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1. INTRODUCTION

The primary focus of the U. S.-EC study is the development and illustration
of methodologies for the estimation of marginal damages and associated
externalities that result from the addition of electricity generating capacity in a
specific reference environment. This paper describes how this information can be
used to guide resource planning by electric utilities and State public utility
commissions (PUCs). First, we discuss the "second-best" policy environment in
which PUCs must operate. We then discuss the use of "adders" which are a policy
tool that many PUCs are currently considering. Then, we introduce and estimate
a formal model to calibrate these adders, based on estimates of externalities in
order to promote economic efficiency in resource planning and investment
decisions.

1.1 THE "SECOND-BEST" POLICY ENVIRONMENT FOR PUBLIC
UTILITY REGULATION

Economic efficiency (Pareto optimality) requires that the levels of
production and consumption of all things that matter directly (or indirectly through
their effects on firms and profits) be set so that the marginal social value of the
thing is equal to its marginal social cost, where social value (cost) is defined as
the sum of private and external value (cost). In a "first-best" world, a PUC would
cooperate with the relevant local, State and Federal environmental agencies and
legislators to achieve a Pareto optimal allocation of goods and services in society,
preferably through market-based mechanisms. In principle, this could be achieved
with policies designed to internalize external costs throughout society by replacing
our patchwork of command and control policies with economic incentive

'Based largely on a working paper by D. Burtraw, K. Palmer, and A. Krupnick, 1993. "Electric Utility
Planning in the Presence of Externalities," Resources for the Future.
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policies that inherently force ...... ..

. ........ .... .... .... ..
internalization. However, this

P d rib
comprehensive turn of events is

. . ..... ...... . . .... ......... ... .. c a n e e k Cunlikely to happen in the near future . ... ... .. .... . ................ .. .. ... .. . .. .. ...
0 MS::and in any case it is beyond the scope . ........... . .. .. .....

of this investigation. 1nV en �#n
��glvem:: Opo id d.

th H tekian
We proceed on the assumption �444d6iis. InTl4ce.... .... .. ..

that making optimal adjustments to the .. .... ....
wide array of existing environmental
policies is beyond the power of the PUC. However, the PUC does have the
opportunity to evaluate alternative supply options taking existing pollution control
policy as given. This evaluation can seek cost-effective choices of electricity
investment and generation, given the policies and regulations in place, where cost-
effectiveness here means choosing technologies with the lowest social cost to meet
new electricity demand. This is the problem of "second-best" policy making.

Once one makes a distinction between optimal regulation and enters the
second-best world of social costing, much of the confusion in the social costing
debate dissolves. For instance, economists who feel that social costing is a bad
idea justify this position in a way that mischaracterizes the objectives of social
costing as a first-best policy. For instance, Joskow says, "their (PUCs) reliance
on numerical "adders" to reflect environment impacts will not achieve the goal 
improving the environment at the lowest reasonable cost to society" (Joskow 1992
p. 1) [emphasis added]. And "States such as Massachusetts, Nevada, New York,
and California have decided they can 'fix' what ails existing environmental
regulations by appending various externality "adders" to the private costs of new
utility resource options" (Joskow 1992 p.12) [emphasis added].

We believe that in many instances PUCs will not have the authority or the
expertise required to set environmental policies and standards. And for those
externalities regulated by environmental agencies, PUCs have no business trying
to second guess or correct the perceived errors of these other agencies. However,
internalizing externalities in electricity system planning is consistent with a much
more limited objective, an objective which is entirely appropriate to PUCs. This
objective is to minimize the increment to social cost associated with meeting a
given increase in the demand for electricity.

We wish to emphasize three points about this objective:

(i) In pursuing this objective, PUCs must take existing environinental
policy as given. Therefore, pursuit of this objective does not involve
second guessing environmental agencies or attempts to "fix" existing
environmental policy. But it does require a concern for the environmental
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impacts of the electricity supply and demand side management (DSM)
choices made by the PUC.

(ii) This objective can be interpreted as a straightforward extension of the
traditional rationale for PUC regulation of electricity prices, namely
concern for the impact of prices on consumer welfare. A low price for
electricity is not a fundamental goal of policy; rather it is one of several
instruments to be used to promote the fundamental objective of improving
consumer welfare, PUCs should be aware of the effects of their decisions
on environmental quality. Choosing the electricity supply option with the
lowest private cost helps to keep the price of electricity low. But a PUC
does consumers no favor by choosing the alternative with the lowest
private cost if this choice imposes a hidden "tax" on consumers through its
environmental damages.

(iii) The PUC that wants to promote consumer welfare must take account
of both the private costs and the external costs of alternatives in its
decision making. This will often require some form of "adder".

However one feels about the objectives of social costing, there is universal
agreement about the existence of a "piecemeal problem" - i.e. the possible losses
of efficiency associated with singling out the electricity sector for social costing.
(The likely application of this approach in some, but not all, States may also be
a kind of piecemeal problem, to be dealt with in the next section).

