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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California.. -
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EXECUTIVE SUMMARY 

Public utility commissions in a number of states have begun to explicitly 
treat costs of environmental externalities in the resource planning and 
acquisition process (Cohen et al. 1990). This paper compares ten different 
estimates and regulatory determinations of external environmental costs 
associated with fossil fuel combustion, using consistent assumptions about 
combustion efficiency, emissions factors, and resource costs. This consistent 
comparison is useful because it makes explicit the effects of various 
assumptions. This paper uses the results of the comparison to illustrate pitfalls 
in calculation of external environmental costs, and to derive lessons for design 
of policies to incorporate these externalities into resource planning. 

Important conclusions include: 

(1) Residual emissions from new plants (i.e., emissions from plants that meet 
current emissions standards) can be important as a percentage of resource 
cost. Regulatory assessments of the size of externalities for the new power 
plants considered here range from 3 to 15%, while abatement cost analyses 
often yield estimates that are higher than the regulatory determinations as a 
percentage of resource costs. 

(2) Because existing plants are not affected by the National New Source 
Performance Standards, their air emissions are higher than those of new power 
plants. The two lowest estimates under consideration yield externality costs for 
existing pl~nts that are large enough to influence utility dispatch and resource 
planning decisions substantially. ' 

(3) Direct use of natural gas for heating applications can result in large 
environmental benefits when compared to use of electric heat, though the exact 
size of these benefits depends on the type of electricity generation displaced. 

(4) Policies that calculate externalities based on a percentage of resource costs 
submerge important details and should be avoided in the future. Damages from 
pollutants are not, in general, correlated with resource costs, but are strongly 
related to pollutant emissions, local topography, population density, and other 
physical characteristics of the surrounding area. 

(5) Emissions that contribute to global warming should be treated equivalently. 
Carbon, which is the most important contributor to the global warming problem, 
is by no means the only one. Radiatively active trace gases like methane 
(CH4), nitrous oxide (N20), and chloroflourocarbons (CFCs) should all be 
assigned the same externality cost per unit of global warming contribution. 

(6) There is an urgent need for a consistent, comprehensive, regional database 
of emissions factors for new and existing U.S. power plants , as well as for direct 
combustion. The more common pollutants have well known emissions rates. 
Others, like N20, particulates, and reactive organic gases, are not as well 
known. A complete treatment must include emissions from all stages of energy 
production and use, for a large number of different technologies and all relevant 
fuels. 
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1. INTRODUCTION 

Many analysts have attempted to quantify societal costs of pollution and 
other externalities associated with fossil fuel combustion. A few regulatory 
bodies have even made first attempts to incorporate externality costs into the 
resource planning process (Burkhart 1989, Cohen et al. 1990). Unfortunately, 
estimates of externality costs are often based on quite different assumptions, 
making comparisons difficult. This paper calculates comparable estimates of 
external costs for power plants (1989 ¢/kWh) and direct fuel combustion (1989 
$/MMBtu), based on consistent assumptions about heat rates, emissions 
factors, and resource costs, from ten different analyses and regulatory 
assessments of the importance of externalities in fossil fuel combustion. This 
paper makes explicit the effects of various assumptions, illustrates pitfalls in 
such calculations, and derives lessons for design of policies to incorporate 
externalities into resource planning. 

Organization of Paper 

The next section provides background information about approaches to 
valuing environmental impacts, and discusses pitfalls in such estimation 
procedures. Section 3 describes ten different estimates of external costs and 
Section 4 presents the methodology used to derive consistent estimates. 
Sections 5 and 6 present and discuss the results, and derive lessons for design 
of policies to incorporate externalities into resource planning and acquisition. 

2. BACKGROUND 

Framework for Comparison and Scope of the Analysis 

Utilization of of all energy sources generates societal costs that are not 
reflected in market transactions. Figure 1 (Holdren 1981) shows a detailed 
listing of stages of energy sources, from exploration to end-use. It also shows 
phases of each stage, from research to dismantling. A comprehensive analysis 
of external costs must treat each and every stage in the process, which makes 
any such calculation inherently difficult. 

Figure 2 (Holdren 1981) presents insults, pathways, stresses, and costs. 
Insults are humankind's physical and chemical intrusions into the natural world. 
Pathways are those mechanisms by which insults are converted to stresses. 
Stresses, defined as changes in ambient conditions (social, political, or 
environmental), then lead directly to societal costs. 

Table 1 lists environmental and social insults attributable to fossil fuel 
combustion. To understand how Figure 2 relates to such insults, consider the 
case of sulfur dioxide. S02 (the insult) is emitted from oil and coal combustion 
as a gas (this is the first pathway). Some of the S02 is converted, through 
chemical reactions in the atmosphere, to sulfuric acid, some of which then falls 
in rain into lakes and watersheds (another pathway). Some of this sulfuric acid 
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Stages of Energy Sources 

Exploration/Eva! uation 
1-----Harvesting 
•----Processing/Refining 
1-----Transportation/Distribution 
1-----Storage 
1-----Conversion (Elect. Generation) 
1-----Marketing 
1----- End Use 

Phases within a Stage 

Research 
Development/Demonstration 
Commercial Construction 
Operation and Maintenance 
Dismantling 
Management of Long-Lived Wastes 
Environmental Controls* 
Regulation and Monitoring* 

Figure 1: Steps in Energy Production, 
Processing, and Use 

*Occurs simultaneously with other phases but may have its own effects 

Source: Holdren, John P. 1981. "Chapter V. Energy and Human Environment: 
The Generation and Definition of Environmental Problems." In The European 
Transition from Oil: Societal Impacts and Constraints on Energy Policy. Edited 
by G. T. Goodman, L.A. Kristoferson and J. M. Hollander. London: Academic 
Press. 

2 



·..; 

Insults to Physical and Human Environment 

Resources Used (land, water, energy) 
Material Effluents (NOx, S02, C02) 
Non-Material Effluents (noise, radiation) 
Other Physical Transformations (dredging) 
Socio-Political Influences (politics, employment) 

Pathways (Convert Insults to Stresses) 

Media (air, water, ice, soil, rock, biota) 
Processes (evaporation, diffusion, conduction) 

Stresses (Physical or Social Consequences of Insults) 

Altered ambient conditions (temperature, humidity, 
concentrations, electromagnetic fields) 
Altered physical or social processes 

Environmental and Social Costs of Insults 

Magnitudes of Consequences 
Temporal Distribution of Harm 
Spatial Distribution of Harm 
Coincidence of Risks and Benefits 
Scaling (linear or nonlinear) 
Resistance to Remedy 
Irreversibility 
Visibility of Harm 
Quality of Evidence of Harm 

Figure 2: Insults, Pathways, Stresses, 
and Environmental Costs 

Source: Holdren, John P. 1981. "Chapter V. Energy and Human Environment: 
The Generation and Definition of Environmental Problems." In The European 
Transition from Oil: Societal Impacts and Constraints on Energy Policy. Edited 
by G. T. Goodman, L.A. Kristoferson and J. M. Hollander. London: Academic 
Press. 
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TABLE 1. ENVIRONMENTAL INSULTS FROM FOSSIL FUELS 
All Fuels Natural Oil Coal 

Gas 
Exploration/ C02, CH4, drilling drilling mining 
Harvesting N20, NOx, CO, accidents, accidents, injuries, 

ROG, HCs, drilling 802, drilling land 
particulates, sludge sludge degradation, 
trace metals, disposal disposal 802 

thermal 
pollution 

Processing/ C02, CH4, refinery 802, refinery 802 
Refining N20, NOx, CO, accidents, accidents, 

ROG, HCs, refinery refinery 
particulates, waste waste 
trace metals, disposal disposal 

thermal 
pollution 

Transport/ C02, CH4, pipeline pipeline and train 
Distribution N20, NOx, CO, accidents, tanker accidents, 

ROG, HCs, LNG accidents, oil 802 
particulates, explosions spills, 802 
trace metals, 

thermal 
pollution 

Conversion/ C02, CH4, ash disposal, ash 
Marketing/ N20, NOx, CO, 802 disposal, 
End Use ROG, HCs, 802 

particulates, 
trace metals, 

thermal 
pollution 

ROG = 'Reactive Organic Gases, HC = hydrocarbons 
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is neutralized by buffering chemicals in the water and soil (a third pathway). 
The altered acidity of the lakes is the stress. The costs (social, economic, and 
environmental consequences) are the destruction of fish and other wildlife, 
accumulation of aluminum in plant and animal tissues, damage to trees, and 
reduction in recreational value of the forest (Harte 1985). 

While it is often possible to quantify the size of the insult, the pathways 
may be so numerous or complicated that they can only be represented by crude 
approximations. Even if it is possible to confidently predict stresses from a 
given insult, translating those stresses into societal costs is problematic. 

