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I) John Smith; Director;, Policy Analysis; New York State Energy Office
2) David Moskovitz; Consultant .......................... • ......... Page 201
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"EXTERN_ FEDERAL VIEWS, SOCIAL COSTS, AND
ENVIRONMENTAL ASSESSMENT REGULATIONS"
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1) Robert San Martin; U.S. Deputy Assistant Secretary of Energy .................. Page 227
2) Janine Finnell; Senior Energy Analyst; Meridian Corporation .................. Page 242
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U.S. Environmental Protection Agency ......................... Page 279

4) Allen Lee; Batelle Pacific Northwest Laboratories ............................ Page 281
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Moderator:. The Hon. Cheryl Harrington; Maine PUC
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1) John Hoffman; Director;, Global Change Division;
U.S. Environmental Protection Agency ......................... Page 305

2) Roger Naill; Vice President; Applied Energy Services, lnc ................ Page 306
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Using a hands-on simulation developed by Mr. Raab for the MIT-Harvard Public Disputes Program,
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synthesize the substantive presentations from the confcrence, it will allow participants to learn more about the
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National Conference on Environmental Externalities

Jackson Hole, Wyoming, October I-3, 1990

• '
Laurence B. DeWitt

New York State Department of Public Service
Director, Office of Energy Efficiency and Environment

AN OVERVIEW OF ENVIRONMENTAL EXTERNALITIES

Endicott was in the ice business, as his father,

grandfather and great grandfather had been before him. After so
many years of collective wisdom, a dependable system had been
developed. Nothing in this operation had changed for many, many
years, so it was settled and reliable. His customers could count
on Endicott and they did. He and his horse, 01' Dobbins, with
the ice house, lorry, and sawdust and a11, were an integral part
of the way of life in turn-of-the-century Bloomfield. Quaint.

Bloomfield was a one ice company town. Competitors had
cropped up during the early years of great grandpa Endicott, but
the town had decided that it was inherently more expensive to
have two horses, two lorries, two ice houses and two icemen, when
one of each was sufficient to meet Bloomfield's needs. And there

was only one pond in the town to make ice in the winter anyway.
The Bloomfield Ice Management Board was established and it
determined the price Endicott could charge, in return for which
the Endicotts did not have to worry about competitors.

Time went on. Bloomfield grew. Things changed. And
thinking changed. The need for ice was outstripping the capacity
of Busbar Pond. Young Endicott had improved his ice harvesting
and ice storage efficiency -- he was now delivering 40% more
megaweights of ice from the one pond than had grandpa Endicott.
But Bloomfield continued to grow. With a great loss of pride,
Endicott was increasingly having to resort to purchasing ice from
a neighboring town, and this was increasing his costs. _nd each
year, in late autumn, he increasingly had to reduce his
deliveries. Rationing was definitely not the Bloomfield way.
The final straw came when Endicott's young son left the ice shed
door open all of an Indian Summer day -- the resulting meltdown
created quite a crisis.

An emergency meeting of the Ice Management Board was
convened. Many disgruntled townsfolk attended and spoke up.
Plans for constructing a new pond, a larger ice shed and a second
horse and lorry were presented, along with estimates of the very
large jump in prices that would result -- not quite doubling.
Disgruntlement became anger. There was no agreeable location for
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the new pond ("a big mosquito factory"), no one wanted yet
another horse and all its fall-out littering respectable
Bloomfield's streets, and surely no one wanted the price
increase.

The banker suggested they allow others to see if they
could provide additional ice less expensively than Endicott's
plan for extra ice. The doctor proposed that they make Endicott
clean up after O1' Dobbins, even if it did cost more in the
short-run, because it was a serious health problem and would cost
less in the long-run avoidance of illness. (He won over the many
skeptics with his summation: "If Endicott can't afford a
horseless buggy, he should at least have a bugless horsey.") The
chairlady of the Bloomfield Temperance Union suggested that
everyone cooperate and just use less ice and then everything
would be fine, but, as usual, she was hooted down.

The science teacher said she had read about some new

highly advanced icebox which kept food even cooler and used less
ice. Some wiseacre piped up"what are we supposed to do, have
Endicott buy us all new iceboxes?" Everyone laughed, especially
Endicott. After th e laughter subsided, the science teacher spoke
again: "I realize it sounds ridiculous, but it actually would be
far less expensive in the long-run to buy everyone a new icebox
than to pay for Endicott's plan. And we won't need to build a
new pond and get an extra horse and buggy. Our food will be
colder, and we'll all save through reduced spoilage. The bank
should give Endicott a loan so he can help us all buy new ice
boxes rather than giving him a loan so he can build a new pond
and ice shed and so forth. The efficiency approach is so much
cheaper than building a new pond that we could even give Endicott
Ice slightly higher profits and we'd all gain."

After much shouting (some things never change) the ice
Board decided to pursue all of the proposals (except the one from
the Temperance Union). An---yneed for new ice capacity would be
put out for public bid; O1' Dobbins would have his act cleaned
up; and Endicott would help everyone buy a new icebox or do
anything else that would help his customers use the ice more
efficiently -- as long as doing so was less expensive than
providing more ice. Since Endicott would still be making the
principal decisions about whether to build new ice making
capacity, or "import" ice, or improve everyone's efficiency in
using ice, the Ice Board established a new profit incentive for
Endicott: the lower their average ice bills, the greater his
profits.

-2-
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The foregoing "fable" is an effort to summarize the

major principles of Integrated Resource Planning as we have begun

to develop it in the United States. A simpler and more prosaic

way of describing Integrated Resource Planning is:

We should look at all the costs and all the benefits of

al__!the options and do what is most cost-effective over

the long haul.

This "approach" is so common-sensical and "obvious" that one is

inclined to respond:

What's so new about that? What is the big deal? Why do
we have to use a jargon tag like "Integrated Resource
Planning" when what we really mean is plain old "smart
planning"?

The answer is that somewhere along the line we,

collectively, got into the habit of ignoring some of the costs,

some of the benefits, and some of the years during which costs

and benefits would occur.

The purpose of this workshop is tO explore in some

detail one of the most important costs that until recently, we

have chosen to ignore: environmental externalities.

What are Externalities?

Imagine a primitive electric generating plant. The

total costs incurred by the plant are I00 -- for all the inputs

and capital and profits for which the company must pay. It

receives this 100 from sales. The plant also damages the

environment bY 50 each year and doesn.t pay any one for having

done so. This is what we call an environmental externality. It

is external to the pricing system. It is an environmental "free

" nalitylunch, an environmental "free rider." An exter , though,

is very real. It is a cost. And it is paid -- but not by the

electric company or its customers -- except to the extent that

they livewithin the externality damage zone.

-3-



Internalization

Imagine that the electric plant has a scrubber

installed. The cost of the scrubber is I0. The total costs of

the plant now are ii0. Assume that the scrubber reduces

environmental externalities by 15, so that total damage is now

35. There are two main points here. First, costs have gone up

by i0, but benefits (i.e. reduced damage) have gone up by 15:
d

there is a net social gain of 5. Second, we have internalized --

into the pricing system -- some of the externalities.

Suppose we continue this course of action adding yet

another scrubber. The second scrubber costs 5 and it reduces

damages by 5. There is no net social gain because formal costs

have gone up by 5 while social benefits -- reduced damage -- have

also gone up by 5. This is pure internalization.

Many would view this as abetter state of affairs

because there is a more just allocation of costs and because

prices now more accurately reflect true costs.

Externalities

"Externalities" is a general term for a wide variety of

costs and benefits which are not included in prices. Such

external costs and benefits can be environmental or non-

environmental. The focus of this workshop is deliberately on

environmental externalities: it was felt that the whole realm of

social externalities was too broad for one workshop. But we

should all bear in mind that leaving out non-environmental

externalities may provide an unduly negative cast to the full-

range of "side-effects" associated with the generation,

transmission and use of energy. The creation of jobs and the

attraction of industry through reliable energy supplie_ are

examples of positive, non-environmental externalities.
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Major Challenges

There have been and there will be major challenges to

the idea that public utility commissions should require utilities

to take into account environmental externalities.

First, the point will be made that including

externalities will make rates higher, and that this is therefore

a bad idea. Second, it will be argued that it is unwise for any

given state to do this because it will place its businesses at a

competitive disadvantage since other states may no___tbe including

externalities. Third, some may challenge the legal authority of

the public utility commissions to take these new steps. Fourth,

some may claim that the numbers used to estimate environmental

externalities are unsubstantiate d._ Finally, some will question

whether their particular state should internalize into its rates

the costs of externalities which cause damage outside of its

borders.

These objections can not be lightly dismissed. They

w_ll be discussed at some length in the course of this workshop.

Given all of these difficulties and uncertainties, why would

a sane public utility commission want to act on externalities?

There are several goo0 reasons. First, many Commissions have

been moving toward Least Cost Utility Planning or Integrated

Resource Planning. A central theme of these approaches is that

utility planning decisions should be made on the basis of a

comprehensive review of all of the costs and benefits of all of

the options. Environmental externalities are real cost___sand they

are significant ones. For this reason alone they should not

continue to be ignored.

Second, there may be a rational approach which we could

call "planning anticipation." If we know that as a society we

are headed in the direction of increasingly restrictive

-5-
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environmental standards, perhaps we are best off anticipating

that possibility now so that we will not confront premature

obsolescence or costly pollution control retrofits in the future.

Finally, it seems clear that most of the environmental

problems with which we are dealing are inherently national or

international in nature. Acid rain and global warming know no

boundaries. Yet in recent years the federal government has

demonstrated little proclivity for "showing the way" with

developing national and international solutions to these kinds of

problems. At many points in history the states have served as

"democracy's laboratories," and this role may have fallen to them

yet again. In the best case, different states will experiment

with different methods of treating externalities; superior

approaches will eventually be developed and tested so that the

federal government may proceed with national and international

implementation. In the worst case, different states will devise

conflicting and inconsistent approaches which force the federal

government to preempt, and, thus, act. Either case is probably

preferable to the current situation.

As we discuss environmental externalities in the course

of these three days, a handful of issues will come up again and

again. The following is my current perception of the major

issues .... but I expect to change the list by the end of the

workshop!

i) Measurement. How do we measure externalities? Do

we use estimates of the cost of controlling pollution; do we make

an a priori "policy decision" about what its value is (such as a

flat 15% of avoided cost for fossil fuels); or do we begin to

make estimates of the actual damages? We probably have to start

with one of the first two, but do we then move to estimates of

actual damages? If so, how do we quantify these impacts? If we

quantify them how can we put dollar price tags on them and how

important is it to do so?

2) Rate and Economic Impacts. Everyone is rightly

concerned about the size of the rate and economic impacts. One
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particular problem with the economic impact is not just that the

cost of doing business in the state may rise, but also that the

allocation of resources mightbe skewed if only one sector of the

economy (eg. the electrical one) is required to pay for

pollution.

3) Mechanism for Incorporation. There are a large

number of different mechanisms for incorporating externalities

into the decision-making process. "Shadow prices" can be used

for planning purposes to provide weightings so that the correct

energy alternative is selected -- the shadow prices can then be

eliminated so that there is a lesser rate impact. Alternatively,

the entire estimate of damage (however derived) can be

internalized into rates, There are a number of other variations

possible including partial internalization and gradual phase-in

through stages.

4) Total Cost Dispatch. A number of states are

beginning to move toward inclusion of environmental externalities

in the algorithm by which the various generation plants are

dispatched. (Some have referred to this as "environmental

dispatch," which seems like a counterproductive misnomer).

5) Demand-Side Management Analysis. A number of states

include environmental externality estimates in their analyses of

the benefits of demand-side management.

6) External Externalities. As discussed above, there

are very real political and economic questions about the extent

to which states can be expected voluntarily to penalize

themselves in order to provide environmental Denefits to other

states and countries. Some practical compromises probably have

to be struck -- what one state does about its external

externalities might be related to what neighboring states do

about their externalities.

7) Federal and International Role. What the issue of

"external externalities" really does is point out the need for

federal and international policies and rules.

8) Strategies. There are many different ways to

include environmental externalities in our decision-making

-7-



process. Anyone contemplating such inclusion needs to think very

carefully about how they are going to do so. The following are

some preliminary ideas about how to develop programs for

incorporating externalities into energy decision making.

STRATEGIES

First, consider establishing the principle

conservatively. A full-bore program that calls for an

instantaneous internalization of environmental costs, with a

resulting 20% increaase in rates may prove unworkably unpopular.

The single most important thing to do is to establish the i

principle that environmental externalities do not _ zero.

Seek to establish the principle first; consider ways to gradually

roll-in impacts.

Second, ways must be found for explaining externalities

programs to interested parties: energy industry, general public,

media, business, and politicians. Creative approaches -- based

upon development of convergent interests -- must be sought. For

instance, some states are seriously exploring environmental taxes
r

-- not just because of environmental concerns, but also because

of revenue needs.

Third, it is essential that any commission which

considers internalizing externalities be legally sophisticated

about doing so for two somewhat opposite reasons. It is possible

that the commission will be challenged on whether it has the

legal right to internalize externalities. But just as important,

it is also possible that a commission be challenged for why it

has no____tincluded _xternalities in the energy planning process -

given many commissions' broad powers and responsibilities to

protect public health and the environment.
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Lessons from Economics for
Regulators Desiring to Reduce

Harmful Environmental Externalities
Produced by, Uffiitles

by

Dr. Charles G. Stalon
Director, Putnam, Hayes & Bartlett, Inc.

to the session
b

introduction tO the Economics of Social Co_ts

at the

NARUC Environmental Externalities Conference

Jackson Hole, Wyoming
October 1, 1990

INTRODUCTORY REMARKS

For many reasons, the social costs of producing a good or service in a market
economy can be higher or lower than the private costs, that is, the costs experienced
by the producing firm(s). For example, a profit.maximizing unregulated monopolist
whose private and social costs are equal will tend to charge some or ali of its
customers a price higher than its private marginal cost and, by assumption, higher than
marginal social costs. Consequently, its customers will experience private costs higher
than social costs. In a society that values economic efficiency as an objective, such
pricing is to be deterred. Economic regulators are created to do that. lt follows,
therefore, that one definition of economic regulation -- one seldom used -- is regulation
to ensure that private cost and social costs are kept approximately equal when market
forces are insufficientto do that. Regulators who emphasize the importance of keeping

1
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private and social marginal costs approximately equal will, logically, emphasize the
importance of utility rates and rate designs for the Improvement of efficiency. This
conference, however, has chosen not to emphasize that aspect of economic regulation,
but, instead, to look at a different subset of the causes of differences between private
and social costs, namely, environmental extemalitlas. I, consequently, will interpret my
assigned task to emphasize that subset of social cost analysis as weil.

The management of economic extemalitlas is an essential part of the management
of a market ecenomy. As we ali understand, however, failures in such management
Is a recurring theme in America's history. As the economic system grows in
complexity, the management skills needed_to manage the complex economy also
become'more complex. When David Stockman, Director of the Office of Management
and Budget, noted that "None of us really understands what's going on with ali those
numbers," he was reflecting the problems of economic complexity just as John Adams
had done 200 years earlier in a letter to Thomas Jefferson when he wrote,

Ali the perplexities, confusions, and distresses in America
arise not from defects in their constitution or confederation,
not from want of honor or virtue, so much as from

downrightignorance of the nature of coin, credit, and
circulation."

I emphasize these observations as a preface to noting that the management of
economic externalitiesis one of the most complex parts of managing a complex market
economy. The difficultyof the task, however, cannot be an excuse to avoid the task.
The system must be managed if it is to efficiently serve the interest of its citizens.
For those few in the audience who are attracted to a laissez-faire ideology -- I suspect
there are not many at a conference with the subject matter of this one --I support
my view by offering interpretationsfrom Lionel Robbins in his study of classical political
economists, that is, economists from David Hume and Adam Smith through John Stuart
Mill.3 , These interpretations I share and much of what I have to say derives directly
from them. First, classical economists emphasized that,

1 Stm/ PIaM (ed.), Res_ly Quoted: A Dictforwy of Ouomtion= Requested From Congressional
Research Service, (Ubran/ of Congress, Washington, D.C., 1969), No. 810.

2 Ptatt, No. 1200.

3 The contrast should not be overdrawn. Compare: "Even the moot ardent enthusiastsof laJuez-faire
have ahNay_mn a role for the stale. The traditional list of government tasks -- defining property
rights, enforcing contracts, producing public goods, and correcting _(lemalities -- is rela_vely
uncor_overslal.* William Bishop, "A Theory of Adrninistr_ve t.sw," The Journal of Legal Studies, vol.
XIX, No. 1 (Part 1), June 1990, p. 497.

2
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The pursuit of serf-lnterest, unrestrained by suitable
Institutions, carries no guarantee of anything except chaos.4

Second, classical economists emphasized,

The invisiblehand whlch guldes men to promote ends which
were no part of their Intentions is not the hand of some
god or some natural agency independent of human effort; it
is the hand of+the lawgiver, the hand which withdraws from
the sphere of the pursuit of self-interest those possibilities

. which do not harmonize .with the public good.5

In short, "the market Itself Is an artifact.4 For this social artifact to produce goods
and services efficiently (as economlsts define efficiently), Incentives and deterrents are
necessary to Induce and coerce the production of socially optimal amounts of not only
all goods and services, but also all extemalitles, both beneficial and harmful ones.

THE THEORY OF ENVIRONMENTAL POUCY

Just as some scholars have studied the evolution of English common law and
concluded that judges have decided cases and built Into the law precedents as ff an
important objective of common law were economic efficiency, one might lock at local
and national political actions concerning externalities and conclude that politicians have
acted as ff economic efficiency were .an Important objective.7 While both conclusions
are somewhat pretentious, they do support the conclusion that practical government
officials have always been forced to reconcile conflicts among citizens -- sometimes
among citizens as consumers, sometimes among citizens as producers and sometimes

+ between producers and consumers -- and many of the results appear to be reasonably
good approximations to efficient ones. As small towns grew into big ones, pigs were
pushed out of town; as the technology of medicine Improved,+Inoculationsfor Infectlous
diseases were ,+ubsldlzed;as internal combustion engines developed, exhaust mufflers
were required. The list of social decisions to subsidize the produ_on of beneficial
externalities and to tax or otherwise constrain the production of harmful ones Is endless.
The question before the conference is: What lessons can be drawn for cunent
policymakers from contemporary economic analysls that would allow Improved
performance in an increasinglycomplex economy?

4 IJonel Robblns, 7he Theory (:4Economic Policy in English Cl_Stcal Pol_¢ll Economy, (MacMillan and
Co., London, 1965), p. 56.

5 ll:)!d,

6 U_., p. 57.

? Richard A. Posner, The Economics of Justice (Harvard Unlvemity Press, Cambridge, MA, 1981) is a
useful piace to start to explore this thesis.

3
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The (:omen;toneof economic effldencyts that people's preferencescount. Two

ways In which those preferencesare revealedare by marketpurchasesand votes for
candidatesand issues. In the marketplace,the welghtingsystem ts one dollar equals
one vote, but In the polltlcalarena, the welghUngsystem Is one adult equalsone vote.
lt is not surprising,glven the dlfferantvotingsystems, that sometimesthe two systems
reveal conflictingpriorities. By and large, however, interpretersof both systems of
voting (and of other procedures for discoverlng preferences) find support for the
concluslon that most citizens support government efforts to preserve or Improve
environmentalamenities,e

The growingconsensussupportlngthe preservationof environmentalamenltlesis
probablythe result of dsing Incomes, the crowdingeffect of a growingpopulation,the
relativestabilityof the nationaleconomyand Improvedknowledge,and extensivemedia
coverage,of harms and potentialharms of some environmentalInsults.°

As a consequenceof growing environmentalconsciousness,and In order to
provideleadershipto that movement,manyutilityregulatorshave embracedthe Idea that
utilitiesshouldbe inducedto recognizeIn their planningand operationsthe externalities
they create for other decisionunitsin society. Concernsseem to be directedprimarily
at the externalitiescreated by generatlon.I° lt is Importantto stress that regulators
have for decadesrecognizedexternalities. What Is new Is the types of programsbeing
considered. In the past, generatingplantswere moved from urban to rural areas in
orderto improveurbanair quality,distributionlineswere occasionallyundergroundedto
improvevistasand repairwork in some urban areas was limitedto non-businesshours
to reduce traffic congestion. Furthermore,beneficialexternalitieswere subsidizedby
ratepayers. Cooling ponds were stocked with fish, and parts of the shores were
landscapedto becomeparks and campgroundsfor publicuse. The noteworthyfeature

8 Louis Harris, Inside America (Random House, Inc., New York, NY, 1987) describes 1986 public views
as follows:

• 93% are convinced th_ pollution of lakes and rlvenl by toxic
substanoN from factorkm is a mtous problem.

• 92% believe tha_ dispouJ of hazardous waste is a serious problem.
• 86% believe_ oonmmlnatlonof ddnking warn' is a sedous

problem.
• 29% believe thin pollution from radloa_ve waste from nucte_

power plants is I _ problem.
• 79% belk_veacid mln is I serious problem.
• 75% believe air pollutionby coal-burning ekcu_c power is ai serious

problem.

However, 73% believe utility shar_ should pay for the ckranup of acid rain. PP. 246.250.
Harris notes that these views were table over the period 1981-1986.

O An additional factor thai is potentially revwsible is the reduction in internationaJtensions of recent
years, When one's life or basic security is thremlmed, time horizons become short and discount
rates become high. Middle East developments might soon force al re-ranking of relallve priorities.

10 The rising concerns about the hea_ eff_:ls of EMF may _ change this emphasis.
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of these actions is that one can make • strongcase that both the cost and benefits
of such regulatoryactions act',rued to the citizens to whom the regulator was
accountable.

My task today is not to evaluate the wisdom of particularactions by utility
regulatorswho want to recognlzeproductionextemalltles. Instead,my task Is to distill
from the body of principlesdevelopedby the economlceprofessionsome guidancefor
regulatorswho value allocatlonalefficiencyand who believe lt to be a part of thelr
responsibilitiesto constrainthe productionof harmful extemalltlesby utilitiesand to
encouragethe beneficialones.t1

Defin_ons and Principles

Despitethe familiaritywith,and the longhistoryof, discussionsof economicexternalities,
the concept is a difficultone to define in a usefulmanner.12 Since our objective is
not rigorouseconomic analysis,we can avoid a lengthy discussionof that subject.
However,some of my conclusionsdependupon rigorousanalyslsdone by others, so
it Is worthwhileto look brieflyat the definitionused in such analysis. I choose the
one used by Baumolend Oates in their 1988 study on the theory of environmental
policy. B&O's definitionis as follows:

An externality Is present wheneveraome Individual's(say
A's), u/JJ_ or _ relationshipsInclude real (that Is,
nonmonetary)variables,whose valuesare chosenby others
(persons, corporations, governments) without particular
attention to the effects on A's welfare. (Emphasis in
original.)13

This definitionconformsfaldy closelywith less rigorousones,such as "third-party
effects" and "neighborhoodeffects,' but certalnelements of the definitionneed to be
clearlyunderstoodby those who use the conclusionsof the analysis. In orderto focus
attentionon some of the disagreementsI expectto see at this conference,and, more

11 For a br_f and easy4o-read criticism of _ economic wmlysls as applied to environmental
usessment, see Charles C. Harris snd Man/McGown, "The Propr_ty of App_ng Economic Methods
to the Nloc_on of Public Amenity Resources: Paradigms, Properly Rights, and Progress,"Economic
Wlu_on of N_uml Resources, Rebe(x:a L Johnson and Gary V. Johnson, eds. (Wwlvlew Press,
Inc., Boulder, Colorado, 1990), pp. 51-65.

