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M
uch of the technical debate over the environmental costs
of electricity concerns a set of quantitative studies.
These studies were conducted mostly within the past
two decades, and they attempt to evaluate the environ-

mental costs associated with different electricity generating
technologies. The studies serve as focal points for discussion.
Their methodology, assumptions, results, and recommendations
are being examined and challenged by various stakeholders.

In many cases, the methods and assumptions of these studies
reflect the underlying values of the analysts who conduct the stud-
ies and the groups that sponsor them. These values often lie at the
heart of disagreements over estimates of environmental costs.
Understanding the technical methodology and assumptions of
environmental cost studies can help to clarify the values that are at
issue.

This chapter covers three areas. First, it discusses the general
structure and purpose of environmental cost studies. Second, it
summarizes the history and quantitative conclusions of a selected
group of studies. Third, it compares and contrasts the selected
studies in an effort to identify similarities and differences.

This chapter does not provide a detailed explanation of the
methodological issues surrounding environmental cost studies or
a detailed analysis of which methods are more or less appropriate.
This report focuses on different issues—the values and assump-
tions that underlie estimates of environmental costs and the im-
plications for using these studies in policymaking. These topics
are discussed at greater length in chapters 3 and 4.

|9



10 I Studies of the Environmental Costs of Electricity

THE PURPOSE AND STRUCTURE OF
ENVIRONMENTAL COST STUDIES
Environmental cost studies are a relatively recent
phenomenon. l The earliest studies that compared
several energy sources date from the 1970s, but
nearly all studies of current interest date from the
1980s and 1990s.

Many other studies exist that analyze other
types of costs (see box 2-1), but particular atten-
tion has focused on the environmental costs of
electricity. One reason is that such studies have a
built-in audience of government officials who reg-
ulate the environmental effects of electricity gen-
eration at both the state and federal levels. State
and federal agencies have funded several studies,
and many states have set policies based on the
studies’ results. Another reason is that, to conduct
an environmental cost study, a large body of scien-
tific research on environmental effects must exist
or must be created. Such an extensive base of re-
search may not exist in other areas.

Environmental cost studies are structured to fa-
cilitate comparison of energy sources by using
monetary values to summarize the environmental
effects of each source. A study examines a range
of environmental effects (e.g., health impacts of

from mining operations) of several energy sources
(e.g., coal, nuclear, and solar), and applies the
same general methods to each source. The cost of
each effect is quantified using a monetary value
and then, for each source, the monetary values are
added together to estimate the total cost of the en-
vironmental effects associated with that energy
source.

Environmental cost studies generally make es-
timates for several electricity generating technol-
ogies, including coal, nuclear, natural gas, oil,
hydroelectric, solar, and wind.2 In addition, sever-
al forms of each technology are often evaluated.
For example, fossil fuel plants may use different
technologies for pollution control, and there are
several approaches to generating electricity from
solar energy. Because each of these technologies
can produce different environmental effects, stud-
ies often treat them separately.

Environmental cost studies trace environmen-
tal effects through at least three related stages (see
figure 2-1):3,4

● Identifying emissions—the environmental re-
leases of byproducts of generation and use of
electricity. For example, air emissions from

air pollution and ecological damage resulting

IFor a genera]  in~~uction,  S= Harold M. Hubbard, “The Real Cost of Energy,” Scientific  American, April 1991, pp. 36-42. For a more
in-depth treatment, see Temple, Barker & Sloane, Inc. and Electric Power Research Institute, Environmental Externalities: An Overview of
Theory andl%wfice,  CU/EN-7294 (Palo Alto, CA: May 1991). For a technical introduction to economic theory and practice of environmental
cost studies, see G.M. Brown, Jr. and J.M. Callaway,  U.S. National Acid Precipitation Assessment Program, “Report 27: Methods for Valuing
Acidic Deposition and Air Pollution Effects,” Acidic Deposition: State of Science and Technology, Volume IV: Control Technologies, Future
Emissions, and Eflects Valuarion  (Washington, IX: U.S. Government Printing Off]ce, September 1990). For an extensive bibliography, see
Consumer Energy Council of America, Incorporating Environmental Externalities Into Utility Planning: Seeking a Cost-Effective Means of
Assuring Environmental Quality (Washington, DC: July 1993).

Zsome  studies even  discuss the environment costs of energy efficiency measures. For example, (ltinger  mentions two possible f2ffeCt.S:

1 ) indoor air quality may decline when buildings are weatherized, and 2) increased efficiency may lower a region’s peak energy demand and

shift load from gas-fired peaking turbines to base-load coal or oil plants. Richard L. Ottinger et al., Pace University Center for Environmental
Legal Studies, Environmental Costs of Electricity (New York, NY: Oceana Publications, 1990).

sAdapted  from tie discussion in: Oak Ridge National Laboratory and Resources for the Future, U.S.-EC Fuel Cycfe Study: Background

Document to rhe Approach andlssues,  ORIWJM-2500  (Oak Ridge, TN: Oak Ridge National Laboratory, November 1992). Early reviews of
externality studies also explicitly cite a similar structure. For example, Holdren  establishes a four-step process: 1 ) sources, 2) insults, 3) stresses,
4) consequences. John P. Holdren, Integrated Assessment for Energy-Related Environmental Standards: A Summary of Issues and Findings,

LBL-12779 (Berkeley, CA: Lawrence Berkeley Laboratory, October 1980).

‘@here is no entirely satisfactory taxonomy of externalities. They can be categorized by pollutant, by source, by impact, or by fuel cycle
phase (e.g., mining, processing, generation, use). See Andrew Stirling, “Regulating the Electricity Supply Industry By Valuing Environmental

Effects: How Much Is the Emperor Wearing,” Futures, December 1992, pp. 1024-1047.



Chapter2 Studies of Environmental Costs 111

This report focuses exclusively on the environmental costs of electricity generation, but several other
types of related studies exist. Some studies focus on nonenvironmental costs of energy. For example,
federal energy subsidies represent a nonenvironmental cost.l Tax dollars are used to pay the costs of
federal loan guarantees, energy assistance programs, research and development, energy services,
and funding of some administrative agencies. Energy consumers do not pay directly for these subsi-
dies, instead, all U.S. taxpayers bear the costs of these programs. Although nearly all taxpayers use the
energy sources affected by federal subsidies (and vice versa), users do not pay for those subsidies in
proportion to the amount of energy they use, Other nonenvironmental costs include induced public ex-

penditures (e.g., defense costs) and economic effects (e.g., production, employment, and trade bal-
ance).

Several other studies examine benefits as well as costs.2 For example, energy generation facilities
can increase employment. Whether an effect is a cost or a benefit can depend on factors other than the
effect itself. For example, additional jobs created by an electricity generating facility could be an eco-
nomic benefit to an area with high unemployment. Alternatively, that same job creation could be a cost
to an area with labor shortages.3

Finally, some studies focus on topics other than electricity. For example, a number of studies ex-

amine various costs of transportation that may not be completely included in prices (e.g., subsidized
parking and roads, vulnerability to oil supply disruptions, congestion, and accidents).4 Some of these
effects are energy-related (e. g., vulnerability to oil supply disruptions), but most of the effects examined
by these other studies have little direct bearing on electricity generation.

I u s, D~p~~tnlent  of  Energy, Energy  Information Administration, Federa/  Errer~  Subsidies. Direct and /ndlrect /ntefVent/ons in

Energy Markets, SR/EMEU/92-02 (Washington, DC, November 1992); and Douglas N. Koplow, Federa/ Energy Subsidies” Ener~,
Envwonmenta/,  and Fisca//mpacts  (Washington, DC Alliance To Save Energy, April 1993).

~he terms costs and benefits are used ddferently in different contexts, Deaths attributable to air pollution can be termed a cost of

energy generahon, preventmgthose deaths can also be termed a benefit of airpollutlon regulations. This report generally conforms to
the first usage

sAjay K s~nghl, “should  Economic impacts  @ Treated  as  Externalities?” The E/ecfricity  ~Ourna/, March 1 ~1 i PP 54-59

AU s Congress, Office of Technology Assessment, Saving Eneqyin the U.S. Transportation System, OTA-ETI-589  (wastWXon,
DC U S Government Prlntmg Office, July 1994), U S Congress, Congressional Research Serwce, “TheExternal Costs of 011 Used m
Transportahon,” June 3, 1992; James J. MacKenzie et al., The Going Rate  What/? Real& Costs To Drive (Washington, DC: World
Resources Institute, June 1 !392), David L, Greene and Paul N. Lelby, The Socia/Costs to the U.S. of the Monopohzation of the Wor/d Oi/
Market, 1972-1991, ORNL-6744 (Oak Ridge, TN Oak Ridge National Laboratory, March 1993), and Peter Miller and John Moffet, The
Price oftvfobhf-y  Uncovenng the Mdden Costs of Transportation (New York, NY: Natural Resources Defense Council, October 1993).

SOURCE Office of Technology Assessment, 1994

burning fossil fuels include S02, C02, and par- ■ Evaluating damages-the monetary value of
ticulates. See table 2-1 for additional examples. impacts. To the extent that environmental cost-

● Identifying and evaluating impacts—the physi- ing focuses on reducing all environmental im-
cal or socioeconomic effects of emissions on pacts to a single scale (e.g., dollars), evaluating
human health (e.g., cancer and emphysema), damages becomes a necessary step in the analy-
property (e.g., loss of commercial fishing or sis.
erosion of stonework by acid rain), and ecolog-
ical systems (e.g., decreases in biodiversity).
See table 2-1 for additional examples.
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Emissions Impacts Damages

o

I Oil

Coal
Human

Emissions health

SO2: Xx,xx
CO2: XxXx . . .