Some U.S. analysts have calculated direct and indirect emissions of C02 and 
several other pollutants from fossil fuels (Deluchi et al. 1987a, Deluchi et al. 
1987b, Gleick et al. 1989, Meridian Corp. 1989, Unnasch et al. 1989), but none 
treat all the relevant pollutants for each stage of a large number of technologies. 
For electric generation technologies, this analysis is restricted to emissions from 
the point of generation to the point of end-use1 (because of a lack of data on 
emissions factors from various parts of the fuel cycle). Even at these stages, 
data are lacking for some pollutants. Only emissions per MMBtu of fuel input 
are included for direct use of natural gas and oil, since the efficiency of the 
conversion stage for these technologies is not as easy to characterize as for 
electricity. Analysts may use the estimates for direct combustion presented here 
with their own assumptions about combustion efficiency to derive the externality 
cost per MMBtu of delivered heat. 

Methods of Calculating External Costs 

According to Griffin and Steele (1986), external costs exist when "the 
private calculation of benefits or costs differs from society's valuation of benefits 
or costs". Pollution represents an external cost because damages associated 
with it are borne by society as a whole and are not reflected in market 
transactions. 

There are two basic approaches to calculating external costs: "direct 
damage estimation" and "cost of abatement".2 Direct damage estimation 
involves calculating damages that can be definitively linked to emissions of a 
particular pollutant, in dollar terms (Hohmeyer 1988, Ottinger et al. 1990). For 
instance, Shuman and Cavanagh (Cavanagh et al. 1982) monetize and tally 
the human health and environmental effects due to coal consumption in new 
power plants. These effects include premature human deaths, increased health 
costs, potential famine induced by global warming, and other effects. Direct 
estimation is extremely difficult, even when there are relatively few pathways. 

1 These boundaries include electrical transmission and distribution losses. 

2For a more detailed discussion of these two approaches, see Chernick and Caverhill (1989). 
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Some of the most important effects are impossible to quantify, while others 
depend on pathways that we do not fully understand. 

Cost of abatement approaches typically use the cost of pollution controls 
imposed by regulatory decisions as a proxy for the true externality costs 
imposed by a pollutant (Chernick and Caverhill 1989, Marcus 1989). This 
approach (sometimes called "revealed preferences") assumes that regulators' 
choices embody society's preferences for pollution control, that the marginal 
costs of mitigation are known, and that these marginal mitigation costs are 
incurred solely to reduce emissions of a single pollutant (i.e., that there are no 
other benefits to a pollution reduction investment). 

If society's preferences are changing rapidly, abatement cost calculations 
may be misleading, because society's previous preferences for pollution control 
may not accurately represent its present preferences. If mitigation measures 
have multiple or incommensurate benefits, revealed preference calculations 
become difficult. For instance, the cost of an energy conservation measure 
cannot be used to estimate the true value of mitigating S02 emissions, since 
the conservation measure avoids power plants, reduces fuel use, and 
eliminates other pollutants (Krause and Koomey 1989). In contrast, the cost of 
flue-gas desulfurization equipment or the price premium of low-sulfur oil over 
high-sulfur oil can be used without modification in abatement cost analysis, 
because the cost of these mitigation measures is incurred solely to reduce 
sulfur emissions. 

Pitfalls in Externality Analysis 

Holdren (1980) identifies pitfalls in calculating total societal costs 
associated with energy technologies, which affect both direct estimation and 
cost of abatement approaches. These include: 1) inconsistent boundaries; 2) 
confusing average and marginal effects; 3) illusory precision; 4) environmental 
stochasticity; 5) "confusing things that are countable with things that count". 

1) Inconsistent boundaries: boundaries must be drawn consistently to 
ensure that comparisons between estimates of external costs are fair. This 
principle implies that the service delivered by competing resources be identical, 
that all relevant stages of each resource be included in the comparison, and 
that geographic boundaries be drawn to include all external effects. 

2) Average versus marginal comparisons: Hohmeyer (1988) calculates 
costs of externalities from the existing power supply mix in West Germany. 
While this calculation is useful to show total societal costs from power 
production, it will almost certainly be misleading to use these embedded 
externality costs per kWh to calculate the cost of externalities from either new 
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power plants or from marginal existing capacity, both of which may have 
characteristics quite different from average existing plants.3 

3) Illusory precision: there are usually large uncertainties in specifying 
the size of insults, in translating insults through pathways to stresses, in 
converting stresses to consequences, and in valuing consequences. To ignore 
such uncertainty by specifying single point estimates to many significant figures 
can be quite misleading, since it creates the illusion that the estimates are 
certain. To avoid misunderstandings, externality cost estimates should be 
assigned appropriate error bounds. Such uncertainty creates a quandary for 
regulators, since most regulatory determinations must be in terms of point 
estimates. Analysts can best serve regulators by making the uncertainties 
explicit and understandable. 

4) Stochasticity: Environmental and social systems are often 
characterized by stochasticity, or probabilistic variability about some mean 
value. The most interesting and important interactions between human 
societies and the natural world occur when one or both of these systems are far 
from their respective mean values. Averaging of important parameters may 
disguise damages that occur only under extreme conditions. 

For instance, calculations of damages from ambient air pollutant 
concentrations may yield vastly different results depending on how the 
concentrations are averaged over time. Damages may not be linearly related to 
pollutant concentration, and may only occur if concentrations exceed some 
threshold value. Calculating damages based on the annual average pollutant 
concentration might be misleading for these reasons. Daily or hourly averages 
sorted by concentration would give a more accurate picture. 

5) "What's countable versus what counts": Analysts often focus on those 
things that are amenable to quantitative treatment. Yet the probabilities, 
consequences, and risk-adjusted expected costs of many important external 
effects (like nuclear sabotage, nuclear proliferation, or global warming) may be 
difficult or impossible to quantify. To ignore these nonquantifiables may bias 
the calculations, but to include them requires difficult value judgements that 
must be made explicit. 

3. DESCRIPTION OF DIFFERENT ESTIMATES 

In order to illustrate the range of external environmental costs for various 
power sources, this paper analyzes ten different studies, regulatory 
determinations, and proposals concerning these costs. These studies are also 
summarized in Table 2 and the notes to Table 4. 

3There are also difficulties in comparing externality costs from Germany to those calculated for the 
U.S. In spite of these difficulties, I have included Hohmeyer's damage cost estimates for NOx and 
S02 in my calculations, because his work has been widely cited. 
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TABLE 2 OVERVIEW OF EXTERNALITY STUDIES . 
Study Insult/Stress Method Locale Remarks 

1 ) Shuman and Human Health, DE Northwest Attempt to quantify 
Cavanagh (Cavanagh et Prop. Damage, u.s. difficult damage 
al.1982) C02 -Prop.Dmg, effects from global 

Famine warming 

2) EPRI (1987) S02 DE Rural PAand My analysis uses 
WV;and35mi EPRI's mid-range rural 

from NYC estimate 
NOx DE NS 

3) Hohmeyer (1988) C02 NOx S02 DE West marginal damage costs . . . 
ROG, Particulates, Germany per pound specified in 
subsidies, nuclear a personal 
accidents, communication (1990) 
depletion 

4) Chernick and Particulates, Oil DE New England 
Caverhill (1989)* Imports 

S02,NOx,C02, AC+DE New England 
CH4, Oil Spills 

5) Schilberg (1989) S02,NOx,C02, AC Outside CA, 
ROG, CH4, N20 CAIn and 

Outside 
SCAQMD 

6) CEC Staff (1989) S02,NOx,C02, AC California From 1990 Electricity 

Particulates, ROG Report 

7) NPPC (1989) financial risks from RD Northwest 1 0% adder when 
lack of modularity u.s. comparing supply 

resources to energy 
conservation 

8) NYPSC (1989b) S02, NOx, C02, AC+RD NY State Con Ed bidding 
Particulates, system (NY City) 
Water, Land Use 

9) PSCWI (1989) All RD Wisconsin Noncombustion 
credit--cost reduced 
by 15% in resource 

planning 

10) NRDC (1989) C02 Other California Proposal-Builds on 
NPPC w/variable % 

adders for C02 

Method refers to Direct Estimation of Costs (DE), Abatement Costs (AC), or Regulatory 
Determination (RD). NS =not specnied. ROG =Reactive Organic Gases. 

*Chernick and Caverhill rely most heavily on abatement costs, and the analysis in this paper uses 
their abatement cost estimates for S02, NOx, and C02. 
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Direct Damage Estimation 

Shuman and Cavanagh estimate a range of external costs from coal
fired electricity from zero to 20¢/kWh (in 1980 $). Their analysis relies on direct 
estimation of the costs of environmental and human health externalities, 
including those associated with global warming. They have attempted to 
capture one cost of global warming by estimating the increased probability of 
millions of famine deaths due to changing climate. They settle on 2¢/kWh (1980 
$) or about 3.1 ¢/kWh (1989 $) as their best estimate of total external costs 
associated with new coal-fired electricity generation (Cavanagh et al. 1982). 

EPRI (1987) summarizes the direct damage estimates of two studies 
completed in the mid 1970's.4 One of these studies gives S02 damage costs 
for rural areas of Western Pennsylvania and West Virginia. The same study 
estimates damage costs for sulfur emissions 35 miles from NY City. Both 
estimates are included in Table 3 for comparison, though only the rural estimate 
is used in later calculations. The EPRI best estimate for NOx costs (no location 
given) is more than one order of magnitude smaller (and sometimes two orders 
of magnitude smaller) than estimates from most other studies (see Table 3). 