These efficiency losses could arise because of distortions introduced in
relative prices. Limiting use of social cost adders to the utility industry puts the
utility's electricity at a competitive disadvantage relative to self-generation or
purchasing power directly from an independent power producer (IPP). Some IPPs
may find it advantageous to deal directly with customers rather than go through
the PUC review process of bids to connect to the grid. This is the so-called "by-
pass" problem. If these potential sources have uninternalized environmental costs
associated with them, social welfare could be reduced by requiring externality
adders only in the utility system. Electricity, in general, may be inappropriately
disadvantaged next to other forms of energy.

The two problems of incorrect electricity price signals and by-pass arise not
because social costing is wrong, but rather because it is incomplete in its coverage.
PUCs do not presently have jurisdiction over electricity sources that do not
connect to the grid. They may not have the authority to set the price of electricity
above its private cost in an effort to "pass through" uninternalized environmental
costs to electricity consumers. The solution to these problems is to develop a
comprehensive system for internalizing environmental costs not only on utilities
but on other sources of these emissions as well.
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1.2 THE USE OF SOCIAL COST ADDERS BY STATE PUCS

One policy tool has gained the widest interest at the State level. It is the
use of adders in the resource planning context to account for externalities in
investment decisions. The merits of this approach have been debated widely. The
purpose of this discussion is not to evaluate these merits further. Rather, assuming
that a PUC is interested in this approach, this discussion provides guidance about
how to calculate the "optimal adder," given information about externalities of the
type developed in the U.S.-EC study.

The primary consideration in the calibration of adders is to take into
account the important institutional features of the electricity industry and the
particular characteristics and limitations of adders as a policy instrument.
Economic regulation in both the investor-owned and public power segments of the
electricity industry is characterized by an obligation to serve customer demand at
a regulated price. The electricity industry is forced to compete in the provision
of energy services with regulated and unregulated alternatives. Unfortunately,
policies that are available to State utility regulators, to attempt to correct for
inefficiencies associated with the external social costs of energy use, can be
applied only on a piecemeal basis to just the regulated segments of the energy
industry.

Adders are somewhat similar to . ... ... .. .. ..
taxes, but they are not actually :are.somew :s:.Adikrs kid hiiffiii...... . . ..... ... . .. . . ....
charged and no revenue is exchanged. ffi�. films bill th t
Instead they serve as place-holders .... .. .ye: 4 wn :nwetuall k d 0intended to influence the choice of

.��:Tevenue..:Js du d......technology to meet an increment in . .. ... .. .. ............ . ....... .. . ..... .. .. .. . .......
demand, and to promote decisions on .. ... ....
the basis of least social cost rather
than least private cost, which typically reflects only a utility's financial costs.
However, if these adders have any effect on the outcome of the resource planning
process, they will indirectly affect private costs and consequently price, due to the

2reordering of resource options. This price effect may cause some customers to
consume less electricity and to consume more of an alternative. Hence, the
application of an adder as a policy instrument to correct for social costs could
have unintended economic and environmental consequences that policy makers
should try to anticipate.

2The use of adders in dispatch of existing resources has yet to appear for serious consideration on PUC
agendas, but it may be on the horizon.
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One manifestation of second-best policy making is the so-called
66 piecemeal" problem. State utility regulators can direct policy only toward
regulated segments of the energy industry. The increase in prices in these
segments of the industry that may result indirectly from social costing (noted
above) will have a direct effect on individual choices about energy consumption.
For instance, a residential customer may decide to avoid the use of regulated
energy sources at the margin and heat his or her home with wood, which would
have adverse environmental effects of its own that are not reflected in the
estimates of externality associated with a new source of electricity. Alternatively,
a large industrial firm may decide to reallocate production away from a facility
that falls under the domain of social costing of electricity and toward an area with
less expensive electricity prices. In order to promote economic efficiency, policy
makers should be made aware of these inadvertent responses resulting from the
piecemeal application of social costing just to regulated firms.

Another manifestation of second-best policy making is the fact that
regulated electricity prices do not typically reflect marginal costs. Although the
deviation from marginal cost pricing is itself a policy response to natural
monopoly characteristics of the electricity industry, the fact that prices do not
reflect marginal cost is a source of economic inefficiency. The application of
adders may exacerbate this inefficiency, or alternatively be corrective, depending
on the specific circumstances in an individual service territory.

Furthermore, if there exist idle resources in a utility's service territory, the
potential response by some firms to reduce activity or potentially to leave the
service territory due to the indirect effect on prices could have a negative effect
on macroeconomic activity and economic welfare.

For these reasons, the optimal . .. .. . . .....
adder may not be equivalent to the .... .. .... ...Iff: haverou inth 11 es
measure of externality as it has been tboha M1 W ell . . ..... .
developed in the U.S.-EC study. The ... .. .. .... .. ........ ..... ... . ..... .... . ... .....

cosllnzl thAt tdke§ ;nto .......... ........social costing of electricity fits . .. .. . . .. .. . . ............. . ..... ..... ... .... ..... .......... . . ..... .. . ... .. .. . ..... .... ..
::Xaccomsoundly in the realm of what . . .....

economists term "second-best' wwem....dha. th.: 414Md:-��0-::
This means that the use of adders as a Pricin w i��e.ec 'ric . ...... ....... ... ..
policy instrument must co-exist with ..... ...........
other aspects of the regulatory
problem that impose their own form of
economic inefficiency, or with other policies that attempt to correct other forms
of inefficiency.