. . . . . . . . .
. . . . . . . . . . . . . . .

Total:

/
/

NOTE: This figure does not show the process for studies that relyexclusivelyon damage costing approaches (see chapters3 and 4 foradescription)

It also does not show the process of analyzing whether some damages are included in current electricity prices, a step that most existing studies
have not taken.

SOURCE Office of Technology Assessment, 1994
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Emissions

Air emissions: SOX, NOX1, COX, particulate,
trace elements, air toxics

Waste generation: Toxic, radioactive, solid, liquid
Radiation
Electromagnetic fields (EMF)
Thermal
Noise
Pesticide use around power lines
Runoff from mining, processing, and fuel storage

Impacts

Human deaths and illness: accidents, cancer,
respiratory illness, acute poisoning

Reduced production of crops, timber, or fisheries
Degradation of structures from atmospheric pollutants
Lost recreational opportunities
Degraded visibility
Loss of habitat and biodiversity
Use of land, water, and minerals
NOTE The lists are not comprehensive Not all impacts are tied to

emissions or pathways.

SOURCE Office of Technology Assessment, 1994

Environmental cost studies use emissions to
estimate impacts. Emissions travel through path-
ways to create an environmental impact. For ex-
ample, some studies estimate trace emissions of
S 02 through the pathway of acid rain to the
eventual environmental impacts on forest ecosys-
tems (see figure 2-l). In addition to emission-re-
lated impacts, studies make estimates of impacts
that arise independent of emissions. For example,
some accidental deaths and injuries result from
coal mining.

Next, environmental cost studies use impacts
to estimate monetary damages. Impacts are con-
verted to damages through a process of valuation.
For example, the monetary damages associated

with a lost forest ecosystem can be valued by sur-
veying nearby residents who use the forest for rec-
reation (see figure 2-l). It is not always possible
to attach monetary damages to impacts. Some im-
pacts are left out of damage estimates either be-
cause estimating damages is too difficult or
because the damages are assumed to be negligible.

Although these three stages are common to
many studies, they are far from universal. First,
some analysts advocate adding another stage to
environmental cost studies-evaluating whether
damages represent an economic externality (see
box 2-2). They argue that merely assessing dam-
ages provides only part of the information that is
important for policymaking. Second, some envi-
ronmental cost studies do not derive damages
based on impacts, but instead make damage esti-
mates based on existing legislative, regulatory,
and judicial decisions. These valuation methods,
referred to as control cost methods, are covered in
more detail in chapter 3.

SELECTED STUDIES
OTA selected eight environmental cost studies to
examine for this report (see tables 2-2 and 2-3).
There are several other recent and ongoing studies
in addition to those that OTA examined in detail
(see box 2-3). The eight selected studies demon-
strate both the promise and problems of environ-
mental cost studies. The studies were selected
based on the following criteria:

Comprehensiveness: Each study covers a range
of energy sources and environmental effects.
lnfluence: Each study continues to influence
current thinking of analysts and decisionmak-
ers.5

5For ~xample,  one study (Inhabel-,  1978) was excluded  on this bask. The Inhaber  report  has been strOnglY criticized for a variety of e~ors

(e.g., Holdren, 1979) and has little influence on current thinking. Herbert Inhaber, Risk of Energy Production, AECB-I  119/REV-2 (Ottawa,

Canada: Atomic Energy Control Board, November 1978); and John P. Holdren et al., Risk of Renewable Energy Sources: A Critique of the ln-
huber  Report, ERG 79-3 (Berkeley, CA: University of California, Energy and Resources Group, June 1979).
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Economists have devised a formal theory of environmental costs, They define some environmental
effects as externalities-costs imposed on society that are not included in the prices of the goods or
services. These costs are external, or outside, the existing system of energy pricing, By adding exter-
nalities to the market costs of energy, an analyst can estimate the total cost or social  cost of energy.

Some externalities have been avoided through environmental controls. Many environmental effects
are well documented and have resulted in environmental statutes, such as the Clean Air Act, Because
there are serious consequences for violating the statutes, utilities have installed pollution control equip-
ment to control emissions. Some of the cost of this equipment is passed on to consumers.

Other externalities have been included-or internalized—-in energy prices. For example, many ana-
lysts believe that wages in some industries (e.g., mining and construction) compensate workers for the
relatively higher risks they may bear. Wages of workers in these industries are included in the market
prices of energy, Other examples include settlements mandated by court verdicts in cases of environ-

mental damage and the costs of purchasing S02 emissions permits under the Clean Air Act. These

costs are incorporated into prices and thus partially or completely internalize the externalities,
Some environmental effects are not considered to be externalities. Environmental effects may remain

even after an externality has been fully internalized. For example, suppose a power plant releases an
air pollutant that is currently unregulated. If the pollutant has an environmental cost of $5 per ton, one
way of internalizing these costs is to charge utilities $5 for every ton of the pollutant their plants emit.
Such a tax would cause utilities to install pollution-control equipment-up to the point that the equip-
ment costs more than the emissions it prevents, Some residual emissions would remain because they
are too costly to prevent. At this point, it is cheaper for the utility to pay the tax than to control the re-
maining emissions.

Some critics of applying environmental costs argue that current regulations completely internalize
the environmental costs for many pollutants. If regulations implicitly or explicitly balance social costs
and benefits, then emissions have been reduced to an “optimal” level and the costs of that reduction
are passed on to energy consumers. If regulations do not accurately balance social costs and benefits,
then some environmental externalities may remain (if standards are set too low) or an economic ex-
ternality may be created (if standards are set too high).

However, other analysts point out that, even if existing regulations balance costs and benefits, the
remaining emissions still may represent an externality. Consider two different methods of reducing emis-
sions of a pollutant to the same level. One method is an emission tax, set at a level equal to the margin-
al damages caused by the pollutant. ’ Under this method, a utility will: 1) reduce emissions up to the
point where the cost of control is equal to the cost of the tax, and 2) pay the tax on the remaining emis-

sions. The utility either eliminates emissions or pays for the damages those emissions cause, An alter-
native method of regulating a pollutant is a mandated cap on emissions, set so marginal costs and
benefits are equal. Under this method, a utility will reduce its emissions to the mandated level, In con-
trast to the first method, the utility will not incur any costs for its remaining emissions. Under this meth-
od, the utility eliminates some of its emissions, but does not pay for the damages caused by the remain-
ing emissions. In the latter case, the damages represent an externality.

IThe term margjna/damages  refers to the damages associated with the “next” quantity of pollutant, rather than the average  dam-

ages associated with allprevious quantities. Because thecostsand  benefits of controlling emissions of pollutants can change with the

amount already controlled, It is important to examine margina/, rather thanaverage, values See chapter 4 for additional explanation,
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Some environmental effects of energy remain largely unregulated. If the environmental damages
from such pollutants exist, they represent clear examples of externalities. For example, the C02 emis-
sions of electric utilities are thought to contribute to global warming, but these emissions are not regu-
lated on the federal level, Several state public utility commissions (PUCs) have recognized the potential
of future damages associated with C02 emissions as an externality, and they require that utilities con-
sider C02 emissions during new capacity planning. To the extent that global warming is a serious envi-
ronmental threat, unregulated C02 emissions represent an externality-a cost of energy use not in-
cluded in the market price.

SOURCE Office of Technology Assessment, 1994.

• Methodological discussion: Each study pre-
sents a substantive discussion of the methods
used to create its estimates.6

Despite these similarities, the studies also dif-
fer in many respects:

Analysts and sponsors: Groups that conducted
studies include academic groups, consulting
firms, research organizations, environmental
groups, and government laboratories (e.g., re-
spectively, Pace University Center for Envi-
ronmental Legal Studies, RCG/Hagler Bailly
Inc., Resources for the Future, Natural Re-
sources Defense Council, and Oak Ridge Na-
tional Laboratory). Sponsors include utilities,
state governments, citizens’ groups, and feder-
al agencies (e.g., respectively, Boston Gas Co.,
New York State, Northwest Conservation Act
Coalition, and the U.S. Department of En-
ergy).
Age: The oldest study was published in 1982.
The newest studies (New York State and DOW

EC) are due to be completed in late 1994. In the
intervening years, there have been new devel-
opments in valuation methodology, available
data, and understanding of pollutant emissions,
transport, and health effects.
Size and complexity: Some studies are relative-
ly short and simple (e.g., Shuman and Cava-
nagh’s estimates are presented in less than 60
pages). Others are quite long and complex
(e.g., Pace’s analysis runs more than 700
pages).
Energy sources: Some studies deal only with
fossil fuels (e.g., coal, oil and natural gas). Oth-
er studies estimate costs for a range of other
sources (e.g., nuclear, solar, wind, biomass) as
well as energy -efficiency measures.
Methods: Methods vary widely among studies
(this topic is dealt within greater detail in chap-
ters 3 and 4).
Environmental: effects: The studies do not all
cover the same environmental effects. Some
studies deal almost exclusively with air emis-

6For ~xamp]e,  one frequently ~jted ~t”d~ (S~hj]~rg  et al., 1989) was excluded on his basis. ne s~dy cited ~d compared a number of

estimates, but did not contain extensive methodological discussion of its own. Gayatri  M. Schilberg  et al., “Valuing Reductions in Air Emissions

and Incorporating Into Electric Resource Planning: Theoretical and Quantitative Aspects,” California Energy Commission Docket 88-ER-8,
JBS Energy, Inc., report prepared for the Independent Energy Producers, Sacramento, CA, Aug. 25, 1989.
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Name Date Authors Sponsors Comments

U.S. Department of Energy
(DOE) and Commission of
the European Communities
(EC)

(forthcoming) Resources for the Future
Oak Ridge National Laboratories

U.S. Department of Energy;
Commission of the European
Communities

Unfinished. Resources:
$3 million and 36 months.