Hohmeyer (1988) summarizes direct damage estimates for 
environmental and human health externalities from fossil fuel and nuclear 
electricity generation in West Germany. Hohmeyer's widely cited analysis does 
not differentiate damage costs by fossil fuel, nor does it specify the marginal 
damage cost per mass of pollutant. However, he supplied the marginal 
damage costs for non-greenhouse pollutants in a personal communication 
(1990). Hohmeyer also calculates externalities associated with depletion of 
non-renewable resources and public subsidies peculiar to West Germany, 
which are not included here. 

Abatement Cost Approaches 

Chernick and Caverhill (1989) estimate the external costs associated 
with su!.fur dioxide, carbon dioxide, methane, nitrogen oxides, particulates, and 
oil spills for both electricity and direct fuel consumption in New England, 
principally relying on abatement cost approaches (their direct damage cost 
estimates are not used in this paper). They approximate the cost of C02 
emissions using estimates of the cost to sequester carbon using tree planting. 
Their analysis is among the most comprehensive yet performed, and their 
calculations yield externality costs that in some cases exceed the current price 
of energy. 

4EPRI cites high, low, and mid-range estimates, but only the mid-range estimates are used in later 
calculations. 
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TABLE 3. VALUE OF INCREMENTAL EMISSIONS REDUCTIONS 1_1989_1/LB) 
502 NOx C02 ROO CH4 N20 Particulates 
$/lb $/lb $/lbC $/lb $/lb $/lb $/lb 

EPRI (1987) rural PA, WV 
Low 0.21 0.02 - - - - -
High 0.85 0.23 - - - - -

Best Estimate 0.48 0.07 - - - - -

EPRI (1987) (Sub)urban* 
Low 0.48 0.02 - - - - -
High 2.31 0.23 - - - - -

Best Estimate 1.27 0.07 - - - - -

Hohmeyer (1988) 
Low 0.233 0.292 - ** 0.233 - - 0.233 
High 1.244 1.555 - ** 1.244 -· - 1.244 

Chernick eta/. (1989) 0.92 1.58 0.042 - 0.37 - >2.63 

Schilberg et al. (1989) 
Outside CA 0.50 1.35 0.027 0.33 0.19 1.85 -

CA Outside SCAQMD 0.90 9.40 0.027 0.57 0.19 1.85 -
CA Inside SCAQMD 9.15 12.25 0.027 8.75 0.19 1.85 -

CEC Staff (1989) inCA 5.75 5.80 0.013 1.65 - - 3.9 

Implied by NYPSC(1989b) 0.48 0.94 0.0015 - - - 1.01 

Comments: NYPSC numbers were derived from the Con Ed/NYPSC worksheet (see Appendix 
B). The weighted point value of a particular pollutant as a percentage of total points was multiplied 
by 1 .405¢/kWh, and divided by the required change in emissions needed to yield all the points 
for the pollutant. Particulate matter estimates (PM) of CEC are for all particulates less than 10 
microns in diameter, while the Con Ed/NYPSC system and Chernick et al. do not distinguish 
particulates by size. ROG =Reactive Organic Gases 

*Suburban/urban location is 35 miles (56 km) outside of NY City. Only sulfur dioxide damages are 
estimated for this location. Nitrogen oxide damages were only assigned one number by EPRI, so 
this number is used for both the rural and suburban/urban estimates. 

**Hohmeyer does estimate total external costs for global climate change, but the $/lb numbers for 
C02 and other greenhouse gases were not available in time for publication. 
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Air quality problems in California have led the regulatory agencies in this 
state to take a leading role in quantifying the social cost of air pollution (Cohen 
et al. 1990). The California Energy Commission (CEC) Staff, in the context of 
the planning process for the CEC's 1990 Electricity Report (ER-90), use an 
abatement cost analysis to estimate the value of air emissions reductions of 
S02, NOx C02, ROG, and particulates smaller than 10 microns, using data from 
the Southern California Edison territory and the South Coast Air Basin in LA. I 
assumed that the values calculated by the CEC staff were in 1989$ (CEC Staff 
1989). Schilberg et al. (1989), who are intervenors in the ER-90 process, use 
an abatement cost approach to derive the external cost of S02, NOx, C02, 
Reactive Organic Gases (ROG), CH4, and N20 for the U.S. outside of 
California, for California outside of the South Coast Air Quality Management 
District (SCAQMD), and for California inside SCAQMD. Schilberg et al.'s 
estimates are in 1989$. 

Regulatory Determinations 

The act establishing the Northwest Power Planning Council (NPPC) 
requires consideration of environmental impacts in. regional least-cost planning 
(Cohen et al. 1990). NPPC has since 1980 encouraged utilities in its region to 
give conservation a 1 0% cost advantage over conventional supply resources, 
because of lower financial risks associated with modular resources. If avoided 
costs (based on a proxy fossil fuel unit) are 5 ¢/kWh, all conservation measures 
that cost less than 5.5 ¢/kWh (5 ¢ x 1.1) are considered economic (NPPC 1989). 
The Council does not currently advocate use of the 10% "adder" to differentiate 
between supply resources, although I have included it here to show the 
implications of using a single percentage adder for this purpose.s 

New York State's Public Service Commission (NYPSC) has required the 
State's investor-owned utilities to include a "point" system for calculating 
environmental costs of competing supply and demand resources as part of their 
integrated resources bidding programs. This scheme assigns point values to 
different levels of air, water, and land use. The most environmentally disruptive 
new resource (coal), under the most unfavorable circumstances, will be 
assigned an environmental cost of 1.405¢/kWh. All other resources are 
assigned some fraction of that total, depending on their point score. Energy 
efficiency, since it avoids all the external costs analyzed, would have no 
externality charge attached to it. The adjusted bids are then used to determine 
the lowest bidder (NYPSC 1989a). To illustrate this approach, this paper 

5The Vermont Public Service Board, in April1990, instituted a 10% comparative risk and flexibility 
adder (similar to the NPPC adder) and a 5% environmental externality adder, both for use in 
comparing energy conservation to avoided costs of supply technologies in the resource planning 
process. (VTPSB 1990). 
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analyzes the environmental component of Consolidated Edison Company of 
New York's bidding system (NYPSC 1989b).6 

In 1989, the Public Service Commission of Wisconsin (PSCWI) 
implemented a "non-combustion credit" of 15% for non-fossil supply and 
demand-side resources (excluding nuclear power, which is restricted by law in 
Wisconsin). In this case, the cost of conservation and renewables is reduced by 
15%, so that a conservation measure costing $1 00/kW is treated as if it cost 
$85/kW for purposes of determining cost effectiveness in Wisconsin's resource 
planning process (PSCWI 1989). This policy is equivalent to increasing the 
cost of conventional resources by 17.6%. 

Other 

The Natural Resources Defense Council (NRDC) in the context of 
California's collaborative process, has proposed a variable percentage "adder" 
to account for C02 (NRDC 1989) that builds upon NPPC's 10% cost adder. All 
supply resources would be increased in cost by 10%, plus an additional 15% 
for C02 emissions equal to that of a coal plant, 12% for that from an oil plant, 
and 9% from natural gas. For direct natural gas conservation measures, NRDC 
proposes that the 9% adder be used alone (and presumably direct oil use 
would be treated similarly, using a 12% adder). This proposal does not 
currently account for differential heat rates of power plants. It is included here to 
show the consequences of a modified "adder" to calculate external costs. 

4. METHODOLOGY 

The analysis in this paper uses various estimates of external costs, in 
conjunction with consistent assumptions about emissions factors, heat rates, 
and resource costs, to arrive at comparable estimates in 1989¢/kWh or 
1989$/MMBtu (see Appendix A for a summary of those assumptions). 
Wherever possible, externality costs (in ¢/kWh) were calculated using Equation 
2 (below) or its equivalent for direct fuel consumption. 

Calculating Externality Costs 

In general, external costs can be crudely characterized by Equation 1 : 

. , . (Damage Cost) 
Externality Cost= S1ze of Insult x unit of insult (1) 

where 

Externality Cost= total external cost to society, in dollars; 

6The environmental component of the NY State bidding system does not vary much by utility 
service territory, so choosing the urban territory of Con Ed will yield results that are representative 
for most of NY. 
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Size of Insult is expressed in physical units (lbs emitted or hectares 
degraded); and 

Damage Cost is expressed in dollars per physical unit of insult. 

Externality costs must be normalized to some common unit of service for 
consistent comparison. This unit is delivered kWh, which includes transmission 
and distribution losses. For direct fuel consumption, the unit of service is 
MMBtu. 

Air pollution and climate effects tend to dominate most analyses of fossil 
fuel externalities, and they are the principal focus of this paper. Such external 
costs, which vary with power plant fuel consumption, can be characterized by 
Equation 2 (which is a variation of Equation 1 ): 

. ( ¢ ) (I bs) ( Btu ) ( ¢ ) Externality Cost kwh = EF Btu x HR kwh x MDC I b 

where 

EF = Emission Factor, in lbs/Btu of fuel consumed; 

HR =Heat Rate of power plant, in Btus/kWh;7 and 

MDC= Marginal Damage Cost, in ¢/lb. 

