and fuel supply planning. 

F. RUSSELL ROBERTSON 
Position: Manager, Commercial and Industrial Marketing 
Education: B.S., Electrical Engineering 

M.S., Electrical Engineering 
E3cpenace: 15 years of experience in TVA market planning 
and delivery of utility programs to the marketplace; test and 
evaluation of solar and renewable technologies. 

SUSAN HUMBER ROSS 
Position: Manager, Specialist in System Integration and 

IRP Coordinator 
Education: B.A., Economics and English 
Experience: 15 years of experience in TVA energy efficiency 
and marketing programs. 

MARK 0. SANFORD 
Position: Manager, Nuclear Corporate Licensing and 

Generation Planning 
Education: B.S.. Nuclear Engineering 

M.S., Chemical Engineering 
Experience: 4 years of experience with TVA in developing 
and evaluating new electricity generation r '  ms. Previous 
experience in design, construction. operatic and mainte- 
nance of n u c l e ~  power plants. 
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STEVEN C. SETTLE 
Position: Fuel Supply Analyst 
Education: B.B.A., Business Management 

M.S., Industrial Organizational Psychology 
Experience: 12 years of experience in oil and natural gas 
fuel market procurement and market analysis. Previous 
experience in other procurement fields. 

RICHARD A. SHlNW - 

Position: Manager, Transmission Development 
Education: B.S., Electrical Engineer 
Experience: 24 years of experience in TVA transmission 
planning and development. 

JOHN W. SHIPP, JR. 
Position: Manager, Environmental Services 
Education: B.S., Civil Engineering 

M.S., Civil Engineering 
Bpenence: 20 years of experience in TVA environmental 
services, including water resources, hazardous materials 
handling, and emergency operations. Registered 
Professional Engineer. Certified Hazardous Materials 
Manager. 

ROY E. SIEBER 
Position: Project Manager 
Education: Aeronautical Design 
Bpenence: 15 years of experience in TVA industrial rnar- 
keting, new product development, and demand-side plan- 
ning. Previous experience includes resource planning at the 
New York Power Pool and Long Island Lighting Company. 

R. CRAIG SMITH 
Position: Manager, Conservation and Load Management 
Education: B.A., Urban Studies and Planning 
Expenence: 3 years of experience in TVA demand-side 
planning and program implementation. Previous experience 
includes DSM program implementation at Pacific Gas and 
Electric and Pacific Power and Light Companies; regulatory 
experience at Michigan Public Service Commission. 

MICHAEL CHARLES SMITH 
Position: Senior Economist 
Education: B.A., Mathematics 

M.A., Economics 
Ej;penence: 15 years of experience in TVA economic devel- 
opment research and forecasting. Previous experience 
includes energy demand forecasting at Oak Ridge National 
Laboratory and teaching and research in economics at the 
University of Tennessee at Knoxville. 

MEREDITH H. SNYDER 
Position: Power Supply Analyst 
Education: A.S., Mechanical Engineering 

B.S., Mathematics 
M.Ed., Education 

Expenence: 9 years of experience in load forecasting and 
nuclear operations. Previous experience includes teaching 
in Hamilton County and at Chattanooga State Technical 
Community College. 

JOANNE V. SWANSOW 
Position: Decision Analysis Specialist 
Education: B.S.? Business Administration 

M.B.A. 
l3penence: 20 years of experience in TVA power resource 
planning. 

BYROW 0. STEWART 
Position: Manager, Bulk Transmission Planning 
Education: B.S., Electrical Engineering 
Epmence: 24 years of experience at TVA in planning. 

- 

ROBERT E. TAYLOR 
Position: Specialist, Peaking and Energy Storage 
Education: B.S., Engineering Science 

MS., Aerospace Engineering 
Erpetlence: 23 years of experience in TVA power plant 
engineering and research and development. 

R. LARRY TAYLOR 
Position: Manager, Electric System Operations 
Education: B.S., Electrical Engineering 

M.B.A. 
Epmence: 2 years of experience in TVA in areas of power 
system operation, bulk power marketing, and interchange 
operations. Previous experience includes consulting for the 
electric power industry; Vice President, Power Delivery at 
Florida Power & Light Company. 
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J. DAIIEL THOMAS 
Position: Project Leader, Forest Resources Information 

System 
Education: B.S., Forest Management 

M.S., Forestry 
i3- M c e :  12 years of experience in TVA Forest Resources 
In\. xory and Analysis Project, 2 years Forest Inventory, 
TVA. 