12 To my knowledge,the first book-length analysis of the economics of ex_emaltt_sis A.C. Pigou, The
Economics of Welfare, (MIK:Millan and Co., Ud., London, 1920). William J. Baumol and Wallaoe E.
OaSes, The Theory of Environmental Policy, 2hd Icl., (Cambridge Unlvers_/ Press, New York, 1989),
p. 28, note 23, cite a discussion of market failure that could be cslled sn analysis of e0mm'tal_ties
in 'one of the firm textbooks of economics,"published in 1819.

13 Baurnol and Omes, p. 17.
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Importantly,1o make as dear as possible my chosen points, two elements in the
definitionare noted:14

I. Externalitiesrefer10 the effectsof real, not monetary,values. The
fact that someone or some group Imposes a cost, or increased
cost, on me, perhapsby Increaslngthelr demands for gasolineand,
thereby,requiringme to pay a higherprloe for gasoline,may lower
my welfare,but that does not constitutean extemallty.15 In short,
Idthough an externality will raise or lower my cost If l am a
producingunit, or raise or lower my welfare if I am a consuming
unit, the normal workingsof a market with no externalitiescan do
that also. Extemalitlesare a subsetof phenomenathat causesuch
cost changes.

2. The definitionpresumes a selected set of direct participantsof
relevance, namely, producing units and consuming units.
Policymakerswho choose to use the theory that Incorporatesthe
definitionfor guidanceIn policymakingmust assume responsibility

_ for cleflnlngthe direct participantsof relevance. Consequently,one
shouldnot be surprisedto find differingviewsamong pollcymakers,
and would-bepolicymakers,about costs and benefitssince different
users of the theory will emphasize different sets of direct
participants. Producingunitsmay be persons, legal entitlesor parts
of governments. Consuming units may be persons, nonprofit
organizationsor parts of govemrnents, lt Is the welfare of these
consumingunits and the welfare of the ownersof these produclng
units that Is relevant In the theory that uses the definition.
Elephants,dolphins,puppy dogs, snailsand amoeba are not direct
participantsin the model. These and all other gifts of natureare
inputsto either or both the producingand consumptionprocesses.
Their values,and the values of environmentalamenities (inherited
or manmade), in the welfare and productionrelationsare those
assignedby the direct participants._6

14 A third element also delenms recognition, nlrr_, thal the definition il designed for use in analyzing
the interactionsof self-interelt..motivaleddecision units; charitable or n'mlevolentbehavk:_ are beyond
the bourclari_ of the definition. The reaso_ for lo limiting the definition are obvious. The
objectk_ of the _erolse is to undemmnd the inoentlv_ and constraintsneco_my to induce a
of _, Nlf-imeruted dedslon makers to produce the optimal mix of goods and _Nm_:_es,
including the optimal mix of benefldal and harmful externaJitkm. The task of onooumglng charity and
discouraging rnaievoler_e is _ aside for another clay.

15 Some wdtem have used the term 'l:)ocuniauye0¢P_lllity"to ¢l_mdbo fills result.

16 The interests of unborn hum=msalso enter the theoo/only through the utilityand productionfunctions
of direct plmicipants.
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Selected Conclusions of the Analysis

With the definition In mind, lt Is time to rum to some (_. the conclusions that orthodox
economic analysis contrlbutes to issues before this conference. I choose to emphasize
four conclusions. As I review the chosen conclusions, keep In mlnd that the language
of economic analysls tends to be much harsher than the language of politics, law and

r regulation. Ali of these professlons deal with analysis and with resolution of social
conflicts, but their emphasis differs. Politics, law and regulation emphaslze reconclllatlon
rather than analysis, and, consequently, tend to generate jargons that mask tradeoffs
and make lt difficult for losersto determine the magnitude and sources of their losses.
The multiple meanings of the term "fairness' that are so widely used in politics, law and
regulation serve that purpose weil. Economics, on the other hand, perhaps because
it is practiced primarily by academics who have no responslbllity to reconcile social
conflicts, tends to emphasize analysis and to emphasize the inescapabillty of tradeoffs.
Calling attention to the warfare reductions of some groups, or in some dimensions of
life of some groups, in order to gain benefits for other groups, or In other dimensions
of life, is the essence of their activity.

Now to the four conclusions of contemporary economic theory of environmental
policy that I have chosen to emphasize:Iz

Lesson One. Conclusions of the theory are derived from a model which postulates
economic efficiency as the objective ofl economic activity. In particular, the dlstributlon
of income and changes in the distributionof income as a result of the "recommended"
policy actions are ignored. The latter is especially important because it implicitly
assumes that just as a competitive market ellmlnates inefficientbeneficial Interests in the
status quo when increased total welfare can result, so governments will eliminate
inefficient externalities without regard to inefficient beneficial interests in the status
quo.le Since regulators cannot easily Ignore distributional consequences of their
actions and, furthermore, since they find lt especially difficult to remove beneficial
interests in the status quo, the ever familiar (to regulators) conflict between efficiency
and status fairness arises here as lt does elsewhere In economic regulation,le The

17 The conclusions chosen are intended to emphasize principles of importance to the topic of this
session. For applicatior,s analysis m "Uncertainty ind the Omk:e of Policy InstmmerU: Price or
Quantity Controls," Imd Part I1: "On the Design of EnvironmentalPoticy,"in Baumoi and Oates, oo.
cit. See also the chapters on Externidities and Interr_tties in Daniel F. Spuiber, Regu/at/on and

• Ma,-ke_r (The MIT Press, Cambridge, MA, 19e_).

18 For I dlscu_flon of the difficulty regulatom have in pursuing efficiency and respe_ng beneficial
interests in the sta_s quo, m E.E. Zajac, Fairness Efficiency: An In_oduc_on to Public Ulilify Pricing,
(BaJlingerPublishing Co., Cambridge, MA, 1978), _ E.E. _, "PerceivedEconomic Junk:e: The
Example of Public Utility Regulmlon,"Cost Alloo_ion: Methods, Principles, ApplioWlor_, H.P. Young,
ed. (North Holland PublishingCo., 1985) and Bruce M. Owen _ Romdd BrNtlgam, The Regulation
Game: STr_egic Use of _e Adminism_ive Prooess (BaJllngerPublishing Co., Clunbrldge, MA, 19(35).

19 The conflict between the pursuit of efficiency u defined in orthodox egonomlc _ and _us
fairness as commonly viewed in regulatory circles can be illustrated vAth I oornparison of two cases.

(con_nu_...)
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distributionalissuesare particularlydifficultwhen dealingwith generatingplant emissions
that harm non-ratepayersslnce the costsand benefitsof any availableremedywill tend
to accrue to differentdecislon units.

Obviously,the theory does not describethe responsibilitiesof polltlcalleadership.
In this area of economlc pollcymaklng,as In many others, elected and appointed
leaders must decide for themselves the extent to which they will use their powers to
satisfyexlsUngpreferencesof citizensor preferencesthat would exist If citizens had
better knowledgeand/or were more 'communityminded." In short,the theory doesn't
answer the hard questions; lt merely helps the pollcymakerto understandhis/her
options.

Lesson Two. Economicefficiencydoes not call for the eliminationof all externalities,
not even all harmfUlones. Instead, the efficiencyobjectivecalls for acceptingcertain
harms as an inescapableconsequenceof producing the goods and se_ces that
maximize the welfareof the decisionunits that are dlrect participantsIn the economy
of relevance. The difficulttask Is to determinethe optimalrate of externalityproduction.
Consequently,the pursuit of efficiencycannot usefullybe describedas an attempt to
minimizeenvironmentaldamages.

Lesson Three. The theory suggeststhat compensating those harmed by externalities
welllIRelylead to reductionsIn economicefficiencyby reducingthelr incentivesto evade
or minimizesuch harms. This conclusiondoes not mean that propertyowners should
not be compensatedfor damages to their property. Negotiatingsuch damage claims,
the theory Suggests,will tend to lead to the optimal level of such damages. Property
righ_ analogies,however,must be carefullycircumscribed, For example,making policy
a_ /f those harmedhad propertyrightsIn collectivelyowned resourcesis likelyto lower
efficiencysince the essence of propertyrights, that is, the abilityto sell the property
right, or sell rightsto its use, cannotbe meaningfullygranted. Consequently,citizens
with an imputedpropertyright In collectivelyowned propertycannotnegotiatean optimal
level of damages.

19(...oontinued)
Case one. Person i _, locates his religious commune of vegetable farmers in ii rural Kea next to
a large number of pig farms Imcl then demlmds that the govemrnent "do something"about the odor.
Case two. The Commune's farm neighborsconvert their farms to pig hums and Person A demands
tl_ rite government "do something" _out the odor. Eoonombc _ncy suggests thin "who

' disturbed the status quo" is of little if any relevinoe to the issue. The ideal so/ut_, hl s tax on
the extem_ity produced by the pig f_'mers equal to the marginal _ cost of sufferers.
Furthermore, no cornl:_nsmlon ihould be paid to the luffwers. The efficiency objective, in effect,
caJis for Incentives for the cm_om and the tufferers of the extermdityto _ themselves. I
suspect thin policymakerl who value status Mirneu highly would opt for different solutionsin the two

[This conclusion supporting ii tax (commonlyreferred to as i, Pigouvlen tax) should no¢ be read to
deny the wisdom of finding another _tern_ive if the taxing Iolullon is i_Imlnistrativelyinfusible, lt
should, instead, be read to say that effldency calls for supporting the imposition of incentives on
both producers and sufferers of the externality to reduoe the real cost of the externality without
regard to who was first in the field.]
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Lmmon Four. The measures Of harms and benefits that arise from externalities must
be based on the utility and production functions of the direct participants of relevance.
Estimates of the costs of extemJltie8 must ultimately be derived from the revealed
preferences of consumers or from the production functions of producers. Expert-based
mitigation cost estimates or expert.based resource damage estimates are relevant only
when related to such utility and/or production functions. In particular, "the economic
value assigned to a good does not necessarily measure the value assigned to the
objective served by the good."=°

THE COST ESTIMATION PROBLEM

Since a cost estimate must precede any program to control the production of an
exlemality by a utility -In fact, precede any decision that such an externality deserves
special attention - Lesson Four deserves further attention. Two comments will suffice:

1. The estimation of relevant com is dlfflculL Agreement on which com are
relevant among parties with different ¢onstltuencJee may be Impoulble.

• The marginal social costs of externalities change over time as additional
knowledge is gained and as consumers change their valuation of environmental
amenities vis.a-vis other goods and services. Since average Incomes are
increasing In the U.S. and population densities are growing, and population
density tends to Increase the significance of many types of externalities, it is
plausible to expect the American .PUblic to continue to increase the value
assigned to environmental amenities.

• Individuals in the economy should be expected to have widely varying valuations
of environmental amenities vis-a-vis other goods and services. Consumers who
live on high floors in Manhattan skyscrapers, ski in Aspen, fish with a guide,
seaplane tn Alaska and sun on Caribbean beaches are not likely to assign
similar values to environmental amenities as do citizens who suffer the noise of
Manhattan streets and who recreate in city parks, if at all. Polio/makers who
respect both types of preference functions will find lt difficult to ignore the
distributional effects of environmental policies.

• Technology is changing and such changes might well allow the nation to lower
the cost of reducing harmful extemalittes. Although it has been noted that

20 G.L Peterson, B.L Driver and P.J. Brown, "The Benefits and Ccms of Recreation: Do41arsand
Sense," in Johnson and Johnson, 00. cit.
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Modem technology
owe= ecolo_ '
an apology,='

tt Is also true that

Ecology
owes technology
an occasional doxology.==

Those of us who recall that lt was the development of high tensile steel pipes
that allowed natural gas to displace coal as =the fuel of choice' for urban
homes, stores and offices are very much aware that gas economics, more than
legislation or regulatory policy, Is the source of the clean air that many urbanites
breathe.23

The difficultyof measuring ext,_malltles cost has. prevented a consensus among
economists on the cost of degradation of natural aesthetics or, in the case of nuclear
power, for example, on the cost of the risk of catastrophic nuclear accidents. The
difficulty of estimating extemalitle= cost was addressed In a report to the Boston Gas
Company by PLC, Inc. That report said:

. . . the direct estimation of the costs of extemalitles is
usually quite difficult and Is frequently impossible, especially
for environmental pollution, which has multiple effects on
many biological and economlc systems. Direct estimation
requires that the effects of each pollutant be traced and
valued to determlne how much the pollution Is actually

costing society in terms of human deaths, poor health, and
material, crop, forest, aesthetic and ecologlca_damage.=4

Despite such problems, estimates of environmental extemalitles cost have been
attempted. The Pace Unlverslty Center for Environmental Legal Studies (PUCELS) has
just published a thorough work on the toplc. This report contains estimates ofmB

externalities cost that appear to be very high. lt suggested, for example, that the price
increase necessary to recognlze externalities would be 5.8 cents per kllowatt.hour for a
plant which burns 1.2 percent sulfur coal, and 3.9 cents per kilowatt.hour for e coal

21 A_n M. EddY, Worme Verse (1969). The Penguin Dictionary of Modem Humoroue Ouomtlons,
oornplh_l by Fred Metc_f (1986).

22 Still worse verse by Charles Stak)n.

23 Obvlo_=ty = part of the credit for displacing coal turnace= must also go to the ecx_nomtc=of low
sulphur heating oil,

24 PLC, lhc,, "The Valuation of Externalities from Energy Production, Delivery, and Use; Fall, 1989
U_=e," p. 38.
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plant conforming to New Source PerformanceStandards (neither type of plant is
assumed to have a scrubber).2e

PUCELS' results were based in part on a cost estimate for sulfur dioxide
emissionsof $2.03 per pound. This valuetranslatesInto $4,060 per ton, well in excess
of the cost of such emlulons Implied by the new Clean Air Act Amendments. The
Amendments will create a market for emission allowances(i.e., rights to emit sulfur
dioxide),in which the price of emissionsmay be In the range of $400 to $800 per ton
(in 1990 dollars), well below the $4,060 per ton in the PUCELS report. Has the
Congressundervaluedthe cost of sulfurdloxide emlsslonsby 80 to gO percent,or has
PUCELS overestimatedsuch cost? Or, are the differentestimates of differentcosts?

In particular,Congressmay not be taking as an objectivethe creation of an
emissionstrading market In which the market oleadngprice would approximatelyequal
the cost of sulfurdioxideemlsslons,In termsof its environmentaldamage and hazards.
Congresscould have ensureda higher pdce for emissionallowancesrather simply,by
specifyingin the legislationa fewer number of allowances, lt didn't do so. In effect,
Congressexpresseda value for the externalitiescost of sulfur dioxideemlsslons. That
value was well below $4,060 per ton.

The imminentpassageof the Clean Air Act Amendmentsmeans that perhapsthe
most costlyenvironmentalexternalityof electricgeneration,sulfurdioxideemissions,will
soon be internalizedby utilitiesin their planningand decistonmaklng. Any furthertax
or constraintby regulatorson sulfurdioxideemissionsmust be based on a judgment
that Congresshas underestimatedthe externalitycost of sulfur dioxide for the nation
or for the direct participantsin the relevant efficiencymodel, or it must be that
regulatorsare in pursuitof an objectiveother than efficiency,m

Another externalityof electric generationof great potential significanceis the
emissionof carbondioxide. There have been a numberof scientificstudiesthat assert
that carbon dloxlt_eemissionsare affectingthe earth's atmosphereand there is strong
evidenceto support the conclusionthat the earth'sclimatewill be significantlyaffected.
Federal legislatlorzto effect a reductionIn carbon dioxide emissionsmight assign a
value on these q_mlssions,as the Clean Air Act Amendmentswill likely do for suifur

I ,
i'

' i

- L ..... I_l_, ,J,

25 "Envtronrnent_il Costsof Etec_,* prepared by Pace UniversityCenter for Environmentallegal Studies
(Richard L Ot_Ir_i_er,David R. Wootey, Nichot_ A. Robinson, David R. Hodu, Susan E. Babb) for
New York St_ _Energy Research and Development Authority and U.8. Department of Energy,
September 19t'_0;t_ee Table 1, p. 31.

''J i

_ may not yet ,b0_opedy understood that the Clean Air Act Amendments will require thin the cost
of sulfur dloxlde ¢4ni_donsbe internaJlzedin utilitypkmning a_d _rn_ing. If current language
is enacted, thiz',,,_ I_ as real as the cost of ooadand the cost of operations and maintenance.
Managers who i_o r_ take the cost of emlmdo_minto aocount when they make cleclslor_ about
system dispatch, _,_'_l_._laispower purchases lind sides, dernan_tk:le options, In, relent power
options, new gem_flon and transmission optk:x_ and mergers and acquisitions are likely to mare
wrong decisions, ff,_¢h ton of sulfur dioxide emitted by a _ represents al ton th_ cannot be
ern_ecl by another plant or an emission right tha¢ cannot be la4d.
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dioxide. When global warming legislaUon is considered, Congress will naturally be
conscious of the benefits of reducing ¢_gbon dioxide emissions and will weigh the
resulting cost to the nation against those benefits.

Congress is moving cautiously In this area, in part because of the uncertainty
In =clenti110knowledge about the global warming process an_J because the costs of
slgnificanUyreducing carbon dioxide emissions will likely be very high. Environmental
activists and utility regulators may not be willing to wait for Congress to act. The
authors of the PUCELS report, for example, are confident that utility regulators can
accurately estimate the cost of environmental damages and assess a fair and efficient
extemallty tax. An early draft of the PUCELS report observes:

Some experts feel that utJlity regulatory commissions (as
opposed to agencies with environmental expertise like EPA)
would have difficulty In dealing with technical matters llke
valuation of human life and non-monetlzed costs like
valuation of recreational facilities, lt should be recognized,
however, that utilities regularly estimate values that are
difficult to quantity, such as demand forecasts and rate

- impacts, and state re_qulstorycommissions are able to deal
with these estimates."

i_.s an aside observation, I would note that the economlc cost of forscasting
failures of the 1970s produced political reactions that shook the foundation of utiU_
regulation.

2. Alternative Means of Production and Consumption Have Externalities

An externality tax on suffur dioxide from coal plants may have the effect of substantially
reducing the construction of new coal.fired generaUon capacity and the utilization of
exisUng capacity. Inevitably, the demand for nuclear power and/or residual and distillate
oil' by utilities and utility customers would grow. Concerns about the externalities of
nuclear power are widespread, and it must be clear to siS, st this time of crisis In the
Persian Guff, that oil combustion also has externalities beyond environmental effects._

In its lead editorial on August 19, 1990 entitled "The True Cost of Energy - Pay
It: For Security, the Economy and the Air,' The New York Times said:

Every' extra barrel consumed makes the U.S., that much
more vulnerable to oil cartel cutbacks. The pdce Americans
pay for imported oil covers none of the likely coSts of future
supply interruptionsbrought on by such dependence.

27 PUCELS, p. 41.
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With the application of a Pigouvlantax recognizing on.ly en.vironm.e.ntalharms,our

wou,c,,ouse ,mpe.,,:,o.mu.o,!:To me_
_, be rmcessary to assess a Rgouvlan tax also ,or me non.enw.onmen_. ,m!_..6_[,_L _"

combustion,a The extemallties associated with nuclear power is a top0c eerier ,on _u
another time.

CONCLUSION

One program that pursues the objective of reducing harmful emissions on infra-marglnal
outputs is dispatching plants as if a Pigouvian tax were added to the marginal cost
estimate based on private cost only. Such a program would likely lead to substantial
reductions In harmful emissions on such outputs, lt is also likely to lead to useful
incentives for planning capacity additions. Regulators, however, may not find the unit
cost increases that result attractive,although such cost Increases would, cemr/s paribus,
provide end-users with incentives to cut back on quantities purchased. Such cutbacks
would, ceteris psr/bus, be efficiency furthering.

The previous remarks were pitched at a high level of abstraction in order to keep
them relevant to a diversity of policy interests. In closing, I would like to emphasize
a few points of particular relevance to that subset of the audience which has a
particular program in mind, namely, to estimate externalitycosts of utility generation not
for the purpose of raising the price of electricity so that social and private costs are
brought closer to equality, but to demonstrate the avoided cost of generation to be
higher than the private cost reflected in normal utility accountings and, thereby, to
strengthen the case for demand-side management programs. Three points will convey
my message.

First, although the theory emphasizes the advantages of a Pigouvian tax equal
to the marginal externality costs so that both producers and consumers of the harmful
externality have incentivesto reduce the externality costs, there is nothing in the theory
that rules out alternative programs to generate similar incentives. Many practitioners
have shown great creativity in developing approximation programs for that purpose.29

28 The basis for calculating an oil import tariff, which lakes these factors into account, was discussed
by Harry G. Broedrnan and William W. Hogan in an affcte entitled "Is An Oil Tariff Justified? The
Numbers Say Yes," The Enetg,/ Jourrm/, July 1988.

39 Economics provicl_ many leesoms of value to regulators who value economic efrciency as an
objective. A few of those _ I'_ve _ the theme of my remarks. The re4evance of
these lessons is not limited to those who emphasize the tm_ of efficiency,however. Those
who postulate intrinsic values for sped_ diversity, gene pools and/or partk:ulargilts of nature or
particular artifacts,or those who believe that these and/or simi_r gtWsare not adequa_/ valued by
others, should gain from these lessons sorne unckwsmndingof the eoonomic welfare burdens they
seek to impose on their follow human i_ings M they lead them to enlightenment by pursuing
policies that conflictwith the effic_ncy objective. The discussionsnoted in footr_e no. 17 di,Jcuu
this topic extensively. See, also, the essays in the book cited in footnote no. 11.
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Second, a demand-side management program, by Itself, does nothing to
encourage the utility to reduce the output of externalities on inframarginal units of
output, ff the regulator is sedous about pursuing economic efficiency and bringing
private and social costs closer together, a program complementary to the demand-side
management program is needed to reduce the generation of harmful externalities on
Inframarginal units of output.

Third, to the extent that programs imposed on a utility to reduce harmful
externalities raise its private cost, the position of the utility in competitive power markets
Is weakened vis.a-vis generators not subject to similar regulatory policies, for example,
Industrial cogenerators or self.generators, municipal generators, federal generators and
out-of-state generators. Furthermore, regulatorswho find programs to Impose on utilities
that reduce harmful externalitieswithout raising their private costs are regulators who find
either inefficient utility managers or a free lunch.

Here, as elsewhere in the management of a complex, modern economy, policies
that promote efficiency when applied nationally are often sources of inefficiency and
unfairness when applied in some areas and not in others. That, however, has always
been the real world of state regulators.