(2) 

The emission factor relates the particular insult to the amount of fuel 
burned (Table A.1 in Appendix A shows these factors). The heat rate 
characterizes the first pathway by which the insult is converted from its fuel
related state to a form that impinges upon the natural environment. The 
marginal damage cost relates the insult to the social costs. It embodies a 
relationship between the insult and the stresses that depends on assumptions 
about geography, dose response, weather, biotic interactions, population 
density~ post-combustion pathways, and myriad other factors. 

EF and HR are physical parameters that can be measured, while MDC 
can be calculated using direct cost estimation, abatement costs, or some 
combination of both. MDC is an important parameter for regulatory policy 
analysis, but it is usually difficult to calculate and may sometimes be 
unquantifiable in principle. It should always be stated explicitly, along with the 
large number of assumptions needed to calculate such a value. 

Marginal Damage Costs 

Table 3 shows the marginal damage cost (or the value of incremental 
emissions reductions) from five externality studies and one regulatory 

7For direct fuel use, this term becomes the inverse of combustion efficiency. 
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determination (in $/lb of pollutant). The assumptions about value of pollution 
reductions for the other studies summarized in Table 2 cannot easily be derived 
because they treat many pollutants in the aggregate. The implied value of 
emissions reductions for the Consolidated Edison Company's bidding system 
have been derived using the method described in Appendix B. 

The difference in assessments of pollutant value reflect different 
geographic and environmental circumstances, as well as other factors. The 
assessments of the value of NOx reductions in California are substantially 
higher than those estimated by Chernick for New England and implied by the 
NYPSC's bidding system. California has some of the strictest air pollution 
controls in the nation, which reflect its severe NOx-related ozone problems. 

Chernick's, Schilberg's, and the CEC's estimates of the value of C02 
reductions are based on proxy approaches, while the value implied in the Con 
Ed/NYPSC system (which is less than twelve percent of the other estimates) is 
based on cautious initial regulatory response to the global warming problem, 
and not on explicit analysis. 

Consistent emissions estimates for pollutants other than NOx, S02, and 
C02, (such as particulates, reactive organic gases, N20, and methane) were 
not available, so the external costs related to these pollutants were not included 
in the calculations. As Table 3 shows, estimates for some of these pollutants 
indicate that they can be more costly to society per unit mass than the three that 
have been included in the calculations (e.g., particulates). Of course, the 
damages per kWh depend upon the respective emission factors for each 
pollutant. 

5. RESULTS 

New Power Plants 

Table 4 shows externalities from new power plants that meet the National 
New Source Performance Standards (NSPS). In general, natural gas has 
lower external costs than other fuels used in comparable power plants. Oil is 
more damaging than gas but less damaging than coal, according to these 
estimates. This conclusion is the result of the emissions factors in Table A.1 (in 
Appendix A), which are lowest for gas and next lowest for oil, for all three 
pollutants. This ranking also seems to be reflected in the various regulatory 
estimates of these externalities, although for systems based on a percentage of 
resource cost (such as NPPC, PSCWI, and NRDC), this result is coincidental. 
Table 5 shows estimates of total external costs by technology type, as a 
percentage of delivered cost. 

In absolute terms, the lowest estimate for external costs of NSPS gas 
plants (EPRI) yields negligible NOx and S02 costs. EPRI assigns oil combined
cycle plants and coal plants NOx plus S02 costs of 0.1 0¢/kWh and 0.34¢/kWh, 
respectively. All other analyses and regulatory determinations that treat such 
costs explicitly (except for Hohmeyer's low estimate) yield damage costs for 
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TABLE 4. EXTERNALITIES FROM NEW NSPS POWER PLANTS (1989 ¢/kWh) 
cc CT cc CT Coal 
Gas Gas 011 011 Steam 

Heat Rate (Btus/kWh) 8440 13900 8440 13900 9660 
HR+ T&D losses (Btus/kWh) 8946 14734 8946 14734 10240 

Delivered Cost (¢/kWh) 5.5 13.8 6.0 14.6 8.3 

1) Shuman and Cavanagh Human Health 1.22 
(Cavanagh et al. 1982) Prop. Damage 0.02 

C02-Prop. Dmg 0.01 
C02-Famine 1.87 
Best Estimate 3.12 

Range 0.045-32 

2) EPRI (1987) S02 0 0 0.09 0.14 0.30 
NOx 0.012 0.020 0.01 0.02 0.04 

S02+NOx 0.012 0.020 0.10 0.16 0.34 
Range 0.004- 0.006- 0.04- 0.07- 0.14-0.67 

0.041 0.068 0.19 0.32 

3) Hohmeyer (1988) Low S02 0.00 0.00 0.04 0.07 0.14 
NOx 0.05 0.09 0.05 0.09 0.18 

S02+NOx 0.05 0.09 0.09 0.15 0.32 
High S02 0.00 0.00 0.22 0.37 0.76 

NOx 0.28 0.46 0.28 0.46 0.96 
S02+NOx 0.28 0.46 0.50 0.82 1.72 

4) Chernick (1989) S02 0.00 0.00 0.16 0.27 0.56 
NOx 0.28 0.46 0.28 0.46 0.97 
C02 1.13 1.86 1.73 2.72 2.45 
Total 1.41 2.32 2.17 3.46 3.98 

5) Schilberg (1989) S02 0.00 0.00 0.09 0.15 0.31 
Outside CA NOx 0.24 0.40 0.24 0.40 0.83 

C02 0.72 1.19 1.11 1.75 1.58 
Total 0.97 1.59 1.44 2.30 2.71 

CA Outside SCAQM D S02 0.00 0.00 0.16 0.27 0.55 
NOx 1.68 2.77 1.68 2.77 5.78 
C02 0.72 1.19 1 .11 1.75 1.58 
Total 2.41 3.96 2.95 4.79 7.90 

CA Inside SCAQMD S02 0.00 0.00 1.64 2.70 5.62 
NOx 2.19 3.61 2.19 3.61 7.53 
C02 0.72 1.19 1 .11 1.75 1.58 
Total 2.92 4.80 4.94 8.06 14.72 
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TABLE 4 (continued). EXTERNALITIES FROM NEW NSPS POWER PLANTS 
(1989 ¢/kWh) · 

cc CT cc CT Coal 
Gas Gas 011 011 Steam 

Heat Rate (Btus/kWh) 8440 13900 8440 13900 9660 
HR+ T&D (Btus/kWh) 8946 14734 8946 14734 10240 
Delivered Cost (¢/kWh) 5.5 13.8 6.0 14.6 8.3 

6) CEC Staff (CEC 1989) so2 0.00 0.00 1.03 1.69 3.53 
NOx 1.04 1.11 1.04 1.71 3.56 
C02 0.35 0.57 0.53 0.84 0.76 
Total 1.39 1.69 2.60 4.25 7.85 

7) NPPC (1989) All but C02 0.55 1.38 0.60 1.46 0.83 

8) Con Ed/NY State S02 0.00 0.00 0.11 0.16 0.26 
Bidding System NOx 0.22 0.22 0.22 0.33 0.56 
(NYPSC 1989b) C02 0.04 0.06 0.06 0.06 0.06 

Particulates 0.01 0.01 0.01 0.01 0.02 
Water 0.07 0.00 0.07 0.00 0.08 

Land Use 0.17 0.17 0.20 0.20 0.29 
All 0.50 0.46 0.67 .0.76 1.27 

9) PSCWI (1989) CCE=0.5xDC 0.41 1.04 0.45 1.10 0.62 
CCE=DC 0.83 2.07 0.90 2.19 1.25 

10) NRDC (1989) C02 0.50 1.24 0.72 1.75 1.25 
NRDC Total All 1.05 2.62 1.32 3.21 2.08 

General: ¢/kWh numbers for estimates 1-6 have been calculated using the heat rates at the top 
of this table, using the appropriate New Source Performance Standards (NSPS) emissions factors 
for each power plant (Table A.2), but varying the value assigned to each lb of emissions using the 
assumptions of various analysts and regulatory bodies (Table 3). All EPRI power plants meet the 
NSPS. Fuel prices are based on levelized forecasts for 1988-2000 from the DOE's Annual 
Energy Outlook (USDOE 1989b). Discount rate is 6.1% real. Nominal Fixed Charge Rate= 16.8% 
for 30 yr lifetime, 15.4% for 40 year life (coal only). Transmission and Distribution losses= 6%. 
Assumed reserve margin requirement is 20%, which is used to calculate delivered costs of 
generation. Oil Combustion Turbine (CT) uses 0.3% S Distillate Oil; Combined Cycle (CC) Oil 
uses 1% S Residual Oil; Coal Steam Plant is a supercritical unit that uses 1.2% S Coal with a heat 
content of 10,460 Btus/lb (which is average for coal in US utilities in 1988--See USDOE (1989c)). 
CCE = Cost of Conserved Energy; DC = Delivered cost of electricity from supply resources (from 
Table A.3). 

