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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 TVA 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 T4-1 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 the 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 choose not to
install a DSM measure (the hidden or market barrier 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 TVA 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 true. For example, a demand-side
option may offer an incentive program for purchases of more
energy efficient manufacturing equipment.  This equipment increas-
es productive efficiency even though it may use more electric-
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 eco-
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.
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6. Are there any other advantages to the Value Test?
Because the Value Test is a complete test of economic efficiency
that acknowledges the fallacy of the assumptions of the standard
tests, the Value Test allows all types of Customer Service
Options (including DSM) to be evaluated on a level playing field.
Customer Service Options include anything that TVA and dis-
tributors can do on the end-use customers’ side of the meter to
increase the value of electricity consumption, making this is a
useful test for Energy Vision 2020.

7. Are the components of the Value Test more difficult 
to measure?
Virtually all costs and benefits associated with customer service
and supply-side options are estimated and involve some degree
of uncertainty. The techniques that have been developed for the
Value Test provide means to develop parameters for the range
of uncertainty associated with the estimates of the different costs
and benefits.
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RATE IMPACT MEASURE (RIM) TOTAL RESOURCE COST
PARTICIPANT TEST (NON-PARTICIPANT IMPACTS) (TRC TEST*)

Benefits: +Electric Bill Reduction $226,868 +Avoided Supply Costs $173,420 +Avoided Supply Costs $173,420
+Incentives $46,664

Costs: -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 - $113,650 Net Benefits $68,937
Benefit/Cost Ratio 3.01 Benefit/Cost Ratio 0.60 Benefit/Cost Ratio 1.66

*Note: The TRC is the sum of participant and RIM or non-participant impacts.

Note:  The value test—as shown below—adds components to the participant test and the RIM (non-participant) test that have been omitted 
as a result of simplifying assumptions.

PARTICIPANT NON-PARTICIPANT IMPACTS TOTAL VALUE

Benefits: +Electric Bill Reduction $226,868 +Avoided Supply Costs $173,420 +Avoided Supply Costs $173,420
+Incentives $46,664 +Benefits due to low 
+Benefits due to low price of services 1 $12,441

price of services 1 $12,441 +Reduction in mkt barrier $6,268
+Reduction in mkt barrier costs 2

costs 2 $6,268

Costs: -Participant Costs $90,944 -Utility Costs $13,539 -Utility Costs $13,539
-Transactions Cost 3 $38,021 -Incentives $46,664 -Participant Costs $90,944

-Revenue Loss $226,868 -Transactions Cost 3 $38,021
-Long-Run Rate Impact 4 $2,585 -Long-Run Rate Impact 4 $2,585

Net Benefits $163,276 Net Benefits - $116,235 Net Benefits $47,040
Benefit/Cost Ratio 2.27 Benefit/Cost Ratio 0.60 Benefit/Cost Ratio 1.32

Listings in italic type indicate additions to participant test and non-participant test that differentiate the value test from the TRC test

1,2 Additional benefits to participants that reflect a lower price of services because of efficiency improvements or quality improvements plus reduced market 

barrier costs achieved by the utility program
3 Transactions costs to participants that reflect market barrier costs not removed by the program
4 Long-run rate impact to non-participants reflects the reaction of non-participants to higher prices caused by the program

FIGURE T4-1. Cost Effectiveness Test—Residential New Homes Program Example



Introduction
Environmental values are a fundamental part 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 years ahead, no major corporation will succeed with-
out a high regard for the environment…We must blend
environmental consciousness into everything that we
do—from managing our power system 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 Energy Vision 2020
Recognizing 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 man-
ner that meets or exceeds customers’ expectations. TVA has defined
“competitiveness” broadly to include promoting “sustainable” eco-
nomic growth.

National Environmental 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 eval-
uation. The most comprehensive level of review in the process
is the environmental impact statement. It provides a structure
for  involving the public and sets certain minimum analytical require-
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 strategy.  Because of the programmatic nature of the action,
the environmental analyses focuses primarily 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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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 concerns were linked 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, “smog” 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.