TOMW R. TnoMPm 
Position: Speciah, Generation Technology 
Ed-on: B.S., Mechanical Engineering 

M.S., Mechanical Engineering 
liqenmce: 18 years of experience at WA in fossil-fired 
power plant engineering, including conceptual design, 
detailed design, contract management, technical supervision, 
and project management. Previous experience includes 
nuclear power plant engineering. Registered Professional 
Engineer. 

FlwK C. T H O r n N  
Position: Specialist, Atmospheric Sciences 
Education: B.S., Environmental Sciences 

M.S., Forestry 
PbD., Forest Soils 

E.rqbenence: 9 years of experience in air pollution effects at 
TVA. Previous experience includes post-doctoral work in 
mineral nutrition of woody plants and metal toxicity in 
United States and abroad; agricultural consultant. 

CHARLES R. TlCHY 
Position: Historical Architect 
Education: B. Architecture 

M.A., Historic Preservation 
Experience: 16 years of experience as TVA Historical 
Architect. Previous experience includes State of New 
Jersey Office of Historic Preservaeion; hlstoric architect for 
Nassau County, New York. 

EDDIE TRAMEL 
Position: Johnson City Customer Service Center Manager 
Education: B.S., Electrical Engineering 
Expmence: 26 years of experience in TVA working with 
cusr men and distributors in marketing, conservation, rate 
anc muact administmtion, and program development and 
management. 

RALPH J. VALErm 
Position: Project Engineer 
Education: B.S., Meteorology 

M.S., Engineering 
Experience: 15 years of experience in TVA air quality 
research. Extensive experience in ground-based and air- 
borne monitoring and model evaluation studies. 

1. CHRISTY VALERlO 
Pasition: Economist 
Education: B.S., Agricultural Economics 

M.S., Ag~i~uhral  Economics 
M.S., Public Policy and Public Administration 
Ph.D., Economics 

Erpenence: 4 years of experience in TVA regional economic 
forecasting. Adjunct Professor at Tusculum College. 

cARmm M. WAUU~ 
Position: Computer Graphics Technician, Geographic 

Information and Engineering 
Education: High School Diploma 
Expenace: 18 years of experience in graphics composition 
and compute: graphics. 

BARRY B. WMTON 
Position: Assistant General Counsel, Enviro~lental 
Education: B.A., Political Science 

J.D., Law 
Experience: 22 years of experience in TVA's General 
Counsel . Office practicing environmental and natural 
resource law. 

JOHN WATKlNS 
Position: Economist 
Education: B.S., Math 
Experience: 25 years of experience in TVA load forecasting 
and 15 years in revenue forecasting. 

FRANCES P. WEATHERFORD 
Position: Senior Enviromental Scientist 
Education: B.A., Biology 
Experience: 20 years of experience in air quality research, 
monitoring, and other technical services related to air quality 
compliance. 
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KATW S. WHRAKER 
Position: Manager, Transmission, Distribution and 

End-Use 
Education: B.S., Civil Engineering 

M.S., Engineering 
Epmence: 12 years of experience in TVA engineering dis- 
ciplines; special assignment serving as the Public 
Participation Manager for TVA's Integrated Resource 
Planning development. 

JAMES 0. WHITE 
Position: Project Manager, Industrial Marketing, and IRP 

Coordinator 
Education: B.S., Geography/Biology 

M.S., Planning 
Eqmence: 20 years of experience in TVA regional devel- 
opment studies, and project management and evaluation. 
Previous experience includes community land use planning. 

JAMES 1. WHITEHEAD 
Position: Manager, Reliability Analysis 
Education: B.S., Electrical Engineering 
Eqmence: 26 years of TVA experience, primarily in 
planning. 

DALE V. WlUlElM 
Position: National Environmental Policy Act Liaison 
Education: B.S., Mathematics 

M.S., Meteorology 
Epmence: 20 years of experience in interdisciphnary envi- 
ronmental review. Previous experience as Agency NEPA 
Advisor. 