1) Shuman and Cavanagh's analysis relies on direct estimation of the dollar value of human health 
and environmental externalities. The estimates have been adjusted from 1980$ to 1989$ using 
the Consumer Price Index 1980-88, and assuming 5% inflation for 1988-89. The best estimates 
are equal to 1 0% of the high values. 
2) The EPRI Technical Assessment Guide, v.4 (1987) quotes the results of two direct cost 
estimation studies, one for S02 and one for NOx in 1975$. These costs were adjusted to 1989$ 
using the consumer price index. 
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TABLE 4 NOTES (continued). .EXTERNALITIES FROM NEW NSPS POWER 
PLANTS (1989 ¢/kWh) 

3) Hohmeyer derives estimates of external costs from studies of the direct human health and 
environmental damages from nuclear and fossil fuels. He reports only total damages and does not 
explicitly differentiate between the fossil fuels or pollutants in his widely circulated book, but he 
reported marginal damage costs for each pollutant in a personal communication (Hohmeyer 
1990). The estimates have been converted from 1982 to 1989 Deutschmarks using a 1.8% 
annual inflation rate, and to U.S. dollars using an exchange rate of 2 DM/U.S. $. 
4) Chernick and Caverhill's estimates are based principally on abatement costs, but also undertake 
direct cost estimation for some pollutants. They explicitly show their assumptions about marginal 
damage costs in dollars per pound of pollutant, which are in 1988$ and have been converted to 
1989$ using 5% inflation. 
5) Schilberg's estimates of the damage cost per lb of pollutant are based on abatement cost 
analysis. I assume that they are given in 1989$. 
6) The California Energy Commission (CEC) Staff calculated the value of air emissions reductions 
in dollars per ton of pollutant using abatement cost data from the Southern California Edison 
territory and the South Coast Air Basin in LA. I assumed that these values were in 1989$. 
7) The Northwest Power Planning Council (NPPC) encourages utilities in their region to increase 
the cost of supply resources by 10% when calculating the cost effectiveness of conservation. 
The Council does not currently advocate using the 10% "adder'' to differentiate between supply 
resources, but the adder is included here to show the effects of using a single percentage adder 
for that purpose. 
8) Consolidated Edison Company, as required by the New York State Public Service Commission 
(NYPSC), has established a point system for calculating environmental costs of competing new 
supply and demand resources. This scheme assigns point values to different levels of air, water, 
and land use. The most environmentally disruptive resource, under the most unfavorable 
circumstances, will be assigned an environmental cost of 1.405¢/kWh. All other resources are 
assigned some fraction of that total, depending on their point score. I calculated point scores for 
each resource based on a worksheet supplied in NYPSC documents, assuming that the 
externality costs were already in 1989$. Appendix B presents details of the point system and my 
assumptions. 
9) The Public Service Commission of Wisconsin (PSCWI) reduces the cost of demand-side 
management options by 15% to account for external costs in their resource planning process. I 
calculated implied external costs for conservation equal in cost to 50% and 1 00% of the 
competing supply resource. · 
10) The Natural Resources Defense Council (NRDC), in the context of the California Collaborative 
Process, proposed a variable percentage "adder'' to accoUTlt for C02. All supply resources would 
be increased in cost by 10%, plus an additional 15% for C02 emissions equal to that of a coal 
plant, 12% for that from an oil plant, and 9% from natural gas. For direct natural gas conservation 
measures, NRDC proposes that the 9% adder be used alone (and presumably proposes that a 
12% adder be used for direct oil use). 
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TABLE 5. EXTERNALITIES FROM NEW NSPS POWER PLANTS (TOTAL AS % 
OF DELIVERED COST) 

cc CT cc CT Coal 
Gas Gas 011 011 

Delivered Cost (89 ¢/kWh) 5.5 13.8 6.0 14.6 8.3 
1) Shuman and Cavanagh 
(Cavanagh 1982) 37% 

2) EPRI (1987): S02+NOx 0.2% 0.1% 1.7% 1.1% 4.1% 

3)Hohmeyer (1988) 
S02+N0x--Low 0.9% 0.6% 1.6% 1.1% 3.9% 
S02+N0x--High 5.0% 3.3% 8.3% 5.6% 20.7% 

4) Chernick et al(1989) 26% 17% 36% 24% 48% 

5) Schilberg et al (1989) 
Outside CA 17% 12% 24% 16% 33% 

CA Outside SCAQMD 44% 29% 49% 33% 95% 
CA Inside SCAQMD 53% 35% 82% 55% 177% 

6) CEC Staff (CEC 1989) 25% 12% 43% 29% 94% 

7) NPPC (1989) 10% 10% 10% 10% 10% 

8) PSCWI (1989) 15% 15% 15% 15% 15% 

9) NY State Bidding Systems 
(NYPSC 1989b) 9% 3% 11% 5% 15% 

10) NRDC (1989) 19% 19% 22% 22% 25% 

This table expresses the totals calculated in Table 4 as a% of delivered cost of supply resources; 
Calculation for EPRI and Shuman and Cavanagh uses their best estimates. Calculation for PSCWI 
uses the case where Cost of Conserved Energy equals Delivered Cost. When externality costs 
are expressed as a% of the cost of a power plant, the delivered costs in Table A.3 (derived from 
EPRI (1986)) including 6% T&D losses were used. 
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these two pollutants that are more than a factor of two higher than EPRI's costs. 
In all cases where it is explicitly included (except for the NYPSC's bidding 
system), C02 adds more than 0.3¢/kWh in societal costs. 

Regulatory determinations range from 3 to 15% of resource cost, 
depending upon the technology, while estimates of external costs from 
abatement cost or direct damage analyses are often larger than the regulatory 
determinations as a percentage of resource costs. These results indicate that 
externality costs can be significant fractions of the delivered cost of new 
electricity resources. Because many externalities were excluded from the 
analysis, this conclusion seems robust. 

Existing Power Plants 

I have included results for existing power plants to show the disparities in 
emissions factors between new and existing plants. These disparities can be 
important if the operating hours of old plants can be curtailed or the plants can 
be retired altogether when new supply or demand-side resources are added. 
The heat rates are derived from NERC (1989) and USDOE (1989c). The 
USDOE's emissions estimates are only for steam power plants (USDOE 
1989a), which generate about 99% of the fossil-fired kWh in the U.S. Plant by 
plant analysis would be necessary to analyze emissions in a particular utility 
system. However, the results presented here give a rough indication of 
emissions from existing steam-electric plants by fuel type. 

Table 6 shows the external costs for average existing gas-steam, oil
steam and coal-steam power plants implied by the value of emission reductions 
in Table 3 and the emissions factors in Table A.1. Table 7 shows these 
estimates as a percentage of the 1988 electricity price. 

Because existing plants in the U.S. are not affected by the National New 
Source Performance Standards, their air emissions are higher than those of 
new power plants. EPRI's best estimates of just S02 plus NOx yield negligible 
external costs for existing gas plants (the result of the low NOx costs) and costs 
of 0.55¢/kWh for oil and 1.1 ¢/kWh for coal. The values implied by the Con 
Edison/NYPSC bidding system yield estimates of about 1.9¢/kWh for coal, 
0.96¢/kWh for oil, and 0.43¢/kWh for natural gas power plants. These estimates 
are about 29%, 14%, and 6%, respectively, of the 1988 U.S. electricity price of 
6.6¢/kWh (1989$), and only include external costs from emission of S02, NOx, 
and C02. They ignore particulates and water/land use effects, as well as other 
externalities. 

The two lowest estimates under considerations therefore yield externality 
costs for existing plants that are large enough to influence utility dispatch and 

8Hohmeyer's low estimate yields smaller external costs than the EPRI best estimate, but this is not 
a consistent comparison. 
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TABLE 6. EXTERNAL COSTS FROM EXISTING U.S. STEAM POWER PLANTS IN 
1988 (1989¢/KWH) 

Gas Oil Coal 

1988 Heat Rates (BtuslkWh) 10342 10910 10254 
HR + T&D losses (BtuslkWh) 10962 11565 10869 
1988 U.S. Electricity Price (¢/kWh) 6.6 6.6 6.6 
EPRI (1987) S02 0.00 0.53 1.05 

NOx 0.03 0.03 0.06 
S02+NOx 0.03 0.55 1. 11 

Hohmeyer (1988) Lovv S02 0.00 0.25 0.51 
NOx 0.12 0.11 0.25 

S02+NOx 0.12 0.37 0.75 
High S02 0.00 1.36 2.70 

NOx 0.63 0.59 1.31 
S02+NOx 0.63 1.95 4.02 

Chernick (1989) S02 0.00 1.00 2.00 
NOx 0.63 0.60 1.33 
C02 1.38 2.14 2.60 
Total 2.02 3.74 5.93 

Schilberg et al (1989) OutsideCA S02 0.00 0.55 1.09 
NOx 0.54 0.51 1.14 
C02 0.89 1.37 1.67 
Total 1.43 2.43 3.90 

CA Outside SCAQMD S02 0.00 0.98 1.96 
NOx 3.79 3.57 7.94 
C02 0.89 1.37 1.67 
Total 4.68 5.93 11.57 

CA Inside SCAQMD so2 0.00 9.98 19.89 
NOx 4.94 4.65 10.35 
C02 0.89 1.37 1.67 
Total 5.82 16.00 31.92 

CEC Staff (CEC 1989) S02 0.00 6.27 12.50 
NOx 2.34 2.20 4.90 
C02 0.43 0.66 0.81 
Total 2.76 9.13 18.21 

Implied in Con Ed/NY State Bidding S02 0.00 0.52 1.04 
System (NYPSC 1989b) NOx 0.38 0.36 0.79 

C02 0.05 0.08 0.09 
Total 0.43 0.96 1.93 .. 