Third, issues that contribute to the same environmental impact
or consequences were then grouped together and measures devel-
oped to provide capability for quantitative evaluation (see
Figure T4-4). 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 T4-4 was associated with an envi-
ronmental impact measure in order to combine the multi-

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 criteria. The relative 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 T4-4 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 impact 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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• Acid Rain
• Acid Rain Strategy/Pollution

Credits
• Aesthetics
• Air Toxics
• Chlorofluorocarbons (CFC)
• Clean Air/Air Quality/Fossil 

Pollutants
• Clean Water/Water Quality
• Coal-Mine Reclamation

• Electric and Magnetic Fields
(EMF)

• Environmental Regulations
• Externalities
• Global 

Warming/Greenhouse 
Gases/Carbon Offsets/CO2
Constraints

• Human Health
• Lake Levels

• Land Use/Land Impacts
• Nuclear Safety
• Nuclear Waste
• Polychlorinated Biphenyls 

(PCB)
• Refuse-Derived Fuel (RDF)
• Regional Forests
• Right-of-Way Maintenance

• Smog/Volatile Organic 
Compounds

• Solid Waste
• Sustainability/Protection of 

Natural Resources
• Visibility
• Wetlands
• Wildlife
• Zebra Mussels

FIGURE T4-2. Environmental Concerns Identified through TVA’s Energy Vision 2020 
Public Participation Process
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Environmental Concern Issue/Pollutant (Linkage)

Acid Rain Acid aerosols, acid deposition, acid clouds
Acid Rain Strategy, Pollution Credits Alternative representative strategies will be evaluated in the IRP
Aesthetics New construction, windmills
Air Toxics Hazardous air pollutants, mercury inhalation/deposition
Chlorofluorocarbons (CFC) Unimportant IRP issue – being phased out by law
Clean Air, Air Quality, 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 nutrients/oxygen demanding substances, discharge of heat-
ed condenser cooling water, acid deposition, surface water intakes (including pumped stor-
age), facility construction and operation, mining operations, 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 qualitatively in IRP/EIS
Environmental Regulations Captured as uncertainties in the analysis
Externalities Captured by multi-attribute analysis – addressed qualitatively in IRP/EIS
Global Warming, Greenhouse Gases, Carbon Combustion byproducts, natural gas leakage, landfill/coal mine methane
Offsets, CO2 Constraints
Hazardous Waste Hazardous waste
Indoor Air Quality Indoor air quality
Lake Levels Addressed in TVA’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 IRP/EIS
Nuclear Waste Low- and high-level nuclear waste
Polychlorinated Biphenyls Unimportant IRP issue, being phased out on TVA system (PCBs)
Refuse-Derived Fuel (RDF) RDF is treated as an IRP option
Regional Forests Regional ozone, acid 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
Sustainability, Protection of  Natural Resources Addressed qualitatively in IRP/EIS; 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

FIGURE T4-3. Environmental Concerns and Linkage to Scientific Issues/Pollutants

Developing measurements for some impacts is even more
difficult; therefore, for a number of impacts, surrogate 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 identify reasonably, appropriate direct, indirect, or sur-
rogate measures. These potential impacts have been considered
qualitatively in Energy Vision 2020. Figure T4-4 shows the
measures proposed for each environmental impact.

ENVIRONMENTAL CONSTRAINTS
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



for purposes of analyses. These assumptions behave like con-
straints: one involves those formulated in TVA’s Tennessee
River and Reservoir 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 (SO2) 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. TVA 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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Issues/Pollutants Environmental Impact Measurements/Treatment

Acid aerosols (sulfate), ozone, particulates, indoor air quality, Human health—inhalation SO2, NOX, TSP, mercury 
hazardous air pollutants, mercury inhalation emissions—also Qualitative
Acid aerosols (sulfate), ozone, particulates Visibility SO2, NOX, VOC—also Qualitative
Regional ozone, acid deposition, acid clouds Forests, crops SO2, N0X—also Qualitative
Acid deposition, ozone Materials (structural and cultural) SO2, N0X—also Qualitative
Point source releases, hazardous air pollutants, mercury deposition, Human health—ingestion Nuclear power sales, fossil power
groundwater contamination, facility operation sales, hydro peaking power sales—