- END -
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INTRODUCTIONTO THE USE OF

SOCIAL COSTS IN
UTILITY PLANNING AND REGULATION

Erlk F. Haites
Principal

BARAKAT& CHAMBERUN

Environmental quality has become an issue of worldwide concern. Both the use
and the deteriorationof the environmentare examples of whateconomicjargon refers
to as a social cost, that is, a costto society.1 Electricitygenerationincurs social
costs. The socialcostsassociatedwith differentmodes of generationvary significantly.
Thus, to select the generationmixwith the lowest overallcostto society requires
knowledgeof the relevantsocialcosts.

Regulatorycommissionshavoa mandate to ensure that utilitiesact in the public
interest. One way to fulfilthis mandatewith respect to the environmentalimpactsof
electricitygenerationis to requireutilitiesto minimizethe socialcost rather than the
cost to the utility. For this reason,regulatorycommissionsare becomingincreasingly
interestedin the socialcostsof electricitygenerationand use.

This paper providesan introductionto social costsand howthey can be used in
utilityplanning. I start with a discussionof socialcosts. Next, I cover approaches to
measuringsocialcosts. Withthisbackground, I then summarizethe use of social
costs in utilityplanningprocesses. Finally,I reviewthe reasonsfor regulatory interest
in socialcosts and currentregulatorypractices as they relateto the use of social
costs.

WHAT ARE SOCIALCOSTS?

Put simply,social costsare coststo society. Any reductionin value of society's
resourcesthat occursas a resultof the consumption,deterioration,or destructionof a

1 The social costsof electricitygenerationand use extendbeyond environmentalImpacts
to IncludeImpactson production,trade balances,the depletionof nonrenewable
resources,and other effects. SeeOlav Hohmeyer,SocialCostsof Enerav (_onsumDtlon
(Berlin:Springer-Verlag,1988). This paper focuseson the socialcosts of environmental
Impacts becausethese costshave been the main focus of utilityregulatoryactivityto
date.

1



resource is a socialcost.= The prices that a utilitypays for the resourcesit acquires
often do not refiectthe full socialcost of the use of those resources. For example, the
emissionsof atmosphericpollutantsthat accompanythe generationof electricitylead
to damages that are a Costto society,butthese costs are not borne by the utility.

The componentsof the value of a resourceto societyare shownin Figure1. The
first three Componentsrelate to the use of the resource. In most cases,the use of the
resource involvespartialor completeconsumption. This is the case for materialsand
energy as well as for land and labor employedfor specificperiods. Publicgoods,
such as water bodiesand the atmosphere,may sufferdeteriorationthrough use.
However, some resourcescan be used without being consumed;birdsand scenery
can be enjoyedwith no diminution. Similarly,resourcescan be used indirectlythrough
films, books, or othermeans.

Resourcesalsohavevalue by reasonof their existence. The GrandCanyon is a
valuable resourcebecause it existsand peoplevalue its existence. Although
economists are stilldebating the componentsof the existencevalue of resources,two
themes can be distinguished.First, stewardshipand generositymotivesvalue
resources in sucha waythat they ensurethat the resourcesare wellmanaged and
available for use by others. Second, the optionvalue of resourcesisthe valueof
postponing irreversibleactions, such as Convertingagriculturallandto urban use.

HOW ARE SOCIALCOSTS MEASURED?

How can the existence value of a hydroelectric site be determined? What is the
use value of the atmosphere? Is the cost of coal to the utilityequalto its socialcost?

To start withthe lastquestion,marketpricesof resourcesare not necessarilyequal
to their value to society.3 Market pricesare often a good firstapproximationof social
costs, but only if there are no marketdistortions. In the case of exhaustibleresources,
such as oiland coal,marketpricesgenerallydo not reflect the full scarcityvalue of the
resources. When usedto estimatesocialcc,sts, market pricesshouldexclude taxes
because taxes are transfersamong membersof society ratherthan a net cost to
society.

Other components of social cost, such as the use value of the atmosphere and the
existence value of an undeveloped hydroelectric site, are not approximated by market
prices. They must be estimated by other means. To estimate such social costs, it is

2 Productsand servicesthat are of value to societyand that enhancesociety's resources
are social benefits;the value of electricitygenerated is a social benefit.

3 The Issueof the relevant"society"mustfirst be settled. Is lt the populationof the service
terrltortty,the state,the country,or the world? To date, most regulatorycommissions
haveconsideredali impacts regardlessof wherethey occur.

2
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componentsOfSod¢Co=

Social Cost = Net Change In

+ ConsumptiveUse Value

• privategoods: costsof land, labor, materials,and other
resources

,, public goods: damage to soil,water, the atmosphere,and
otherresourcesfor which no explicitcharges are levied

+ Non-consumptiveUse Value ,.

= uses such as bird watchingthat do not consumethe resource

+ Indirect Use Value

• value of resourcesused indirectlythrough books, films,
photographs,etc.

+ ExistenceValue

• bequestvalue: value of the existenceof the resourceas a
matter of stewardshipand generosity=

• option value: valueof havingthe resourceavailableto use in
differentways In the future=

• R.C. Bishopand T. A. Hebedein, "ContingentValuationMethods and Ecosystem
Damagesfrom AcidRain,"Universityof Wisconsin-Madison,Department of Agricultural
Economicsstaffpaper no. 217, 1984, identifiesthe followingfive componentsof existence
value:

• bequestmotives: the abilityto leavean endowmentof naturalamenitiesfor
heirs

,, benevolencetoward friends and relatives: the abilityto give friendsand
relativesan endowment of naturalresourcesto enjoy

• sympathyfor people and animals: sympathyfor people and animals
adverselyaffected by environmentaldetedoration

= environmentalresponsibility:the personaldesire to help preventor mitigate
the damage to the environmentthat stemfrom one's own activities

= environmentallinkages: the desireto stopdeteriorationof the environment

= The valueof postponingirreversibleactions. (See, for example, W. M. Hanemann,"On
ReconcilingDifferentConcepts of Option Value,"Departmentof Agriculturaland Resource
Economics,Universityof California,Berkeley,1984.) Theterm "optionvalue"is also used
to denotea riskpremiumassociatedwith uncertaintyabout the futurevalue of the
resource, (See, for example, A. M. Freeman, IU,"Supply,Uncertainty,Option Priceand
OptionValue," L_nd Economics61 (1985): 176.181.
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first necessaryto know the approachlikelyto be adoptedto deal with the
environmentalimpacts: prevention,mitigation,or adaptation. Onlythen can the
magnitude of the impact and the socialcost per unit of impactbe estimated.
However,some socialcosts, suchas loss of the GrandCanyon, cannot be assigned a
value.

Responsesto EnvironmentalImpacts

I have already noted that responsesto environmentalimpactscan be categorized
, as prevention,mitigation(measuresto reduce the impacts),and adaptation(measures

to adjustto the impacts). This categorizationgives riseto two approaches to
estimatingthe social costsof environmentalImpacts: one is based on prevention
costs, and the other is based on estimateddamages. The first approach is based on

. the theorythat, if society is willingto implementpreventionmeasures,then the cost of
the preventionmeasures is a proxy for how much societyis willingto pay 13D.tto have
the impacts. The theorybehindusingthe damage estimatesisthat environmental
damage willoccur as the resultof the project, and the socialcostsshould reflect this
damage. Mitigationand adaptationapproachesto environmentalimpacts involve
some preventionor reductionof impactsand some damagedue to the residual
impacts.

Which approach is 'correct'? Preventioncosts or damage estimates?
Theoretically,preventioncostsshouldonly be used if societyhas 'revealed a
preference' for the techniquesthat would be used to reduceor prevent the
environmentalimpacts. Damageestimatesare alwaysappropriatein theory, but they
can be extremelydifficultto estimate. Preventioncostsare frequentlyused in utility
environmentalevaluationsbecause preventionor mitigationmeasuresare often
implementedand these costsare easierto estimatethan damages.

Determiningthe SocialCosts

If, for regulatoryor other reasons,a utilitytakes the strategyof preventing
environmentalimpacts,the socialcost is the cost of the measuresneeded to prevent
the environmentalimpacts. If preventionoccurs,the utilitybears the costof the
preventivemeasures,and the socialcost of the impactsis 'internalized.' No residual
environmentalimpacts need to be valued, lt is temptingto use the cost of prevention
as a proxy for the socialcost of environmentalimpacts,even if the preventive
measures are not implemented,because the amount is easierto estimate.

If an impact on the environment is not prevented, it often has multiple effects.
Emissionsof sulfurdioxide, for example, can have adverse healtheffectsand lead to
acid rain damage to forests, lakes,and other resources. In the case of multiple
effects, the social cost is the sum of the damage associatedwitheach of the individual
impacts.



To estimatethe social cost of an Impactrequirestwo pieces of information:
q

,= the magnitudeof the Impact; and

i the socialcost per unit of impact.

The magnitudeof the impact is usuallydeterminedfrom a damage function.4 A
damage functionrelatesthe severityof an impact (e.g., the incidenceof respiratory
illness)to specificdischarges(e.g., sulfurdioxide)and other relevantfactors (e.g., the
ambient concentrationof SO=and smokinghistory).

The socialcost per unit of impact is applied to the magnitudeof the impact to
calculate the totalsocialcost. A varietyof techniqueshave been developedto
estimate the socialcostsof differentimpacts. These techniquesincludethe following:

-, Market prices, lt is possibleto use marketprices as the basis for estimating
the socialcosts of impacts,for example, the damage to cropsor commercial
forests that resultsfrom air pollution.

,, Hedonic pricing. Residential property prices are presumed to reflect the
amenitiesof the house, itsIocationalcharacteristics,and the environmental
conditionsat the site, so the valuesof environmentalconditionscan be
estimatedstatisticallyfrom propertyprices.

O ,, Revealedpreference. Revealedpreferencecompares behaviorin response todifferentpricesand characteristics. The cost of travelto recreationalareas is
taken to be an estimateof the value of the recreationalamenity.

,, Surveysand awards. Peoplecan be surveyedto determinewhat they would
be willingto pay for a particularimprovementin environmentalquality.
Damage awards by judges or juriesare sometimesused to value
environmentaldamages.

lt is evidenteven from thisquickoverviewthat developingdetailedestimates of the
social costsof environmentalimpactscan involveconsiderableeffort. And the results,
as shown in Figure2, are not very precise. The estimatescompiled for a specific
atmospheric pollutantoftenvary by a factor of ten.

lt is alsowell established that people consistentlydemand higher
compensationfor a given deteriorationin environmentalqualitythan they are willingto
pay for an equival6ntimprovementin environmentalquality.

4 The damage functionIs also referredto as a dose-responsefunctionor exposure.
responsefunction.
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Rgure2

Value of Emission_|ed_
(Slm)

Greenhouse GasesSmog_

NOx ROG' CO2f CH4 N20 SO_

SCAQMD='g $24,500 $17,500 $18,300
Beachh 19,000

: Hertel' 40,000

Marcusj 18,800 1,800J
590p

,

New Yorkk
AC'IO 3,417 $44.00 6691
MC'I"_ 2,700 18.00 486

Chernick' 3,000 21.80 700 to
1,560

Nordhaush 18.35

Steinberg'
And Cheng° 56.00

lEPd Recommendationm
SCAQMD 24,500 17,500 14.70 375 3,700 18,300
California 18,800 1,130 14.70 375 3,700 1,800
Out-of-state 2,700 665 14.70 375 3,700 1,000

Notes:

= SCAQMD = South Coast Air Quality Management District (California)

b ACT = Advanced Control Technologies

c MCT = Mixed Control Technologies

d lEP = Independent Energy Producers (California)

' Minimum value based on vapor recovery devices. Subject to upward
revision if local air quality management districts prescribe more costly
regulations to control reactive organic gases (ROG).



33

Value Of EmicsionRedtmUcxls
(ConUnued)

t Values for SOxand CO=are developed in dollars per ton of pollutant. For
dollarsper ton of elementalcarbon, multiplyby 3.67, For dollarsper ton of
elementalsulfur, multiplyby 2.0.

g South Coast AirQualityManagementDistrict, 'Draft Best AvailableControl
TechnologyGuidelines,'October 7, 1988.

h R. Thomas Beach, preparedtestimonyon behalfof PacificGas Transmission
Company, CPUC 011, 88-12-027, June 1989.

Dennis Hertel, testimonyfor Southern CaliforniaEdisonCompany. Hearing
on SCAQMD Rules 1134 and 1135, June 14, 1989.

J W.B. Marcus,preparedtestimonyon MarginalCost and RevenueAllocation
on behalf of Toward UtilityRate Normalization,CPUC App. 88-12-006,
Exhibit235, April 1989.

k New York StateEnergyOffice,Divisionof PolicyAnalysisand Planning,
EnvironmentalExternalityIssue Report, February1989.

= Paul L. Chernick,unpublishedPaper on Externalitiesprepared for Boston
Gas Company, January1989.

m Eayatri M. Schilberg,JeffreyA. Nahiglan,and WilliamB. Marcus,
_'_eductionsin Air Emissionsand Incorporationinto ElectricResource
Planr!ina: Theoreticaland QuantitativeAspens, August 25, 1989, CPUC
Docket 88-ER-8.

n WilliamD. Nordhaus,'Economic Policyin the Face of GlobalWarming,'
March 9, 1990 (unpublished).

o H.C. Cheng and M. Steinberg,"Effectsof EnergyTechnologyon GlobalCO=
Emissions,'preparedfor the Carbon DioxideResearchDivisionof Officeof
Basic EnergySciencesof U.S. Departmentof Energy, November 1985.

P W. B. Marcus, preparedtestimonyon behalfof the SmallPower Producers
Associationof Nova Scotia,Nova ScotiaPublicUtilitiesBoard, N.S. Power
Corp. Work Order to Construct PointAconiCoal Plant,March 1989.
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HOW CAN SOCIAL COSTS BE USED IN UTILfTY PLANNING?

lt is useful to distinguishthree utilityplanning processes:

= the approvalc,l new facilities;

-, the evaluation of supply- and demand-side bids; and

- least-costplanning.

A new facility,suchas a generatingstation, is firstevaluatedby a utilityfrom a
corporate financialperspective. To gain regulatoryand other approvalsfor the project,
a cost-benefitstudymay be needed to demonstratethat it yieldsnet benefits to
society. Environmentalimpacts shouldbe includedamong the socialcosts in the
benefit-coststudy.

Increasingly, utilities are using bidding processes to acquire additional supplies or
to reduce demand. The bid evaluationprocessis the utility'sopportunityto obtainthe
best match between supplies,demand reductions,and its own plans. Environmental
considerationsare being integratedinto the scoring systemsusedto evaluate bids.

In a least-cost planning process, a utilitydevelops forecastsof its future electric
loads, assessesthe costsand remaininglifetimesof its existtngsupplyfacilities,and
identifiesthe requirementthat it needs to meet through demand-sidemanagement
programs and/or new generatingcapacity. Then, the utilityevaluatesa broad range
of supply, demand, and pricingoptionsfor meeting the requirementby using
appropriate computermodels to arriveat a least-costplan.

The financial costs of each demand and supply option are a key input to utility
least-cost planning, The social costs of environmental impacts can be used in the
computer models in the same manner as the financial costs. The resulting plan is the
least-cost plan from society's perspective rather than from the utility's perspective.

The socialcosts of environmental effects can be incorporated into benefit-cost
studies of new facilities, least-cost planning processes, and the evaluation of supply-
and demand-side bids.5

5 Utilityplanning processesthat do not Involvethe estimation of social costsare also
available. Point scoringsystemsfor environmentalImpactshavebeen developed for use
Inthe evaluationof bids. Least-costplanscan be developed to meet various
environmentaltargets and constraints,and Iowes_emissionsdispatchalgorithmscan help
meet new environmentaltargetswith existingfacilities.

i 8
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WI-W ARE UTILITY REGULATORYCOMMISSIONS INTERE_iP.u IN SOCIALCOSTS?

Ali facilitiesare designedand operatedto comply with applicableenvironmental
laws and regulations. The social costsof residualenvironmentalImpactsare difficult
to estimate and subjectto wide margins of error, lt Is relevantto ask whether utility
planning Is improvedby Incorporatingsuch unreliabledata Into utilityplanning
analyses.

Consider the implicationsof not Includingenvironmentalcosts In utilityplanning
processes. Ignoringthe residualenvironmentalImpacts Implicitlyassignsthem a value
of zero, wi_lchis clearlywrong, lt can be argued that even a crude approximationof
the social costs is better than assuming that these costs are zero.a The socialcosts
of the residualenvironmentalimpacts are quite differentfor varioussupply-and
demand-side options, ignoringthe cost of residualenvironmentalimpactsfavors the
options withthe largestImpacts.

The Implicationsof not consideringthe socialcosts of environmentalImpacts when
preparing utilityplans lead to two argumentsin favor of regulatoryactionto require
such consideration:7

[] Utilitiesare granted a monopoly franchise In return for an obligationto serve
the publicInterest. The publicinterestincludesan obligationto considerand
mitigate environmentalimpacts.

[] Power plant investmentshave a long llfe. More stringentleglslatlveand
regulatoryrequirementsto address environmentalimpactscan be anticipated
over that period, lt ts prudentto anticipatesuch requirementsand thus to
minimizefuture retrofitexpenditures.

If the environmentalcostsof electricitygeneration are so large that they cannotbe
ignored, willincludingthem have dramatic consequencesfor rates? In most cases,
the impact on rateswill be quite small. The social costsare not cash expenditures
that the utilityhas to recover from rates. Rather,using socialcost for planning
purposes leadsto the selectionof supply-or demand-sideoptionswhose cost to the
utilitymay be somewhathigher than if the social costs had been excluded. But the
incrementalcostwillbe less than the socialcosts, lt is the Incrementalcost for the
new resourcesacquiredthat constitutesthe impact on rates. When this incrementis
spread over the rate base, the impact willgenerallybe quite small.

6 Vermont PublicService Board,Proposalfor Decision, Docket no. 5270, July 1989,Volume
III at 84, and P. F. Bland, "Problemsof Pdce and Transportation:Two Proposalsto
EncourageCompetitionfrom AlternativeEnergyResources,"HarvardEnvironmentalLaw
Revtew10 (1986): 345.

• 7 RichardL Ottlnger,"Gettingat the True Cost of ElectricPower,' The ElectricityJour_l,
vgl. 3, no. 6 (July 1990): 14-23. k

9
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WI-_T ARE THE CURRENT REGULATORYPRACTICES?

Regulatorypractices relatingto the inclusionof environmentalcosts In utility
planningpracticesare evolvingrapidly. In such an environment,lt is not surprising
that the abilityand intentionto addressthe issue outstripsactual experienceby a wide
margin.

Action to requireutilitiesto incorporateenvironmentalcosts in planningand/or
biddinghas been taken, or tsunder active consideration,tn 26 states." In 18 of these
states, legislationhas been passedor orders have been Issued by the public utilities
regulatory commission.° As yet only California,Colorado, Massachusetts,New
Jersey, New York, Oregon, Vermont, and Wisconsinhave adopted ordersthat involve
the establishmentof quantitativemeasuresof environmentalImpacts.1° Onlya few
cases have as yet appliedsocialcoststo the environmentalImpacts of proposed
resourceacquisitions.

PacificPowerand Light(PP&L) in Oregon has fileda long-termintegratedresource
planthat addressesenvironmentalcosts. In the shortterm, the inclusionof
environmentalcostshas littleeffect on PP&Us plansbecause "alternativeswithout
such impacts (energy.efficiencyand system-efficiencyprograms)alreadyhave higher
priority... based on internalcosts,and the amount and timing of these alternativesis
not particularlysensitiveto the costs assumedfor externalities."11

Proceduresfor incorporatingenvironmentalcosts into the analysisof optionsare
most advanced for the evaluationof bids. As shown in Figure3, severalstateshave
developed "socialcost adders,"whichthey use before selectinga successfulbid, to
adjustthe monetarycosts to the utilityfor projectsthat give rise to specified
environmentalImpacts.TM The environmentalimpacts, and hence the socialcosts,of
each project are unique. Estimating these project specificsocial costscan be time-
consuming and costly. A socialcost adder approximatesthe project specificImpacts
with social costsestimatedfor a 'typical" project.

e RichardL. Ottlnger,'Gettingat the True Cost of ElectdcPower,' The Electdc_ Journal,
vol. 3, no. 6 (July 1990):21.

9 See Figure3.

lo $. D. Cohen,J. H. Eto, C. A. Goldman,J. Betdock,and G. Crandall,"Environmental
Externalities:What State Regulatorsare Doing,"and L O. Foley and A. D. Lee,
"Scratchingthe Surface of the New Planning:A SelectiveLook,"The ElectricityJournal,
vol. 3, no. 6 (July 1990):24, and 48, respectively°

11 PacificPowerand Utah Power,Planning for Stable Growth: The Pactic Power and Utah
Power Resource and Market P/ann/ng Program, 2 vols., 1989, 1:10.

12 Alternativelythe costsof projectsthat do not give riseto the specifiedenvironmental
Impactscan be reduced beforethe winningbids are determined.

10
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Rgum3
d

Statesthat RequireConslderat_rt of
Impacts in UtilityPlans

I

QttJllg_P Cohen et ai.=

Alaska Arizona
Arizona CaliforniaCalifornia
Colorado Colorado

Connecticut

Districtof Columbia
Idaho Idaho
Kansas Kansas
Massachusetts Massachusetts
Michigan

Minnesota

Nevada Nevada
New Jersey New Jersey
New York New York
Ohio Ohio
Oregon Oregon
Pennsylvania Pennsylvania
Texas Texas

Vermont

Virginia
Wisconsin Wisconsin

- NorthwestPower PlanningCouncil: recommends 10%cost discountfor
conservationprograms

,, Wisconsin: requires15% cost discountfor non-combustionresources

• Oregon: requires10% costadder on supply-sideprojects

[] New York: environmentalfactors represent15% of possiblepoints in the
bid scoringsystem

[] Vermont: provides10% discount for demand-.stJemanagementprograms
plus a 5% adder for supply-sideresources

• California: collaborativeprocess recommends10-25% supply-sidecost
adder
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Figure3

States that Require Consideration of
EnvironmentalImpacts in UtilityPlans

(Continued)

Note: = The differencesIn the statesidentifiedreflectdifferencesIn tlmlngand
methodology, Ottlngerreports (fn. 17)=legislationas pending In Connecticut,
Minnesota,and Vermontwhereas Cohen et al. report that PUG aatlvltlesare
operational In thesestates, Cohenet al, surveyedutilitycommissions;Otttnger

' considered legislationIn additionto utility commissions.

Sources: RichardL Ottinger,'Getting at the True Cost of ElectricPower=;S. D. Cohen, J, H.
Eto, C. A. Goldman,J, Betdock,and G. Cmndall,"EnvironmentalExternalities:
What State Regulatorsare Doing,"and L O, Foley and A. D. Lee, "Somtohlngthe
Surfaceof the New Planning:A Selective Look,' The Electdc_ Journal,vol. 3,
no. 6 (July1990): 14, 24, and 48, respectively.