Sources: Heat Rates denved from NERC (1989). Electncity Pnce from USDOE (1989c) escalated 
at 5% to 1989$. Emissions Factors are from Table A.2. T&D losses = 6%. Steam power plants 
generated roughly 99% of fossil-fired electricity in the U.S. in 1988, with the remainder being 
generated by combustion turbines.and internal combustion engines. 
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TABLE 7. EXTERNALITIES FROM EXISTING U.S. STEAM POWER 
PLANTS (TOTAL AS % OF 1988 ELECTRICITY PRICE) 

Natural Gas Oil Coal 

EPRI (1987): S02+NOx 0.4% 8.4% 16.8% 

Hohmeyer (1988) 
S02+N0x---Low 1.8% 5.5% 11.4% 
S02+N0x---High 9.5% 29.4% 60.7% 

Chernick (1989) 30% 76% 90% 

Schilberg et al (1989) 
Outside CA 22% 37% 59% 

CA Outside SCAQMD 71% 90% 175% 
CA Inside SCAQMD 88% 242% 483% 

CEC Staff (CEC 1989) 42% 138% 275% 

Implied in NYPSC (1989b) 6% 14% 29% 

1988 U.S. Average Electricity Price= 6.6 ¢/kWh (1989 $). Steam power plants generated 
roughly 99% of fossil-fired electricity in the U.S. in 1988, with the remainder being generated by 
combustion turbines.and internal combustion engines. 
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resource planning decisions substantially. To most accurately characterize the 
effects of such externality costs on these decisions requires use of a utility 
simulation model (Heslin and Hobbs 1989). These models can help determine 
average emissions factors for various pollutants, the regional distribution of 
releases from different power plants, and how these emissions are affected by 
different dispatch strategies and future resource additions. 

Direct Combustion of Oil and Gas 

Table 8 shows calculated external costs from direct use of natural gas, 
and Table 9 shows the same for oil combustion. The 1988 U.S. average prices 
for the relevant fuels are included for comparison. Table 10 shows the 
estimates of total external costs as a percentage of the 1988 price. Direct 
combustion of natural gas is always assigned external costs less than the price 
of the fuel, which is not true for electricity use or direct use of oil. Direct use of 
oil is more damaging than gas, which is the result of higher emissions factors for 
oil in almost all cases. 

These findings suggest that delivered heat from direct combustion of 
natural gas has lower external costs than that associated with NSPS electricity 
generation using gas or other fuels. Consider the externality cost per delivered 
MMBtu of residential space heat from natural gas, assuming a combustion 
efficiency of 78%. The CEC staff estimate implies external costs of 
$1.24/MMBtu of delivered heat. The external cost for electricity from a new 
NSPS gas combined-cycle plant is 1.39¢/kWh or $4.07/MMBtu of delivered 
heat (1 00% efficiency at point of use), which implies that the externality cost 
from electric space heat in this case is more than three times higher than the 
externality costs for direct use of natural gas. The environmental benefits of gas 
space heat are even greater when compared to electricity from existing plants 
or to that from new oil and coal plants. 9 

6. DISCUSSION 

The NY State Bidding Systems 

The NY State Bidding systems have been widely quoted as assigning an 
externality cost of 24% of avoided costs in NY State. However, only the most 
polluting resources (e.g., coal) under the worst possible circumstances are 
assigned this cost. A coal plant in a favorable location that utilizes existing 
infrastructure will have lower externalities than would such a facility in the worst 
case. Estimates derived from this system for typical new NSPS power plants 
are between 0.46 and 1.27¢/kWh, depending on the fuel and technology (see 
Table 4). Care should therefore be used in interpreting the implications of the 
NYPSC's externality weighting scheme. 

9Using a condensing gas furnace (efficiency- 95%) will increase this differential, while using best 
available control technology for power plants (usually selective catalytic reduction for NOx) will 
reduce it. 
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TABLE 8 EXTERNALITIES FROM DIRECT USE OF NATURAL GAS . 
Home Home Comml Industrial 

1989 $/MMBtu fuel Input Gas SH Gas WH Gas Gas Boller 
Boller 

1988 U.S. Avg. Price 5.56 5.56 4.72 3.01 
EPRI (1987) S02 0.000 0.000 0.000 0.000 

NOx 0.007 0.008 0.007 0.010 
S02+NOx 0.007 0.008 0.007 0.010 

Hohmeyer (1988) Low S02 0.000 0.000 0.000 0.000 
NOx 0.029 0.032 0.029 0.041 

S02+NOx 0.029 0.032 0.029 0.041 
High S02 0.000 0.000 0.000 0.000 

NOx 0.156 0.171 0.156 0.218 
S02+NOx 0.156 0.171 0.156 0.218 

Chernick et al. (1989) S02 0.000 0.000 0.000 0.000 
NOx 0.158 0.173 0.158 0.221 
C02 1.260 1.260 1.260 1.260 
Total 1.42 1.43 1.42 1.48 

Schilberg et al. (1989) S02 0.00 0.00 0.00 0.00 
Outside CA NOx 0.14 0.15 0.14 0.19 

C02 0.81 0.81 0.81 0.81 
Total 0.95 0.96 0.95 1.00 

CA Outside SCAQMD S02 0.00 0.00 0.00 0.00 
NOx 0.94 1.03 0.94 1.32 
C02 0.81 0.81 0.81 0.81 
Total 1.75 1.84 1.75 2.13 

CA Inside SCAQMD S02 0.00 0.00 0.00 0.00 
NOx 1.23 1.35 1.23 1.72 
C02 0.81 0.81 0.81 0.81 
Total 2.04 2.16 2.04 2.53 

CEC Staff (CEC 1989) S02 0.00 0.00 0.00 0.00 
NOx 0.58 0.64 0.58 0.81 
C02 0.39 0.39 0.39 0.39 
Total 0.97 1.03 0.97 1.20 

Implied in Con Ed/NYPSC S02 0.00 0.00 0.00 0.00 
Bidding System (1989b) NOx 0.09 0.10 0.09 0.13 

C02 0.05 0.05 0.05 0.05 
Total 0.14 0.15 0.14 0.18 

NRDC (1989) C02 0.50 0.50 '-0.42 0.27 

To calculate externalities per MMBtu of delivered heat, divide these estimates by 
combustion/heat delivery efficiency. WH =Water Heat, SH =Space heat. 
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TABLE 9 EXTERNALITIES FROM DIRECT USE OF OIL . 
MF #2 Comml #2 Com/lnd.#6 

1989 $/MMBtu fuel Input 011 Boller Oil Boller 011 Boller 

1988 U.S. Avg. Price 4.12 4.12 2.34 

EPRI (1987) 502 0.152 0.152 0.524 
NOx 0.009 0.010 0.025 

S02+NOx 0.160 0.162 0.550 

Hohmeyer (1988) Low 502 0.073 0.073 0.252 
NOx 0.037 0.043 0.107 

S02+NOx 0.110 0.116 0.360 
High 502 0.389 0.389 1.344 

NOx 0.199 0.227 0.571 
S02+NOx 0.588 0.616 1.915 

Chernick et al. (1989) 802 0.287 0.287 0.993 
NOx 0.202 0.230 0.578 
C02 1.932 1.932 1.848 
Total 2.42 2.45 3.42 

Schilberg et al. (1989) 502 0.16 0.16 0.54 
Outside CA NOx 0.17 0.20 0.50 

C02 1.24 1.24 1.19 
Total 1.57 1.60 2.22 

CA Outside SCAQMD S02 0.28 0.28 0.97 
NOx 1.20 1.37 3.45 
C02 1.24 1.24 1.19 
Total 2.73 2.90 5.61 

CA Inside SCAOMD 502 2.86 2.86 9.89 
NOx 1.57 1.79 4.50 
C02 1.24 1.24 1.19 
Total 5.67 5.89 15.58 

CEC Staff (CEC 1989) S02 1.80 1.80 6.22 
NOx 0.74 0.85 2.13 
C02 0.60 0.60 0.57 
Total 3.14 3.24 8.92 

Implied in Con Ed/NYPSC S02 0.15 0.15 0.52 
Bidding System (1989b) NOx 0.12 0.14 0.34 

C02 0.07 0.07 0.07 
Total 0.34 0.36 0.93 

NRDC (1989) C02 0.49 0.49 0.28 

. . .. 
To calculate externalities per MMBtu of delivered heat, d1v1de these est1mates by 
combustion/heat delivery efficiency. #2 Distillate contains 0.3% Sulfur (S) by weight; #6 Residual 
contains 1.0% S by weight. MF = Muttifamily residential structure. Comml and Com. = Commercial 
Building. lnd = Industrial. 
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TABLE 10. EXTERNALITIES FROM DIRECT USE OF FOSSIL FUELS (TOTAL AS 