The following section of this paper outlines a formal model of social
costing that takes into account the first two issues mentioned above-the bypass



19-6 Optimal Adders

problem and the regulated pricing of electricity. This model is intended to help
policy makers take into account unintended consequences in these other
dimensions in the implementation of social costing policies. The conclusion is a
formula for setting the optimal adder, based on estimates of externalities, in order
to restore economic efficiency in resource planning.

2. THE ECONOMIC MODEL

Burtraw et al. 1993) analyze social costing within a simple but fairly
general formal model under the assumptions that the goal of the PUC is to
maximize social welfare, and that environmental policy (as established by statute

3and environmental agencies) is not subject to consideration. The utility is
assumed to comply with all relevant regulations and attempts to minimize its costs
in fulfilling its obligation to serve demand at a regulated price. The utility
regulator (PUQ is assumed to set price equal to average cost (including a
reasonable return on investment) in order to ensure both the solvency of the firm
and that no excess profits are earned. This assumption can be altered to reflect
the particular pricing policies in any individual service territory. The model
considers multiple technology options for the regulated utility, and an option for
utility customers to bypass the grid and substitute alternative sources of energy,
which may have their own pollution not subject to social costing.' In addition,
the model considers the welfare implications of deviations from marginal cost
pricing in a regulated industry, and the influence that social costing may have on
this issue.

The result of this theoretical .. .... . .. .. . . ..... . . .. .... .
exercise is represented in the following ��,opdmat:adder.A ii�

..... .. . . .. .... .......... ..... . ....... . . .. .. ........ ........ . .formula, which relates the optimal ......
. .. .. ... .. ..... .. 'ec no o :vqua s�j sadder (a� for a given technology x) .... .. . ..... . .....

40on the left hand side of the equation . ... . . .... ...
X: W.1to the externalities associated with a

kilowatt-hour of output generated with
technology (D), which is the second
term on the right hand side of the equation. According to the formula, the optimal

'Burtraw, Dallas, Winston Harrington, A. Myrick Freeman III, and Alan J. Krupnick 1993). "Some
Simple Analytics of Social Costing in a Regulated Industry," Discussion Paper QE93-13, Washington DC:
Resources for the Future.

'in the natural gas industry, the term bypass" has a particular connotation regarding purchase by large
industrial customers from interstate pipeline companies, effectively bypassingthe local distribution system and
State level regulation. We use the term more loosely, t describe reductions in demand that might result from
fuel switching or possibly the shift of industrial production to facilities outside the utility's service territory.



Optimal Adders 19-7

adder for a technology equals its externality, adjusted by a multiplicative factor.
As the notation suggests, we simplify the exposition by assuming that the proper
measure of externality is marginal damage. If this is not the case, then marginal
damage estimates should be adjusted in order to arrive at an estimate of
externality. The cumbersome first term on the right hand side simplifiels to a
simple coefficient, or number, that modifies the marginal damage estimate. This
coefficient involves only terms that are in principle readily available to the utility.
The same coefficient applies for each technology under consideration, modifying
estimates of externalities to account for the second-best policy context.

a = ( A + 1 (D.)
B + C + 1)

The full definition for this formula is provided in a ootnote.' The

5The terms in the equation are defined as follows:

A=e 1- K') representing the deviation between price and marginal costP
B= F Mu aF S ) representing the effects of bypass

wP�&"

_ S representing the reference technology
P aey

D' aF
X ae x

where:

Xa = the optimal adder ($ kWh)

ew = price elasticity of demand for utility supplied electricity

K' = marginal cost of a reference technology y (S)

P the price of utility supplied electricity (S)

PI P = cross price elasticity of demand for unregulated supplies with respect to the price of electricity

U quantity of unregulated supply currently consumed (kWh equivalent)

(continued...
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coefficient adjusting the estimate of externality involves information about a
reference technology represented here as technology y, although the choice of a
reference technology is arbitrary. One possibility would be to designate existing
capacity as a reference technology. What is important is that the formula for each
technology involves the same reference technology and that the adders be

6considered in tandem. The term A in the numerator of the'expression reflects the
7benefits of moving toward marginal cost pricing. The term A could be positive

if price is less than the marginal cost of the reference technology, or it could be
negative if price is greater than the marginal cost of the reference technology. If
prices are close to marginal cost, the ter A is small and the numerator equals
approximately 1. The numerator will almost always be positive, unless price is
much greater than marginal cost, and even then demand would have to be very
inelastic.

In the term in the denominator, appear the cross-elasticity of demand
between regulated and unregulated supplies of energy services, and the
externalities associated with substitution toward the unregulated supply. Under
usual assumptions this externality estimate is positive (the effects are undesirable).
If the cross-elasticity is large and the externalities from nfegulated supplies are
also large, then will be large. This will tend to reduce the coefficient and the
specified adder. The reason is that the likelihood of driving customers away from

'( ... continued)

W = quantity of utility supplied electricity consumed (kWh)

F=F�e') = damage function s)

ei emissions or other effects associated with technology i (potentially vector valued)

aF marginal damage associated with technology / emission or effect)

ae'

S i = emission rate per kWh for technology i (emission or effect kWh).