Applyingthe sociaJcostsof a typicalprojectto specificprojectshas two
advantages. First,they providean easy way to approximatethe full socialcosts of a
project. The environmentalimpactsof each project are explicitlyrecognizedand their
socialcosts are attributedto the project. Second, the effortrequiredto estimate the
social costs of variousenvironmentalimpactscan be spreadover numerousprojects.
The socialcost adderscurrentlyin use are crude approximationsof environmental
impacts. Principally,they are estimatesof atmosphericemissionsthat are based on
the estimatedcost of prevention.

Once regulatoryagenciesand utilitieshave decided to incorporatesocialcosts into
utilityplanningprocesses,regulatorycommissionscan facilitatethe process by
determining"

• appropriate values for the social costs of environmental impacts; and

• how to use the social costs in specific planning processes.

Decisions on these matters can greatly simplify the process of incorporating social
costs into utility planning.

CONCLUSIONS

Policy measures dealing with environmental impacts attempt to have ali goods and
services bear the full social cost of production. The principle that the polluter pays for
the impacts of his or her actions reflects this objective. Regulations requiring firms to
eliminate the source of an impact or to reduce it to an acceptable level are a common
way to deal with environmental impacts. Because the polluter is forced to bear the
cost of alleviating the problem, it gets reflected in the cost of production. Using the
social costs of electricity generation and consumption in utility planning simulates this
situation even if the utility is not required to bear the full cost of its impacts on society.

Increasingly, utilities will need to know the social costs of environmental impacts to
help them with their planning. Unfortunately, estimating social costs can be
conceptually demanding, time-consuming, and expensive. Hence, techniques to
reduce the effort needed to estimate social costs without significantly compromising
their accuracy have considerable appgal. Generic social cost estimates, such as
"social cost adders," are added to the financial costs of projects in some jurisdictions
in an effort to approximate the social cost of each project. The social cost adders
may not be accurate for specific projects or environmental impacts but ignoring the
impacts may be an even larger distortion.

By incorporating the social costs of environmental impacts into its planning
processes, a utility is able to develop a plan that minimizes the overall cost of
electricity generation to society. This type of planning may not yet be a formal
requirement, but it is quickly becoming an explicit obligation. Eventually, regulatory

,lh
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changesare likelyto force utilitiesto movecloserto sociallyoptimalplanning.
Anticipatingsuch requirementsin plansmay be financiallymore attractivethan
complyingwith environmentalregulationsafter they have been promulgated.



MONETIZING EXTERNALITIES IN UTILITY REGULATIONS:
THE ROLE OF CONTROL COSTS

Paul L. Chernick and Emily Caverhill
PLC, Incorporated

Boston, Massachusetts

Introduction

Monetlz_ng environmental externalities provides an
approximation of the societal value of reducing impacts on
human health and the environment from electrical energy
supply, including utility and non-utillty fossil-flred
generation, DSM and off-system power purchases. A dollar
estimate of the full societal cost of the supply option is
established by placing a value on the air, water and
terrestrial effects of each supply option and adding that to
the option's capital, operating and maintenance costs.
Repeating this exercise allows different electric power supply
options to be compared on a full-socletal cost basis. In
monetization, these externalities are expressed as a cost/unlt
of the externality, such as $/ib of emissions or $/gal of
water consumed, and the full societal cost is usually stated
as a cost/kWh generated.

In this paper, externalities are briefly defined, and the
strengths and weaknesses of four techniques for monetizing
externalities are then discussed with examples of the
application of each method. A rationale for monetization of
externalities is provided, and the authors' preferred
technique for incorporating externalities into utility
planning in the near term, implied valuation through the
estimation of the marginal cost of abatement, is discussed in
detail.

Definition of Environmental Externalities

We use the term "externality" to refer to any cost or benefit
that is not reflected in the price paid by a utility or its
customers for energy-related goods or services. Only
environmental externalities are considered in this paper,
although other important economic and social externalities
also exist. Examples of environmental externalities include
the health and environmental damages caused by the emission
of air pollutants, and impacts on aquatic ecosystems from the
water consumption of a power plant cooling system.

Energy production and consumption, like most human activities,
produces a range of external environmental effects. Some of
those effects are well-understood, predictable effects, such
as the amount of land required by a facility. Other effects
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are strongly supported by empirical evidence, such as ambient
pollution effects on human health. Some represent risks,
which may be well-understood, both as to probability and
effect, or may be highly uncertain. For example, the
designers of a dam may know that there is a one-in-a-million
chance of the dam's failing and killing 2,000 people.
Similarly, the number of people who will be killed in grade-
crossing accidents involving coal trains is unknown, but the
probability distribution may be highly predictable. Still
other consequences are not fully understood in a technical
sense, such as the effect of trace gas emissions on global
warming and the effect of global warming on human and
ecological systems. Finally, the net effects may be difficult
to determine: the construction of a water reservoir may
provide recreational benefits and habitat for waterfowl, but
destroy other recreational opportunities, flood wetlands and
disrupt the habitat of other ecosystems.

ScoDe of Analysis

The complexity and results of an analysis of externalities are
influenced by geographic scope. Some analyses of
externalities are specifically designed to evaluate only those
effects that occur in a specific service area or state. For
example, Massachusetts Department of Public Utilities has
determined that externalities of electric power sources must
be considered regardless of where they occur, while Vermont
will include only costs that have some connection to state
residents. This type of limitation can simplify the
assessment process, by excluding some impacts, or complicate
the process, by requiring the identification of the location
of each externality. For example, if oil spills were to be
included in the analysis only if they occurred in New England
waters, it would be necessary to determine the port through
which marginal supplies of oll were imported.

Geographic scope also affects the evaluation of specific
externalities in other ways. For instance, some results of
energy production, such as suspended particulate emissions,
have varying effects, depending on the area in which they are
deposited.

The scope of an externality analysis may also be affected by
decisions to exclude classes of effects, or to limit the
method of valuation. For example, an analysis that valued all
effects at market prices (e.g., an otter at the price of its
pelt, a human life at the present value of lost wages,
wilderness at the income it generates in tourism) would miss



some important aspects of many effects, but would be somewhat
simpler to perform than a study that attempted to determine
a total social value for each affected system.

One reasonable approach to limiting scope is to identify in
advance the marginal sources of energy and related products
and services. For example, if we can trace the marginal
source of residual oll for utility boilers in New England

(e.g., Venezuelan oil, refined in the Caribbean, and imported
by tanker), then we can largely ignore the externalities
produced by other supplies (e.g., new wells in the Rocky
Mountains or enhanced oil recovery in Alberta.) Similarly,
if we know that the marginal source of transmission capacity

is an upgrade of an existlng llne, rather than a new line on
a new right-of-way, then we can limit our analysis to
identifying the externalities from the pipeline upgrade. The
identification of fuel source, transportation method,
technologies employed and their related externalities may not
be easy. Indeed, the externality values we are estimating may
ultimately influence the choice of new power supply technology
and fuel options.

The choice of externalities to be included in utility planning
and the scope of the evaluation are largely independent of the
method of estimating the externalities. The methods discussed
in this paper were developed to estimate externalities for
decisions concerning utility and non-utility fossil-flred

generation facilities, DSM, and off-system power purchases
that are fossil fuel-fired at the margin. However, they are

also applicable to the evaluation of the externalities of
hydro-electric, nuclear or other energy supply or demand
reducing options.

Valuation Methods
, I

In general, four basic approaches have been used to estimate
environmental externalities:

i. Estimating the relative physical, chemical, or
toxicological potency of various pollutants;

2. Polling of experts or other people;

3. Direct estimation of the environmental effects of a

pollutant, and the valuation of each of those effects;
and

4. Determination of the implied societal value of reduction
of the pollutant, from the maximum cost society has
committed (or appears about to commit) to pay for
reductions of this pollutant.



In the first two approaches, relative potency and polling, the
relative values of specific externalities are estimated.
These relative values can then be translated into cost

(monetized) by estimating the value of one of the
externalities, and relating the other related externalities
to it.

Relative potency, works quite well for estimating the relative
importance, or value, of the major energy-related greenhouse
gases (CO 2, methane N20 , CO and NOx). The relative values of
reducing emissions %f the greenhouse gases can be related to
the value of reducing CO s emissions, by correcting for the
shorter lives and lower molecular weights of the other

greenhouse gases, and properly dlscountin_the effects of the
gases over time. Lashof and Ahuja (1990)" estimate that the
instantaneous global warming potentials (GWP) of the

greenhouse gases relative to CO. are: 10 for CH 4, 180 for N20,
and 2.2 for CO. (That is, CH 4 Is ten times as potent as CO s
on a weight basis.) Chernick and Caverhill (1990a) ,2discounts
the value of future emissions of the greenhouse gases and uses
Lashof and AhuJa's results to estimate the relative value of
reducing emissions of the greenhouse gases as: 76 for CH4; 320

for N20; and 6 for CO. These results are based on a discount
rate of 6% real.

Relative potency might also be used for estimating the
relative importance of other externalities. Data in Hendrey
(1986) s implies that the acid rain damages caused by NO x are

_O. per pound of emissions (Chernick and
83% those of _{
Caverhill, 198 Hohmeyer (1988) 7 cites work by Grupp

(1986), 4 which finds that the toxicity of SO., particulates,
and VOCs are equal per pound of emissions, an_ that NO is 25%
more toxic per pound. Grupp's estimates appear to re{er only
to acute human toxicity, although Hohmeyer applies them for

all purposes. While relative potency provides probably our
best estimates of the relative value of reducing greenhouse

gas emissions, it may be inferior to the more direct
monetizing techniques, described below, for the other major
air pollutants.

The second approach, polling, can be employed in valuation if
the polling instrument is designed carefully, and the poll
respondents are experts in the field in question and are
informed of the intended use of the poll results. For

example, it may be useful to poll epidemiologists on the
coefficients of the dose-response functions relating human
illness and death to pollution levels. However, the results
of a polling effort can be useless for valuing externalities,
or worse, misleading. A good polling effort must: (i) poll
a representative sample of experts in the field of interest,
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and publish the names and credentials of the respondents for
public review; (2) provide a clear statement of the question
to be answered in the poll, and the intended use of the
answer; and (3) make the polling instrument and the
respondents' answers available for public review. If the
polled respondents are not experts in the field in which they
are responding, or the results of the poll are used for a _
purpose unintended by the respondent, then the results will
be useless for valuation. If the question posed is vague,
then the respundents' answers may not be interpreted in the
way they were intended. If the credentials of the respondents
and their answers are not available for public review, it is
dlfficult to rely on the integrity of the results for decision
making. Polling is unlikely to provide better information
than the other methods of estimating externalitles presented
here. Certainly, its usefulness is critically dependent on
the quality of the polling instrument and credentials of the
respondents. New England Electric Service (NEES) appears to
be the only utility (or any other analyst) that has attempted
to value externalities using a polling approach.,,

Direct assessment and valuation, the third approach, attempts
to identify all quantifiable effects of an externality to
society. In general, each effect must be quantified, and a
unit cost must be established. This procedure is generally
treated as if it were a technical exercise, but the definition

of relevant externalities, selection of important effects,
choice of quantification measures and techniques, and
determination of unit cost are often highly Judgmental and
subjective.

For environmental externalities, such as air pollution and
water pollution, the relevant effects might include impacts
on: human llfe and health; human comfort and pleasure
including effects of noise levels, visibility, and odors;
domesticated plants and animals, such as commercial forests,
llvestock, crops, and lawns; wild plants and animals in a
variety of habitats; and non-living materlals, such as those
exposed on buildings (especially stone and paint), at
archeological and historical sites, on monuments, on vehicles,
and in natural landforms.

Determination of at least some of the social costs of some

environmental externalities is feasible, although this process
is complex. In principle, direct estimation requires the
determination of how the pollutant moves through the
atmosphere, how it changes chemically (especlally for
precursors to ozone and to particulates), how it is deposited
on various surfaces (lungs, soil, water, paint, etc.), how
much it affects each system (including visibility, human
health, crops, materials, wildlife, etc.), and the unit value
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of the effects on each system. In fact, the transport
calculations are very complicated, and the atmospheric
chemistry and dose-response relationships may be highly
uncertain.

Even when these difficult technlcal issues have been resolved,

tough policy questions remain in the valuation of effects.
Costing 05 market-valued goods such as agrlcultural production
and paint can be relatively straightforward. It is more
controversial to assign values to human morbidity and
mortality (which are themselves complicated by many
subcategories including age, health, duration of illness, and
the extent of suffering and dread), as well as to visibility,
historic monuments and forests, wildllfe and ecosystems.

,

Direct estimation of environmental costs is a daunting and
time-consuming task, given the multi-discipllnary background
needed by those responsible for assigning values to human life
and health, visibility and other non-market costs. Yet if the
assessors exercise caution in understanding data sources,
correcting errors and reflecting regional differences, all to
the extent feasible, direct estimation serves as a highly
clear and workable method to value what seem to be intangible
external costs. For a more detailed discussion of direct
estimation of externalities see Ottinger et al. (1990, in

print) I° or Chernick and Caverhill (1989) .[

The fourth approach, implied valuation, relies on the costs
of required or anticipated regulations or control measures to
estimate a societal value of reducing emissions of particular
externalities. For example, the new Clean Air Bill, once

- adopted, gives us specific information about what society is
willing to pay, on a national basis, to reduce SO., NO x, VOC
and toxic air emissions. Similarly, other federal or state

regulations provide estimates of the value of reducing
externalities at the margin. This method is also referred to

as shadow pricing, revealed preference and marginal cost of
abatement. There is increasing use of the cost of abatement
to determine the value of reducing externalities, specifically
in California, New York and most recently Massachusetts. The

strengths and limitations of this method are discussed in more
. detail in the following sections.

In the third and fourth approaches, direct estimation and
implied valuation, the value of reducing each externality is
monetized. Typically, values are expressed in such terms as

S/pound of pollutant emitted, or S/unit of the externality.
The combined value of all of the externalities of a power

source (expressed in S/kWh, for example) is then the sum
across externalities of the following product:



Amount of each Unit value of that

pollutant emitted X pollutant
(in units such as (in this case,
pounds/kWh) S/pound)

In the next two sections, we discuss why monetizlng
externalities is appropriate, tractable and provides
reasonable estimates of the value of reducing externalities,
and concentrate on the implled valuatlon technique in more
detail through a discussion of its application and associated
uncertainties and analytical difficulties. For simplicity,
we will discuss generic approaches in the context of
externalities for which $/ib valuation is appropriate.

Why Monetize Externalities?

There are several reasons why explicitly monetlzing
externalities is the best way of including these external
effects in supply planning.

i. Externalities are already assigned values, or monetlzed,
in utility planning. Since power supply decisions
necessarily consider the capital and operating costs of
supply options, the assumptions made about other non-
price factors, such as the inclusion (or exclusion) of
external effects, imply a value for those non-price
effects.

2. Currently, most Jurisdictions assign externalities a
value of zero by ignoring effects beyond permitted
levels. Utility planners who do not consider
environmental effects of energy supply in their decisions
are implicitly (or explicitly) valuing externalities at
zero. Clearly, the emissions from a utility plant
located in the Northeast contribute to ambient air
quality problems and therefore an emissions reduction has
positive value; similarly, reduction of externalities in
other jurisdictions has positive value also.

3. Some states have adopted generic price adders for
externalities to account for the environmental benefits

of DSM measures. Even though these are not dlsaggregated
into individual externalities, they do provide a rough
monetary estimate of the total value of reducing the
environmental (and other) costs of supply-slde options
when compared to DSM measures. However, adders are

generally related to the cost (or price) of the supply
option, and bear no relation to actual environmental
effects or societal preference for reductions. In some
cases this has the exact opposite effect than was



intended: cheap but dirty existing coal and oil power

plants are given a lower externalities adder than clea ner
but more expensive new coal or gas plants.

4. The New York Public Service Commission and the California
Energy Commission have explicitly valued several
externalities including major air emissions and, in the
case of New York, water and land use externalities. In
some cases the values chosen are placeholding values, but

they clearly support specific non-zero values for these
externalities. The inclusion of externalities has thus
been established in regulatory decision-making in these
and other Jurisdictions.

5. The estimates developed through monetization are based
on various measures of our society's willingness to pay
for reducing externalities, such as regulations, and are
independent of the price of supply options or, in many
cases, individual utility regulations.

6. Explicit monetization can be locally or regionally
consistent, as appropriate for the externalities under
consideration. The societal value of reducing a

regionally or globally important externality should be
largely independent of the source of that externality,
while the location of a source with an externality

causing local effects will be much more important.

7. Explicit monetization is reviewable and reproducible.
Unlike other methods proposed for incorporating
externalities in utility supply planning, such as ranking

or rating and weighting, the estimated externality values
from monetization replace Judgement of objective analysis
and reasoning, and can be refined in an iterative process
through information provided by interested parties.

8. Explicit monetization can be consistent across utility
options. While a simplistic percentage adder can reflect
the environmental benefits of energy conservation, it can

not distinguish between dirty and clean, but possibly
more expensive, supply technologies and fuels. A pound

of SO 2 emissions reduced through the use of scrubbers or
lower sulfur fuel is as valuable as that reduced through
conservation or any other means, and the cleaner supply

options should be credited with that benefit.

9. Explicit valuation encourages individual plant _nnovation
to improve efficiency, reduce emissions and reduce other
externalities beyond required levels, while percentage
adders do not.
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As we will show, it is feasible to generate credible estimates
of the value of reducing environmental impacts through at
least one valuation approach, i._plied valuation.

lied V at on Cos___q___

As used in this method, the cost of pollution control is
sometimes described as if it were a proxy for the cost of
emissions. In fact, the costs of control provide direct
information on the societal value of emission reductions,
under two theoretical approaches.

First, the cost of required control measures serves as an
estimate of theprice that society is willing to pay to reduce
the pollutant. If legislators and regulators require measures
that cost as much as $2/Ib to reduce sulfur emissions, it
seems reasonable to assume that reducing emissions from those
sources must be worth at least $2/ib, and that reductions from
other sources (due to conservation or fuel choice) must also
be worth $2/ib at the margin. This is the rationale behind
the "implied valuation or revealed preference" approach to the
use of control costs for valuing externalities.

Second, the costs of required controls may directly establish
the social benefits of reducing emissions, to the extent that

they define the direct pollution-control costs that can be
avoided by an exogenous reduction in emissions. If the

objective of environmental regulation is to maintain a given
level of ambient air quality, the construction of a less

polluting plant or the reduction in output requirements due
to energy conservation will allow regulators to back out the
most expensive control measures that would otherwise have been
required.

One important aspect of the implied valuation approach is that
only the marqinal cost of control matters. From the "implied
preference" perspective, the fact that many required controls
are inexpensive, or even that some inexpensive controls have
not yet been required, is irrelevant to the determination of
the marginal price society is willing to pay. From the
avoided-control-cost perspective, the appropriate estimate of
the social cost of control is the highest-cost item that will
be required, since conservation (or low-pollutant generation)
will allow that most expensive measure to be avoided.

One general criticism of this approach is that the highest
cost of control is a reasonable estimate of the value of

reducing emissions only under a mandate requiring an
additional reduction. The costs of controls required in the

past to correct historical environmental problems are not
directly relevant to determining the value of reductions in

...................... .................................. ,,, , , ,, [, m,, ................
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pollution today, especially if the environment is now much
cleaner. In our earlier work, and most recently in our

analysis of the imp1 _cations of the New York State Energy Plan
regarding the costs of required controls, we have used current
and future costs to maintain or improve air quality.

Further, for the foreseeable future there __ a clear mandate

for reductions in ambient levels of SOy and _O_ and in CO
emissions in many states. For instance, goals an_

objectives of the New York State Energy Plan recommend
specific emissions reductions to improve air quality in New
York including a 50% reduction in SO 2 emissions from 1980
levels, a 25% reduction in NO. emissions from 1988 levels for
stationary sources and possibly a 25% or greater reduction in

NO x emissions from mobile sources. For the greenhouse gas CO 2,
the recommended target is a 20% reduction in emissions by
2008. These targets respond to the deficiency of current
omissions regulations to meet ambient air quality standards.
In other words, an individual source may be in compliance with
its emissions permits, but its remaining emissions, no matter
how small, contribute to degraded ambient air quality.

Wherever future measures (including application of current

regulations to future facilities) will be necessary to achieve
or maintain acceptable pollution levels, the incremental cost
of the required control for that pollutant provides a
reasonable value for reducing emissions of that pollutant a__t
the marqin. Note that we are not simply urging the use of

the highest cost we can imagine, or that has been proposed;
we refer to the highest cost among those that are likely to

be imposed in the absence of reduced energy generation.
Further, we are interested in the incremental cost of control.
We use the term "incremental" because pollution control

options tend to occur in discrete blocks, corresponding to
particular rules, although the term "marginal" would also be
appropriate. By definition, the incremental cost is the
highest cost of required controls.

Given this definition, the marginal control cost represents

the highest cost society has explicitly demonstrated a
willingness to pay for recent or future reductions of an
externality. Obviously, society is happy to pay less, if it
can get the reductions for a lower cost. However, the amounts
which are effectively available at the lower price must be
exhausted, or else the higher-cost measures would not have
been required. However, the marginal cost of control is
probably lower than the value of reducing an externality at
the margin. The next-more-expenslve option may be so much
more expensive that it is deemed to be above the societal
value or it _s unfeasible for other technical or policy
reasons. Examples of abatement options which are at least
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partially constrained by technical and policy constraints
include the use of CO 2 scrubbers or the use of nuclear power
to replace fossil fuels. This concept is illustrated in
Figure 1 where the estimated marginal cost of abatement is
shown to be below the highest cost of control currently
required under regulations, significantly below the cost of
the control option rejected because it is currently too
expensive, and below the "true" societal value (labelled
"optimum value").

Our estimates of the marginal control costs are actually
understated by even more than implied by this argument. We
have deliberately selected values somewhat lower than the very
highest marginal cost we have identified, so they are probably
lower than the actual value of reducing externalities at the
margin.

It seems unlikely that the marginal value of reducing
externalities would drop sharply in the range of reductions
individual states are considering. Indeed, the cancer-

promoting characteristics of NOx, the carcinogenic properties
of NO reaction products, and many other externalities,
probably have no threshold for their effects. Our use of the
implied valuation method does no____t,as some critiques have
assumed, estimate the value of eliminating an externality
(Figure 2, cross-hatched area). Even if the more ambitious
of the utility DSM programs were replicated state-or country-
wide, no major externalities would be eliminated. We are
estimating the value of marginal improvements in air quality
by relating emissions reductions to air quality improvements.
Thergfore, the value of reducing the nex_____tunit of an
externality is close to (and perhaps indistinguishable from)
the value of reducing the Drecedinq unit. This is shown in
Figure 2 as the darkly shaded area.