New York State (forthcoming) RCG/Hagler, Bailly, Inc. New York State Energy Research
and Development Authority;
Empire State Electric Energy
Research Corp.
Electric Power Research Institute

Unfinished. Resources: $1.75
million and 36 months. Will
rely partially on DOflEC
results.

Pace

Tellus Insitutute

1990

1990/1991

Richard Ottinger, et al.
Pace University Center for
Environmental Legal Studies

New York State Energy Research
and Development Authority;
U.S. Department of Energy

o

Limited to air emissions of
fossil fuels. Specific to
California and Northeastern
Us.

Stephen Bernow et al.
Tellus  Institute

Several state energy agencies
and utility regulatory bodies
(Vermont, Massachusetts,
California, and Rhode Island)

Paul Chernick and Emily Caverhill
PLC, inc.

Boston Gas Co.; filed with the
Massachusetts Department of
Public Utilities

Chernick and Caverhill 1989

1988 Specific to the former Federal
Republic of Germany.

Hohmeyer Olav Hohmeyer
Fraunhofer-lnstitute for Systems
and Innovation Research,
Federal Republic of Germany

Commission of the European
Communities

Bonneville Power
Administration (BPA)

Shuman and Cavanagh

1983-1987

1982

ECO Northwest
Biosystems Analysis
Nero and Associates

Bonneville Power Administration;
U.S. Department of Energy

Seven studies, each on a
different source (e.g., coal,
nuclear).

Specific to Northwest U.S.Michael Shuman and Ralph
Cavanagh, Natural Resources
Defense Council

Northwest Conservation Act
Coalition

NOTE’ Names reflect terms commonly used to refer to the study in subsequent literature. Sponsors do not necessarily endorse or agree with a study’s findings, particularly in the case of

government agencies Studies were selected based their comprehensiveness, influence, and methodological discussion. Several other studies exist that do not meet one or more of OTA’S
selection criteria. See box 2-3 for recent studies not reviewed in this report.

SOURCE. Office of Technology Assessment ,1994



DOE-EC Nevv York State Chernick and Shuman and
(unfinlshed) (unfinished) P a c e Tellus Caverhill Hohmeyer BPA Cavanagh

Sources
monetized

coal
oil
natural gas
nuclear
solar (PV)
wind
hydroelectric
biomass
conservation

coal (4)
oil (3)
natural gas (3)
nuclear (2)
biomass
MSW
hydroelectric (2)
wind
solar (2)

coal (4) coal (4)
oil (4) oil (7)
natural gas (3) natural gas
nuclear (3)
solar
wind
biomass
efficiency

coal (4) fossil fuels
oil (4) nuclear
natural gas (4) solar (PV)

wind

coal (2) coal
oil nuclear
natural gas wind
nuclear solar (hot water)
biomass efficiency
MSW
geothermal
solar

(central)
wind
hydroelectric

— —demand-side
management

Sources
discussed,
but not
monetized
Emissions
with
monetized
impacts

w a s t e - t o - e n e r g y  — — ——
hydroelectric
geothermal

SO2

NOX

N20
c o2

co
particulate
volatile

organics

(not
applicable)

s o2 air pollutants (varies) air pollutants(not available) so2

NOX

particulate
nitrates
lead
mercury
ozone
acid aerosols
air toxics
water pollution
radiation
solid waste

human health
property

Sox

NOX

c o2

particulate
radiation
nuclear

accidents
noise

NOX c o2 c o2

c o2 nuclear
CH4 accidents
marine oil spills indust.

accidents
noise

radiation
nuclear

accidents
indust. accidents
transp. accidents

M

o
human health human health
property property

human health
property

damage
global warming
crop damage
land use
visibility

(varies) human health
property

damage
global warming
proliferation

Monetized
impacts

(not available)

damage damage
global warming global warming
ecosystem ecosystem

damage damage
crop damage land use
livestock
timber
visibility

damage
crop damage
fisheries damage
land use
visibility

—



DOE-EC New York stats Chernick and Shurnan and
(unfinished) (unfinished P a c e Tellus Caverhill Hohmeyar BPA Cavanagh

Effects (not available) energy security
quantified
but not
monetized

Effects noted (not available) C02

but not
quantified

Stages or emphasis on mining
activities generation fuel processing
monetized transportation

generation

Valuation (damage cost) (damage cost)
methods

acid rain; water
use and pollution;
thermal pollution;
land use; solid
waste; methane;

ecosystem
effects;
non-routine
nuclear
emissions;
damage to
historical
monuments;
livestock;
forestry;
electro-magnetic
fields

generation
decommissioning

market
contingent
hedonic
mitigation cost

—

water
pollution,
noise, traffic

generation
(air
emissions)

control cost
mitigation
cost

particulate;

air toxics; carbon
monoxide; ozone;
electro-magnetic
fields; herbicide
use on
transmission
rights-of-way;
land use; waste
disposal; water
pollution; thermal
pollution; N20;
indoor air
pollution

generation

market
control cost
mitigation cost

—

species loss;
routine nuclear
emissions;
damage to
historical
monuments;
production of
intermediate
goods used in
energy
generation;
impacts of stages
of fuel cycle
besides
generation

generation

market
hedonic
mitigation cost

(varies) —

(varies) water
consumption;
recreation losses;
fish and wildlife
mortality;
aesthetic
damage;
transmission and
distribution

(varies) extraction
transportation
generation

(varies) market
hedonic
control cost

NOTES: Numbers m parentheses in “Sources” indicate the numtxx of different systems within the general source category that were considered (e.g., “Coal (3)” indicates that the study

estimated environmental costs for three different types of coal plants). When effects are listed as “quantified but not monetized, ” monetization may have been discussed, but the study
produced no specific monetization estimate. Not all emissions, impacts, or effects were necessarily estimated for all energy sources, The Pace study discusses hydroelectric, but does not

estimate monetized environmental costs for this source. Information in some studies had to be adapted to fit the structure of this chart. Valuatlon techniques based on damage costs include
market, contingent, and hedonic valuation. Human health includes both public and occupational impacts. Some studies estimate nonenvironmental costs such as subsidies and macroeco-

nomic effects; these are not included in this chart. The source listed as “efficiency” denotes several different approaches; Pace evaluated demand-side management; Shuman and Cava-

naugh evaluated household weatherization. Valuation methods are discussed in greater detail in chapter 3.

SOURCE: Office of Technology Assessment, 1994.
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The following studies were identified in the course of OTA’S analysis but are not extensively reviewed
in the body of this report Each is briefly discussed below and its Implications for the report are ex-
plored

Studies
Nevada: These two studies were prepared by National Economic Research Associates, Inc. (NERA)

for two Nevada utilities (Sierra Pacific Power Co, and Nevada Power Co ),1 The studies estimate envi-

ronmental costs for five conventional air pollutants (PM-1 O, NOX, SOX, VOC, CO). In addition, estimates

are made for environmental costs associated with four greenhouse gases (CO2, CO, methane, and

N20) These latter estimates are based on estimates made by other studies and the reports note they
are highly speculative. All estimates are given in terms of dollars per pound of pollutant. The study does
not derive overall environmental costs associated with particular power or plant types. In this way, the
Nevada studies differ from the studies reviewed in the body of the report.

Australia: This study was prepared by RCG/Hagler, Bailly, Inc. and SRC Australia Pty Ltd. as part of

a larger project to evaluate and develop externalities policy for Victoria, a province in Australia.2 The
project was commissioned by the Victorian Department of Energy and Minerals and also sponsored by
the Commonwealth Department of Environment, Sport and Territories, the State Electricity Commission
of Victoria, the Gas and Fuel Corp. of Victoria, and the Renewable Energy Authority Victoria. Environ-
mental cost estimates were made for particulate, nitrogen oxides, sulfur dioxide, ozone, air toxics,
wastewater discharge, solid waste, and greenhouse gases. Estimates also were made of the socioeco-
nomic benefits. The estimates are specific to the Latrobe Valley, a particular geographic region in Victo-
ria, Although the report focuses on estimates in terms of dollars per pound of pollutant, the costs of one
specific power plant are provided.

Wisconsin/Minnesota: These two studies have been prepared by RTI and NERA for U.S. utilities in
Wisconsin and Minnesota. In both cases, the studies have not been made public by their sponsors, due
to their use in pending rate cases before state regulatory commissions. They will be released by the
end of 1994.