'The reference technology in this formulation is denoted y. The reason a reference technology is
necessary is that since the adders are not actually paid, it is their relative magnitude rather than their absolute
value that is significant. Consequently the formula that is reported is a sufficient condition, but not a
necessary condition, for the optimal adder. A necessary condition is that the difference between the adder for
technology x and the reference technology y be equal to the given coefficient times the difference in the
marginal dmag trms (the second terms on the right hand side) for the two technologies.

'This is most transparent when technology y is "clean" meaning there are no positive or negative
externalities associated with its production, then the marginal private cost of production equals m4rginal'social
cost and the expression in parentheses depends directly on the deviation between price and marginal social
cost.
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regulated supplies of electricity is .................... . . . ............... ... . ............ ...... .. .

.. ........ .............. ............... . .. ....... .. . . .. .. . ........ .. .. . ............. ... ..... ...... ...... ... . ....... .. ..... . ......... .. . ..... . . .... ... ....... . ..... ....... . . . ... ...I.. ..... . ..... ..... .. ..... . . .. ... ........... . ... ... .. .. .... .. . ...... .. ..... ... .. . .... .. .. ....... . ... . .. . ... .. ...... .. ... ........... ...... .... ......... ....... . .. ............ .... . . . ........ .. . .. ...... .. ... ......... .... ..... ....... ......... .... ........... . ........... .................. .. ....... .. .. ........ .... .. ..... ............ .. ...... ........ .... . ....... ............. .. .... ........ . .. .......... ...... .......large and the social costs are lrge, so 7.... ... ade.:.Vros I :il� arrei�i��:�a9fieIt S.. .. . . ................... ... ......... . ................. .. ........................... .. .......................this unintended consequence of social ...... . ...... ..and.. Me extern'. an: ffi?%� f ..... ....... .... .. .. .. .............................. .. ............ ..... ...... ..... . .. ......... . ........... .. ............ .............. . .. .......... . ... . ........... ... ... ... ..... . . . .............. ................. ........... ...I..... .. ............ ..c o stin g m itig ate s a g a in st its .. .... .. .. ...... ... ...... . ... . . .......... . .... . ..... .... ........ ...
y. rery We A ien d . .... ..... ... .application. Also in the denominator ::xs:. .... ........ . . .. . .. .. .. ..... .... .. ...... .. a rg e .. ............. .... .....is a term representing the externalities ... ....... t d:1.. .........

for the reference technology (C). In .���xeduce:�Ihe �� �i :d..
..... ... ........... . .. .. .. .. .................. ........... .. .. ..... ...... . . ..... .. ... ... ...... .. .... .......... .... .. . ............... .....all plausible cases we find the .. .. .. ........ .. . .. .. .. .... .. .............. ..... ....... ...... ... ... ....... ........ . . ........ . ..... .. . ... . ............. ......... .. .. . .... .. ........ ...... ....... ................. ...... I..... ......... ....... ............... ................. ... .. ...... . ........ ... ...... ................... ........ ... ....... .. .. ........ . ....... ........ ... ...... .. ....... .... .. ..... ....denominator is positive. Hence, the .. .......

greater the measure of externality
associated with the technology (the -term), the greater would be the optimal adder,
as intuition would suggest.

To calibrate and apply this model requires specific information about the
customer service territory in the reference environment under study. Hence, this
approach reinforces the assertion which has been made at several points in this
document and for several reasons-social costing policies must be location specific
due to the regulatory environment as well as due to the geographical aspect of
externality estimates. In the remainder of this discussion we apply this model to
a service territory that approximates that which would apply for the Southeast
Reference environment in Tennessee. We discuss specific assumptions about the
customer service territory for our Southeast Reference environment in Chapter 6.
In the application to specific fuel cycles the model is adapted to include multiple
customer classes, multiple pollutants associated with specific technologies, and
multiple technologies for self-generation.'

3. AN APPLICATION TO THE SOUTHEAST
REFERENCE ENVIRONMENT

The southeast reference environment is located in Tennessee, an area that
is served primarily by a large number of publicly, owned and operated utilities.
The bulk of electricity supply to utilities in Tennessee is provided by the
Tennessee Valley Authority (TVA), which operates an integrated transmission
system throughout Tennessee and some neighboring areas. We characterize the
relevant service territory to be served by a generation facility in the Southeast
Reference environment as the State of Tennessee.

Transforming estim ates of externality to obtain an optimal adder requires
several key pieces of data for the electric utility and for its customers. The

'In addition it can be readily adapted to reflect various descriptions of the pricing policies of the utility
regulator.
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required utility data include the price of electricity by customer class and the
marginal cost of delivered electricity generated with the reference technology.
Customer data include the own-price elasticity of demand for electricity, cross-
price elasticities of demand for other fuels relative to the price of electricity, and
quantities of electricity and other fuels consumed by customer class. In addition,
the formula requires estimates of the marginal emission rates of pollutants
(external effects) associated with generating electricity using the reference
technology and with using substitute fuels. Also required are estimates of
externalities for these various external impacts. The following paragraphs describe
how each of these data items was calculated and the sources used for inputs to
these calculations.