Even if the environmental damage of emissions dropped sharply
as successive emissions reductions were achieved, the marginal
cost of abatement still represents a minimum estimate of the
marginal value of reducing emissions, to the extent that
society will be able to back out or avoid expenditures on the
most-expenslve control measures on new plants or future
retrofits. This concept is illustrated in Figures 3 and 4.
Figure 3 illustrates that if a conservation program is
adopted, the demand for supply side controls will shift
downward thus allowing the most expensive supply-slde
emissions reduction options to be backed out. Figure 4
illustrates the same point somewhat differently, in that the
requirements for supply-side emissions reductions, which are
shown as a constraint, will be reduced by a conservation
program, again avoiding the most expensive control measures.
Until all of the SCR, which is and will be required on new
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plants in most states to control NO x, is no longer necessary
because of dramatic improvements in local and regional air

quality, the marginal cost of SCR will be a reasonable

estimate of the value of reducing NO x emissions. While this
scenario is theoretically possible, it is unlikely in the

foreseeable future, given the current degradation of the now
limited air resource and the continual growth of regional and

national populations and economy, with associated upward

pressure on energy use and on air pollutant emissions.

In addition, the use of expected costs of control is also a

way of reflecting the additional costs of uncertain but likely

future regulations, such as SO 2 scrubber retrofits and

allowance purchase requirements under the Clean Air Bill or

the adoption of a carbon tax on fossil fuels.

Implied Value of Unregulated Externalities

The previous discussion is presented as if all externalities
under consideration were regulated. For externalities that

are not yet regulated, such as the greenhouse gases, costs of
control are also a valid way of estimating the value of

reducing emissions. First, there is considerable discussion

of adopting a federal carbon tax, and several states are

moving to reduce CO 2 emissions by a target percentage. While
these measures _may not be immediately adopted, primarily due
to concerns about the macro-economic effects of taxes and the

lack of an international structure for requiring reductions,

some measures to control global warming are likely to be
adopted in the utility planning horizon.

Second, the weight of evidence indicates that we must

stabilize the CO_ concentration in the atmosphere in order to
slow the current accelerated rate of global warming. The

stabilization effort is going to come either from reducing CO 2

emissions or increasing CO 2 sinks. Krause, Bach and Koomey

(1989) 17 estimate that reductions (or abatement) of CO 2
emissions on the order of 80% are required to stabilize global
climate.

Our options for stabilizing global climate include: reducing

CO 2 emissions through improved energy efficiency, decreased
use of fossil fuels by eliminating wasteful uses and increased

use of non-fossil energy sources, and halting the destruction

of forests; and increasing carbon sinks, including tree-

planting and CO 2 scrubbing, to the extent feasible. While we
are beginning to get an idea of what certain mitigation

strategies will cost, we do not yet have a complete supply

curve for CO 2 abatement strategies showing how much abatement
is available at what cost.
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However, we can attempt to describe the supply curve for CO 2
abatement. At negative and very low cost, there is some

energy efflclency potential and potential for reduction of CO 2
emissions through halting the destruction of forests. Some
of the cheaper or negative cost options of both of these
strategies are currently being pursued, however there is
potential for further reductions from these measures. Higher
cost energy efficiency options are also available. We know
also, based on our analysis In (Chernlck and Caverhill,
1989) I, that reasonable tree planting costs fall In the range
of 2-10 cents/ib carbon sequestered. The premium for non-
fossil energy technologies ranges from slightly positive (for
some hydro, and some geothermal, wind and solar-thermal energy

in California) to moderate, including CO 2 scrubbing at a cost
of greater than roughly 10 cents/ib carbon, and expensive for
nuclear, renewables located In less optimal sites, and other
technologies.

Given the current uncertainty of the availability of cheap
efficiency and renewable options, the limited potential for
new hydro sites, the cost and general opposition to nuclear,
and the moderate cost of some tree planting sites, we expect

that some tree planting will be done as part of a CO 2
mitigation strategy designed to reduce ambient CO 2 levels by
any meaningful percentage. For this reason we use the costs
of abatement, in this case reasonable costs of tree planting,
to estimate the marginal value of reducing CO 2 emissions.

Some Complications in Determinlnq Implied Values

The proper usage of cost-of-control in the valuation of
externalities raises numerous complications. These can be
grouped into problems regarding the definition of the marginal
control cost, and imperfections in the polltlcal/regulatory
system. The first set of issues is primarily technical in
nature, while the second is more philosophical, raising
questions regarding the use of regulatory decisions as guides
to social values in any context.

Defining the Margin. Determining the marginal unit of
externality control difficult for at least three reasons.
First, legislative and regulatory requirements for the control
of externalities often appear to be mutually inconsistent,
with some required measures having much higher costs than much
less expensive measures that are not required. Second, the
margin is often in flux. Third, the complexity of pollution
control often complicates the computation of the cost of
controlling any one environmental externality.

The first dlfficulty,' apparent inconsistencies in regulatory
behavior, will generally produce underestimates of externality
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costs. Controls are often not required on all sources of an
externality, for any of several reasons. Legislation and/or
regulation may attempt to protect vulnerable (or powerful)
economic interests or sectors, and thus may exempt such groups
as small businesses, marginal industries, and households from
controls imposed on other generators of the same
externalities. Similar exemptions may be granted to sectors
that are perceived to be contributing in other ways to the
solution of the same or related problems. Exceptions are
especially likely to be granted if those contributions are
viewed as burdensome. For example, the Bush-Dingell Clean Air
Act amendments would defer application of the air toxics
provisions to electric utilities, even though arsenic emitted
by a power plant is as dangerous as arsenic emitted by a
smelter. The apparent rationale for the exemption is that the
utilities will be responsible for most of the acid rain
reduction, and in some cases for much of the local air quality
improvements, mandated in other sections of the same bill, and
that equity requires that utilities be temporarily exempted
from the burdens of complying with the air toxics provisions.

The cost of administration may also restrict the application
of controls on externalities. Some producers of
externalities, especially those that are small and dispersed,
may be very difficult and expensive to police. Regulators may
also find their scarce resources are more efficiently used on
new proposed sources (where the applicant must receive the
regulator's active approval to proceed) than on existing
sources (where the regulator may need to expend significant
effort to force a change in the status quo).

The second problem, that of a potentially changing margin, is
particularly clear in the present case of acid rain. Acid
rain has been a heated issue for at least a decade, and at the
present time, legislation addressing acid rain seems very
likely to be enacted within the next year or so. The nature

of this legislation and the impact it will have on redefining
the margin are far from clear.

The third problem, the complexity of externalities,
encompasses several aspects. First, some control measures
reduce the emission level of multiple pollutants. A relevant
example of this situation is the equipment of automobiles with
catalytic convertors. Catalytic convertors reduce emissions
of carbon monoxide, nitrogen oxides and reactive hydrocarbons.
In such cases, Itls sometimes difficult to determine which
pollutants have motivated the imposition of the controls, and
to apportion the cost of the controls among pollutants. In

addition, one level of convertor effectiveness is currently
required nationally, a higher level is required in California,
and a still higher level is due to go into effect in
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California in 1992.

The second aspect of complexity relates to the effects of the
externalities, rather than to the effect of the controls. A

single pollutant or other direct effect of energy production
may have several ultimate effects, each imposing its own costs
on society. As a result, the same pollutant may be regulated
under several different rules. For example, nitrogen oxides

are regulated as a respiratory pollutant and as a precursor
to smog. Essentially all of the proposed acid rain
legislation would regulate nitrogen oxides as a precursor to
acid rain. In addition, recent evidence indicates that

nitrogen oxides may contribute to the release of methane from
soils, which would make nitrogen oxides a candidate for
regulation as a greenhouse precursor .14 These multiple effects
may also confuse the valuation of the externalities, due to
the need to distinguish between additive and cumulatlve
controls.

Imperfections in the RequlatorY SYStem. The decisions
of the legislative and regulatory system provide us with
useful information, including some sense as to how social and

political structures (sometimes at local, state, federal, and
international levels) have valued the externalities in which
we are interested. However, we must recall that these
structures are imperfect. We should not delude ourselves into
believing that required levels of pollutlon controls, for
example, represent revealed truth regarding the social
valuation of pollution.

Environmental regulation, like any other kind of regulation,
occurs in a political context, as the balancing process of
many complex interests. For the'most part, society does not
collectively pay the cost of reducing externalities:
individual persons and corporations pay different shares of
the costs, and receive different shares of the benefits. The
distribution of the costs and benefits across interest groups
and constituencies may have a greater effect on the eventual
level of regulation than does the aggregate social value. The
control of acid rain, for example, has been severely impeded

by the states which produce the most acid emissions, and who
would have to pay for a significant portion of the control
measures. Regulation also maybe too weak (in which case the
true value of the externality may be much higher than the
value implied by regulatory standards), too strong (in which
case reductions of the externality through choice of energy
technology may still save society the costs of the controls,
so the implied value may be a correct valuation), or a mixture
of the two.

Even if legislators and regulators strove solely to identify



and serve the social good, no one is omniscient. Given the
multitude of interests and valuations, the choice made by the
regulators may not match a reasonably defined social value.

In practice, neither the regulatory agencies nor the courts
are normally given the responsibility of determining the
public interest and pursuing it without restraint.
Legislatures enact laws, and regulators and courts put them
into effect. The regulatory and legal interpretation of the
statute may not always be what the legislature expected or
intended. Indeed, in some cases, such as the National
Environmental Protection Act that established the requirement
of Environmental Impact Statements for major federal actions,
it is clear that the legislature as a whole did not know how
its language would be interpreted, and various legislators
held very different views of Just what the law would z'equire.

Even if the legislature knows what it wants, and gets it, the
public may not be well served. The public is not always able
to follow complex and detailed public policy issues or to
affect their representatives' votes.

Most of these issues are quite tractable, although rapidly
changing regulations inevitably croate some uncertainty. With
a proper conceptual framework, and due diligence, the implied
valuation technique can produce highly relevant and useful
estimates of the social cost of externalities. One of the

most desirable features from the perspective of the analyst
and decision-maker is that the toughest social choices,
assigning dollar values to human life and health, to wildlife,
to natural ecosystems, to historical monuments and to
visibility, are made by the legislators and environmental
regulators such as the EPA.

In summary, externalities can be monetized for near-term use

in utility regulation using at least one method, implied
valuation, or marginal cost of abatement. Monetlzlng
environmental externalities provides an approximation of the
societal value of reducing impacts on human health and the
environment from electrical energy supply. The externalities
estimates generated through the use of the marginal cost of
abatement are conservative (low) estimates of the actual
marginal values of reducing the externalities.
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A FRAMEWORK FOR EVALUATING ENVIRONMENTAL, EXTERNALITIES
IN RESOURCE PLANNING' A STATE REGULATORY PERSPECTIVE

by

Dr, Daniel Violette and Ms, Carolyn Lang, RCO/Hagler, Bailly, Inc,
Dr. Philip Hamer, Electric Power Research Institute

INTRODUCTION

Environmental externalities are gaining new importance in utility resource planning. This
paper proposes a framework for addressing environmental externalities within a utility

integrated planning process, This framework was previously proposed by Violette (1990),
and has also been suggested by other researchers, t For the purposes of this paper, this
approach is termed the "environmental constraint" method,

Prior to presenting this framework, the general "environmental externalities" problem is
discussed. In characterizing the externalities problem, some of the "simple truths" that have
appeared in recent literature will be examined and, while not necessarily showing them to
be untrue, the discussion will hopefully illustrate that these "truths" are not so simple. The
purpose of this examination is to help clarify the policy issues facing state commissions, and
the assumptions that are implicit in the decision to take action on incorporating
environmental externalities in integrated planning. While the authors believe that it is, in
fact, important for commissions to adopt a policy regarding residual environmental
externalities, we are not as sanguine as some about what has become the "conventional
wisdom" on the issue (at least as it is expressed in the recent literature), and believe that
commissions should broaden the scope of analysis and the policy tools that they are
considering for use when incorporating or valuing externalities as part of the planning
process.

1.0 BACKGROUND

State cormnissions have been pressing ahead with provisions to quantify environmental
externalities in utility least-cost planning proceedings) A number of arguments have been

These include Bernow and Marron, 1990; Cropper and Oates, 1990;Ottinger, 1990;Brickand Edgar, 1990,

2By one count, 24 jurisdictions have at least started to formally consider the incorporation of externalities
into utility planning; see Cohen, S,D, etal, (1990),



advanced for this and many of these are well stated in Otttnger, _ (1990)3, These
arguments include:

, Allowing utilities to onlymeet applicable govermnental laws and regulations
that require emission limits or rate standards ignores the externality costs of
emissions in excess of the legal limits. These emissions will have somc_impact
on the environment, and should be taken into account in utility planning,

• It is the state commissions' purview to require these costs to be accounted for
in a least-cost plan, since it is the commission's responsibility to protect
consumer welfare. By including environmental externality costs, commissions
are simply assuming their traditional role of assuring prudent resource
allocation by utilities,

. Granting that any monetary valuation or other quantified weighting of
environmental externalities is extremely uncertain, commissions must take the
general position that approximate damage estimates are better than implicitly
valuing these externalities at zero, This position is probably best expressed
by the Oregon Commission in a recent decision (Order No. 89-507) where it
states "when the certainty of external costs is known, but the amount of the
costs is not, zero is the least desirable and least accurate cost to apply."

There are several different procedures for incorporating environmental externalities in
planning. The procedure selected will depend, in part, on the commission's objectives.

Several approaches have been suggested for explicitly, Incorporating externalities in utility
least-cost plarming. The two methods most often cited 4 are: one, the cost of control
approach; and two, the direct valuation of damages using economic methods. An appendix

to this papser discusses approaches available for directly valuing environmental damage toresources.

A third method that does not involve a monetization of the externalities, but instead uses
a set of weighting criteria has also been suggested, This type of method would include an
evaluation matrix that could, for example, range from 1 to 100, with 70 points allocated to

'_See Ottinger, D., D.R. Wooley, N.A. Robinson, D.R. Hadas, and S.R. Babb, Envirgnmental Costs of
Electricity, Oceania Publications, Inc., 1990,

4 See Ottinger, et al., lbid; and Paul Chernick and Emily Caverhill, "Incorporating Environmental
Externalities in Utility Planning' in Demand-Side Management Conference Proceedings, sponsored by the
Canadian Electrical Association, May 1990.

JSeveral surveys of direct valuation methods have been compiled by the authors, These Include Peterson, D,, D, Violette, R, Rowe,
and L. Chestnut; Benefits of Environmental Conlrols,l Measureh MeOhod_hand Appiteallons; EPRI EA.-6030,Research Project 2661-10,
Final Report, October 1988,



cost and operational considerations, and 30 points allocated to cost factors.6

The first approach, the avoided cost of control valuation, is based on the premise that if
lawmakers require controls that, at the margin cost $500 per ton, then an additional one ton
reduction in emissions is worth $500 to society. Thus, the cost of additional reductions is
assumed to be equal to the marginal control costs. This assumes, of course, that lawmakers
are acting as society's representatives and are applying reasoned economic judgement. For
example, recent Clean Air Act analysis shows that cleanup of acid rain will require
expenditures of up to $1,500 a ton to reduce SO,. This method assumes that an additional
one ton reduction is worth $1,500 to society. The second method, damage cost approaches,
attempts to identify the specific resources at risk, the magnitude of the risk, and the value
to society associated with that impact. The direct assessment of environmental damages is
the conceptually preferred approach. The difficulty of direct assessment is in calculating the
monetized values of damages and defending the estimates in public forums. Opinion is
divided regarding the appropriateness of these different methods for different categories of
externalities and their appropriateness for different jurisdictions. Each method has its
proponents, its strengths and weaknesses, and each method requires certain leap of faith
assumptions.

Before getting too far into discussions on incorporating environmental externalities in utility
planning, it is important to recognize that thepolicy question is how to appropriately price
and/or control residual emissions, i.e., emissions after applicable state and federal laws have
been met. In this context, residual emissions can be broadly interpreted to include air,
water, solid waste as well as land use and aesthetic externalities. The policy question, at its
most basic level, is whether the residual emissions that are occurring or, more appropriately,
is the future time path of residual emissions set to a socially optimal level, A corollary to
this is: since different options for providing energy services result in different levels of
residual emissions, should integrated utility plans that produce lower residual emissions be
given some type of credit relative to a plan the produces higher residual emissions? In a
comparison of planning options, the argument is that options, such as conservation, that
produce fewer detrimental externalities should be given credit for this visa vis other supply
options. In this way, planning can occur on a level playing field.

This can be summarized in two questions:

One- Has society paid enough? That is, is the current level of residual emissions
such that incurring additional costs to achieve greater reductions in residual
emissions (for specific pollutants) are not worth the benefits they achieve?

Two- If additional residual emissions reductions are needed; then what mix of policy
tools can best achieve this reduction?

6Several fairly complex weighting schemes have been devised, See, for example, the California Energy
Commissions ER.90 Report (Jtdy, 1990) and Destribats, A, F, '_LLId,(May, 1990) for a matrix weighting system
proposed by New England Electric System.



Related to the second question, it should be noted that there is an extensive literature in
environmental economics on the choice of policy instruments. A policy maker can choose
either pricing or quantity setting polio3' tools. If regulators set prices for externalities, then
polluters (i.e., the market) determine the quantity in response to the set prices. If regulators
set quantities, then the market sets an implldt price. Cropper and Oates (1990) show that
with perfect knowledge, either prices or quantities can be used to achieve the desired result.
With imperfect information, uncertainty and regulatory constraints, some arguments can be
made that quantity tools may be preferred. 7 The policy tools considered by commissions
to date have almost ali been pricing tools either through the additions of cost or benefit
adders on specific options, or indirectly through matrix weighting methods.

2.0 SOME "SIMPLE TRUTHS" THAT ARE NOT SO SIMPLE

The background presented above on the general methods used for incorporating
environmental externalities allows several popular statements to be explored. The purpose
in examining these statements is to place the problem to be addressed in the proper
perspective. Hopefully, this will help to identify some of the important policy tradeoffs
implicit in any decision to incorporate externalities in planning. Four specific statements
will be explored, Again, the goal is not necessarily to prove these statements to be untrue,
but simply to explore the assumptions embodied in statements that have commonly
appeared in the debate on environmental externalities in utility planning.

• Assumed Simple Truth # 1: Full compliance with ali applicable state and federal
environmental laws by utilities is insufficient because there remains residual
emissions and environmental impacts; and that this effectively assigns a value of zero
cost to these residual emissions.

. Assumed Simple Truth # 2: Advocates of the avoided control cost approach indicate
that it is important to use marginal control costs, i.e., the most expensive control

7The policy tools considered by commissions to date have been almost exclusively pricing mechanisms within
the resource plan. However, there is an extensive literature on which policy instrument to use, i.e., using prices
as the policy tool or setting quantities for pollutants. For example, Cropper, M.L. and W.E. Oates (1990) have
an extensive discussion of the appropriate choice of policy instrument in their recent survey of environmental
economics, They show that in a world of perfect knowledge, the regulator can set either price or quantity and
achieve the desired result (p. 13). Under uncertainty, the choice of price or quantity as the policy tool becomes
more complex. Weitzmaa, M. (1974) establishes the theorem that the preferred policy tool depends on the

steepness of the marginal damage and cost curves. When the damage curve is steep relative to the cost
curve; then, a quantity standard is preferred. When the cost curve is steeper, then, a price instrument is
preferred. Roberts and Spence (1976) further develop the Weitzman theorem by examining combinations of
price and quantity instruments in different degrees and show that, in the presence of imperfect information and
uncertainty around costs and benefits, these policies used in combination can provide welfare gains, Further
research on policy instruments in a regulatory policy setting, (Bohm and Russell, 1985) illustrate advantages of
quantity instruments when growth and uncertainty are present. This literature has not entered into this specific
policy debate on incorporating extern',dities in utility planning, but may be directly relevant.
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costs used .to obtain the last ton of reduction to piace a value on environmental
externalities.

• Assumed Simple Truth #3: lt is always cheaper to control new sources than existing
sources; thus the correct policy focus is on new sources rather than existing sources.

• Assumed Simple Truth #4: That a value of zero is the least desirable estimate to
apply when environmental externalities are known to exist with certainty, but the
amount of the damages is unknown.

2.1 Discussion of these "Simple Truths

The first statement that current regulation implicitly assigns a value of zero to residual
emissions requires further examination. The statement reads as a call to action for ali those
who are env_ronmentall,, aware, because no reasonable person would support placing a zero
value on additional emissions reductions. However, in setting a policy standard, the
damages associated with additional reductions in emissions are usually represented by a
declining curve; that is, the first ton reduction may have a very high value to society, but
each subsequent ton reduction has a lower value.

The objective in setting a pollution standard is to equate the marginal benefits of control
with the marginal costs. This is illustrated as point P in figure 1. This figure roughly
approximates the political compromise that was struck on the acid rain provisions of the
proposed Clean Air Act amendments - Senate Bill 1630. The bill calls for a cap of
approximately 9 million tons per year on sulfur dioxide emissions, lt is estimated that
marginal control costs witl be approximately $1,500 per ton of SO2 removed for the units
with the highest cost of control.

Given the information contained in figure 1, is it true that the residual damages are assigned
a zero value? The answer is no. They are simply assigned a value that is lower than the
costs of controlling emissions to a lower level. The control actions that take piace (i.e.,
those that are repo'cted) are only those "transactions" where the value of the reduction
outweighs the cost Analyses of markets and estimates of consumer surplus for market
commodities show that there is an observed price (or value) associated with the purchase
only if the benefits of these transactions outweigh the cost. If not, then the only value
observed is zero since no transaction has occurred. 8

In the absence of an actual market, it is assumed that lawmakers analyze the costs of
pollution abatement and attempt to find a market clearing price (i.e., cost of removal)

8In fact, special econometric estimation techniques have been developed to address the problem where
values in fact exist for a commodity, but are unobserved due to the lack of market transactions. The best known
of these techniques is the Tobit estimation method. A description can be found in most intermediate
eco,aometric texts.
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and/or quantity. 9 If they are omniscient, then lawmakers take into account ali control
strategies and factors that contribute to, or reduce, emissions over time. This would include,
in the add rain example, ali energy conservation options and the socially economic
construction of coal fired power plants. 1° Thus, lawmakers and federal regulators may
have already assumed specific levels of energy use and different mixes of fossil use for both
utility and non-utility generation in their deliberations. To argue that additional costs should
be incurred to reduce emissions, then there must be the assumption that the lawmakers have
erred, and that their bias is towards under control of the pollutant in question, lt is
interesting to note that the advocates of the avoided control cost of valuing residual
emissions support their position by appealing to the argument that lawmakers make
decisions that at least approximate equating marginal benefits and costs (See Chernick, P.
and E. CaverhiU, 1989, Chapter 5).

Moving on to the second simple truth that addresses the use of marginal cost values in the
avoided cost approach. This approach identifies the highest marginal cost reduction strategy
required by legislation and, assuming that lawmakers are rational in their development of
the regulations, this "marginal" value places a lower bound on the costs that society
associates _vith an additional increment emissions. Again, appealing to Figure 1, it is clear
that this statement is not necessarily true. If lawmakers are rational, then the highest
control cost (i.e, the marginal cost) is actually the upper bound on the amount that society
would be willing to pay for an additional ton reduction. If it were believed that higher costs
of control would yield emissions reductions producing benefits that exceed the costs, then
the standards would have been set tighter. However, marginal control costs may be a
reasonable approximation for the costs of small changes in emissions around point P in
Figure 1, but it is difficult to argue that it is an upper bound.