JAMES F. WILUAMSON, JR. 
Position: Environmental Scientist 
Education: B.S., General Science/Zoology 

M.S., Wildlife Ecology 
Ph.D., Fisheries and Wildlife Sciences 

Eqfmence: 4 years of experience in environmental reviews 
and preparing environmental documentation. Previous 
experience in forest and wildlife-related software and data- 
base development and forest biometrics. 

NEIL M. WOOMER 
Position: Senior Limnologist 
Education: B.A., Botany 

M.S., Biology 
Ph.D., Limnology 

Eqenmce: 15 years of experience in TVA aquatic monitor- 
ing and assessment. Previous experience as chief ecologist 
for water quality studies, Arkansas Department of Pollction 
Control and Ecology. 

B. J. WRIGHT 
Pm'tion: Manager, Customer Communications 
Education: B.S., Communications 

M.B.A., Marketing 
Ejcpenence: 12 years of experience in WA employee, mar- 
keting, and strategic communications; visitor relations; 
speechwriting; and advertising. 

CASSANDRA 1. WYUE 
Position: Statistician 
Education: B.S., Forestry 

M.S., Forest Biometry 
Experience: 10 years of experience in TVA data analysis of 
atmospheric effects on forests. 

DENNIS H. YANKEE 
Position: Programmer/Analyst ' 

Education: MS., Geography 
Ejcpenence: 7 years of experience with Geographic 
Information Systems. 
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ClJHW J. AlllDREWS 
Pasition: Assistant Professor of Public and International 

Affairs, Princeton University 
Education: Sc.B., Mechanical Engineering 

S.M., Technology and Policy 
Ph.D, Regional Planning 

Eapmewe: 17 years of experience in energy sector includ- 
ing integrated resource planning methods. Author of more 
than a dozen refereed articles on IRP, contributions on relat- 
ed topics, including Regulating Regional P m  Sysems 
(QuorumAEEE, 19951. 

JOHN R. BROOKS 
Position: Principal, Brooks Jenkins (Communications and 

Design Agency) 
Education: B.A., ~ounklisrn 
Eqmence: 25 years of experience in corporate cornmuni- 
cations and agency management. Extensive experience in 
the transportation and energy fields, including a ten-year 
assignment at the Institute of Nuclear Power Operations. 
Accredited by the International Association of Business 
Communicators. 

LORI CLE6HON 
Position: Art Director, Graphic Advertising, Inc. 
Education: AS., Advertising Arts 
Expenence: 6 years of experience in graphic design and print 
media. 

MAXIM R. WCKWORlH 
Position: Research Analyst, Energy Group, Telius Institute 
Education: B.S., Physics 

M.A., Physics 
Erpenence: Experience in electric power system modeling 
and planning analysis at Tellus Institute. Involved in TVA 
project to investigate potential level of competition from 
other electricity providers over the next 25 years. 

IBIS HOGAN 
Position: Senior Counselor, Jackson Jackson & Wagner 
Education: B.S., Journalism 

M.A., Holistic Education 
-e: Speciahzes in organization development, group 
acilitation, management training, development and produc- 
tion management of graphic systems, and community rela- 
tions and public participation groups. Contributor, pr 
reprtm, the international weekly professional newsletter; 
Contributor, Public Relations Practices, Managerial Case 
Studies and Probkms, Center and Jackson, 1989, 1995. PSRA 
National Conferences, Council on Advancement and Support 
of Education (CASE) Community Relations Conference, and 
American Institute of Cooperatives. Accredited by the 
Public Relations Society of America. Certified in Group 
Facilitation, Interface Foundation, Boston. 

JOHN I. JAMES 
Position: President, The Cube, Inc. 
Education: B.F.A.? Graphic Design 
Expenence: 5 years of experience hi management; 5 years in 
information technology; and 10 years graphic design. 