Average prices for this region for residential and commercial/industrial
classes of customers are presented in Table 1. Prices were calculated by dividing
total operating revenues of all Tennessee municipal utilities and direct sales to
customers by TVA for a particular customer class by total kilowatt-hour sales
across all Tennessee municipal utilities and TVA to customers in that class.'

Table 1. Electricity price by customer class

Customer class Average price (cents/kWh)

Residential 5.61

Commercial/Industrial 5.35

Aggregate 5.46

3.1 RESIDENTIAL ENERGY CONSUMPTION AND EXPENDITURE
SHARES

Residential energy consumption for fuel oil, electricity, natural gas and
gasoline are based on residential energy expenditure estimates and energy prices
for the residential sector." We divided total expenditures for each type of
energy by the relevant energy price to find total quantity of each type of energy
consumed. These data were available for both the United States as a whole and
for Tennessee. Residential expenditure shares of each of the four energy types are
calculated using expenditure data from the State Price and Expenditure Report
(I 990). We used total United States Household Consumer Expenditures from the
Bureau of Labor Statistics (BLS) to calculate energy expenditures as a percentage

9These calculations were preformed using data for 1991 from Tables 40 and 46 of Financial Statistics of
Major Publicly Owned Utilities published by the Energy Information Agency.

'OEnergy Information Administration 1992).
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of total expenditures. The estimates of energy expenditures as a percentage of
total expenditures for Tennessee are based on per household consumer
expenditures for the Southeastern region (from BLS) multiplied by the number of
households in Tennessee.

3.2 COMMERCIALANDUSTRIAL ENERGY CONSUMPTION

The framework that we use to �i :.::777 .... ... ... ..... . . .. ................ .... .. . ............. ......... . .. .. .. ........ ... . .... ... ... .... . . ........... ... ...... .. .. . . .... ......... ... .. ................... .... J11 ....... ....calculate energy consumption by e ...... .. ........:.�..rakulales en...... .. .. ..... .... ... .. ... ............. ..... .. ... .. ..... ... ...... .. . . .. .............. ...... .. ... ........ . ..... .. ........ .. .. . . ... . .............. .. .. .. .. ... ........ ... . .. . ........ .. .. ..... .. .. ......... . ... ..... . ..... ......... ... . .. ..... .... .. . ......................eon ow�� V��Cu M.SUMP& b S ome..commercial/industrial customers and ........... .. .... .. ......... .............. .. .... r :: � X X s Y : .. ...... . .. ........ ... ... . ....... ..... .. . S r ...... .. . ... ..... ...... .. ....... .
associated ow n and cross-price . ... . ......... .. ..... ....... .. ...........

�zbmmerqa; o7nowelasticities for 35 industrial sectors is .. . ......... . . ...... . ....... .. . . ..... ....... . .... .. . ... ..... .. .. ...... ...... .. . ........ ..... . ..... .......... ...... ..... .......... .. . ......... ...... ..... .. .. ........'Othat provided in Jorgenson and d hil... .. ............... . . ..... .. .. ........ ... .......... . . .. .. ..... ... .. .. .. ........... . ... .. .. . .. ............ .. ........... . . .. .... . .. .... . .. .. ...... . ..... ........ . .. .. . . .............. . ... ..... . . ..... ... . ..... .. .. ........Wilcoxen (1990). We used several d...croF ri ................. . .... . .... . . . ........ . . . ........ . ... .. .. ........ ..... .. ........... .. ...e sinsources to calculate the quantities of t t o.. . ............ . .... ..... ..... .. .... ..... .... ........... ...... . .. ....... . ..... ..... .... ..... .... . .. . ... . ...... ....
each type of energy consumed by each ........ . .... .. .. .. . ...... . ..... ..... .. .... .. .... .... .. ... .... .... .. . .. ... . . .. . ... ....... . . ........ . ... ... . . . .... . .. ........ . . .. ...of these sectors. Consumption of each
fuel type by each of the sectors for the
United States and Tennessee is estimated for 1989 and is expressed in trillions of
Btu's.

Energy consumed by the manufacturing sectors was calculated based on
energy consumption data from the Manufacturing Energy Consumption Survey."
These data which are national in geographic scope are combined with Gross
Product data by industry for the U.S. to calculate energy input shares by energy
type for each industry which are then applied to State level Gross Product data for
Tennessee. Energy consumed by the mining sectors was calculated based on
energy consumption data for mining activity in Tennessee from the 1987 Census
of Mineral Industries." Since neither of these sources presented the energy
consumption for 1989, we used Gross State Product" data broken down by sector
of the economy for the years for which the data were reported to calculate a ratio
of energy consumed to dollars of output. This'ratio was then multiplie by the
Gross State Product for each of the sectors in 1989 to 'estimate total energy
consumed in that year.

"Energy Information Administration 1991).

"Bureau of the Census, U.S. Department of Commerce 1990).

3Bureau of Economic Analysis, U.S. Department of Commerce, released in the Survey of Current
Business, December 1991.
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We used a different method to calculate energy consumed by the; non-
manufacturing and non-mining sectors of the economy. We relied on Input/Output
(1/0) tables from the Bureau of Economic Analysis for the bulk of these
calculations. The 1987 1/0 tables present data aggregated to 85 sectors and the
1982 1/0 tables present data at a disaggregated 527 sector level. We aggregated
the 85 sectors into the 35 specified in the Jorgenson/Wilcoxen model and
identified ener y sectors of the economy in the 1987 tables. This gave .us a rough
estimate of types and quantities (by knowing energy prices for each sector) for the
35 sectors.