While most analysts have argued that the avoided control cost approach likely will
underestimate true externality values compared to direct damage assessment, we believe this
issue to be somewhat indeterminate, depending on the amount of reduction already
obtained in a region and the corresponding pollutant damage.

The third "simple truth" is that it is easier to control new sources rather than existing
sources. This conventional wisdom has stemmed largely from the assumption that ali
controls are similar to Best Available Control Technologies (BACT), such as flue gas
desulfurization devices or scrubbers. Scrubbers have extensive space, venting, piping, and
solid waste removal requirements that are easier to plan into new plants. However, studies
of economic responses to the proposed acid rain legislation have shown that many of the
most economic compliance actions are those at existing plants with high emissions rates.
The compliance options involve operational rather capital intensive actions such as fuel
switching, dispatching, or even the retirement of older, dirty plants. Again, if the real goal
is to reduce __11 emissions in the most cost-effective manner, PUCs may want to

9A discussion of the appropriate policy tool, price or quantity, is described in footnote 7.

_°For example, analyses of the amendments to the Clean Air Act have included many analyses where different
mixes of DSM, fossil fuels, and construction plans have been used for forecast future emissions.
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consider options within the least-cost planning process where tradeoffs between externalities
produced by new sources can be offset by reductions in emissions and/or waste products at
existing sources. This type of integrated compliance plan could produce the same, or
reduced, level of residual emissions at a lower cost to the ratepayer. However, this could
pose administrative and regulatory problems because of the increased planning and
modeling effort required to develop an integrated plan incorporating even limited trading.

The fourth simple truth states that if residual emissions are known to occur with certainty;
then, the least desirable estimate to apply to external costs is zero. While this statement has
appeared in many papers and submissions to commissions, is it really an unarguable truth?
The implication of this statement is that any action taken by commissions to incorporate a
value for emissions within an integrated planning perspective will increase rather than
decrease social welfare. While commission actions in addressing residual externalities may
well be appropriate, is this level of confidence deserved?

The estimated level of sulfur dioxide emissions through the year 2030 without new acid rain
regulation are shown in Figure 2. The projected emissions, given the provisions of Senate
Bill 1630, are shown in Figure 3. Given that both figures project a decline in SO2 emissions
and given that additional reductions from an already lower baseline level of emissions are
expected to have produced lower benefits per ton; then, are policy analysts really confident
that using a marginal cost of control value of $1,500 in 1988 dollars, causing
ratepayers/utilities to implicitly pay that amount in terms of higher production costs for
electricity to reduce an additional ton of residual SO2 emissions, will improve social welfare
over another policy that does not piace a price adder on emitting sources? What if the
"true" social value could be known and turned out to be $500 per ton. Is a price adder of
$1,500 better that the status quo? Again, the answer may be yes, but are analysts really that
confident? Of course, the arguments made above are quite different for pollutants that are
currently unregulated such as CO2 and certain air toxics.

2.2 How do the "Simple Truths Mchange Policies to Incorporate Environmental
Externalities in Utility Planning

Explicitly assessing policies for incorporating environmental externalities within the utility
planning process remains one of the most important questions currently facing both utilities
and public utility commissions. What is clear from the exploration of the "simple truths, is
that incorporating externalities in utility planning is a complicated process and that some
of the simple arguments may incorporate a broader range of assumptions than might first
be apparent. When these assumptions are accounted for, it is not quite a;'_easy to dismiss
some of the arguments utility analysts have proposed stating that their previous investment
in pollution control, at least for some externalities already incorporates externality values.
The position is that electric power companies have already invested billions of dollars
meeting pollution control, land-use and other environmental and safety requirements; and
that this process already internalize many externalities. If one accepts the argument that
by meeting does not exceed the costs of control (i.e., the benefits of control do not outweigh
the costs), then this position may have some merit. Still, this position is based on the

........... lnlnln II.......... I................................



Figure 2
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assumption that the lawmakers/regulators that set the standards have considered the full
range of energy use and supply options and factored them into the decision to set the
emissions standard.

When setting externality policies, one of the factors that should considered is the projected
path of emissions over time in a specific region) 1 The critical importance of the time
dimension is illustrated by Hazilla, M. and R. Kopp (1990). Other factors that should be
considered include: the stringency of current regulations on each externality, the current
and projected levels of residual emissions in a region, and the regional political licensing
and siting process in the region. For example, the public siting process can be effective at
addressing aesthetic, amenity and land use externalities associated with a new power facility.
This process may ensure that multiple sites for new sources are considered. Certain clean
supply options, such as energy conservation, that avoid this siting review may reduce
atmospheric emissions but move some risks (e.g,, indoor air pollution and radon gas) 12
closer to urban areas, exposing more individuals than might a power plant in a rural area.

In conclusion, environmental impacts of energy use and production decisions are important
and complex. Regulators should understand the environmental implications of any
integrated least-cost plan proposed by a utility, at least, in terms of the change in emissions
and wastes expected to be produced by the plan. A decision to place high values on
residual emissions through price or cost adders should be carefully reviewed and fully
account for the projected costs and reductions expected from existing emissions regulations.
At a minimum, commissions should develop a check list of externalities and require utilities
to quantify the change in quantities of emissions, pollutants, waste products and other
externalities. This list could be available for public review and comment. Many
commissions may want to go a step further and directly incorporate quantitative factors
within the integrated planning models and screening processes. The next section discusses
several procedures for integrating externality costs into resource planning.

3.0 OPTIONS FOR INCORPORATING ENVIRONMENTAL EXTERNALITIES IN
UTILITY PLANNING

Most commissions that have taken quantitative action on incorporating environmental

tZHazillaM. and R. Kopp (1990) state "specifically, regulations affect intertemporal microeconomic decisions
and cause social cost [of pollution control] to increase over time. Failure to quantify and account for these
intertemporal phenomena in a benefit-cost analysis will likely lead to errors of unknown magnitude. On the basis
of our findings oi significant intertemporal impacts, currently practiced methods are unacceptable" (p.871). While
Hazilla and Kopp advocate a general equilibrium framework for benefit-cost analyses of environmental quality
regulations, the basic message in their work does not unreasonably complicate the types of factors state PUCs
and state environmental agencies should consider. As a side note, Hazilla and Kopp specifically attack the use
of engineering costs based estimates as estimates of social cost of control.

t2Most studies show that tighter homes and buildings when appropriately constructed and ventilated do not
pose greater risks. However, this question is not fully resolved and it does assume that building contractors do,
in fact, make the appropriate construction and ventilation decisions.
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externalities have used pricing mechanisms that influence the resource selection or bidding
processes. Another set of policy options available to commissions involve the use of
quantity tools. As was discussed earlier, there is extensive literature in environmental
economics on the relative merits of choosing emissions pricing or quantity setting tools (see
prior footnote 7). To date, the discussion has focused on pricing methods. The pricing tools
that have been proposed are both d_rect, through the use of price or cost adders, or indirect
by setting up a matrix of weighting factors and selecting resources with the highest weighted
score. 13 While pricing may methods have certain advantages, it is quite possible that the
practical aspects of the regulatory process as well as economic theory may support PUCs

, considering the use of quantity constraints.

As was discussed in section 1.0 BACKGROUND, the direct pricing policy tools available
include the use of avoided compliance cost estimates and direct damages estimates. These
both have weaknesses: principally, engineering costs do not necessarily bear any relationship
to the value of avoided environmental damages (particularly on a site-by-site basis); while
the use of direct damage estimates often require data that are unavailable for many
important categories of damages.

State commissions may want to consider a third option, in light of the concerns associated
with direct pricing tools. The regulatory policy or environmental constraint option, involves
the use of quantity policy tools rather than pricing tools. In this approach, commissions
would set either emissions levels or externality quantity targets (e.g., a zero increase in air
emissions) and then impose this as a constraint on the planning process. A number of
authors have recently discussed and proposed this type of approach including Bernow, S. and
D. Marron (1990) in a case study done for Vermont; Violette, D. and D. Peterson (1990);
and Brick S. and G. Edger (1990).14

The environmental constraint approach has a number of potential advantages over direct
pricing tools. As discussed earlier, 1_quantity policy tools can offer a number of advantages
over pricing tools when there is uncertainty and imperfect information. While the avoided
cost of control approach is based on national numbers that give the same value to emissions
reductions in Texas as it does in New York, the environmental constraint method allows for

t3Tosee that a matrix of weights is actually an implicit pricing system, the analyst only has to show how the
matrix changes the final selection of resources from the conventional revenue requirements minimizing mix of
resources. The increase in revenue requirements implied by that change corresponds to a price, lt would be
possible to calculate an implicit price for each factor in the matrix, by examining how that factor changes the
resource mix holding other factors constant andthen calculating the increase in revenue requirements resulting
from the new mix of resources. Of course, to calculate a price, that factor must change the mix of resources that
would have been selected.

_4Ottinger, D. (1990) states that F. Krause of Lawrence Berkeley Laboratory also has proposed an
"Environmental LCUP" where emission reduction quantities for pollutant quantities such as CO2, SO2, NOx and
particulates would be set and utilities would be required to meet these targets in a least cost manner; however,
there was no reference cited for F. Krause on this point.

tSSeeprior footnote 7.
p,
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a separate, unique determination of the emissions quantity (i.e., level) for cash jurisdiction.
This method also avoids the complexity of a direct damage assessment method.
Environmental constraints explicitly show the tradeoffs between environmental quality
improvements and increased revenue requirements, integrated planning methods can be
used to calculate the costs of meeting different environmental quantity targets by developing
an estimate of the revenue requirements under each proposed policy. Regulators,
intervenors, utilities and ratepayers can then offer comments on whether they believe this
expenditure to be appropriate, given the environmental constraints that will be achieved.

The use of a matrix weighting method can obscure the fact that meeting environmental _
objectives impose increased costs on the electric system. Explicit consideration of
enviromnental costs and the comparison of these costs to the environmental improvements,
even if performed in a subjective policy context is an important responsibility of the
regulatory community. Of course, to the extent that direct monetary estimates of avoided
environmental damages are available, as well as any other costing information, this
comparison can be made easier and more concrete. The decisions that regulators will face
is clear:

Given that regulators will have a reasonably accurate estimate of the costs of
achieving target environmental constraints, the policy judgement they will have to
make is whether, given the evidence, they believe it is likely that the benefits of these
environmental improvements will exceed the costs. 15

Violette and Peterson (1990) point out that if regulators decide the benefits are not likely
to outweigh the costs, then a new set of environmental constraints can be considered and
the costs of meeting those constraints estimated. In this way, "sensitivity studies could be
performed using different residual emissions levels or limits, and the change in revenue
requirements could be calculated to show regulators how much more it would actually cost
to further reduce or increase emissions" (p. 7).

The obvious problem with the environmental constraint method is the complexity of setting
acceptable quantities of pollutants and externalities. While difficult, this process is expected
to be easier than developing prices for each individual externality. In addition, the
information available on benefits and costs can be used in a policy debate to assist in
selecting targets. In this regard, PUCs could rely heavily on the various environmental
agencies present in each state, as well as regional and headquarters U.S. EPA staff.

In discussing the general constraint approach, Bernow, S. and D. Marron (1990) state that
"it is recognized that the valuation of environmental impacts is so fraught with difficulty that,
at this time, public policy on the environment should precede and motivate technical
analysis. For that reason, emissions reductions goals should be seen as an input to the
electric evaluation, rather than as an output." While generally agreeing with this statement,

J

t°rhe benefits will never be known with certainty, As a result, one way to view this comparison is whcthcr
the higher costs of providing electricity are a reasonable price to pay to provide for insurance against potential
current, future environmental risks.
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it should be pointed out that the monetary damage valuations still can be very useful in
setting the quantity limits/targets and in assessing the likelihood that the benefits of meeting
the targets will outweigh the increased revenue requirements.

Brick, S. and G. Edger (1990) point out that the use of planning constraints is not at ali new
to utilities, stating "this is not a new twist to utility planning; quite the contrary. Operating
reserve margins are routinely treated as planning constraints. Appropriate reserve levels are
derived from assumptions about the value of unserved energy and system reliability
standards based on past practice and conventional wisdom" (p.58). A similar approach could
work in devising and meeting environmental constraints. Bernow and Marron also provide
a practical application of this method in their Vermont case study which used a zero
increase in air emissions as their residual emissions constraint.

4.0 SUMMARY AND CONCLUSIONS

One purpose of this paper was to present the concept of quantity constraint policy tools as
another option in the set of planning tools available for incorporating environmental
externalities into integrated resource planning. The goals of the commissions and the
circumstances of the specific utility will plan a role in determining which choice of tools is
most appropriate. However, the use of emissions quantity targets as an integral part of the
planning process has the potential to provide for lower cost strategies for reducing residual
emissions. Again, the ce,acern with incorporating environmental externalities in planning
is based on the fact that there are residual emissions that occur, even after ali state and
federal laws are met. Therefore, the overall goal should be the cost-effective, socially
optimal reduction of these residual emissions. An overall constraint on emissions would
allow the utility to devise least cost plans that meet that constraint. This could include
adjustments to existing units, control strategies for new units, bidding processes, non-utility
generation, load management, and conservation options. By letting the utility decide how
to meet the targets, a wider array of options could be made available and less expensive
strategies developed.

There are advantages and disadvantage with every proposal. One key issue with quantity
targets is what action to take if the utility does not meet them. Should there be penalties
for the utility or is the "good faith" development of a plan, approved by the state
commission, which is designed to meet the quantity targets, adequate and, therefore, no
penalties are warranted if the goals are not met. Of course, if the constraints are
consistently violated, the utility could be asked to revise its plan.

Finally, there are a number of factors that commissions must consider when determining
how to address environmental externalities within a planning context. The literature on this
subject is in its early stages of development and the thinking in this area will surely evolve
as these issues continue to receive attention. While it is important not to become so
overwhelmed with ali of the potential complexities and interdependencies implied by
environmental externalities that action is impossible, it is equally important not to
oversimplify the issues involved.
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APPENDIX-- ECONOMIC DAMAGE COST APPROACHES FOR VALUING

ENVIRONMENTAL DAMAGES

This section introduces some of the approaches used to perform direct damage assessments.
More detail can be found in D.C, Feterson ct ai. (1986) and D,C. Peterson et al, (1988),
For economic damages to occur as a result of an environmental injury, some linkage must
exist between the change in the affected environmental resource, the service flows provided
by the resource, and the well-being of individuals and society. Describing and quantifying
these relationships can be extremely complicated, Linkages required to estimate
environmental externalities associated with electricity generation include emissions
inventories, ambient dispersion models, doses to sensitive receptors, damage function
relationships, indirect impacts, and an overall economic valuation step.

Goods and services 'that are bought and sold have economic value because individuals (and
firms) spend money to purchase them at market prices and forego purchasing other goods
and services. Many environmental and natural resources, such as air quality, are public
goods that are not exchanged in markets and, therefore, do not have explicit prices.
However, this does not mean that these resources, as public goods, do not have value, or
that injury to these goods cannot, in principle, be measured as environmental externalities,

A variety of methods are available to estimate economic measures of value associated with
environmental externalities. This section selects several categories of methods and reviews
their major strengths and weaknesses. The methods can be grouped into the following
classifications: ""

i'
- • Revealed Preference Methods, or "Actual Valuation Methods"-- These

methods infer values for changes in natural resources as "revealed" by actual
behavioral data.

• Direct, or "Contingent Valuation Methods"-- These methods estimate values
using survey techniques and the construction of contingent, or hypothetical,
markets to reveal what expenditures and behavior would be if those markets
existed.

The strength of revealed preference methods, in general, is that they rely on actual
expenditures and behavior in response to changes in natural resources. Their major
weakness is the limited number of issues that they can address due to the availability and
quality of data, especially for newly emerging issues or unique sites. Also, it is often difficult
to isolate the envirormaental values that are reflected in markets.

The strength of the contingent valuation methods is that they may be applied to estimate
externalities associated with a wide variety of values. Their major weakness is that they rely
upon predicted behavior within the context of hypothetical situations.
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Revealed Preference Methods

Travel Cost Methods, Travel cost methods are one approach for estimating externalities at
recreational sites. Travel cost methods a,ssumethat individuals will respond to the monetary
costs of traveling to a site in the same way they would respond to changes in entry fees at
the site. Recreationtsts incur out-of-pocket costs for gas and food when traveling to a site,
as well as opportunity costs associated with the time spent traveling. These costs can be
viewed as the "implicit price" of a visit to the site, Historically, most applications of the
travel cost method have focused on use related values associated with eliminating adding
recreational sites, New developments in travel cost methods have increased the applicability
of the technique to encompass estimating the use-related value of a site with different levels
of characteristics, such as water quality or fishing success.

The most significant strength of the travel cost method is that it is based on actual decisions
of individuals, lt is possible to observe the distances traveled to a site and the number of
visits or days spent at the site, as well as the site's characteristics. Another advantage of this
technique is that it has, to at least a certain extent, received professional acceptance. The
most significant problems with applying travel cost models are associated with the
availability of visitation data at the sites, and the sensitivity in results caused by selecting
alternative model specifications. For sites that have been damaged for a period of time, it
is often difficult to determine how many individuals would have vistted for recreational
purposes had it not been contaminated.

Hedonic Price Method. The hedonic price method (HPM) has been widely used to examine
damages due to air pollution in urban areas. The method's essence is to gather data on
goods and products actively traded in markets, and use that data to estimate an implicit
price for the natural resource injury, in terms of the reduced value of the privately marketed
good or service. Thus; HPM utilizes observed prices of market goods to impute values for
natural resources. The most common application of the HPM has been to estimate the
impact of air pollution on residential property values.

The principal advantage of this method is the fact that it is based on actual choices made
by individuals and observed market prices. A second advantage of the hedonic method is
the ability to capture the value household's piace on aesthetic amenities.

There are, however, a number of potential problems that will vary in their severity across
different applications. Two generic types of problems are present in most hedonic studies-
- conceptual/theoretic problems and data/statistical problems. The conceptual problems
refer to problems with the assumptions and restrictions embedded in the underlying model
of consumer behavior, the market being modeled, and the problems of obtaining valid
estimates. Data problems can arise and confound results even in a perfectly specified
conceptual model.

............................... I I IIIIIII
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Property value studies typically assume that the urban area as a whole can be viewed as a
single housing market. This means that there are no impediments to an individual choosing
to live tn any part of the area, that individuals are fully informed about ali their housing
alternatives, and that the housing market is in equilibrium, Further, the approach assumes
that ali combinations of housing attributes are available. These assumptions never hold
absolutely, The Issue ts whether they provide an adequate approximation to the urban
housing market, lt is difficult to determine the biases in the estimates that may result from
deviations in these idealistic market assumptions, While some of these assumptions may be
subject to empirical tests, hedonic practitioners must assume that deviations from the
assumed market paradigm do not significantly bias the damage estimates, Whether this is,
in fact, true is subject to debate among economists.

Operations Research Methods. Operations research encor,npasses a aet of analytical
techniques used to optimize or solve decision problems, For environmental effects, the
emphasis has been on two tectmiques: mathematical programming and econometric-
simulation modeling. The focus of these techniques has been on commercial production
relationships, such as commercial forestry, fishing, and agriculture, These approaches
attempt to model the structure of the industry and the impact of environmental changes,
The plausibility of such models (as descriptors of economic or other phenomena) must be
established by a validation process (comparing model performance against a series of
empirical data),

The popularity of these techniques can be attributed to several factors. The analyst is able
to evaluate effects of proposed policies or environmental changes, i,e., changes not yet
realized that may occur under a new policy or environmental situation, The methods
describe how a system should behave (to maximize profits or minimize cost), as defined by
the economic representation of the objective function and constraints. As with any model
oriented toward real world behavior, failure to accurately describe behavioral rules or goals
produces biased estimates or predictions. The models are most helpful when they are
properly validated, and used to predict or assess situations that are captured in the
econometric structural and behavioral relationships. Application of these methods is
constrained by difficulties in model estimation, verification and validation. In addition, they
may require very large and complex data sets that are often difficult to obtain.

Contingent Valuati0!a Methods

Contingent valuation methods (CVM) have been used to directly estimate values for
numerous unpriced non-market goods. These methods attempt to elicit values through
surveys of how respondents believe they would behave, assuming a change in the natural
resources. In contrast to revealed preference approaches, CVM do not attempt to infer
values by observing actual behavior in response to natural resource injury. Instead, they
directly ask individuals how they would behave (or have behaved in the past) in response
to resource injury. CVM may be particularly well suited for valuing environmental damage
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because these methods can value different charactertistics of natural resource injury
simultaneously, and do not require variation in natural resource quality at the site. The use
of CVM is based on two major behavioral assumptions:

1, People can determine their preference ordedngs between the public good and other
goods and services in a hypothetical market,

2, People will offer bids that reveal their true preferences, and will not attempt to
strategically bias the survey results in a manner consistent with their preferences,

The major strengths and weaknesses of CVM relate to the validity of i.hese assumptions.

The principal advantage of CVM consists in its flexibil:ltyof approach and design. Using
a CVM approach permits analysts to incorporate virtually any desired scope or combination
of policies, effects, and benefits measures,

CVMs' independence from market data has been mentioned as a strength, but it is also a
weakness. Critics have argued that damage estimates cannot be accurately developed or
defended without demand or market values, Also, because the contingent markets are
hypothetical, lt is difficult to asses the degree to which contingent values conform to true
values.

Economic Damage Approaches: Conclusions

The previous sections have outlined four categories of valuation methods that may be used
to value environmental externalities. This section summarizes the conclusions from each

of the preceding sections to assess the relative strengths and weaknesses of each.

Several general conclusions can be drawn. First, comprehensive valuation of environmental
externalities may require the use of multiple techniques to adequately address ali of the
damage categories. Second, the results of ali resource valuation methods are variable,
depending on the specifics of the application. Third, if non-use values are to be estimated,
CVM is the only technique available to researchers. As a result, if both use and non-use
values are to be estimated, at minimum CVM will be used and quite possibly another
technique will also be used.

A summary of the applicability of the different techniques and their strengths and
weaknesses are presented in Table 1 and summarized below:

. Travel cost models will be useful for estimating use values associated with resource
injuries at sites used for recreational fishing, boating, swimming, camping, hiking,
hunting, and aesthetic appreciation.
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• HPM will be useful for estimating damages in areas with property markets,
Residential property value studies will be able to estimate the use values associated
with increased health hazards, aesthetic effects, and possibly reduced recreation
opportunities at the specific site. For this technique to be appropriate, release must
be in or near a populated area with private property near to the site.

. Eeonometflc-simulation and progranurdng methods will probably have narrower
applicability than the other techniques, but will be extremely useful for any
applications where commercial markets are affe_ed. These markets would include
agriculture, commercial fisheries, rangeland, and wood products.