California Energy Commission: For several years, the California Energy Commission (CEC) has
sought to quantify environmental costs of constructing new generating facilities. These analyses have
been part of the Energy Report process, a formal process that includes adopting environmental cost
estimates to be used for energy planning. The 1992 Energy Report process used values based on esti-
mates made by Regional Economic Research, Inc. This research recently has been compiled into a

single document.3

1 Nahonal Economic Research Associates, Fma/ Repofl. Externa/ Costs of E/ectric Utility Resource Se/ection m Nevada, report
prepared for the Nevada Power Co (Cambridge, MA March 1993), National Economic Research Associates, Fina/Report  ExZerna/

Costs of Hectric  UtI/W Resource Se/ecflon m Northern Nevada, report prepared for Sierra Pacific Power Co (Cambridge, MA De-
cember 1993)

2 RcG/Hag@ Ba(lly, Inc and SRCAustralla Pty Ltd., Extema/ity Po/icy/3eve/opn?errtProject”  Energy Sectoc cOfrSUftantS’sU~Ma-

ry Report for the Uctorlan Study (East Melbourne, Victoria Department of Energy and Minerals, October 1993)
3 Mark A Thayer  et al , Regional Economic Research, “The Air Quality Valuation Model, ” draft report, Apr 21, 1994

(continued)
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Implications
The Nevada, Australia, Wisconsin, Minnesota, and CEC studies are not discussed elsewhere in this

report. In the case of the Wisconsin and Minnesota studies, they could not be discussed because suffi-

cient information was not available, In the case of the Nevada, Australia, and CEC studies, they provide
only limited results. The Nevada studies provide cost estimates for air emissions only, and do not pro-
vide comparative figures for different types of power plants. The Australia study provides estimates for a
more comprehensive set of effects, but only applies those figures to evaluating the overall costs of a
single type of plant (a coal-fired power plant). The CEC study provides estimates only for air emissions
and only for a limited number of generating technologies that are being considered in California.

Results from these newer studies do not alter OTA’S overall findings, The estimates of environmental
cost studies still vary widely, depending on the values and assumptions embedded within the studies.
Differences in these values and assumptions are unlikely to be resolved by technical studies, Accepting
the results of a particular study involves the implicit or explicit acceptance of a large set of assumptions
about what effects to include and how to value those effects,

Results of these newer studies confirm several of OTA’S findings. First, their cost estimates are gen-
erally far lower than many previous studies. The two Nevada studies make cost estimates associated
with different air emissions that are between 30 percent and less than 1 percent of similar cost esti-
mates of the Tellus and Pace studies. Similarly l the Australia study estimates the environmental cost of
an existing coal plant as between 0.0013 and 2.3 cents/kWh, with a central estimate of 0.0020 cents/
kWh. By comparison, the Tellus and Pace studies make estimates ranging between 3 and 10 cents/
kWh. These results reinforce the conclusion that cost estimates are extremely variable. Second, results
of these newer studies differ from results of other studies in ways discussed in chapter 4. In comparison

with many other studies, these newer studies are more restrictive in the categories of costs that are

included and in how those costs are valued. Consequently, their cost estimates are lower than those of

many earlier studies,

SOURCE. Office of Technology Assessment, 1994,

●

sions of fossil fuels, others include emissions
such as oil spills and impacts such as nuclear
war.7

Categorization of effects: Several of the studies
categorize environmental effects by emissions,
presenting results for S02, C02, NOX, and other
emissions and then adding them to obtain over-
all estimates of environmental costs (e.g., Pace,
Tellus, and Chernick and Caverhill). Other
studies categorize effects by type of impact

such as flora, fauna, human, and climate im-
pacts (e.g., Hohmeyer).
Technology specificity: Some studies group a
number of different technologies into a single
category. For example, Hohmeyer’s study pro-
duces only a single estimate of environmental
costs for all fossil fuels. In contrast, other stud-
ies (e.g., Pace, Chernick and Caverhill) differ-
entiate estimates based on generation tech-

7one Swdy (shurn~ ~d cav~agh) includes tie risk of nuclear war in its high-end estimates of environmental CONS  associated  wi~ nu-

clear power. They contend that use of nuclear power increases the proliferation of nuclear weapons, and proliferation increases the risk of nu-
clear war. Michael Shuman  and Ralph Cavanagh, A Model Conservation and Electric Power flanfor the Pacijic Northwest, Appendix 2: Envi-
ronmental Cosfs (Seattle, WA: Northwest Conservation Act Coalition, November 1982).
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nology (e.g., oil combustion turbine) and by the
sulfur content of fuels.
Location specificity: Some studies are specific
to a particular region of the country, whereas
others are intended to be more general. Highly
specific studies calculate impacts based on as-
sumptions about population densities, particu-
larly sensitive or resistant ecosystems, or
transport or deposition of pollutants. Several
studies have chosen specific sites to evaluate,
in order to be able to make specific assumptions
about the exposed population and the surround-
ing ecological conditions.8~9

Despite these differences, it is tempting to look
for common conclusions, or to average numerical
results, in an effort to obtain conclusions with
greater validity than those of a single study. How-
ever, the differences among the studies make it
difficult to compare their results in a meaningful
way. Taken together, these studies point more to-
ward the diversity of approaches to evaluating
environmental costs than toward common conclu-
sions.

Each study is discussed briefly below. Each
completed study is accompanied by a table pre-
senting its quantitative results. The results are pre-
sented first in a way that is as close to the original
study as possible—the cost figures have not been
rounded or recalculated. 10 In addition to the origi-
nal figures, a set of adjusted figures in 1990 dol-
lars is given for each study to facilitate
inflation-adjusted comparisons.

Additional discussion of methodological is-
sues is presented in chapters 3 and 4. The studies
reviewed below are used to illustrate that discus-
sion.

| Department of Energy/Commission of
the European Communities

The DOE/EC study is a major ongoing study initi-
ated in February 1991 by the U.S. Department of
Energy (DOE) and the Commission of the Euro-
pean Communities (EC). The two organizations
agreed to support a study to develop a comparative
analytical methodology and the best range of esti-
mates of external costs for eight fuel cycles and
four conservation options.

11 The eight fuel cycles

are coal, oil, natural gas, uranium, biomass, hy-
droelectric, photovoltaic, and wind. The study is
expected to conclude in late 1994.

Responsibilities for the analytical work have
been split between U.S. and European research
teams. The teams share lead responsibilities for
the nuclear study. The U.S. leads the coal, oil, nat-
ural gas, biomass, and hydroelectric studies. The
EC leads the conservation, photovoltaic, and wind
studies. DOE’s portion of the study was con-
tracted to Oak Ridge National Laboratory
(ORNL) and Resources for the Future (RFF).12,13

The EC organized a similar study team.
In November 1992, the U.S. contractors issued

a report that summarized progress to date and de-
tailed modifications made to the initial DOE/EC
agreement. 14 The 1992 report remains the only

8For  ~xamp]e,  the studies by DO~EC  and BpA.

9For  ~ extensive  discus~i~n  of this  issue, and approaches  to extending findings from one ]Ocation to other  ]Ocations,  see AlaJI J. Krupnick,

“Benefit Transfer and Valuation of Environmental Improvements,” Resources, vol. 110, winter 1993, pp. 1-7.
IOsom  ~alyst~  have  recalculated cost estimates  s. mat they refer  to a ~t of standard power plants.  NO such recalculation was attempted

here. For an example of such recalculation, see Jonathan Koomey, Comparative Analysis of Monetary Estimates of External Ern’ironmental
Costs Associated With Combustion of Fossil Fuels, LBL-28313  (Berkeley, CA: Lawrence Berkeley Laboratory, July 1990).

I I’rhe Federal Energy  Regulatory Commission is also a sponsor of the U.S. pOItiOn of he s~dy.

1 ZO~ Ridge National  La~ratory  is a federally owned, con~actor.o~ra~d  laboratory.  Resources for the Future is an independent nonprof-

it organization that conducts research on the development, conservation, and use of natural resources and on the quality of the environment.

13AS  with most rep~s con~act~  for by ~E, tie s~dy’s  conclusions will not necessarily  repfeSeIlt  the VieWS of itS SpOtlSO1’S.

I’$oak  Ridge Nationa]  Laboratory and Resources for the Future, Op. Ch., footnote 3.
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publicly available document on the DOE/EC
study. However, in January 1993, DOE circulated
a draft report for peer review. In August 1993, peer
review was complete and the report was returned
to ORNL and RFF for modifications. The coal-
specific report is expected to be issued in Septem-
ber 1994, with the remaining reports (on oil,
natural gas, hydroelectric, biomass, and nuclear)
to be completed by the end of 1994.15

The DOE/EC study is not completed, but many
details of its methodology are available. The study
is using damage cost approaches (see chapter
3)-one of the first times damage costing has been
used exclusively in a major study of the environ-
mental costs of electricity. Its component reports
plan to cover a broad range of fuel cycles and
stages of energy production (e.g., mining, trans-
portation, use, and waste disposal). Each fuel
cycle report will focus on one or two actual plants,
in an effort to produce specific and defensible re-
sults.

| New York State
The New York State study is a major ongoing
study that began in December 1991. It was under-
taken in response to an order from New York Pub-
lic Service Commission, and its goal is to develop
a methodology and computer model that will per-
mit estimation of environmental costs. The model
will apply to new electricity generating plants, re-
licensed plants, and electricity demand manage-
ment options in the state of New York.

The study is a joint effort of four organizations:
the New York State Department of Public Service,
the New York State Energy Research and Devel-
opment Authority, the New York State electric uti-
lities through the Empire State Electric Energy
Research Corp. (ESEERCO), and the Electric
Power Research Institute (EPRI).16 The latter

three organizations are funding the $1.75-million
project.

The project is managed by a five-member
board of representatives from the four organiza-
tions and one representative from Resources for
the Future, an independent expert selected by the
four other members. The management board di-
rects the work of two contractors: the research
contractor (RCG/Hagler, Bailly, Inc.) and the
coordinating contractor (Industrial Economics,
Inc.).