% OF 1988 PRICE) 
Residential Residential Commercial 

NATURAL GAS Gas SH Gas WH Gas Boiler 

1988 Price (89$/MMBtu) 5.56 5.56 4.72 

EPRI (1987): S02+NOx 0.1% 0.1% 0.1% 

Hohmeyer (1988) 
S02+N0x--Low 0.5% 0.6% 0.6% 
S02+N0x--High 2.8% 3.1% 3.3% 

Chernick et al. (1989) 25% 26% 30% 

Schilberg et al. (1989) 
Outside CA 17% 17% 20% 

CA Outside SCAQMD 31% 33% 37% 
CA Inside SCAQMD 37% 39% 43% 

CEC Staff (CEC 1989) 17% 18% 21% 

Implied in NYPSC(1989b) 3% 3% 3% 

NRDC (1989) 9% 9% 9% 
MF #2 Comml #2 Com/lnd.#6 

OIL 011 Boiler 011 Boiler Oil Boiler 
1988 Price (89$/MMBtu) 4.12 4.12 2.34 

EPRI (1987): S02+NOx 3.9% 3.9% 23.5% 

Hohmeyer (1988) 
S02+N0x--Low 2.7% 2.8% 15.4% 
S02+N0x--High 14.3% 15.0% 81.8% 

Chernick et al. (1989) 59% 44% 73% 

Schilberg et al. (1989) 
Outside CA 38% 39% 95% 

CA Outside SCAQMD 66% 70% 240% 
CA Inside SCAQMD 138% 143% 665% 

CEC Staff (CEC 1989) 76% 79% 381% 

Implied in NYPSC(1989b) 8% 9% 40% 

NRDC (1989) 12% 12% 12% 

. . 
MF =Multifamily residential structure. Comml and Com= Commercial Building . 
lnd = Industrial 
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Site-Specificity of Damages 

Many externalities are strongly site specific and dependent on particular 
circumstances, so comparisons and generalizations should be attempted only 
with caution. For instance, power plants that use existing infrastructure (power 
lines, pipelines, etc.) will have fewer environmental impacts than those that 
require construction of new infrastructure. Pollution in rural areas will have far 
different impacts than pollution in urban areas, although the total societal costs 
may in some cases be comparable. 

New York State's bidding systems acknowledge this complexity in land 
and water use issues, but do not do so for air pollution. Approaches that have 
been adopted by other regulatory bodies are even less accurate in 
characterizing geographic variations. This omission is a key area for 
improvement. Regulators should differentiate between air emissions in rural, 
suburban, and urban areas, because damages can vary widely among such 
locales. 

Resource Cost and Externalities 

The NPPC's conservation adder and the PSCWI's non-combustion credit 
are path-breaking contributions to resource planning. However, using such 
techniques implicitly assumes that resource cost is a good measure of 
externality costs. Environmental and human health damages from pollution are 
usually strongly correlated with fuel type, air emissions, heat rates, and other 
operating characteristics of power plants, and have little relation to resource 
cost. Resource planning estimates of externalities that are based on a 
percentage of the busbar cost of the resource can therefore lead to perverse 
results.1o 

For instance, using NPPC's 10% cost adder to differentiate between 
external costs of new supply resources implies that a new NSPS coal plant has 
external costs only 50% higher than a gas-fired combined cycle (CC) plant that 
emits no sulfur and has an efficiency 14% higher than the coal plant. Other 
estimates (e.g., 1-6 in Table 4) typically indicate that externality costs from this 
new coal plant are two to four times larger than those from the CC gas plant. 
The NRDC proposal is an improvement over the single percentage adder, but it 
still ignores power plant heat rates and depends upon resource cost. 

The NYPSC bidding system, which represents a great step forward in 
treating externalities explicitly in resource acquisition, depends indirectly upon 

1 Ocomparisons between different estimates based on a percentage of a resource's cost can be 
instructive, but the estimates themselves should not be based on such percentages. The 
"resource cost" of increasing output at existing plants is equal to the short-run variable costs, 
which are much lower than the total delivered costs of a new resource. In addition, existing plants 
are usually far more polluting than new plants of the same type. Basing estimates of externality 
costs on a fixed percentage of resource costs will be even more misleading in this case. 
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Site-Specificity of Damages 

Many externalities are strongly site specific and dependent on particular 
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with caution. For instance, power plants that use existing infrastructure (power 
lines, pipelines, etc.) will have fewer environmental impacts than those that 
require construction of new infrastructure. Pollution in rural areas will have far 
different impacts than pollution in urban areas, although the total societal costs 
may in some cases be comparable. 

New York State's bidding systems acknowledge this complexity in land 
and water use issues, but do not do so for air pollution. Approaches that have 
been adopted by other regulatory bodies are even less accurate in 
characterizing geographic variations. This omission is a key area for 
improvement. Regulators should differentiate between air emissions in rural, 
suburban, and urban areas, because damages can vary widely among such 
locales. 

Resource Cost and Externalities 

The NPPC's conservation adder and the PSCWI's non-combustion credit 
are path-breaking contributions to resource planning. However, using such 
techniques implicitly assumes that resource cost is a good measure of 
externality costs. Environmental and human health damages from pollution are 
usually strongly correlated with fuel type, air emissions, heat rates, and other 
operating characteristics of power plants, and have little relation to resource 
cost. Resource planning estimates of externalities that are based on a 
percentage of the busbar cost of the resource can therefore lead to perverse 
results.1o 

For instance, using NPPC's 10% cost adder to differentiate between 
external costs of new supply resources implies that a new NSPS coal plant has 
external costs only 50% higher than a gas-fired combined cycle (CC) plant that 
emits no sulfur and has an efficiency 14% higher than the coal plant. Other 
estimates (e.g., 1-6 in Table 4) typically indicate that externality costs from this 
new coal plant are two to four times larger than those from the CC gas plant. 
The NRDC proposal is an improvement over the single percentage adder, but it 
still ignores power plant heat rates and depends upon resource cost. 

The NYPSC bidding system, which represents a great step forward in 
treating externalities explicitly in resource acquisition, depends indirectly upon 

10comparisons between different estimates based on a percentage of a resource's cost can be 
instructive, but the estimates themselves should not be based on such percentages. The 
"resource cost" of increasing output at existing plants is equal to the short-run variable costs, 
which are much lower than the total delivered costs of a new resource. In addition, existing plants 
are usually far more polluting than new plants of the same type. Basing estimates of externality 
costs on a fixed percentage of resource costs will be even more misleading in this case. 
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resource cost. The total value of externalities is fixed (1.405¢/kWh) and this 
value is distributed depending upon the number of points assigned to a given 
pollutant. This system is an improvement over other regulatory determinations 
because it is far more detailed, but its reliance on resource cost may lead to 
inappropriate ranking of bids in the future. 

Global Warming 

Several attempts have been made to quantify the cost of global warming, 
either through direct cost estimation (Cavanagh et al. 1982) or through proxy 
methods (CEC Staff 1989, Chernick and Caverhill 1989, Schilberg et al. 1989). 
Direct damage calculations for this phenomenon are especially difficult 
because regional forecasts of climate change are even less certain than the 
global predictions, yet regional forecasts are necessary to estimate damages 
(Krause et al. 1989). Proxy approaches are also problematic since many global 
warming mitigation measures have multiple benefits (Krause and Koomey 
1989), and many of these measures await detailed, consistent tabulation. 

In spite of these uncertainties, one important conclusion emerges: all 
emissions that contribute to global warming should be treated similarly. 
Carbon, which is the most important contributor to the global warming problem, 
is by no means the only one. Radiatively active trace gases like methane 
(CH4), nitrous oxide (N20), and chloroflourocarbons (CFCs) should all be 
assigned the same externality cost per unit of global warming contribution. The 
appendices in Krause et al. (1989) explain how to convert concentrations of the 
other gases into equivalent C02 concentrations, which can then be used to 
assign these gases externality costs (once the appropriate cost for C02 has 
been determined). Others have also derived "warming factors" that can be used 
to achieve the same result (e.g., Unnasch et al. (1989) and DeLuchi et al. 
(1987a)). 

Assumptions 

Because the choice of a value for externalities is necessarily subjective, it 
is essential that important input assumptions be made explicit. The cost per 
pound of pollutant emitted (or per other physical unit of insult) should be a 
primary input to the calculation of the external cost of a given technology, and 
should always be stated clearly. Geographic and system boundaries should be 
consistent for different technologies, as inclusive as possible, and explicitly 
documented. 

The Need for Consistent Emissions Factors 

This analysis highlights the need for a consistent, comprehensive, 
regional database of emissions factors for new and existing U.S. power plants, 
as well as for direct combustion. The more common pollutants have well known 
emissions rates. Others, like N20, particulates, and reactive organic gases, are 
not as well known. A complete treatment must include emissions from all 
stages of energy production and use, for a large number of different 
technologies and all relevant fuels. 

27 



.· 

7. CONCLUSIONS 

Current estimates of the societal costs of electric power and direct 
combustion of fossil fuels can be substantial fractions of the cost or price of the 
corresponding resources. Regional complexities make generalizations difficult. 
these complexities should be accommodated to the greatest extent possible 
when designing policies to incorporate societal costs in ratemaking and utility 
resource planning. Uncertainties in such calculations are large and should be 
made explicit. 