also Qualitative
Discharge of heated condenser cooling water, point source releases, Water supply, waste assimilation Thermal rejection to river, water
mining operations, evaporative water losses and cooling tower drift consumed, hydro peaking power
(consumption), water withdrawal (usage), facility construction and sales—also Qualitative
operation, groundwater contamination
Point source releases, solid waste, fuel production, air emissions, Aquatic life, biodiversity Thermal rejection to river, water
mercury deposition, construction site runoff, general site runoff, used, coal burned, nuclear power
acid mine drainage (nonpoint source pollution), low dissolved oxygen, sales, fossil power sales, hydro 
hydro power releases, releases of nutrients/oxygen demanding peaking power sales, new power 
substances, discharge of heated condenser cooling water, acid plants—also Qualitative
deposition, surface water intakes (including pumped-storage), 
facility construction and operation 
New construction, windmills Aesthetics/visual 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 Biodiversity Qualitative
Low- and high-level nuclear and hazardous waste generated, new Land consumption, land Qualitative
plants, new rights-of-way, new dams, strip mining, combustion by- management
products and management (ash and pollution control byproducts)
Combustion byproducts, natural gas leakage, landfill/coal mine Greenhouse gas emissions CO2—also Qualitative
methane, carbon sequestration
Indoor air quality Qualitative
Right-of-way maintenance Qualitative
Electric and magnetic fields Qualitative
Sustainability, protection of natural resources Qualitative

FIGURE T4-4. Issues, Related Environmental Impacts, and Measures
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TVA’s existing energy resources and many of the resource
options considered for Energy Vision 2020 can affect the nat-
ural environment in different ways.  Indices were developed to
help characterize how TVA power system operations and alter-
native energy strategies might affect the environment. All
indices were calculated relative to the reference strategy, which
was used as a baseline for comparison (See Technical Document
8, Resource Integration). The reference strategy is TVA’s “No Action”
alternative for purposes of its environmental review.

Each measure was normalized to cancel out the engi-
neering units which 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.

Step 1. Select strategies and determine values for the measures
(Tons of SO2 and NOX for the Forests and Crops Productivity
Index)

MEASURE/WEIGHTING FACTOR

Strategy          Sulfur Dioxide/.25 Nitrogen Oxides/.75

Reference 500,000 Tons 300,000 Tons
Strategy A 600,000 Tons 350,000 Tons
Strategy 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.

MEASURE/WEIGHTING FACTOR

Strategy          Sulfur Dioxide/.25 Nitrogen Oxides/.75

Reference 0.833 x 0.25 0.857 x 0.75
Strategy A 1.0 x 0.25 1.0 x 0.75
Strategy B 0.667 x 0.25 0.714 x 0.75

Step 3. Sum the index components across for each strategy (raw
index) and divide by the raw index for the reference strategy
to obtain the Forest and Crop Productivity Index for each strat-
egy baselined to the reference strategy.

MEASURE/WEIGHTING FACTOR

Strategy          Sulfur Dioxide/.25 Nitrogen Oxides/.75

Reference 0.208 0.643
Strategy A 0.25 0.75
Strategy B 0.133 0.536

Strategies Forest and Crop Productivity Index

Reference
(0.208+0.643)

(0.208+0.643)
= 1.0

Strategy A
(0.25+0.75)

(0.208+0.643) 
= 1.175

Strategy B
(0.133+0.536)

(0.208+0.643) 
= 0.786

CALCULATION OF ENVIRONMENTAL INDICES



Nature of the Problem
Externalities are activities that result from the production and con-
sumption of goods and services that impose costs or benefits on
society that are 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 externalities 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 externalities to the point
where the marginal benefits from reduced externalities equals
the marginal cost of reducing 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

exceed those for a coal-fired plant. If the external costs associated
with sulfur dioxide, nitrous oxide, and carbon dioxide are
included, the combined cycle plant has lower costs than the coal-
fired 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.

Environmental Externalities – World, U.S., 
and Utility Experience
The application of various policy instruments in pollution con-
trol or the reduction of external costs is shown in Figure T4-6 for
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
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FIGURE T4-5. Private and External Costs 
of Coal and Combined Cycle

Total 
Cost

TVA’S APPROACH TO EVALUATING EXTERNALITIES RESULTING FROM 
THE PRODUCTION AND CONSUMPTION OF ELECTRICITY
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similar to the policy approach to acid rain. Other countries, par-
ticularly 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 techniques from percentage cost adders for certain tech-
nologies to qualitative treatment of external costs. Several states
have rejected a monetization of externalities, including Michigan,
Alaska, Colorado, Delaware, and Connecticut.

For the states that have included external costs in utility resource
decisions, the values used to represent the external costs 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 the Application 
of Monetizing Externalities
Below is a summary of arguments both for and against for mon-
etizing externalities in the electric utility industry.