The project will produce four separate reports:
1) a critical review of existing research that
screens a large number of possible emissions and
impacts, 2) a recommended methodology, 3) a
computer model and manual, and 4) case studies
that represent applications of the model. The first
report was completed in December 1993 and be-
came available to the public in May 1994.17 The
other reports are expected to be finished by the end
of 1994.

The first report screens different possible envi-
ronmental effects for inclusion in the final com-
puter model. The report reviews a large number of
emissions and impacts, and it categorizes them
based on initial judgments of the size of their asso-
ciated damages and their ability to be accurately
quantified. Later reports will concentrate on the
emissions and impacts judged to be both large and
amenable to quantification.

Among the studies reviewed by OTA, the New
York State study is unique because of its intended
output. The study will produce a software-based
model that runs on personal computers. The soft-
ware will permit users to modify the values of
model parameters (e.g., levels of emissions and
costs per unit of emission) and will produce esti-
mates based on those values. All other studies
reviewed in this report provide only a printed

Ispaul  Cmier,  ~p~ent  of Energy, personal communications, January, April, May, ~d JUIY 1994.

16EPRI’S  ~~jcjpatjon is limited to the first phase of the study (see below).

17 RCG/Hagler,  Bailly, Inc., “New York State Environmental Externalities Cost Study Report 1: Externalities Screening and Recommendat-

ions,” ESEERCO Project EP91-50,  December 1993.
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report with environmental cost estimates based on
a single, or at least limited, set of parameter
values. 18

I Pace
The Pace study is one of the best known and most
frequently cited studies of environmental costs.
The study was prepared for the New York State
Energy Research and Development Authority and
the U.S. Department of Energy, and it was pub-
lished in 1990.19 The study is wide-ranging, cov-
ering different energy sources (e.g., coal, oil,
natural gas, nuclear, renewable, waste-to-energy
systems, demand-side management) and environ-
mental effects (e.g., air and water pollution, global
warming, acid rain, land use). The report also in-
cludes a brief discussion of policy tools on both
the state and federal levels.

Quantitative results of the study are summar-
ized in table 2-4. The study concludes that envi-
ronmental costs associated with coal, oil, and nu-
clear are highest, costs associated with natural gas
are somewhat lower, and costs associated with re-
newable sources (solar, wind, and biomass) and
demand-side management are substantially lower.

The Pace study explicitly notes several classes
of environmental costs excluded from the analy-
sis, generally due to uncertainty or lack of data.
For fossil fuels, it excludes greenhouse gases such
as methane and N20; air toxics; water use, land
use, and solid waste disposal; and environmental
costs associated with fuel extraction, transporta-
tion, and processing. For nuclear power, it ex-
cludes extraction and transportation of uranium.
Due to the exclusion of these environmental costs,
the authors believe their estimates are more likely

to be underestimates than overestimates.
The Pace study summarizes, critiques, and

evaluates much of the existing literature. These
estimates are then combined to produce illustra-
tive estimates. However, the authors note that
some of the studies they reviewed were inade-
quately documented and substantively deficient.
The authors caution that the quantitative results of
the study should not be cited as definitive esti-
mates, but rather indicate the order-of-magnitude
of results and should be a useful starting point for
further research.

| Tellus
The Tellus study represents work published in
1990 and 1991 by Stephen Bernow, Donald Mar-
ron, and Bruce Biewald of the Tellus Institute, an
independent, nonprofit research and consulting
organization. The Tellus work is not a single
study, but instead is comprised of several esti-
mates produced for state regulatory commissions
and state energy agencies. A 1990 report summa-
rizes this previous work and describes the esti-
mates and methodology concisely. In addition, a
1991 journal article applies the results of the 1990
report to estimate overall environmental costs for
several combinations of generating technologies
and fuels.20

The study differs from other environmental
cost studies in two important respects. First, the
Tellus study only provides estimates of the costs
of air emissions. Costs of other types of emissions
(e.g., radiation), and impacts (e.g., industrial and
transportation accidents) are not estimated. Air
emissions are relevant only to the burning of fossil

18@e study not reviewed  ~ this repofi  does inC]U&  a Cornpukr  model: Mark A. Thayer  et al., The Air Quality Valuation Model (San Diego,

CA: Regional Economic Research, Inc., Apr. 21, 1994).

Igottinger et al., op. cit., fmmote 2.
Zostephen  Be~O~ ~d Dona]d  M~On, valuation  of  Environmental  Exter~/i[ies  for Energy planning  and Operations, May 1990 Update

(Boston, MA: Tellus  Institute, May 18, 1990); and Stephen Bemow et al., “Full-Cost Dispatch: Incorporating Environmental Externalities in

Electric System Operation,” The Electricity Journal, March 1991, pp. 20-33.
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By emission type

Type cost, $/lb (1989) Cost, $/lb (1990)

SO2 2.03 2.13
Particulate 1.19 1.25
N ox 0.82 0.86
c o2 0.0068 0.0071

By plant type

Plant Cost, $/kWh (1989) Cost, ¢/kWh (1990)
Coal

Existing boiler (1 .2% S)
AFBC (1 .1% S)
IGCC (0.45% S)
NSPS

Oil
Boiler (0.5% S)
Boiler (1% S)
Boiler (2.2% S)
Combustion turbine (1% S)

Natural Gas
Existing steam plant
Combined cycle
BACT

Nuclear

Renewab/es
Solar
Wind
Biomass

Demand-side Management

6.8
3.3
2.8
4.5

3.2
4.5
7.9
3.0

1.2
1.1
0.8

2.91

0-0,4
0-0.1
0-0.7

0.0

7.1
3.5
2.9
4.7

3.3
4.7
8.3
3.1

1.3

1.1
0.8

3.05

0-0.4
0-0.1
0-0.7

0.0

NOTE: Values in 1989 dollars and cents are reported in the study. Values in 1990 dollars and cents are adjusted using the consumer price index

The values reported above for various emission types are listed by Ottinger et al. as “rough starting points”; in several cases (S02, NOX, and
particulate), the authors contendthal  the damages “could be much higher.’” Values for acid deposition, electromagnetic fields, and land and water
use impacts were not estimated due to inadequate data. Most plant types for fossil fuels list the sulfur content of the fuel (e.g., 1,2% S).

Thestudyderwedvalues  forvarious plant types from thevaluesfor emission types Thestudyfoundthat waste-to-energy plants were Iiketyto have

fairly large environmental impacts, but they concluded that more research was needed before a quantified estimate could be made,

KEY: NSPS = New source performance standards: IGCC = Integrated gas combined cycle: AFBC = Atmospheric fluidized bed combustion

BACT = Best available control technology

SOURCE: Richard L. Ottinger et al., Pace University Center for Environmental Legal Studies, Environmental Costs of Hectricity  (New York, NY:
Oceana Publications, 1990).

fuels (coal, oil, and natural gas) and these are the Second, the Tellus study is unique because of
only sources for which Tellus generates esti- its exclusive reliance on a valuation method
mates.21 A summary of the Tellus estimates is known as control costing.22 

It derives all esti-
provided in table 2-5.

zl~spi~ ~ese lj~~tjons,  tie Tellus study is an important one to consider. It strongly defends the use of control cost approaches, Md its

results have influenced the actions of several state regulatory commissions.

zz~er s~djes m~e ~cmjonal  use of control  cost valuation. Tellus  is the only study to rely exclusively on control  costing.



Chapter2 Studies of Environmental Costs 125

By emission type
southern Southern

Northeast U.S. California Northeast U.S. California
Type cost, $/lb (1989) cost, $/lb (1989) cost, $/lb (1990) cost, $/lb (1990)

NOX 3.50 131.00 3.7 137.29
S ox 0.75 37.50 0.79 39.30
Volatile organic gases 2,65 14.50 2.78 15.20
Particulate 2.00 24.00 2.10 25.15
c o 0.43 0.43 0.45 0.45
c o2 0.011 0.011 0.012 0.012
CH4 0.11 0.11 0.12 0.12
N 20 1.98 1.98 2.08 2.08

By plant type

Plant Cost, ¢/kWh (1990)

coal
FGD
2.37°A sulfur
1.83°A sulfur
0.82% sulfur

Oil
Steam, 1 .5% sulfur
Steam, 1 .3% sulfur
Steam, 1 .0% sulfur
Steam, 0.75% sulfur
Steam, 0.70% sulfur
Steam, 0.30% sulfur
Combustion turbine

Natural Gas
Steam
Combustion turbine
Combined cycle

4.47
7.00
9.97
6.05

5.55
3.92
4.08
3.54
3.86
4.44
6.04

2.37
4.22
1.68

NOTE: Values by emission are from Bernow and Marron, 1990. Differences in cost estimates between the Northest United States and Southern

California result from ddferences in applicable  state laws. Estimates for NO. and CO include both ambient air quality and greenhouse warming
impacts; volatwe orgaruc gases include both volatile organic compounds and reactive organic gases; particulate include both total suspended

partlculates and PM1O. Values by plant type are from Bernowet al., 1991 (table 5) and are based on power plants operating in the Northeastern
United States. FGD = flue-gas desulfurization.

SOURCES. Stephen S. Bernow and Donald B. Marron, Va/uation of Environment/ Externalities for EnergyP/arming and Operations, May 1990

Update (Boston, MA. Tellus Institute, May 18, 1990); and Stephen Bernow et al., “Full-Cost Dispatch’ Incorporating Environmental Externalltles m
Electrlc System Operation,” The Electricity Journa/, March 1991, pp. 20-33.

mates of environmental costs from the costs im- erence”  of regulators—a cost that regulators are
posed by existing legislation.23  It estimates the willing to impose on utility customers to control
costs of compliance with existing regulations, and emissions. Control costing is covered in more de-
then uses these values to indicate a “revealed pref- tail in chapter 3.