HEIDI KROU 
Position: Research Associate, Energy Group, Tellus 

Institute - 
Education: B.A., Economics 
Experience: Experience in the acquisition and analysis of 
economic, energy use, and conservation-related data under- 
lying integrated resource planning research in utility and 
regulatory settings; tracking development of TVA's first com- 
prehensive Integrated Resource Plan, on which Tellus is 
advising the TVA's Board of Directors. Participated in a 
comprehensive survey of utility and regulatory Integrated 
Resource Plan practices throughout the United States and 
helped draft proposed Integrated Resource Plan rules for the 
Kansas Corporation Commission and the Colorado office of 
Energy Conservation. 
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BRUCE IANDREY 
Position: Principal, Landrey & Hunt, Inc. 
Education: B.S., Journalism 
Eqxnence: 20 years of experience in public relations, 
investor relations, advertising, media and community rela- 
tions, and government affairs. Previous experience includes 
vice president of public relations for TVA, director of 
investor relations for Portland General Corporation, director 
of corporate communications at Portland General Electric 
Company, and strategy development at Edison Elecvic 
Institute, the Electric Power Research Institute, and the U.S. 
Committee for Energy Awareness. 

cw LAW 
Position: Owner, Chas Law Design 
Education: A.A.S., Communications Graphics Technology 
Epemnce: 4 years of experience in publication design. 
Previous experience includes teaching computer graphics, 
graphic design, and photography at Pellissippi State 
Technical Community College. 

RICHARD B. M W  
Parition: PrincipaVNEPA Manager, PTRL Envirorimental 

Servi&s 
Education: Ph.D., Marine Biology 
Eqmmce:  21 years of experience in environmental 
assessment. 

ISOBEL PARKE 
Position: Senior Counselor, Jackson Jackson & Wagner 
Education: B.A., History 

M.A., History 
Expenme: Specializes in strategic planning, crisis cornrnu- 
nication, emerging issues, environmental and waste disposal 
issues, coalition and consensus building, and naming suate- 
gies and graphic concepts. President, New Hampshire 
Timberland Owners Association, 1986-87; President, 
Rockingham County Woodland Owners Association, 1987. 
Contributor, Public Relations Pmctice, Managerial Case 
Studies and Problem, Center and Jackson, 1989, 1995. 
Accredited by and a Fellow of the Public Relations Society 
of America. 

WRY H N I G  
Position: Graphic Designer, Designworks 
Education: B.F.A., Painting and Drawing 
Eqmmce: 26 years of experience in publication design. 

RICHARD A. ROSEN 
P0s1'tion: Executive Vice-president, Director and Senior 

Scientist, Energy Group, Tellus Institute 
Education: B.S., Physics and Philosophy 

M.A., Physics 
Ph.D., Physics 

Experience: Research on integrated resource planning ener- 
gy conservation; electric generation planning issues; and 
modehg studies of long-range energy demand, utility sys- 
tem reliability, energy demand curtailment, and environmen- 
tal externalities and energy planning. Experience in integra- 
tion of supply-side and DSM options into integrated 
resource planning, including consideration of the costs of 
environmental externalities. 

RICHARD M. SANDVIK 
Posirion: Energy-Related Projects Consultant 
Education: B.A., Economics 

J.D. 
Erpenence: Experience in consulting for such firms as 
Bonneville Power Administration, U.S. Generating Company, 
and TVA. Previous experience includes General Manager 
and Director, Legal Depanment and Director of Strategic 
Issues Management for Portland General Corporation, and 
Senior Assistant Attorney General for the Oregon 
Depanment of Justice. 

RlCHlWl E. SArUHl 
Position: Program Manager, Geophex Ltd. 
Education: MS., Environmental Science 
Experience: 16 years of experience in environmental and 
safety assessment. 

KATHY L. W A S E R E  
Position: Database Administrator, PTRL Environmental 

Services 
Eqenence: 15 years of experience in computer science. 

GABRIEUE RAnlFF 
Position: Database Adrmnisuator, Geophex Ltd. 
Education: B.S., Computer Science 
Expenme: 2 years of experience in computer 
programming. 
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W I T  81WGH 
Position: Research Aksociate, Energy Group, Tellus 

Institute 
Education: B.Tech, Elecuical Engineering 

M.S., Electrical Engineering (Power 
Electronics) 
M.S., Electrical and Computer Engineering 
(Computer Systems Engineering) 
M.S., Technology and Policy 

,%penme: Experience in electric system planning, includ- 
ing power plant performance assessment, evaluation of 
power supply technologies, trans-&ion and distribution, 
costfbenefit analysis, and emission control technologies. 
Also worked on resource bidding and evaluation of qualify- 
ing facilities and independent power producing facilities. 