• CVM are the most flexible and can, in theory, be used to estimate values for the
entire range of resource injuries. CVM techniques should be used whenever data
necessary to implement other empirically-based methods do not exist, Typically, a
complete damage assessment may require CVM for at least some damage
categories.
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Environmental Costs and Resource Planning Consequences:

New England Electric's Rating and Weighting Approach

Alan F. Destribats, Mark A. Hutchinson, Timothy M. Stout, Dean S. White _
New England Power Service Company

Abstract

In mid 1989, the New England Electric System ("NEES" or "Company") began an
effort to reflect the potential environmental externalities of new resources in its long range

planning process. Having examined several methods for incorporating externalities,
including cost of control, the Company adopted a rating and weighting approach. Not
strictly quantitative nor qualitative, the rating and weighting approach provided a means to
apply an environmental score to ali new resources considered for the Company's long range

Iresource plan, NEESPLAN 1990. A maximum environmental cost penalty of fifteen percent
was applied to the resource considered for inclusion in the plan that posed the highest
amount of potential environmental degradation. Ali other resources received a smaller
penalty that was based on _he ratio of their environmental score to the highest score.
Application of this penalty tended to improve the cost-effectiveness of demand-side
programs and worsen some supply-side options' cost-effectiveness.

Both the rating and weighting approach employed by NEES and its application in the
long range planning process have been the subject of several critical reviews. Having stated
that the advantages of the rating and weighting approach include its easy reviewability and
flexibility to be modified as better information becomes available, the Company has
subsequently revised the approach to address the comments made by reviewers. The
purpose of this paper is to describe the rating and weighting approach, its recent revisions,
and the effect of the revised methodology on the Company's long range resource plan.

Introduction

...Evaluations of the cost-effectiveness of resource options should include costs and
benefits external to the transaction, most notably environmental externalities." With these
words the Massachusetts Department of Public Utilities joined a growing chorus of

i Alan F. Destribats is Vice President, Demand and Least Co6tPlanning; Mark A. Hutchinson is Analyst, Demand Planning; Timothy
M. Stout is Coordinator, Con_rvation and Load Management Planning; Dean S. White is Senior Analyst, Least Cost Planning. This paper
was presented at the National Association of 'Regulatory Utility Commissioners Environmental Externalities Conference, held in Jackson
Hole, Wyoming on October 1, 1990.
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regulators encouraging utilities to reflect explicitly the costs of environmental externalities,
such as SO2 and NOx emissions, in their planning processes. Utility resource cost-
effectiveness was now to be examined from a broader, societal perspective. The Company

accepted this challenge and launched itself on a comprehensive long-term effon to develop
a useful, balanced approach for incorporating environmental externalities in its planning
process. '

Working with Temple, B£_,skeri/and' Sloane, Inc., the Company explored several
methods for evaluating envlronmerital 7extei-nalities. Both quantitative approaches (such as
cost of damage and cost of conti._l) and qualitative methods (such as a simple list of
potential environmental externalities) were examined. After careful consideration, the
Company adopted a hybrid rating and weighting approach that was felt to best achieve the
objectives the Company established, and still maintains, for an environmental externalities
method. These objectives are 1) consistency with the state-of-the-art in both level of detail
and precision; 2) ease of integration with the long range planning process; 3) objectivity in
its application to ali supply and demand-side resource options; and, 4) flexibility to be
refined as the current knowledge about environmental externalities improves and as the
Company's resource planning process further evolves.

Approaches to Estimating the Costs of Environmental Externalities

Qualitative Approaches

The benefits of qualitative approaches are flexibility and adaptability. In a truly
qualitative approach, resource options or portfolios of options are described in terms of their
environmental attributes, such as emissions types and rates, water and land use and solid
waste production. Decision-makers review the list of environmental attributes and other

decision criteria (e.g., prices and risk) and develop a strategy for ranking resource options
based on the qualitative assessment of their externalities. However, since any tradeoffs
among attributes and criteria of different resources are implicit to the decision-maker, the
disadvantage of this approach is its complete subjectivity. Qualitative approaches should be
thought of as a starting point in the development of an externalities methodology.

Quantitative Approaches

Shifting away from the subjectivity of the qualitative approaches aad towards more
objectivity and transparency is the stated goal of those advocating quantitative approaches.
In these approaches, attempts are made to completely monetize environmental externalities.

' ii ,
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Two paths are commonly used for this monetization: cost of environmental damage and
cost of control.

The cost of damage, or direct costing, approach attempts to monetize the societal
impacts associated with different resource options by examining the actual damages inflicted
upon the environment and the loss of social welfare associated with those damages. Clearly,
this is the ideal approach to address the costs of environmental externalities. To do so, ali
externalities would be identified and the costs, or benefits, of each externality would be
determined. There are numerous ways to estimate these costs. One could examine the
value of the timber in a forest and calculate the reduced production caused by pollution.
One could quantify the cost of having to paint houses more often due to the detrimental
effects of acid rain. One could set up elaborate studies to estimate the increased health
costs associated with ozone smog. However, even if these calculations were possible how
would one calculate the value of diminished biodiversity in the damaged forest, the
degradation of limestone tombstones due to acid rain, or the value individuals piace on
being healthy? Unfortunately, even quantitative approaches require considerable
subjectivity.

Although recognizing that much work has been undertaken by various parties to
direct cost specific externalities, the tremendous variance one witnesses in the estimates does
not provide confidence in the usefulness of the estimates at this time. For instance, a state

study concluded that the annual value of fish loss in lr.,akeMichigan due to acid rain was
$6.2 million. Another evaluation indicated the loss was $50,000 per year, less than one
percent of the.,state estimate. In addition to the large variation in estimates, much of the
research at direct costing is area-specific and may not be directly transferable to another
region. Hence, although a direct costing approach is preferable, at present, the data simply
does not allow for such an approach.

Anothe, r quantitative approach is cost of control. Advocates of this approach suggest
that by examil'dng decisions made by regulators and le3islators implicit societal willingness
to pay estimates can be derived. For example, if New Source Performance Standards
(NSPS) in the Clean Air Act require certain controls then the cost of complying with those
controls would be used as a proxy for the environmental damage associated with the
remaining emissions. This is an appealing proposal in that the decision about the costs has
already been made and there is ample documentation.

However, there are complications with theseassumptions. With the new Clean Air
Act2 there will be a market for certain emissions. The market clearing price for those

z Not passed at the time this paper was completed,
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emissions may be significantly lower than what NSPS and other regulations imply. Which
price is the correct price? What if control costs for certain technologies are significantly
lower than others? A pound of nitrogen oxides from one source imposes similar
environmental damages as a pound from another source but the control costs may be
significantly different. The cost of control should be the next most cost effective reduction
available and not the highest cost society has ever been willing to pay. Even if this premise
is accepted, defining the next most cost-effective reduction would be very difficult for many
G

ISSUES.

New Englan0 Electri¢'s Rating and Weighting Approach

After reviewing the different approaches to incorporating environmental externalities
in its resource planning process, New England Electric chose to pursue the development of
a hybrid approach. This decision was based on the fact that the approach would best meet
the goals stated above and would allow immediate incorporation of environmental
externalities in the Company's long range resource plan, NEESPLAN 1990, that was
currently under development. The Company recognized that this approach would be geared
towards providing usable results in the short run but would be followed by increasing levels
of quantitative sophistication as additional data on actual social damages became available.

Overview of Original Matrix

As the basis for a hybrid approach, the Company developed the rating and weighting
scheme shown in Figure 1. This matrix is a relatively simple tool that allows ali resource
options to be scored based on the magnitude and severity of their potential environmental
impacts (NEES 1990).

The lefthand column, Column B, of the matrix lists the ten externality issues for
which each option is evaluated. Each issue receives a weight (Column A) reflecting the
relative significance of its environmental impacts. Column D lists the contributing factors
(environmental agents or subissues) for each issue. Weights for the contributing factors,
shown in Column C, reflect the relative importance of each factor within the issue to which
it is assigned. Columns E through I provide the ratings from zero to four for each
contributing factor. After the contributing factors are weighted for each resource option,
weights are applied to the ratings thereby giving a weighted impact score (Column J). For
some of the environmental issues, several "contributing factors" are separately rated,
weighted, and then summed to form the issue score. These scores are added to yield a
composite score for each resource option (Column K). A brief description of the process
by which issues, factors, weights, and rates were determined is provided below.
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Selection of Issues

The first step in developing the matrix was the compilation of a list of major
environmental externalities for which each demand and supply-side resource option would
be evaluated. The externalities were then grouped into issues (Figure 1, Column B), such
as global warming and acid rain, to allow them to be described in a fashion similar to the
way the public views them. For example, while the public may not have an opinion on the
importance of mitigating SO2 or CO2, they may have opinions on the importance of
controlling acid rain or global warming.

Weighting of Issues

The issue weights in the matrix were determined through a blend of three different
types of information including: studies and reports on individual i_sues and combinations of
issues; polling of experts; and weights assigned in previously developed rating and weighting
schemes. While a strictly quantitative approach to defining weights would have been
pro.ferred, the current lack of reliable quantitative studies, as discussed above, does not allow
for complete quantification.

Selection of Contributing Factors

Contributing factors are the individual components of issues. Some issues have only
a single contributing factor while others have several. These factors are selected on the

basis of their contribution to the issues. For example, sulfur dioxide and nitrogen oxides are
the contributing factors that are used to assess a resource option's effects on acid rain.
These two factors have been chosen from the list of acidic precursors from man-made and
natural sources because they are most closely linked to utility sources. Figure 1 shows the
contributing factors for each issue.

In some cases proxies for the true environmental agents have been chosen as
contributing factors. For example, under the "Emissions to Air" issue, fuel type is used as
a proxy for air toxics. Rather than listing the many specific air toxics that can be emitted
in minute quantities, the framework takes advantage of their correlation to fuel type.

Rating of Contributing Factors

In rating contributing, factors, a sensible measurement scale for differentiating
between resources must be oeterrnined. The range of the scale should accommodate most
potential resource options so the upper limit may often be set by the greatest effect that
would reasonably be proposed in a qualifying facility bid (e.g. NSPS limits for air emissions
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for a pulverized coal unit). The lower limit may be set at zero effect, or lower, where
environmental improvements are achievable.

Weighting of Contributing Factors

Wetgh:s for each contributing factor represent the factor's contribution to an issue.
Within an issue, contributing factor weights must sum to 100%. As with factor rating,
several approaches may contribute to the estimation of factor weights.

Use of_he Ratilag and Weighting Approach in NEESPLAN 1990

As part of the development of New England Electric's long range resource plan,
NEESPLAN 1990, resource options from both New England and Canada were examined
using the rating and weighting approach. Project-specific environmental scores can be found
in Table 1. As one would expect, coal-fired resources received the highest environmental
scores, thus indicating a higher level of potential environmental degradation. Conservation
programs and distribution system upgrades received the lowest scores, reflecting little, if any,
potential for environmental harm.

To include the environmental score for a resource in the determination of its cost-

effectiveness, it was necessary to monetize the score. The chosen method assigned the
project with the highest environmental score, and hence, the highest level of potential
environmental degradation, a cost penalty of fifteen percent. The present value of ali direct
costs associated with the project (capital, O&M, fuel, and any other costs) was Llcreased by
fifteen percent to reflect environmental externalities. Other options received an adder that
was based on the ratio of their score to the highest score. For in,_tance, one option
considered in the development of the Company's long range plan was a twenty-year power
purchase from a yet-to-be constructed coal-fired unit. This option, when examined using the
using the rating and weighting approach, received the highest environmental score at 2.66
and hence was assigned an adder of fifteen percent. If another project received a score of

1.33, the present value of its direct costs were increased by 7,5% (calculated as 1.33/2.66
* 15%). Therefore, the environmental cost penalty received by a project was directly related
to its environmental score and direct costs. If two projects received similar environmental
scores but one was more costly than another, the project with higher costs received a higher
environmental cost penalty. A list of the externality percent adders are shown in Table 1.

7.
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Choice of Fifteen Percent Adder

A maximum fifteen percent penalty was arbitrarily adopted, not analytically
estimated. The Company chose a fifteen percent penalty for several reasons. First, it is
large enough to lead to changes in the resource plan. The fifteen percent penalty improves
conservation program cost-effectiveness and degrades the cost.effectiveness of some supply-
side options. At the same time, the fifteen percent penalty is not so large than unforeseen
problems with the method might irreversably distort resource plans in the short term.
Secondly, fifteen percent is an initial estimate that can be revised as the Company gains
more experience with environmental externalities, more research becomes available, and
feedback from regulators, customers, and interested parties is received. Finally, fifteen
percent is within the rmlge of adders adopted in other jurisdictions, including Wisconsin,
Vermont, and New York (Wisconsin Public Service Commission, 1989; Vermont Public
Service Board, 1988; Putta, 1989).

Effect on Resource Cost-Effectiveness and the Long Range Plan

Including environmental externalities using the rating andweighting approach tended
to improve demand-side and worsen supply-side cost-effectiveness. In particular, the cost-
effectiveness of new coal-fired resources was jeopardized by the environmental cost penalty.
Before the environmental penalty was applied to a purchase from a third-party coal-fired
unit, the cost-benefit ratio for the resource was 0.83. After the penalty, the resource's cost-
benefit ratio climbed to 1.01, indicating that the resource was not cost-effective. The results
for an atmospheric fluidized bed coal unit were similar; 0.94 before and 1,11 after. Ali
other supply-side options retained their cost-effectiveness after the penalty was applied.
Natural gas-fired uN, _n particular, remained cost-effective.

Ali demand-side programs examined during the planning process remained cost-
effective and are included in the long range resource plan. At present, the resource plan
shows one-third of incremental capacity needs being met by demand-side programs.
Because the inclusion of environmental externalities tended to improve demand-side cost-
effectiveness, the Company expects to find more cost-effective opportunities than previously.
Previously marginal, or slightly non-cost-effective opportunities when examined using a
revenue-requirements-only perspective are now cost-effective, when externalities are
considered. Effort is on-going to identify these resources so that future plans can reflect
their improved attractiveness.

For the long range plan, a small amount of new coal-fired resources have been
included even though their cost-effectiveness appears jeopardized by the consideration of
environmental externalities. Less than ten percent of incremental needs are expected to be

7
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met by new coal-fired generation from third party suppliers, No new Company-owned coal-
fired generation Is planned.

One of the reasons new coal-fired generation has been kept in the resource plan even

though it appears not to be cost-effective is for fuel diversity considerations. The Company's
fuel mix is expected to become dependent on natural gas.fired generation within the next
ten years. Natural gas is expected to climb from essentially zero percent of the Company's
fuel mix at present to twenty-five percent by 1999, and to thirty-six percent by 2009. If new
coal.fired resources were excluded entirely from the long range plan, some of coal's
contribution to incremental needs may have to be replaced with additional gas.fired
resources. In this case, lack of fuel diversity, which is not uncommon in New England's

energy history, could prove to once again be a serious threat. The problem with excluding
ali coal-fired generation from the resource plan ts that the Company expects coal prices to
be more stable than other fuels. Price stability and protection against rate volatility are

worthy goals and at this time, excluding coal entirely from the resource plan may piace these

goals in jeopardy.

Another reason coal has been kept in the resource plan is that societal costs include

more than just environmental externalities. There are other externalities, such as economic
or social, that should also be considered. This is not to imply that these additional
considerations will necessarily work to the advantage of coal-fired generation, lt is merely
to indicate that moving towards a societal perspective for resource selection raises many
difficult issues that should be considered before entirely ruling out any resource.

T_ Revised MatrLx

In using the original matrix its limitations became apparent. Some of the problems
found with the approach included the need for the following: (1) unlimited bounds in ali
externality issue categories; (2) reexamination of the weightings given to ali externalities; (3)
the incorporation of additional.externalities into the matrix and the deletion of others
already included; and (4) the inclusion of positive credits or offsets. These limitations have
been addressed and a new rating and weighting approach has been developed. The

following is a summary of the major changes to the matrix:

• The scales are now unbounded, continuous, and multiplicative. A plant that
emits 3 lbs of sulfur dioxide/MWh will receive a worse score than a similar

plant that emits 2.9 lbs. This allows better discrimination among projects
while n_,t artificially bounding the scales.

8
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• Some of the contributing factor weights wore changed to reflect the
Company'srevisedunderstandingof the impactscertainemissionshave on the
environment.Forexample,theweightingof nitrogenoxides(NOx) to sulphur
dioxide(SO2)waschangedto reflect the assumptionsinherentin the acidrain
emissionstradingprovisionsof the proposedClean Air Acts.

Q Offsets are allowed, For example, a cogeneratoris permitted to plant trees
and subtract the CO2 uptake of the trees from the output of the project.
However, a project is not allowed to have a negative adder.

i

Q All units are per kWh, MWh, or in the case of land, per MW. This change
from lbs/mmBTU rewards efficient plants and penalizes inefficient ones. It
also facilitates comparabili_tybetween different size plants, A large plant
occupyingfew acres per MW will score better than a small plant occupying
a large land area.

• "Fuel Issues", "Indoor Air Quality",and "Aesthetics"were removed from the
matrix. The concerns reflected in "Fuel Issues" were addressed in other
categories. "Indoor Air Quality" was removed because indoor air quality
problems are addressed in the Company'sdemand-side program planning and
implementation. "Aesthetics"was removed because it appeared to be more
of a siting issue rather than an environmental issue.

A copy of the revised version of the matrix can be found in Figure 2. To score the
new matrix, project-specificemissioru_,land, and water use information are entered. This
is a simplified method compared to the original matrix where ali emissions were fit into
distinct categories and the score for that category was used. Under the new method the
actual emission rates are used in the multiplicative formula. The emissions and
characteristics scores are multiplied by the environmental concern and contributing factor
percentage weights to develop a total environmental score for a resource option.

These changes do not repre:;ent a significantrestructuring of the matrix. However,
by fine tuning the matrix the Company is better able to discriminate among options that
otherwise would not have shown differences. This ability to discriminate helps in planning
and encourages developers to reduce their impact on the environment as much as possible.
With the new matrix every incremental reduction in environmental impact that developers
make will benefit them in the resource selection process.

9
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Effect of the New Rating and Weighting Approach on the Resource Plan

For the update of the long range resource plan, NEESPI.AN 1991, now underway,
the new rating and weighting approach will be used to estimate the environmental costs of
new resources, Although too early to say with absolute certainty what the effects may be
on the resource plan, it appears that the new approach will increase further the cost-
effectiveness gap between new gas-fired and new coal-fired resources, Repowering of an
existing unit will probably appear quite attractive given that the repowered unit will provide
lower total emissions and may claim offsets. For coal-fired generation, the new approach

will probably provide greater environmental differentiation between more traditional
pulverized coal plants and new fluidized bed units, Unlike the prior version of the
approach, the new method will, in most instances, provide no environmental penalty for
demand-side programs, Demand-side programs can be expected to maintain their cost-
effectiveness and to play a very significant role in the new resource plan,

Although recognizing that the long-term objective of the environmental externalities
effort at the Company is to quantify the cost of damage associated with new resources, the
data at present does not support explicit quantification of environmental externalities for
NEES-specific resource options. The rating and weighting approach bridges this significant
gap by providing a useful short-term method for evaluating environmental externalities, lt
is an approach that can be used immediately by utilities and reflects reasoned judgements
about the amount of environmental degradation potentially posed by any new resource. As
better information on actual cost of damage becomes available, the approach can be easily

adapted,

The rating and weighting approach presented in this paper accounts for a broad
range of environmental externalities in a manner which is simple, explainable, and
reasonable. One of the main advantages of the approach that other methods lack is that

it is quite simple to review the assumptions behind the approach. This ease of reviewability
encourages useful discussion between ali parties. Given the nature of the subject, discussion
can only be helpful, not harmful. To the extent that New England Electric's approach
e_courages and adds to the discussion of the important environmental issues facing this
industry, the method will have been a success. Hopefully, other utilities and commissions
will view New England Electric's approach as a reasonable and significant first-step at
moving towards the ultimate, difficult objective of accurate estimation and integration of
environmental costs.

10
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Figure 1
Environmental Externality Matrix

Version 1.0
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Table 1

Environmental Externality Scores, Cost Adders,
and Cost-Effectiveness Results

Cost-Benefit Cost-Benefit

Environmental % Cost Ratio ExcL Ratio Incl.
' Scores _ Adder Externalities Externalities

Demand-Side Options
(O=noimpact;

Commercial and Industrial Programs 4=rnaxlmum impact)

. Re_'ofitConservation 0.04 0.2% 0.35 0.38
- RetrofitLoad Management 0.07 0.4% 0.32. 0.32
. New Construction Conservation 0.04 0.2% 0.25 0.25
- New ConstructionLoad Management 0.07 0.4% 0.32 0.32
. Interruptible Rates 0.68 3.8% 0.57 0.59
. Standby Generation 1.68 9.5% 0.57 0.63

ResidentialPrograms
- Low Income 0.04 0.2% 0.69 0,70
- New Construction 0.09 0.5% 0.93 0,93

. ElectricSpace Heat Retrofit 0.08 0.5% 0.56 0,57

_Supply-SideOptions

Power Purchase from an Unscrubbed Coal Unit 2_66 15.0% 0,83 1,01

AtmosphericFluidized Bed Coal 2_57 14.5% 0.94 1,11
Natural Gas-Fired Combined Cycle 1.07 6.1% 0.75 0,79
15 MW #2 Oil-FiredPeaking Unit 1.44 8.1% 0.87 0.92
Purchasefrom a Biomass Unit 2_05 11.6% 0.78 0,89

Pumped Storage 0.61 3.5% Q56 O,54
Canadian Hydro (Hydro Quebec Phase III) 0.66 3.7% 1.04 1,09



97
Figure 2 _.

Environmental Externality Matrix

e Version 2.0
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I. Introduotlo nl

Internalizing the environmental costs imposed on society by

polluters is the wave of the future in addressing environmental
degradation. By signalling to industry the true societal costs
of their operations, inclusion of environmental costs in the

price of goods produced gives an economic incentive to industr_
to reduce pollution. This can be an important supplement to
regulation.

Government regulation of pollution has proved to be generally

inadequate to address the severe threats to the planet posed by @
global warming, acid rain, urban smog and toxic contamination of
our air, water and food supplies. While some improvements have
resulted from regulation in the United States, particularly where
contaminants have been totally prohibited as with asbestos, lead

in gasoline and DDT, generally pollution increases stay well
ahead of mandated regulatory controls. Inevitably economic
_rowth, in both developing and industrialized countries_ receives
higher government priority than environmental protection and
outpaces governmental efforts to control pollution or re_ire
switching to less polluting industrial resources.