23~ere iS one ~xceptionc Enviro~en~l ~osts  associa~d  wi~ c@ emissions  were  estimated  using  tie cost of mitigating the ChMgt?S fiOIll

global warming.
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The control costing approach used in the Tellus
study results in varying estimates for the environ-
mental costs of emissions in different areas of the
country. In several cases, estimates of the environ-
mental costs associated with air emissions in the
Northeast are substantially lower than estimates
for the costs associated with air emissions in
Southern California. This difference results from
California’s more stringent emission standards.
California’s standards impose higher costs on uti-
lities and their customers, thus resulting in a high-
er estimate of environmental costs associated with
particular emissions.

| Chernick and Caverhill
The Chernick and Caverhill study was produced
in 1989 by Paul Chernick and Emily Caverhill of
PLC, Inc.,24 a consulting firm in Boston, Massa-
chusetts. 25 The study was sponsored by the Bos-
ton Gas Co. and filed with the Massachusetts
Department of Public Utilities. It targets issues
important to New England and the northeastern
United States, and is not intended to provide re-
sults applicable to the entire United States. It esti-
mates environmental costs for coal, oil, and
gas-fired generators. It makes no estimates of the
environmental costs associated with other
sources, such as nuclear, hydroelectric, solar, and
wind power.

Chernick and Caverhill make estimates by
combining several sources of information. They
examine estimates from previous environmental
cost studies (e.g., for S02 and NOX),26 from in-
formation about the costs mandated by various en-
vironmental regulations (e.g., for S02 and NOX),

and from the costs of mitigation (e.g., for C02,
CH4, and marine oil spills). For each emission,
they examine the range of estimates offered by
each method, and then choose what they feel to be
a plausible value.

The study estimates values for two general
categories of environmental effects: air emissions
(S02, NOX, C02, and CH4) and marine oil spills.
In addition, estimates are made of the environ-
mental costs associated with the macroeconomic
effects of oil imports. The report also lists a set of
other environmental costs as identified, but not
quantified: additional air emissions (air toxics,
CO, particulate, and ozone) and a variety of non-
combustion-related environmental costs (e.g.,
electromagnetic radiation, pesticide use on trans-
mission rights-of-way, water and thermal pollu-
tion, indoor air pollution, and accidental injuries
and deaths in extraction and transportation).

Table 2-6 presents a summary of the study’s re-
sults on environmental costs. The report contends
that estimates of environmental costs are more
likely to be underestimates than overestimates.
Overall, the study estimates the environmental
costs associated with natural gas to be somewhat
lower than those associated with coal and oil.

| Hohmeyer
The Hohmeyer study was published in 1988 by
Olav Hohmeyer, then an economist and deputy
head of the Department of Technical Change at the
Fraunhofer-Institute for Systems and Innovation
Research in the Federal Republic of Germany.27

It was sponsored by the Commission of the Euro-
pean Communities.

2~e ~o~pay is now n~ed Resource ImigM, Inc.

2SpauI Chemick ~d Emily Caverhill,  PLC, Inc., ‘The Valuation of Externalities From Energy Production, Delivery, and Use:  Fall 1989

Update,” A Report to the Boston Gas Co., Dec. 22, 1989. Although entitled an “update,” this report is the primary document referred to by other
studies and analysts in the area, and appears to contain the primary methodological content.

261n p~icular,  Chemick  and Caverhi]]  use several studies conducted for the Bomeville  Power Administration (BPA)  (see bdow).  In mmy

cases, the authors adapt the BPA calculations to add effects they feel were left out of the original calculations.

2701av Hohmeyer,  SWial Costs of Energy  Cmswptim:  External Effects of Electricity Generation in the Federal Republic of Germany

(Berlin, Germany: Springer-Verlag, 1988).



Chapter2 Studies of Environmental Costs 127

By emission type

Type Cost, $/lb (1988) Cost, $/lb (1990)

s o2 0.88 0.96
NOx 1.50 1.64
c o2 0.011 0.012
CH4 0.35 0.38
Marine 011 spills o.20/MMBTU o.22/MMBTU

By plant type

Plant Cost, ¢/kwh (1988) Cost¢ ¢/kWh (1990)

Coal
Existing (1 .2% S) 5.7 6.2
AFBC 3.8 4.1
IGCC 3.2 3.5
NSPS 4.9 5.3

Oil

Existing steam plant (0.5% S) 3.6 3.9
Existing steam plant (1% S) 4.3 4.7
Existing steam plant (2.2% S) 5.8 6.3
Combustion turbine (0.3% S) 5.0 5.5

Natural Gas
Existing steam plant 1.9 2.1
Combined cycle 1.9 2.1
NSPS 1.6 1.7
BACT 1.28 1.40

NOTE MBTU = 1,000 BTU Values in 1988 dollars and cents are reported in the study. Values in 1990 dollars and cents are adjusted using the

consumer price index Values are speclflc to the Northeast. The authors felt that the values reported above are “more likely to be understated than
overstated “ (p 96) Values for many other classes of costs were not estimated, due to their inability to quantify them with any certainty

Valuesforod-fired generators were adjusted toexc/ude an oil import premwmthat  was included mthereport<sfmal estimates This premum  reflects
the national economic cost of oil imports It includes costs asscxxated with vulnerabhties  to interruptions and price swings, increases m mflahon,
and deterioration of the balance of payments In contrast to every other effect estimated, the 011 import premum  IS nonenvlronmental.

The study derwes values for for various plant types from the values for emission types. In addition to the combustion-related emmons,  00007

pounds of NOX were included for each source to account for emsslons during transportation No cost estimates were made for some combushon
emlsslons (aw toxlcs, CO, partlculates, and ozone) and for some noncombustlon related effects (e g., electromagnetic radlatlon, solid waste gen-

erahon, water and thermal polluhon, and accidental deaths and injuries).

Values for new coal and gas plants (NSPS, IGCC, AFBC, and BACT) are specific to New England

KEY. NSPS = New source performance standards, IGCC = Integrated gas combined cycle; AFBC = Atmospheric fluldlzed bed combustion,
BACT = Best available control technology.

SOURCE Paul Chernlck and Emily CaverhN, PLC, Inc , “The Valuatlon of Externalities from Energy ProductIon, Delwery, and Use: Fall 1989 Up-

date, ” A Report to the Boston Gas Co , Dec. 22, 1989.

The study is specific to the Federal Republic of The study explicitly compares renewable ener-
Germany. However, it is worth considering be- gy resources, such as solar and wind, with conven-
cause it is widely cited and generated substantial tional energy sources, such as coal and nuclear. It
interest in the United States when it was released. focuses on costs in the following categories: envi-
Its methodology is explained fairly carefully in ronmental effects, subsidies, depletion of nonre-
the text of the study, and Hohmeyer maintains the newable resources, and public expenditures
general approach is valid for any market-based (R&D support, induced expenditures, and subsi-
economy. dies).
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Envirwwnental effects by plant type

Plant Cost, DM/kWh (1982) Cost, ¢/kWh (1990)
Fossil fuels 0.0114-0.0609 0.78-4.153
Nuclear 0.0120-0.1200 0.82-8.18
Solar 0.0044 0.30
Wind O.0001 0.007

NOTE: Values in 1982 Deutsche Marks are reported in the study. Values in 1982 cents were converted using a conversion rate of 2DMn — a rough

value suggested by Hohmeyer during presentations on the study. Values m 1990 dollars are adjusted using the consumer price index. Values are

specific to the Federal Republic of Germany. Values for some classes of effects were not estimated. Estimates for nuclear reactors excludes breed-

er reactors.

Values presented here are for environmental costs only, Estimates of public expenditures and resource depletion costs that are included m the
study are not included in this table.

SOURCE: Olav Hohmeyer, Social Costs of Energy Consumption: External Effects of Electricity Generation in the Federal Republic of Germany
(Berhn, Germany: Sprmger-Verlag, 1988).

Its cost estimates are based on several sources.
Some estimates come directly from other studies
that value specific categories of effects (e.g., hu-
man health effects of air pollution). Other esti-
mates involve direct calculations based on dam-
ages (e.g., estimating the probability of, and
health effects from, a nuclear accident and multi-
plying by the monetary value of a life). Finally, a
few estimates involve the costs of mitigating envi-
ronmental damages (e.g., the costs of avoiding the
effects of sea level rise brought on by global
warming).

The study explicitly notes several classes of en-
vironmental costs are not quantified. These in-
clude “psycho-social” costs of deaths and illness,
health care costs, species loss, environmental ef-
fects of intermediate goods used to produce and
operate energy systems, some costs of climatic
changes, environmental costs of routine operation
of nuclear plants, and aesthetic and land-use ef-
fects of renewable energy. The author contends
that data gaps and uncertainties (which prevented
some effects from being quantified or monetized)
placed renewable energy sources at a disadvan-
tage.

Table 2-7 summarizes the quantitative results

of Hohmeyer’s study. Overall, the study estimates
that the environmental costs of coal and nuclear
power are substantially larger than those of solar
and wind power. The report notes that the quanti-
tative results should be interpreted as a first
approximation that can be useful for policy. Fur-
ther, the report claims that where uncertainty ex-
isted, the assumptions were least favorable to the
report’s eventual conclusion (that the environ-
mental costs of renewable sources are consider-
ably lower than those of conventional sources).