We used the disaggregated 1982 tables to refine this estimate. The 5
sector table 1987) was not detailed enough to differentiate between energy and
other output within aggregate energy producing industries. The 527 sector tables
allowed us to calculate the percentage of the total expenditures that could be
attributed to energy expenditures for each of the energy sectors. We multiplied
this percentage by the expenditures in 1987 for each of the energy sectors to get
a more accurate estimate of energy expenditures for each of the 35 sectors. The
energy expenditures were then translated into Btu's consumed using sector-
specific energy prices. 14

We then used the Gross State Product data for the years corresponding to
the calculations to develop ratios of energy consumed to dollars of output. These
ratios were multiplied by 1989 Gross State Product data to estimate total Btu's
consumed in 1989. We used the ratios of energy consumed to dollars of output
at a national evel to estimate energy consumed by the 35 sectors in Tennessee.
We applied these ratios to 1989 Tennessee Gross State Output to calculate types
and quantities of energy consumed by each of the sectors.

3.3 RESIDENTIAL ELASTICITIES

Residential own- and cross-price elasticities of demand for electricity and
other fuels were calculated using the parameter estimates from a system of
household demand equations estimated by Jorgenson, Slesnick and Stoker (JSS),
(1988), combined with information on energy expenditure shares for households
in Tennessee. The demand equations in the JSS model are derived from a indirect
translog utility function. This model uses a hierarchical structure that assumes that
energy consumption forms a weakly separable subset of the arguments in the
household utility fnction. In this hierarchy the uppermost system of equations
corresponds to the household demands for 1) food and clothing, 2 other
nondurable goods, 3 capital services, 4 consumer services and 5) energy. In a

14 Energy Information Administration 1992).
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second level of the hierarchy, energy consumption is divided into- i) electricity,
ii) natural gas, iii) fuel oil and iv) gasoline.

This system of equations was estimated using combined cross-sectional data
for households to capture the effects of demographic variables and aggregate time-
series data to obtain variation in prices. The census region where the household
was located was among the many demographic variables included in the model
and therefore the price coefficients were estimated subject to controls for regional
variations in household expenditure patterns. For purposes of our calculations we
combine data for estimated energy expenditure shares for Tennessee households
in 1989 with the appropriate price coefficients from the estimated model to
calculate net Allen own- and cross-price elasticities of demand for each type of
energy." The elasticities estimates we obtain are extremely long-run and assume
that a capital stocks including the stock of housing and household appliances
have been optimally adjusted to prevailing energy prices. The elasticities used in
this analysis are reported in Table 2.

Table 2 Household energy demand elasticities
(derived from Jorgenson, Stoker and Slesnick household demand model)_

Net elasticity of household demand with
Type of energy respect to price of electricity in

Tennessee

Electricity -2.24

Natural gas -0.66

Fuel oil 1.89

Gasoline* 0.91

We did not include gasoline as a substitute energy form in our analysis.

Since the estimat eof the own-price elasticity of demandfor electricity
derived using this model (-2.24) is quite high relative to other estimates found in
the literature, we also performed the analysis using a lower own-price elasticity
of demand for electricity of 0.4. 16 We used the same cross-price elasticities in
both cases.

"These estimated expenditure shares are based on actual data and are not the expenditure shares that the
model might predict for the typical Tennessee household.

6Bohi and Zimmerman 1984). Unfortunately these authors provide no information about cross-price
elasticities. In principle, cross-price elasticities would change if own price elasticities change.
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3.4 COMMERCIAL/INDUSTRIAL ELASTICITIES

Commercial and industrial own- and cross-price elasticities of demand for
electricity come from a tiered model of industrial input demands by sector of the
economy for 35 sectors developed by Jorgenson and Wilcoxen. As with the
residential model, this tiered model structure assumes that demand for individual
energy inputs is weakly separable from demand for other non-energy inputs. The
first tier of inputs include capital, labor, materials and energy. Within the energy
tier, the model breaks out demand for coal, crude petroleum, refined petroleum,
electricity and natural gas. The input demand equations are derived from a
translog cost function. The elasticities are calculated by combining estimated price
coefficients and data on actual national expenditure shares." Peter Wilcoxen
kindly provided us with the coefficient estimates for each of the 35 input share
equations and with national cost share information for all relevant inputs for each
of the 35 sectors in 1990. The elasticities used in this exercise are net Allen
elasticities of demand which means that total output of each energy-consuming
sector is held fixed, but consumption of total energy is allowed to adjust in
response to a change in the price of electricity. The equations for the
commercial/industrial elasticities are similar to those for the residential section.

The formula for adjusting externalities to find the optimal adder involves
the substitution activities of a particular customer class as defined by the rate class.
Due to a lack of disaggregate rate data, all industrial and commercial customers
are lumped into one customer class. However, own- and cross-price elasticities
of demand are defined separately for each of the 35 sectors in the economy.
Emissions rates are also defined separately for commercial and industrial
customers for some of the substitute fuel technologies. These disaggregate
elasticities and associated emissions rates for each of the different fuel options are
aggregated in the process of calculating the adjustment factor. The aggregate
elasticities are listed in Table 3.