STEPHEN 1. THUMB 
Position: Partner, Energy Ventures Analysis 
Education: B.S., Chemical Engineering 

M.B.A., Finance 
Epenence: 7 years of experience directing oil and natural 
gas practice. EVA senior financial analyst for natural gas 
procurement, natural gadoil industry analyses, forecasting, 
acquisition and divesture analysis. Previous experience 
includes over 15 years in related industry positions. 

DOWAS H. W M l E l  
Position: Senior Consultant, Strategic Decisions, Inc. 
Education: B.S., Electrical Engineering 

M.S., Industrial Engineering 
Ph.D., Industrial Engineering 

Expenace: 22 years of electric utility planning experience 
with TVA, primarily in economic analysis and decision and 
risk analysis. 

GHMs WATTS 
Pm'tion: Contractor, Operations Simulation 

Associates, Inc. (OSA) 
Education: B.S., Engineering 
Expenace: 9 years of experience in resource planning at a 
utility. Previous expenence as utility consultant. 

THOMAS A. WINDHAM 
Position: Cartographic Design Specialist 
Education: B.F.A.. Graphic Arts 
Experience: 5 years of experience in cartographic design 
and production. 
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STEPHEN R. COIIHORS 
Pasition: Director, M.I.T. Electric Utility Program, 

Director, M.I.T. Analysis Group for Regional 
Electricity Alternatives 

Education: B A ,  Anthropology 
B.S., Mechanical Engineering 
S.M., Masters in Technology and Policy 

Experience: Participant of the Massachusetts Institute of 
Technology Energy Laboratory's Analysis Group For 
Regional Elecrricity Alternatives (AREA). Worked with New 
England's electric utilities, regulatory agencies, and business, 
consumer and environmental concerns to idenufy long- 
range strategies. Experience includes a broad range of 
energy and environmental issues ranging from electricity 
planning and regulation to identification of cost-effective 
emissions reductions, domestic and international. 

BARBARA A. MACMUUAW 
Position: Senior Analyst, National Economic Research 

Associates, Inc. 
Education: B.S., Natural Resources 

M.A., Economics 
Experience: Experience in research and analysis for the 
elecuic utility industry, including comparing cost of elecuici- 
ty from nuclear and coal plants, statistical analyses of 
nuclear and coal capital and operating costs and analysis of 
utility conservation programs. Assisted clients in all aspects 
of regulatory proceedings, includmg reviewing expert testi- 
mony, preparing cross-examination of opposing witnesses, 
and testifying on behalf of electric utilities in regulatory and 
other proceedings concerning the economics of nuclear 
power plants. Previous experience as a consultant evaluat- 
ing economic losses in wrongful death and accident cases. 

6WR6E M. MCCOLUSTER 
Pm'tion: Principal, Spectrum Economics, Inc. 
Ed2(tatiMI: BA., Mathematics and Chemistry 

MA., Mathematics 
Ph.D., Economics 

Erpenence: Specializes in econometric and statistical analy- 
sis for energy supply planning and calculation of economic 
damages in civil litigation. Applied these skills for ten years 
as a consultant, and for several years as a staff economist at 
two large investor owned utilities. Examples of projects 
include energy demand forecasting, probabilistic energy 
supply planrung, conservation and load management pro- 
gram savings evaluation, econometric modeling to value nat- 
ural resources, statistical hypothesis testing in discrimination 
cases, expert testimony and management of economic 
experts in civil litigation. 

JOHN H. WILE 
Position: Vice President, R. J. Rudden Associates, Inc. 
Educalion: B.A., Economics - 

Ph.D., Economics 
Experience: 20 years of diversified experience in the prac- 
tice areas of utility pricing, electric generation and transmis- 
sion planning, financial and economic analysis, strategic and 
resource planning, regulatory policy analysis, and related 
management and orgariizational consulting. 
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