I Bonneville Power Administration
The Bonneville Power Administration (BPA)
study was undertaken to comply with the provi-
sions of the Pacific Northwest Electric Power
Planning and Conservation Act, passed in 1980.
The act requires the Bonneville Power Adminis-
tration and the Northwest Power Planning Coun-
cil to pursue a planning process that gives priority
to cost-effective energy options when planning
new energy generation capacity. The act requires
that evaluations of cost-effectiveness include
quantifiable environmental costs that are directly
attributable to energy conservation measures or
new energy resources.28

zs~is same act motivated a coalition of environmental, labor, ratepayer, and citizens’ groups to produce a separate s~dy (see Shuman  and

Cavanagh, below).
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By plant type
Plant

Coal

Oil
Combustion turbine

Natural Gas
Combustion turbine

Nuclear

Hydroelectric

Biomass

Municipal Solid Waste

Geothermal

Solar

Wind

0.064-0.956

0.03

0.087
0.000837-0.0126

0.769-1.074

-0.011-0.49

-3,18-41.664

0-0.0188

0

0

0.072-1.081

0.04

0.108
0.001142-0.0172

1,049-1,465

-0.013-0.56

-3.66-47.9852

0-0,0217

0

0

The study consists of a set of six semi-indepen- coal (both a generic and a site-specific analysis),
dent studies, completed over a period of five years oil and natural gas (fueling combustion turbines),
by three different contractors: ECO Northwest, nuclear, hydroelectric, solar, wind, geothermal,
Nero and Associates, and Biosystems Analysis.29 biomass, and municipal solid waste. The quantita-
The studies covered 10 different energy sources: tive results of the study are given in table 2-8.
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Although the studies are similar in the broad
outlines of their methodology, they vary substan-
tially in a number of factors, including the emis-
sions considered and the specific valuation
approaches used. As a result, the cost estimates as-
sociated with the energy sources cannot be
compared with each other in the same way as esti-
mates made by other studies.

| Shuman and Cavanagh
The Shuman and Cavanagh study was prepared in
1982 by Michael Shuman and Ralph Cavanagh of
the Natural Resources Defense Council. It was
prepared as part of a larger report-a comprehen-
sive proposal for future power development in the
Pacific Northwest-sponsored by the Northwest
Conservation Act Coalition, an umbrella organi-
zation for 38 environmental, labor, ratepayer, and
citizens’ groups in the Pacific Northwest.30 The
environmental cost estimates are contained in ap-
pendix 2 of the larger report.31

The study examines some of the most signifi-
cant environmental impacts of five different ener-
gy options: coal, nuclear, wind, solar water
heating, and household weatherization. It esti-
mates costs for occupational and public exposure
to emissions; property and crop damage from
emissions; occupational and nonoccupational ac-
cidents in extraction, transportation, and genera-
tion (including catastrophic nuclear accidents);
and nuclear proliferation. The study does not ad-
dress a variety of potential environmental costs
such as water consumption, recreation losses, fish
and wildlife mortality, aesthetic damage, and im-
pacts from transmission and distribution facili-
ties.

A summary of the study’s quantitative findings
is shown in table 2-9. Overall, the study estimates
that the environmental costs of solar, wind, and
weatherization are less than one-tenth of those as-

sociated with coal and nuclear. The authors be-
lieve their analysis to be conservative-the
assumptions made in the study are least favorable
to the eventual conclusions of the study (that coal
and nuclear have high environmental costs rela-
tive to solar, wind, and conservation).

The study’s explicit aim is to compare renew-
able sources of energy, such as solar and wind,
with conventional sources such as coal and nu-
clear. The study’s estimates of solar and wind were
done largely in a relative way. For example, the
health impacts of solar and wind were estimated
by using the estimate for nuclear (excluding acci-
dents, radon emissions, and proliferation). This
decision reflected the authors’ belief that the pri-
mary environmental costs of solar and wind were
due to the construction of a large energy-produc-
ing facility and that those risks were similar for
nuclear, solar, and wind. The study assumes that
few environmental impacts are reflected in the
economic costs of energy use, and that most envi-
ronmental costs should be treated as economic ex-
ternalities.

In their analysis, Shuman and Cavanagh felt it
was best to preserve uncertainties in the range of
estimates offered, rather than in what classes of
environmental costs were included. As a result,
they quantify environmental costs some other
studies typically leave out. For example, esti-
mates of coal environmental costs include the
health effects and property damage resulting from
climate change. These effects account for more
than half of the total costs at the high end of the
range that Shuman and Cavanagh give for coal
power. Similarly, estimates of nuclear environ-
mental costs include the health effects and proper-
ty damage resulting from nuclear accidents, radon
release, and weapons proliferation. These effects
account for more than 99 percent of the high end
of the range given for environmental costs associ-
ated with nuclear power.

SoRalph Cavmagh et ~]., A M~el Electric power and Consemation plan for the Pacijc Northwest (Seattle, WA: Northwest Conse!_vation

Act Coalition, November 1982).

31 Shumm and Cavmagh, op. Cit., foomote 7.
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By plant type

~Plant Midpoint range Full range Midpoint range Full range
Coal 2-3 0.03-20.68 3-5 0.05-35.31
Nuclear 2-3 0.05-30.24 3-5 0.09-51.64
Solar and Wind 0-0.12 — 0-0.20 —

o — o —

COMPARING STUDIES
The final results of environmental cost studies
cannot be validated, in the sense of being able to
compare them with some objective reality. Other
types of studies can, at least in principle, be
compared with measurements of actual phenome-
na. For example, energy demand forecasts can be
compared with actual demand experienced at a
later date; models that estimate environmental
transport of pollutants can be compared with mea-
sured concentrations of those pollutants. In con-
trast, environmental cost studies produce final
results that cannot be compared with anything ex-
cept results of other studies.

The difficulty with validating environmental
cost studies places special importance on the abil-
ity to compare the results of several studies. This
section discusses several conclusions based on a
comparison of the studies reviewed in this chapter.

| Estimates are Not Independent
None of the studies summarized above contain
only original research. All of the studies assemble
smaller studies of individual components such as
the health impacts of particulate, the value at-
tached to a human life, and the willingness to pay
for pollution-free wilderness .32 In addition, some

analysts adapt calculations used in other studies to
suit their own purposes. Studies nonetheless re-
quire substantial work on the part of their authors:
they must develop an overall structure for the
study; they must locate, critique, and select origi-
nal studies; and they must combine those studies
in a rigorous and defensible way.

This prevailing approach of assembling small-
er pieces means that each study does not represent
an independent estimate of environmental costs.
The estimates, assumptions, and methods of one
study are often used in subsequent studies, albeit
in modified form. The body of literature on envi-
ronmental costs thus represents an evolving set of
related estimates rather than a set of completely
independent ones.33

In addition, environmental cost studies are not
always estimating the same thing. Each study has
its own definition of what constitutes an environ-
mental cost and its own assumptions about how
the cost should be estimated. As a result, any two
studies may actually be estimating quantities
whose definitions only partially overlap.

These features of environmental cost studies
have important implications for how the studies’
quantitative estimates are used. When viewing a
set of quantitative estimates, there is a temptation

321n  a few c~s, Me s~dies  conduc[ed origina] research to supplement the other, smaller studies that they assembled to estimate environ-

mental cost. For example, the BPA site-specific hydroelectric study conducted original valuation research.

33~is  should not ~ cons~~ to mean, necessmi]y, that the externalities literature is converging on a single set of estimates or mat more

recent studies are always superior to older ones.
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Studies using as a major categorization
Method Examples method
Energy source Coal, oil, nuclear, photovoltaics Pace, Tellus, Chernick and Caverhill;

Hohmeyer, BPA, Shuman and Cavanagh

Activity Mining, transportation, fuel processing, BPA (coal), Shuman and Cavanagh
generation, waste disposal, energy use

Emission S02, C02, NOX, particulate, heat, noise Pace, Tellus, Chernick and Caverhill

Impact Human health, quality of life, climate, flora, Hohmeyer, BPA (coal and hydro), Shuman
fauna and Cavanagh

Manifestation Species extinction, global warming, cancer Shuman and Cavanagh

NOTE: It maybe possible to retrospectively apply different categorization schemes to published studies based on data they contain. However, for a

study to be listed in the rightmost column, the method must be used explicitly in the study to organize the reported results, The DOE/EC and New

York State studies are excluded because they are not yet completed,

SOURCE: Office of Technology Assessment, 1994.

simply to average the values, assuming that each
value is an independent estimate of the same quan-
tity. These conditions do not hold for the environ-
mental cost estimates discussed in this chapter,
and the estimates should not be averaged. Instead,
individual studies need to be examined and their
estimates compared.

| Studies Categorize Costs Differently
Unfortunately, interstudy comparisons are often
problematic. Environmental cost studies employ
a wide variety of methods for categorizing envi-
ronmental costs (see table 2-10). Each method
provides a different view of environmental costs.
A single activity, such as the emission of carbon
dioxide from a coal plant, can be categorized by
many different characteristics, including the me-
dium of the emission (air), the phase of the fuel
cycle (generation), and the energy source (coal).

The differing categorization schemes em-
ployed by different studies make comparisons dif-
ficult. Nearly all studies categorize results by
energy source (e.g., coal, nuclear, and hydroelec-
tric). However, the components that make up
these overall estimates are important to examine,

and this is made substantially more difficult when
the components are reported using different cate-
gorization schemes.