Once again, since 1.37 is higher than many of the own-price elasticity of
demand estimates which appear in the literature, we also calculated the adjustment
factor using an own-price elasticity of demand for electricity of 0.6 keeping the
same cross-price elasticity assumptions.

"National expenditure shares were used since most of the Tennessee energy consumption and expenditure
data were estimated by assuming that energy intensity in the industry in Tennessee was identical to national
energy intensity.
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Table 3 Commercial/industrial energy demand elasticities
(based on Jorgenson and Wilcoxen industrial sector input demand model)

Net aggregate commercial/industrial elasticity of
Type of energy demand with respect to the price of electricity

Electricity -1.37

Coal 0.15

Fuel oil 0.06

Natural gas 0.12

3.5 MARGINAL COST OF THE REFERENCE TECHNOLOGY

The marginal cost that we find is the marginal cost of delivered power.
This estimate includes the marginal cost of generation and the marginal cost of
transmission and distribution. For purposes of this exercise, we define the
marginal cost as the average long-run incremental cost of new generation and
associated transmission and distribution.

The selected reference technology is a new pulverized coal (PC) plant with
wet flue gas desulfurization." The generation costs are based on EPRI 1989)
estimates of costs (capital costs, fixed operation and maintenance (O&M) and
variable &M) and performance characteristics for a 500 MW pulverized coal
unit. The capital cost of the plant is amortized over 30 years using the selected
real interest rate (we consider three possible long-run real interest rates of 3 4 and
5 percent respectively). The annual capital cost is then converted to capital cost
per kilowatt-hour assuming an average annual capacity factor of 65 percent. Fuel
costs per kWh are based on the delivered costs of coal at the TVA's Cumberland
plant's'and on the heat rate listed for a 500 MW PF facility in EPRI 1989). The
marginal cost also includes the cost of lime needed for'scrubbing purposes and
the cost of sludge disposal. All generation and scrubbing costs were adjusted for
line losses which were assumed to equal 9 of generated electricity.

The transmission and distribution (T&D) &M expenses were estimated
by applying the ratio of T&D &M to generation O&M for all Tennessee utilities

"The technology characterization in this example differs slightly from that used to describe a similar
technology in our study of the coal fuel cycle. The distinction is unimportant to the illustration of the
methodology in this paper and would have a very small effect on the numerical results.

19Energy Information Administration 1993 p. 46).



19-16 Optimal Adders

to the estimate of &M per kWh for a new scrubbed PC facility." T&D capital
expenditures were obtained by applying the average national ratio of T&D
investment to generation investment at investor-owned utilities over the past 0
years to the capital cost for a new scrubbed PC facility." These capital costs
were also amortized over 30 years. The resulting marginal cost numbers for each
of the three interest rate assumptions are reported in Table 4.

3.6 EMISSIONS RATES

The emissions factors that were used in our calculations are listed in Table
5. Most of these emissions factors were taken directly from the Environmental

22Protection Agency's Compilation of Air Pollutant Emission Factors. We made
assumptions concerning various aspects of emission factor equations which are
summarized below:

Table 4 Marginal cost of electricity

Long-run marginal cost of
Interest rate assumption electricity (cents/kWh)

3% real 4.93

4% real 5.23

5% real 5.53

3.7 NATURAL GAS COMBUSTION

The industrial and residential values are identical with the exception of oxides of
nitrogen. These emission factors come primarily from Caverhill 1991), with the
industrial NO,, values supported by EPA's AP-42 (U.S. EPA 1985).

"Energy Information Administration (1993b, pp. 185 - 190).

"Kahn and Gilbert 1993, p. 15).

"U.S. EPA, Office of Air and Radiation (I 985). "Compilation of Air Pollutant Emission Factors, Volume
1: Stationary Source and Area Sources, 4th Edition," (September).
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3.8 BITUMINOUS COAL ............ s.: .......

.. ............. ..... ... ....... .1 .. .... ... ...... ... ..... .... ......
.. .. . .... ............. . . . ........ .... ... . . .. .. . .. . ............................ .. ........ ....... ......... . ...... ................ ... .............. . ... ...... . ... .......... .. . ........ ... .............. ... ..

COMBUSTION . .. ...... ..... ... ...... ............ ........... .
.............aken r M nei:�.. ......... .. . ........................ ..... ... . .............. . . .. ... ........... .... ........... ... ......... ... ........ .. .... ........ .......... .......... ..Y Wn HA ll em issions from coal com bustion ......... ............................ ....... ............... .. ... . .......come from the industrial sector. The i:::......... . . .. ........ .. ... ... .. .. ....... ................. ... ... ... ... . .. .... . .... .. .. .................... ....... ........ .. .. .. . ...... .......... ....... ....... ...... ..emissions factors assume combustion Mu on..... .... .. ........ . .... ....... ... ......... ............. ... ..... . .................. .......... .. ....... .. . ....... . . . ......... . .. . ....... ... .. ..of pulverized coal with wet flue gas ......

desulfarization to achieve 90% sulfur
removal and a coal with 2 sulfur by weight.