PROS
1. 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 internalizing 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 exam-
ple is the Wisconsin Public Service Commission’s decision “to
purchase ‘insurance’ against the risk of future costs” by adopt-

COMMAND AND CONTROL

MARKET Pollution
Pollutant Trading/ Emissions Fuel Choice Technology Reduction

Area Country Offsets Taxes Fees Liability Subsidies Standards Standards Standards Target

U.S. • • • • • •
SO2 Canada • • • •

Others • • • • • • • •
U.S. • • • • • •

NOX Canada • • • • • •
Others • • • • • •
U.S. • • • • • •

VOC Canada • • • • • •
Others • • • •
U.S. • • •

CFC Canada •
Others • •
U.S.

CH4 Canada
Others

U.S.
N20 Canada

Others

FIGURE T4-6. Application of Policy Instrument in Pollution Control



ing adders for greenhouse gases and promoting resources that
will reduce emissions of these gases now and at a cheaper price
than would occur by waiting for future regulations requiring reduc-
tions in emission of such gases.

3. Different resources can be compared consistently.
Proponents also believe that explicit recognition of the envi-
ronmental effects of different demand and supply options is nec-
essary to make consistent comparisons among resource options
with different prices, environmental impacts, and non-price fea-
tures. The use of adders and other techniques, they argue, will

encourage resource developers and/or bidders to develop
options that are relatively environmentally clean, since these options
will have a relative competitive advantage, when compared to
resource options with greater environmental impacts.

CONS
1. Commission action is inefficient and unnecessary.
Many opponents of environmental regulation by state commissions
contend that adding externalities to the regulatory agenda is inef-
ficient and unnecessary. They argue that additional action by
state commissions is unneeded, given the existence of state and

T E C H N I C A L  D O C U M E N T  4 : E V A L U A T I O N  C R I T E R I A

T4.10 ENERGY VISION 2020

POLLUTANT

AGENCY/REGION SO2 NOX VOC 1 CO TSP 2 CO2 3 CH4 N2O Water Use Land Use

New York PSCA 0.637 3.0405 0.1665 0.0006 0.1/kWh 0.4/kWh
Massachusetts 0.85 3.6 2.95 0.48 2.2 0.012 0.12 2.2

DPU B

Nevada PSC C 0.822 3.583 0.622 0.485 2.203 0.012 0.116 2.182
California PUC 11.745 15.724 11.231 3.402 0.0042

(SDG&E/SCE)
California PUC 2.243 4.56 2.118 1.312 0.0042

(PGE&E)
CA PUC 0.86 3.733 0.6505 2.304 0.0042

(attainment 
areas) D

BPA 0.79 0.466 0.812 0.0032 0.0002/kWh 0.0002/kWh
(west side)

BPA 0.79 0.0364 0.088 0.0032
(east side) E

Wisconsin 0.0075 0.075 1.35
PSC F

1 Volatile Organic Compound (VOC) values for California represent ROG (reactive organic gases)—a more inclusive definition, which includes the VOC gases and a few others.
2 Total Suspended Particulates (TSP) values for California represent values for PM10 — a more specific definition, which includes particulate matter most harmful to 

human health.
3 CO2 values for BPA were draft cost.  No final cost was 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, respectively.  (Economic Report of the President, U.S. Government Printing Office, Washington, DC, Table B-3,
January 1993.)

SOURCES:
A New York State Energy Office, Draft New York State Energy Plan, Vol. 3, July 1991, pp.-18 (issue 8), and pp. 1-51 (issue 9).
B Massachusetts Department of Public Utilities, “Investigation by the Department of Public Utilities on its own motion as to the environmental externality values to be used in resource cost-effective

ness tests by electric companies subject to the Department’s jurisdiction,” D.P.U. 91-131, November 10, 1992.
C Mitchell, Cynthia, “State Regulatory Experiences in Attempting to Quantify and Incorporate Environmental Externalities:  The Nevada 

Experiences,” 1991.
D California Public Utilities Commission, Decision 91-06-022, June 5, 1991.
E Buchanan, Shepard C., “Dancing with the Bear: Lessons Learned in Applying Externality Costs to Real World Resources,” paper presented at the National Association of Regulatory 

Utility Commissioners/U.S. Department of Energy Fourth National Integrated Resource Planning Conference, Burlington, VT, September 15, 1992.
F “Wisconsin PSC Orders that $15/ton CO2 Value Be Added to Utility Power Project Plans,” Utility Environment Report, May 29, 1992, p. 1.

FIGURE T4-7. Externality Values Used in Utility Resource Decisions (1992 $/lb.)