For example, the Pace study reports environ-
mental costs associated with particular emissions
(e.g., CO2, SO2, NOx particulate) and then com-
bines these with quantity estimates to estimate the
environmental costs associated with each fossil
fuel energy source (e.g., coal, oil, natural gas). In
contrast, the BPA generic coal study categorizes
effects by impact (e.g., human health, crops, live-
stock, timber, materials, ecosystems, and visibili-
ty).

If studies use a common framework, compari-
sons are easier. Analysts and readers could
compare several studies side by side to understand
their similarities and differences. In addition, a
consistent framework allows researchers to alter
an existing study to incorporate new data or
assumptions. However, no categorization of envi-
ronmental costs fits perfectly for all environmen-
tal effects and all technologies.34

Differences in categorization are understand-
able, given the diverse conditions and purposes
under which the studies were assembled. How-

34Stirl~g,  op. cit., foomote 4.
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ever, the differences force policy makers to view
existing studies as independent units of analysis,
rather than flexible tools whose assumptions and
numeric values can be interchanged to fit the
policy makers’ particular circumstances or inter-
ests. In contrast, the results of at least one pending
study (New York State) will be embodied in com-
puter software, which will allow many parameters
of the study to be changed easily, although its ba-
sic structure will remain fixed.

| One Effect Category Often Dominates
Although studies categorize environmental ef-
fects quite differently, a single category dominates
most estimates of environmental cost. Specifical-
ly, in the eight studies reviewed by OTA, 55 quan-
titative estimates were produced that were broken
down into several categories of effects. Of these,
46 (84 percent) had single categories that ac-
counted for the majority (i.e., 50 percent or more)
of the total estimate.35

For example, Pace makes estimates for 15 dif-
ferent generating technology and fuel combina-
tions. Within each estimate, the study categorizes
effects by emission (e.g., S02, NOX, particulate,
and C02). Pace produced an estimate of 4.72
cents/kWh for the environmental cost associated
with coal plants meeting the new source perfor-
mance standards (NSPS). In the case of this esti-
mate, the effects associated with S02 accounted
for 2.95 cents/kWh, or more than 60 percent of the
total estimate.

There is some consistency in the effects that
dominate. Three studies (Pace, Tellus, and Cher-

nick and Caverhill) estimate costs for fossil fuels
and categorize effects by emission. When a single
category dominates in an estimate from these
studies, the category is either S02 or C02. Similar
conclusions are difficult to draw for nuclear and
renewable energy sources because the studies are
often less specific about how they categorize ef-
fects for these energy sources.

This dominance of single effects has important
implications for policy makers. It points to the po-
tential for environmental cost studies to be used
for setting priorities. Although studies with differ-
ent frameworks of assumptions may differ in their
quantitative estimates of environmental costs, if
there is agreement on dominant effects then the
studies may provide valuable guidance for where
legislative and regulatory efforts should be fo-
cused. Important questions of priorities would
still remain, of course, including how to balance
environmental programs against other important
federal priorities, but focusing environmental ef-
forts effectively is still an important victory.

| Cost Estimates are Highly Variable
In some cases it is possible to compare results of
different environmental cost studies .36,37 Despite
these differences in categorization, rough compar-
ison of results is still possible (see figures 2-2 and
2-3). Comparing these results indicates wide vari-
ation in cost estimates. Some estimates of envi-
ronmental costs are nearly zero. In other cases,
estimates are as high as 10 cents/kWh-costs that
are larger than the electricity rates that average
consumers currently pay. The wide variation in

sjNone of tie  studjes acma]]y  make this calculation. The OTA numbers are derived by employing the primary categorization method  used

by each study. In some cases, not all of the estimates in the particular study were counted. For example, the BPA hydro study contained a wide
range of estimates, but only two (the high and low estimates) were included in the 55 estimates used for this calculation. Similarly, estimates

that include only a single category of effects were not counted. For example, Hohmeyer’s  estimate of nuclear environmental costs is based
solely on accidents. This estimate was excluded from the 55 estimates used in the calculation.

3GNear]y  all studies pr~uce  resul~ categorized by energy source (e.g., coal, nuclear, and solar). Even these results are categorized ~d

reported indifferent ways. Hohmeyer presents one overall estimate for “fossil fuels,” three studies (BPA, Shuman and Cavanagh, and Chemick
and Caverhill) make distinct cost estimates for each fossil fuel source (coal, gas, and oil), and the remaining completed studies (Pace and Tellus)
produce further distinctions among several different combinations of combustion technology and fuel.

37As noted ear]ier, some ~a]yses  have attempted to adjust for differences among the studies attributable to different teChIIiCd  aW.U@ionS

such as the heat rates and emission factors of power plants. For example, see Koomey, op. cit., footnote 10.
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Coal
Pace : ; ~ :

Tellus : -
Chernick & Caverhill : ~ :

Hohmeyer : ~ :
BPA  :

Shuman&Cavanagh : :

oil
Pace : : ~

Tellus : ~ :
Chernick & Caverhill : ~ ;

Hohmeyer ~ - ;
BPA ❑

Natural Gas .

Pace : :
Tellus : ~ ;

Chernick & Caverhill ~ - :
Hohmeyer : ~ ~

BPA ❑

Nuclear

Pace : ; ;
Hohmeyer :

B P A  

Shuman & Cavanagh : : ~

o 5 10

Estimated environmental cost (¢ per kWh)

❑ Point estimate

 Several point estimates
 E s t i m a t e d  r a n g e

NOTES: See text for full description of the difficulty of comparing environmental cost estimates, When several point estimates are gwen, each esti-

mate is for a different specific generating technology (e.g., combustion turbine) or specific fuel (e g., oil with 1 % sulfur content). Hohmeyer gives

only one estimated range for all fossil fuels (coal, oil, and gas). The Shuman and Cavanagh estimates are the “best estimate” ranges, Costs are gwen

m 1990 cents per kllwatt-hour.  Not all results are shown for each study.

SOURCE: Office of Technology Assessment, 1994
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Pace

Coal

Oil

Natural Gas
Nuclear

Tellus

Coal

oil

Natural Gas

Chernick & Caverhill
Coal

Oil

Natural Gas

Hohmeyer

Fossil
Nuclear

BPA
Coal

Oil

Natural Gas

Nuclear

Shuman & Cavanagh ,
Coal : : ~

Nuclear : : ~

I , 1
0 5 10

❑ Point estimate

~ Several point estimates
~ Estimated range

NOTES See text for full description of the ddflculty of comparing environmental cost estimates When several point est[mates are given, each esti-
mate IS for a different speclflc generating technology (e g , combushon turbine) or speclflc fuel (e g., 011 with 1 YO sulfur content). Hohmeyer gwes

only one estimated range for all fossil fuels (coal, 011, and gas) The BPA estimates should not be directly compared because the mdwldual studies

used different methods and assumptions. The Shuman and Cavanagh esttmates are the “best estimate” ranges. Costs are gwen m 1990 cents per
kilowatt-hour Not all results are shown for each study
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quantitative estimates demonstrates there is no
consensus about cost estimates among currently
published environmental cost studies.

I Cost Estimates are Highly Uncertain
Due to a variety of analytical difficulties and un-
knowns, all of the studies are cautious in their pre-
sentation of numerical estimates. First, some
studies present broad ranges of possible values
rather than specific numeric estimates (often
called “point estimates”). For example, Hohmey -
er, BPA, and Shuman and Cavanagh all use this
method. Shuman and Cavanagh even go so far as
to produce a “midpoint range” indicating values
they think are most likely, and a “full range” for
coal and nuclear indicating values they think are
possible. Where ranges are presented, they are
often quite large. The Hohmeyer high and low es-
timates vary by a factor of about five in the case
of fossil fuels and 10 in the case of nuclear. Shu-
man and Cavanagh’s full range high and low esti-
mates differ by more than a factor of 500.

Second, some studies produce a point estimate
and then attempt to evaluate the uncertainty asso-
ciated with that estimate. Where uncertainty is
evaluated, it is often quite large. For example, sev-

eral of the BPA studies evaluate the uncertainty to
be as large or larger than the estimate itself, indi-
cating that the actual cost could be nearly zero or
as much as twice the point estimate.38

Finally, most studies are careful to label their
results “preliminary.” This is due to various data
gaps, uncertainties, methodological disputes, and
the early stage of development of environmental
cost analysis. Based on uncertainty estimates and
cautions contained in the studies, and based on the
large differences in the results of different studies,
prospective users of environmental cost studies
should assume that all estimates are highly uncer-
tain and preliminary.

| Conclusion
Many of these issues—independence, categoriza-
tion, variability, and uncertainty-are closely re-
lated to the valuation phase of environmental cost
studies. This phase takes quantitative estimates of
environmental impacts and attempts to value
them in monetary terms. Other study phases also
bear on the issues discussed above, but valuation
introduces additional dimensions and complica-
tions. The different methods of valuation are dis-
cussed the next chapter.

38 SWcifjcally, the cost estjma~s  for coal, oil, and natural gas are accompanied by uncertainty estimates. For coal, the swtid deviation

is estimated to be equal  to the estimate itself. For oil and gas, the two standard deviations are estimated to be equal to the estimate itself. The
standard deviation is a statistical quantity indicating the variability of an estimate. For a normal (or “bell shaped”) distribution, approximately
95 percent of the possible values lie within two standard deviations of the mean value (the center of the distribution).