Table 5. Emission factors by fuel type and customer class
(Pounds per million Btu's combusted)

TSP NOx S02

Industrial*

Natural gas combustion .0091 .13579 .0006

Bituminous coal .06155 .60961 .93494
combustion

Fuel oil combustion .02622 .14421 .02048

Residential

Natural gas combustion .0091 .095 .0006

Fuel oil combustion .03277 .12979 .02048

The emission rates for commercial customers are identical to industrial rates except for those
associated with natural gas combustion which are identical to residential emission rates.

TSP = total suspended particulates
NO = nitrogen oxides
SO, = sulfur dioxide

3.9 FUEL OIL COMBUSTION

All industrial emissions factors assume industrial boilers (gross heat rate
1 0 x I ' to 1 0 x I ' Btti's/hour) and a low sulfur fuel 2% sulfur by weight).

Residential emissions factors assume residential boilers (gross heat rate
<0. 5 x 106 Btu's/hour) and distillate oil.
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3.10 EXTERNALITIES

The three external impacts of electricity generation or alternative energy
use included in this exercise are emissions of NO, S2 and TSP during
combustion of fuel to generate electricity or of substitute fuels by the end-user.
The estimates of externality (marginal damage) for each of these three pollutants

21are arbitrary values that are not based on estimates developed in this study.
This one set of externalities is applied to emissions from centralized electricity
production and to emissions from local use of substitute fuels. This is technically
incorrect since emissions of the same pollutant from large centralized facilities
with tall stacks and from small decentralized boilers will have different impacts
on human health and the environment and therefore should have different
externalities. A more complete analysis would differentiate the externalities from
different sources for the same pollutant. The externality estimates adopted for
purposes of this study are presented in Table 6.

Table 6 Externality estimates for included pollutants

Pollutant Externality ($1992/lb)

S02 $2.03

N02 $0.82

TSP $1.19

3.11 ADJUSTMENT FACTORS TO CALCULATE OPTIMAL ADDERS

We calculated the factor for adjustment of externality estimates to arrive
at an optimal adder for using prices and demand elasticities for each of the two
customer classes under three different assumptions regarding marginal costs
(resulting from different assumptions about real interest rates) and two different
own-price demand elasticities for electricity. These factors were calculated using
equation (1) under the assumption of a constant emission rate and a linear damage
function. Tese calculations assumed that pulverized coal with wet flue gas
desulfurization is the reference technology for a Tennessee utility. The resulting
factors are presented in Table 7.

The adjustment factors in this example are all equal to or greater than I
indicating that the optimal adders will exceed the externality estimates. The
factors exceed one because the externalities associated with use of the substitute

"The values are the same as those suggested by Ottinger et. a]'(I 990). The values are arbitrary for the
purpose of this study because they fail to account for regional variation in damages.
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energy technologies are less than the externalities associated with generating
electricity. Note that these factors are greater than one even when the price of
electricity is greater than the marginal cost of delivered electricity, as is true for
the residential price under all three marginal cost scenarios (see Table 1). The
factors tend to increase with the cost of electricity and with the absolute value of
the own-price elasticity of demand for electricity.

Table 7 Externality adjustment factors for Tennessee
(with scrubbed pulverized coal as a reference technology)

MC = 493 MC = 523 MC = 553
cents 3 % cents 4 % cents (5 %
interest rate) interest rate) interest rate)

Based on Residential Price
(5.61 cents/kWh)

own-price elasticity = 2.24 1.152 1.336 1.531

own-price elasticity = 0.4 1.018 1.040 1.064

Based on Commercial/Industrial
Price 5.35 cents/kWh)

own-price elasticity = 1.37 1.129 1.223 1.323

own-price elasticity = 0.6 1.032 1.067 1.105

We emphasize that these adjustment factors are for rough estimates
intended to illustrate the use of this methodology. We were not able to obtain
precise information for the relevant service territory to facilitate a more complete
analysis. In addition, the externality estimates that appear in the denominator of
equation (1) include only the marginal damages for three pollutants, rather than
the array of externalities that have been identified in this study.

This analysis is broad enough ......
to capture the first round of general .1e.dd tdfohentf wrs:44.. ..... ......... .. .. ..equilibrium effects that occur from the this exaW :qqua
application of social costing to just .... ... .... .... ..than I ::�... .... .....one sector of the economy-which is . .. .. ... ...... ....... ...

t at h 1. epptima a dem..termed "bypass" because customers .. . .. ....
............��exce'e ���ext a,10leave the utility grid through ........M ...... .. ........ .. .. .. . . . . .... . .. ........ .. ... .. .. .. . .. .. ..... .. ... . ... ............. ..... .. . ...... . .substitution to alternative technologies at. .. ..... .... ............ ..... ....... . ......... .. ..... .... ............. ..... .. . ....or to unregulated sources for the . . .. .............. ........ . .. ... ..

production of energy services. An
important limitation of this model concerns the broader general equilibrium effects
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that may occur because of the ability of consumers and producers to substitute
away from energy services entirely, toward other services or factors of production
such as labor, capital, or the use of other resources. Furthermore this model
ignores the irreversibility of capacity investments, a factor that affects resource
planning decisions.
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