Regulatory assessments of the size of externalities for the new power 
plants considered here range from 3 to 15%, while the abatement cost analyses 
considered here generally yield estimates that are higher than the regulatory 
determinations as a percentage of resource costs. Externality costs from 
existing power plants are probably large enough to influence utility dispatch 
decisions. Externality costs for direct combustion of natural gas for water or 
space heat are substantially lower than externality costs associated with using 
fossil-fueled electricity for this purpose. 

Policies that calculate externalities based on a percentage of resource 
costs submerge important details and should be avoided in the future. 
Damages from pollutants are not, in general, correlated with resource costs, but 
are strongly related to pollutant emissions, local topography, population density, 
and other physical characteristics of the surrounding area. 
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APPENDIX A. INPUT ASSUMPTIONS 

Emissions Factors 

Table A.1 shows emissions factors for S02, NOx, and C02 for five types 
of new power plant technology, existing natural gas, oil, and coal power plants, 
and seven types of direct combustion of gas and oil. I have expressed these 
emissions factors in pounds of pollutant per MMBtu of fuel input. This approach 
is helpful because it produces emissions factors that are independent of 
assumptions about power plant heat rates. 

The sulfur emissions for oil and coal are calculated as shown in Table 
A.2, with the uncontrolled emissions factors corresponding to those for direct 
combustion (assuming an uncontrolled release fraction of 1 00%), and the 
controlled emissions factors corresponding to those from power plant 
combustion meeting the 1979 National New Source Performance Standards 
(NSPS) (Cooper and Alley 1986, USEPA 1979). The NOx emissions factors for 
new power plants correspond to the NSPS values for all cases. The emissions 
factors for existing power plants are derived from USDOE (1989a). The NOx 
emissions factors are consistent with recent estimates of such factors for 
existing plants in Finland (Hupa et al. 1989). The NOx emissions factors for 
direct combustion (and all C02 emissions factors) are from Chernick (1989). 

Power Plant Cost Assumptions 

Table A.3 shows the delivered cost (including transmission and 
distribution losses) of five new supply technologies based on data from the 
Electric Power Research Institute's Technical Assessment Guide (EPRI 1986). I 
used these delivered costs to calculate the total external costs implied by the 
Northwest Power Planning Council's 10% cost adder and the NRDC's C02 
adders. The value of Wisconsin's 15% credit for demand-side management 
(DSM) technologies was calculated for two cases; one in which DSM costs half 
of the corresponding supply technology, and one in which it costs the same as 
the corresponding supply technology. 

The capital cost of the power plants includes a 20% reserve margin 
adjustment. The nominal fixed charge rate (FCR) for a 30 year lifetime was 
derived using the tax multiplier method (Kahn 1988), EPRI's typical capital 
structure (EPRI 1986), a 6.1% real discount rate, and a state plus federal tax 
rate of 38%. The FCR for a 40 year lifetime was approximated by calculating 
the ratio of the Capital Recovery Factor (CRF) using 6.1% real discount rate for 
a thirty year lifetime to that for 6.1% and a forty year lifetime, and multiplying this 
ratio by the 30 year FCR. Fuel Prices are levelized values (1988-2000) from 
the USDOE's Annual Energy Outlook (USDOE 1989b). 
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TABLE A.1. EMISSIONS FACTORS (LBS/MMBTU 

S02 

New NSPS Power Plants /bsS02 

CCGas 0.00 

CTGas 0.00 

CC Oil (#6 Residual) 0.20 

CT Oil (#2 Distillate) 0.20 

Baseload Coal 0.60 

Existing Power Plants 

Natural Gas 0.00 

Oil 0.94 

Coal 2.00 

Direct Combustion 

Res. Gas Space Heater 0.000 

Res. Gas Water Heater 0.000 

Comm. Gas Boiler 0.000 

Ind. Gas Boiler 0.000 

Res. #2 Oil Boiler 0.313 

Comm. #2 Oil Boiler 0.313 

Cornllnd #6 Oil Boiler 1.081 
C02 from Chem1ck and Caverh11l (1989). 
Sources for NOx and S02: 

NOx 

/bsNOx 

0.20 

0.20 

0.20 

0.20 

0.60 

0.37 

0.33 

0.78 

0.10 

0.11 

0.10 

0.14 

0.13 

0.15 

0.37 

OF FUEL 

C02 

lbsC 

30.00 

30.00 

46.00 

44.00 

57.00 

30.00 

44.00 

57.00 

30.00 

30.00 

30.00 

30.00 

46.00 

46.00 

44.00 

New Power Plants: NSPS Values from Cooper (1986) and USEPA (1979) 
Existing Power Plants: Derived from USDOE (1989a) 

USE) 

Direct fuel Use: Chernick and Caverhill (1989) and Table A.2 for sulfur emissions. 
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TABLE A 2 CALCULATING SULFUR EMISSIONS FROM OIL AND COAL .. 
#2 Distillate Oil #6 Residual Oil Utility 

Coal 

kBtus/lb 19.2 18.5 10.46 

% SuHur by Weight 0.30% 1.00% 1.20% 

Lbs S/MMBtu No Controls 0.156 0.541 1.147 

Lbs S02!MMBtu No Controls 0.313 1.081 2.294 

Lbs S02!MMBtu wl Controls 0.200 0.200 0.600 

Reduction Fraction w/Controls 36% 82% 74% 

Heating Value of Coal is U.S. utility average from USDOE (1989c). Emissions Factors with 
controls are NSPS values. 
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TABLE A 3 NEW SUPPLY TECHNOLOGIES 
cc CT cc CT COAL 

PARAMETER GAS GAS OIL OIL STEAM 

FIXED COSTS 
Lifetime (Years) 30 30 30 30 40 
Nominal Fixed Charge Rate (FCR) 0.168 0.168 0.168 0.168 0.154 

Capital Cost ($/kW) 635 358 635 358 1460 
Annualized Capital Cost ($/kW/yr) 106.67 60.12 106.67 60.12 224.86 
Fixed O&M ($/kW/yr) 8.543 0.519 8.543 0.519 23.204 

Sum of Fixed Costs ($/kW/yr) 115.21 60.64 115.21 60.64 248.07 

T&D + Reserve Margin Adjustment 1.272 1.272 1.272 1.272 1.272 

ADJUSTED FIXED COSTS ($/KW/YR) 146.55 77.14 146.55 77.14 315.54 
CAPACITY FACTOR 0.65 0.1 0.65 0.1 0.65 

ADJUSTED FIXED COSTS {¢/kWh) 2.6 8.8 2.6 8.8 5.5 

VARIABLE COSTS 
Incremental O&M (¢/kWh) 0.22 0.50 0.22 0.50 0.58 
Heat Rate (Btus/kWh) 8440 13900 8440 13900 9660 
Fuel Price ($/MMBtu) 3.04 3.04 3.58 3.58 1.67 
Fuel Cost (¢/kWh) 2.6 4.2 3.0 5.0 1.6 

Sum of V~riable Costs (¢/kWh) 2.8 4.7 3.2 5.5 2.2 

T&D Adjustment 1.06 1.06 1.06 1.06 1.06 

ADJUSTED VARIABLE COSTS (¢/KWH) 3.0 5.0 3.4 5.8 2.3 

DELIVERED COST (¢/KWH) 5.5 13.8 6.0 14.6 7.9 

Source: Capital and O&M costs--EPRI (1986); Fuel Prices are levelized values 1988-2000 from 
the USDOE (1989b). 

Assumptions: T&D losses = 6%, Reserve Margin = 20%, Real Discount Rate = 6.1 %. Nominal 
Fixed Charge Rate=16.8%. 30 year Fixed Charge Rate derived using Tax Multiplier Method 
(Kahn 1988), EPRI's typical utility capital structure (1986) and a State+ Federal Tax Rate of 38%; 
40 year FCR approximated by calculating the ratio of the Capital Recovery Factor at 6.1% real and 
40 years to that for 6.1% and 30 years, and multiplying this ratio by 16.8%. All Costs are in 1989$. 
CC =Combined Cycle, CT =Combustion Turbine; Coal Steam is a supercritical unit from EPRI 
(1986, p. 8-33) 
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APPENDIX B. CALCULATING EXTERNAL COSTS USING THE 
NVPSC'S WORKSHEETS 

External costs were calculated using the NYP8C's worksheets for the 
Consolidated Edison Company. For each environmental impact, there is a 
point score and a weighting factor. Point scores range from one to five, while 
weighting factors range from one to nineteen. A non-polluting resource such as 
energy efficiency will receive the maximum number of points (240 points), which 
equals five times each weighting factor, summed over all environmental 
impacts. The number of points for each resource was subtracted from the 
maximum point value (240). This difference, divided by the maximum point 
value, and multiplied by 1.405¢/kWh gives the externality cost for each resource 
in ¢/kWh. 

To calculate the implicit value of 802 emissions reductions shown in 
Table 3, the weighting factor for 802 was multiplied by five points, divided by 
the total number of points for all externalities, and multiplied by $14.05/MWh 
(1.405 ¢/kWh). This number was divided by 6.01 lbs/MWh minus 0.49 lbs/MWh, 
which represents the emissions reduction needed to capture all points allocated 
to 802 emissions. C02, NOx and particulates were treated analogously. 
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