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 “piecemeal” 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 costs of pollutants. This could occur by singling out one source
of pollution out of many sources, one geographic area out of
many areas, one economic sector of indus-
try, or one fuel source from many. For exam-
ple, as indicated in Figure T4-8, the utility
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 switching from electricity to other
fuel and economic dislocation between
sectors of the economy (e.g., electricity, trans-
portation). The economic distortion could
include 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 “piecemeal”
problem is that many regulatory agencies
are including external costs only in new
resource decisions, which could bias

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 benefit-cost
analysis because the political process that produced a given level
of control reflects 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-
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2.0%

5.3%

20.0%

41.4%

33.3%
0.3%

34.3%
44.0%

21.4%

0.5%

62.5%9.0%

28.0%

35.9%

29.7%

22.2%

12.2%

Sulfur Oxides Nitrogen Oxides

Particulates Non-Methane VOCs

Carbon Monoxide Carbon Dioxide

Utilities Transportation Industry Other

FIGURE T4-8. Emissions by Sector in the United States



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 major uncertainties in dealing with the externality
problem is the difficulty of estimating the marginal damages from
the emissions of an externality. Sulfur dioxide emissions may cause
health problems with individuals, it may damage watersheds and
forests, and it may affect agriculture production. Estimating the
costs of these effects is extremely difficult; therefore, any result-
ing estimates may be highly uncertain, as previously indicated
in Figure T4-7.

5. Some air emissions are already regulated.
Existing regulations 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 regulations 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.

TVA’s Approach to 
Environmental Externalities
Given the many difficulties of monetizing externalities and the
lack of coherent position within the electric utility industry, TVA
does not monetize externalities in the Energy Vision 2020.

Rather, TVA has addressed externalities 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 potential 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.

Summary of the Rationale by Public Service
Commissions for Not Monetizing Externalities
A number of public utility commissions (PUCs) have offered rea-
sons or stated a rationale for not monetizing environmental exter-
nalities. Below is a summary of those statements.

Alaska. 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)

Colorado. 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-
tification of externalities are highly complex, and, at this time
still speculative… Given this state of knowledge, it would be pre-
mature to mandate utilities to monetize externalities.” (Docket
#91R-642E) (EPRINET, 1994)

Connecticut.  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
directed to use “trade-off analysis” which involves the use of com-
puter models to compare the external cost and benefits of power
plan scenarios.1 The process was developed by researchers at
Massachusetts Institute of Technology. (EPRINET, 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
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1 The externalities to be modeled include EMF, economic development, elec-

tric system reliability, fuel risk, and impacts on air, land, and water.  For air emis-

sions, only NOx and VOCs were determined not to already be fully internalized

by regulatory efforts.  The impacts of CO2 were to be assessed by utilities. Other

externalities determined to be fully internalized were SO2; ash, sludge; hazardous

waste disposal; nuclear waste; and noise, visual, and property impacts.

(EPRINET, 1994)



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 process 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 Utilities Commission
report strongly recommended against externality requirements
at this time. (EPRINET, 1994)

Michigan.  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)

Virginia.  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 Service Commission Testimony 
Regarding Monetization
In an Edison Electric Institute publication (1992), 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
Company 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 marginal cost of control 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 significant value or con-
cern (a value of zero).

Marc Goldsmith3 on behalf of several Illinois utilities tes-
tified that the quality and quantity of available data on environmental
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 Kahn4 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 Lave5 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 pollutants in areas where National Ambient
Air Quality Standards (NAAQS) are being met (an exception is
indirect 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.
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2 Dean, School of Public and Environmental Affairs, 

Indiana University.
3 President, Energy Research Group, Inc.
4 Special Consultant, National Economic Research Associates.
5 Professor of Economics and Professor of Engineering and Public

Policy, Carnegie-Mellon University.



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
resource decisions are affected, (2) cost effectiveness–minimization
of mitigation costs are not achieved, and (3) increased costs are
passed directly to the consumer. The Massachusetts 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 since 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 significant 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 Ruff 7 on behalf of Delaware Power and Light
Company recommended that the Public Utilities Commission not
adopt monetized environmental externalities 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: (1) 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-
internalized residual damages and applied only to net incremental
emissions after offsets; and (3) in lieu of a piecemeal approach
to environmental protection, the Public Utilities 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

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 utilities, 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 “large”
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 Tellus 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 emis-
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.
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6 Professor of Nuclear Engineering and Executive Director of the

Commission on Industrial Productivity, Massachusetts Institute 

of Technology.
7 Director, Putnam, Hayes & Bartlett, Inc.
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