Governments are just starting to consider supplementing

pollution regulation with pollution taxes or fees that will
introduce into the marketplace prices that reflect the damage_ to
society inflicted by polluting resources. The OECD has just
published a review of pollution levies indicating a total of 85
pollution taxing regimens in six of its principal countries.

i

I This p_l_r is k_ue_Jon a study perfo_ by the _sce University Center for Environmental Legal Strifes

(Center) for the New York State Energy Research mnd Devel_t Authority (NYSERDA) a_1 the U.S. Der)artmnt of

Energy (Or)£), Environmer.ta_ CoSts of Electricity, Oceana Pubtic_ioas, Inc., Dobbs Ferry, N.Y., Septembf_,
1990, al_o distributed by the American Counc|t for an Energy-E_fici ertt Economy, Washtngton_ D.C. [hereaft_r
referred 1:o as "Pace 1990"]. The study was performed by Center st_f_, Pace University Law School students, and

consultants, Shepar¢) C. Buchanan of Bonnevi l te Power Adm|n|strmtlon, Paul Chernick and Bmi ly Csverhi l t of PLC,

inc., and Alan Kruger!ck of Resources for the Future. @
1
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Thus, Germany, France and Holland have imposed waste water
effluent charges ($2, $9 & $39 per capita respectively);
Switzerland has imposed extra landing fees on noisy aircraft;
Sweden and Norway have required returnable deposits on automobile

bodies to prevent their being dumped. West Germany is
considering an auto tax based on tallpipe exhausts. _ And the
U.S. House of Representatives' Ways & Means Committee recently
held hearings on pollution taxes (March 6, 7 & 14, 1990).

The environmental organizations, which historically have
resisted pricing environmental impacts on grounds that it would
constitute a licence to pollute, have now embraced the idea.
Daniel Dudek of the Environmental Defense Fund has been a leading
advocate of marketplace treatment of pollution; he helped draft
the Administration's Clean Air Act proposal to create emissions
trading rights.

It is remarkable that the conservative electric utility
industry and its usually equally cautious utility regulatory

commissions have pioneered in applying marketplace principles to
valuation of environmental externalities. In twenty-nine \/

jurisdictions, utility regulatory commissions have started formal_\
consideration Of incorporating these externalities into utility \
planning, bidding and other resource selection procedures.

2. Significance o£ Utility Consideration of Environmental
Externality Costs

United States electric utilities are a major contributor to
the damages imposed on the global environment. They account for
about two-thirds of United States sulphur dioxide emissions and
one-third of United States nitrogen oxide emissions, both of
which cause acid deposition. They contribute one-third of the

national emissions and.eleven percent of the _lobal emissions of
carbon dioxide, the prlncipal greenhouse gas. _ Thus, United
States elect_ic power production produces a significant
environment,l impact on the United States and the world, the cost _
of which i_ not included in the price of electric power.

2 "Money from Greenery." Th.e.Economi$1;, October :)1, 1989, pp. 16, 17.

3 Electric utilities contributed in 1985 68X of natior, mt SOzemissions (16,20/,,000 tons of 23,699,000 tons
nationally), and 33X of national NOx missions (6,989,000 tons of 21,054,000 tons nationally). Natior_t Acid
Precipitation Assessment Program (NAPAP), Interim Assessment, Vot. 1 (1987).

U.S. electric utilities accounted for 33_&of U.S. CO2 missions in 1988. roE accounted for 66X of the
global warming from 1880 to 1980. U.S.E.P.A., Office of Pot|cy, Planning and Evaluation, Policy O_tions for
S_tab[tizing Otobat Charge, Draft Report to Congress, February, 1989 [_PA Reoort:t, lt has been predicted that
CO2 w|tt account for 80_ of future warming because of its tong duration in the atmosphere. Lashof and Ahuja,
Relative Contribution.s. of O,reenhouseq.es I_mis_ions to 0_o_. l Warmi_.. 34/, Nature 529, April 5, 1990. The
remaining greenhouse gases, CH/,, CFC 11 & 12, N20 and others, contributed the balance of gtobat warming. EP_..AA
Re______,id.
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Until recently, most utilities throughout the country have
selected their supply and demand side resources on a least
economic cost basis, without regard to the very real
environmental costs imposed on society. The utilities and

regulatory commissions have proceeded on the basis that full
compliance with all applicable environmental laws and regulations
is sufficient.

However, government-imposed standards and regulations do not
purport to ellmlnate pollution. Rather, they merely limit
emissions to levels established by a combination of legislative

compromise and regulatoryfeasibility "4 The environmental
impacts that remain after regulation are significant. Not all
emissions are regulated, and even those emissions that are

regulated are not eliminated. To the extent that powerproducers
price and select resources solely on the basis of complying with
government standards, the effect is to assign the very
substantial residual environmental externality costs a value of
zero.

As difficult as it is to fix exact dollar figures on
environmental damages, _one always has to come back to the basic
tenet that "A crude approximation, made as exact as possible and

changed over time to reflect new information, would be preferable
to the manifestly unjust approximation caused by ignoring these

,,sand thus valuing environmental damages at zero.costs,

Incorporation of the dollar values of environmental
externalities in utility resource selection procedures will i
enable utilities and regulators to take environm ental_ costs into
account in making resource acquisition decisions. In practical
terms, the result will be to encourage utilities to invest in
less pollut_ng resources.

3. Why Utilities Should Incorporate Environmental Costs

It could be argued that consideration of environmental
externalities should be addressed solely by pollution controls,
taxes or fees enacted by Congress and state legislatures, rather
than by utility actions and regulatory commission orders
affecting resource selection. Indeed, currently, environmental
costs for other industries such as automobile and chemical

4 The political nature of sta_rds is well demonstrated by the pol|tical c_r_isea now bei_ made in
" the U.S. Congress over the extent of additional air pollution regulation in the Clean Air Act.

5 Bland, Paul F. 1986. ,,Problems of Price and Transportation: Two Proposals to Encourage Competition from
Alternative Energy Resources." Harv. L. Rev. 10:2.
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manufacturing, smelting, etc. are addressed only through

legislated controls.

National pollution fees could internalizeenvironmental

externality costs for a11. polluting sources, thus sending6 f
universally improved prlce signals to the marketplace. 0
course, complete regulation, eliminating all pollution that poses
a threat to human health and the environment would also
internalize environmental externality costs universally. Neither
appears to be politically feasible at present, however.

In the absence of legislative internalization, utilities
nevertheless will continue selecting resources which, after
regulation, will still impose significant environmental costs on
society. If utilities and their regulatory commissions continue '
to assign only traditional direct costs to these resources as a
principal basis for their Selection, these environmental costs
still will he ignored. For a full accounting of Costs in this
continuing resource selection process, it is important that the
environmental costs be counted.

There are two principal reasons why utilities and regulatory
commissionsshould _onsider environmental externalities intheir
resource selection processes: (i) utilities are franchise d
monopolies vested with a duty to serve the public interest, a
responsibility that includes environmental protectlon'; and (2)
foreseeable international, federal and state enVironmental laws
and regulations are likely to impose more stringent environmental
controls over the thirty to forty-year life span of electric

power plants, making it imprudent for utilities to invest in
resources which will have to be abandoned or which will require

expensiveenvironmentally-required retrofits.8 It is withinthe
traditional role of utility regulatory commissions to oversee

6 Another way to place pollution values in the mrketptsce is by setting stricter stmndsrds and allocating
emission trading rights to facilitate pollution reduction at least cost. This has been proposed legislatively
for the first time on a Large scale in the Adm|n|strat|ones submission for Clean Air Act amendments not_ pending

before Congress; these provisions have recently been adopted by both the House of Representatives and Senate.

7 See, for example, the New York Environmental Quality Review Act (SEQRA), New York Environmental
Conservation Law, Section 8-0107 and its imple_nt|ng regulation, 6 NYCRR, Part 617.9(c)(3), which require _la
state agencies to assess and minimize or avoid env{ronmentst impacts "to the maximum extent practicable. '° _,.
noted above, however, these regulations do not eliminate substsntiaL environments| impacts and costs to society.

8 Tighter national controls sre already in prospect, such as the revision being considered in Congress
of the Law which governs dispossl of solid wastes. Resource Conservation and Recovery Act, 42 U.S.C. 6901 el.
seq. International negotiations for accords that would effect electric utilities are also in progress such
as those before the Intergo\ ,.rnmentaL Panel on Ctiumte ChMlge, Working Group I11, considering a 20% reduction
in carbon dioxide by 2020 a, d 50% thereafter, if and when these national taws and treaties are enacted,

however, there will still be _rge residual environmental impacts and damages requiring valuation.
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utility public interest obligations andto prevent imprudent
investments 9

Zt should be noted that when commissions require
considerationof environmental externalities in utility planning
and resource selection, they are not internalizing these costs in
the existing rate structure, but are using them as a means of
making prudent selection of new resources•

Accountingfor environmental externalities in utility
decision making will not only help to avoid the economic costs of
future environmental controls, it will also reduce the level of
uncertainty associated with utility resource plans and increase
system reliability.

4. Magnitude of Environmental Costs

The following values are presented as "starting point"
figures .from the Pace 1990 study. "Starting point" values, as
used in that study, are those that seem to most reasonably _
represent the range of values in the studies reviewed,
considering the locations at which the studies were performed,
their documentation and thoroughness. The term "starting point"
is used because the figures do not pretend to be cost estimates
-- too many relevant costs were excluded from this study I° and
the studies reviewed are often of too uneven quality and

' documentation -- but the "starting point" figures do give the
order-of-magnitude of the values in the studies reviewed, and
they should provide a good starting point for further research.

a. Fossil Fuel-Fire_ Plants

Emissions from electric power plants are generally available
on a plant specific basis. However, it is difficult to estimate
a "typical" set of emissions for any resource type. Emissions
depend on several factors other than simply the plant type,
including: the age and type of the plant; fuel type, grade and
sulfur content; installed emissions control technology; plant
operations, including heat rate, combustion temperature, and
steam or limestone injection. Finally, the estimate of emissions
per unit of energy output can be further complicated by the

9
Hany utility regulatory commissior_ still do not require least cost planning or rule in advance on the

prudence of utility investments. However, utilities in these jurisdictions still are subject to prudency
reviews after' they have invested, in their next rate-setting proceeclin_s,

10
The Pace 1990 study was restricted to the costs of damages to human health and the environment

(generally excluding control and mitigation costs) of the operations of electric service facilities through
waste disposal (excltxJing all front end costs such ms mining, fuel processing, equipment manufacturing and
transportation of f_ets, equipment and materials to the generation site),

5
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allocation of emissions to joint products, such as steam and !
electricity. In the examples presented, all of the externalities
have been allocated to electricity output.

The externality values are estimated for three coal-fired
technologies, two oil-fired technologies with three different
sulfur content assumptions, and two natural gas-fired
technologies with differing control equipment. These examples
are illustrative of the relative externalities of different

fossil-fired resource options, both existing and new, but are not _
meant to represent average externalities of these technologies.

The reports reviewed estimate the following "starting-P0int"
values, in dollars per pound of emissions: $2.03/lb SO2,
influenced primarily by the estimated health effects; $0.82/lb

NOx, also dominated by health effects; and $1.19/lb particulates,
based primarily on visibility effects ($0.83/_.), with a strong
contributlon from health effects ($0.36/ib.)_" The value of
reducing CO 2 emissions was estimated to be 2.5 cents/ib Carbon

(or 0.68 cents/ib COz ) using a mitigation cost estimate .for tree
planting from the mlddle of the range found in the studles.
These ranges vary from $17.08/T of carbon to $80/T, depending on
fixation rates, discount rates and other assumptions.

For coal-fired facilities, dollar per pound figures are
converted into a cent per kilowatt hour cost. See Table A. No
pollution control equipment is used for any of the example plants
for SO_ NO x or CO z. This assumption applies for many older coal-
fired boilers in most of the country, and it provides a base-line
for comparing plants with control technologies. The absence of
control could also apply to newer facilities built in the 1970's

because they may be able to meet the standards b_ controlling
emissions through improved operating procedures. '_ For
particulates, s Dme pollution control equipment (e.g. bag-houses)
is assumed to be installed on each plant. The "starting point"
externalities from the older coal-fired boiler burning 1.2%
sulfur coal are on the order of 5.7 cents/kWh generated, or 6.7
cents/kWh delivered. For an Atmospheric Fluidized Bed Combustion
(AFBC) plant with the same heat rate and burning 1.1% sulfur
coal, these externalities are on the order of 2.8 cents/kWh
(generated). For an Integrated Gas Combined Cycle (IGCC) plant

11 Sulfates (SO4), which are very small particulates, are believed to cow,tribute significantly to
particulate-related health effects. Sulfates can be emitted from a po_r plant either as particulates or as
so2, which is then converted to SO4 in the atmosphere.

12 This would not be true for coal-fired plants built after promJlgatJon of the most recent New Source
Performance Standards, however. These plants are required to have scrubbers regardless of sulphur content of
fuels. This may change, however, in the Clean Air Act /Unerc_nts of 1990, presently being considered by
Congress, which may modify the requirement for scrubbers on some newly constructed plants. A cost figure for
a NSPS-controlled plant is provided in Table A.
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with the same heat rate and sulfur content of 0.45% sulfur these

externalities are on the order of 2.5 cents/kWh (generated).

For oil-fired facilities, the results are shown in, Table B.
Again, and for the same reasons as for coal-fired plants, no
pollution control equipment is used on any of the example plants

for S02, NO x or cog. This is typical for many older residual oil-
fired boilers, anu controls are not generally necessary for a
distillate oil-fired combustion turbine to meet NSPS standards.

The SO z and particulate emissions are strongly dependent on the
sulfur content of the oil. Table B shows "starting point"
estimates of the externalities from two different oil-fired
technologies: boilers burning residual oil with three different
sulfur contents and a combustion turbine burning distillate oii.
The "starting point" externalities from the residual oil-fired .....
boiler burning 0.5% sulfur oil are On the order of 2.7 cents/kWh
(generated). For the same boiler burning 1% sulfur oil these
externalities are 3.8 cents/kWh (generated), and for the same
boiler burning 2.2% sulfur oil these externallties are 6.7
cents/kWh (generated). The "starting point" externalities of a
combustion turbine burning distillate oil, and having lower
efficiency than the boilers, are on the order of 2.5 cents/kWh
(generated).

For natural gas-fired facilities, the results are shown in,
Table C No special NO x control equipment is assumed to be used
on the gas-fired boiler or the combined cycle unit. However,
selective catalytic reduction (SCR) and steam water injection
(SWI) are applied on the BACT unit, which is a combined cycle
unit fitted with best available control technology. SO 2
emissions from natural gas combustion are shown to be negligible.
The "starting point" externalities from a natural gas-fired steam
Plant are on the order of 1.0 cent/kwh (generated). For a
combined cycle unit these externalities are estimated to be on
the order of 1.0 cent/kwh (generated). For a combined cycle unit
fitted with SCR and SWI, these externalities drop to 0.7
cents/kWh (generated).

These results show that the externalities of older coal- and

oil-fired boilers are dominated by SO 2 and NO_ emissions. For
newer coal and oil-fired technologies, and for gas-flred plants,
the externalities are largely dominated by CO 2 emissions. This
shift in the emphasis of the externalities is shown by the
studies reviewed to be largely due to improved boiler design and
efficiency, improved c_ntrol equipment efficiency, and increasing
use of control equipment and emissions-reducing operating
procedures in response to ever-tightening emissions regulations.
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Finally, these externality estimates leave out so man_,

potential external effects that they are likely to be
conservative rather than overstated. To derive more complete
cost estimates, other externalities should be incorporated into
future environmental cost estimates for fossil fuel-fired power
plants, including: air emissions from combustion not included in
the studies reviewed, suchas the greenhouse gases methane and

N20; air toxics including heavy metals, ozone precursors, VOCs;
and other externalities related to fossil-fuel combustion for
which valuation studies could not be found, such as water use,
land use, and solid waste disposal; and externalities related to
the front end of the fuel cycle, such as extraction,
transportation and processing, which were excluded from the Pace
1990 report.

Tables A.C below summarize the environmental costs for fossil

fuel plants from the studies received and "starting point" cost
for them.
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13) PARTICULATES $1.19 0.055 0.09 0.174 0.036

[4} CO2 _r_ $0.0060 169 169 169 161

TOTALS:

[5] $1_TU I_UT 12.60 13.60 $6.40 $1.07

(6] BEAT RAT (B_IkWh) Z0,400 10,400 I0,400 13,600

(_] S/kwhGENE_D $0.027 $0.030 $0.067 $0.02S

[8] S/kwh DELI_r£1_:D $0.032 $0.045 $0.079 $0.030

NOT£S:

lR}: Unit values derived in Section V.

[B][C][D]: Emissions are from PLC (1989); 8A:)2and C02 emissions have b_n restated

as lbs S02 and Ibm CO2; Ali u£sslons are expressed as lbo/HHBTU fuel

input.

[1]: SO2 emlssLons are uncontrolled in each came.

[2]: NOx emlomLonm are uncontrolled in each case.

[3]: Particulates _tmsions are calculated fr_ EPA AP-42 using the formula:

0.02 , 0.07xS, where S Le the sulfur content in percent.

[4]: CO2 emissions are derived in PLC (1909).

[5]: Sum of (value x uLmmlons for each externality) for each plant.

{6]: Assumed heat rates for each plant.

(7]: (_).[6]/z,ooo,ooo
[8]: Amsmls 1St marginal energy losses.
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T_LE Ct ffJL'_PJALIT%' COaT IPO_ ILkTUI_.L W_-FIiWD UNIT8

_I|SlONS (lbs/ Ig_fU)
........................---------------''

EXIBTING COIQIIqED &kCT

L1CTZRHALITY 811b STEAM PIdWT CTCLI (|CR, 8WI )
.. ...... ...

{Al lbl (c) lD)

[:] so2 82.0) o o o

[2] nox So.s2 o.24s 0.42 00042

[3] P_TICULATIS 81.19 0.003 0.003 0.0002

(4) co2 80.ooss 110 110 11o

TOTALS:

[5] $/_mTU INPUT 80.g5 81.10 $0.78

[6] HEAT RATE (BTU/KWh) 10,400 g,000 g,000

[7] 8/kwh GENERATED 80.010 80.010 80.007

[8] S/kwh DELIVERED 80.012 80.011 $0.008

NOTES:

[AI: Unit values derived in Section V.

[B][C][D]: Emissions are fro: PLC (Igag); CO2 emissions have been restated as ibm CO2;
Ali emissions are expzessed as Ib_II_MBTU fuel input.

[1]: SO2 emissions sre zero from gsa coabustlon.

[2]: Nox ealssions are uncontrolled in the first two cases; For the mACT case,

Selective Catalytic Reduction and Steam Water injection sre assumwd.

[3]: Particulates _mtssions sre estismted from CfC (Ig6g). BACT as|_a fabric filter control.

[4]: CO2 emissions are derived in PLC (ig8g).

[5]: Sum of (value x emissions for each externality) for each plant.

[6]: AssUmed heat rates fo_' each plant.

[7]:'[5].[6]/1,000,000

[0]: Assumes 15% marginal energy losses.
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b. Huoloaz Plants

The external costs of nuclear power have been divided into a
number of categories including: (1) the health, property value
and wildlife costs caused by routine radiation emissions; (2) the
costs caused by non-routine emissions, for which no studies were
found; (3) the health and property damage costs associated with
accidental emissions; and (4) decommissioning costs that are not
internalized.

The "starting point" environmental costs from nuclear
operations are estimated to be 2.91 cents/kWh, which is the sum
of: (1) 0.11 cents/kWh for routine and non-routine operations,
(2) 2.3 cents/kWh for accidents, and (3) 0.5 cents/kwh for
decommissioning costs. This analysis omits all front-end costs
from extraction and transportation of uranium, excluded from the
Pace 1990 study.

Table D below represents the nuclear plant's "starting point"
values.

STARTING POINT VALUES _OR _TUCLEAR pOWER
EXTERNALITIES

Cents/kwh

Routine operations 0. ii

Accidents 2.30

Decommissioning 0.50

TOTAL 2.91

c. Waste-to Energy Plants

The only study located estimated the externalities of waste-

to-energy plant emissions at 11.14 cents/kWh. If half of this
value were allocated to the energy production function of the
plant, then the environmental externality costs would be
approximately 5.5 cents/kWh. The study did not appear to take
into account the risks from exposure to toxic substances in the
incinerator ash and may have undervalued the risks from toxic
emissions.

12
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Since the types of emissions from garbage incinerators are
similar to those from coal-fired plants, one costing approach is
to apply the dollar-perlpound values for coal plant emissions to ,,,
incinerators. This provides a lower value of approximately 2.8
cents/kWh solely for SO_, NOx, HCL and particulate emissions,
excluding a value for human health effects from HCL, for which no
social costs were found.

Table E below displays the environmental externality costs of
waste-to-energy plants from the studies reviewed.

TABLZ E

CALCULATION OF CONVE_TION_L WASTE-TO-ENERGY
pLANT EMISSION EXTERNALITIES

Pounds Per Externality Cost
Pollutant Cost Per Po_n_ Kilowatt Hour in ¢_nts/Kilowatt

SO 2 $1.72 .014 2.4

NO x .98 .002 .2

HCL .14 .077 .1

Particulate $1.18 - 2.36 .00075 .09 - .18

Carbon

Monoxide - .00085 -

Volatile Organic
Hydrocarbons - .00015 -

CO2 - - -

TOTAL _79 lr _o88

d. Solar, Wind and Biomass

"Starting point" costs are given in Table F below from the
environmental externalities of solar, wind, and biomass power
generating systems. These costs cannot be directly compared,
however, because the figures were developed using different
methodologies for each technology.

13
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T_BLI F

SUMMARY OF ENVIRONMENTAL COSTS FOR VARIOUS
RENEWAB_RENERG¥ TECHNOLOGIES

TeGhnoloay TYPe Cents/kWh

Solar 0 to 0.4

Wind 0 to 0.1

0 to 0.7BiomaSs

5. Federal In0orporation

The studies reviewed in Pace 1990 indicate that FERC has
taken no action to incorporate environmental externalities in the
wholesale and interstate markets that it regulates. Indeed, the
recent Notices of Proposed Rulemaking it has issued on PURPA
bidding guidelines don't even address DSM options, to say nothing
of environmental costs. Federal consi4eration of environmental
costs has been primarily through environmental regulation, which

by reducing pollutants, internalizes some of their costs.

Present federal subsidies and tax credits, on the other hand,
are found to benefit fossil and nuclear electricity which bear

high environmental costs much more than less polluting
electricity options such as renewables and DSM. All subsidies
are found to distort marketplace pricing of energy resources.

G. Incorporation by Utilities and Regulatory Commissions

A surprising number of states, twenty-nine, have required or '
are actively considering requiring, their utilities to include
environmental externality costs in some manner in1_lanning,
bidding or other resource acquisition procedures. Nine states

13 Orders: AZ, CA, ID, ICA, NA, MICH, NN, NJ, NY, OH, OR,
TX, _A, VT, W!

Statutes: ALSK, HV
Pending: CT, IA, NN

Consideration: DC*, HW, ME, HD, MOtlT,RIc UT

No Consideration: AI.A.ARK, DL. FL, GA, IL, IND, ICY,LA, NIS$, NO,
NB, NH, NN, _D, NC, OK SO, SD, TNi WA, WVA, _0

* The District of CoLumbia (DC) |s considered as a state for
the purposes of this analysis

14
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plus the Bonneville Power Administration and the Northwest Power
Planning Council have sought to quantify environmental costs or
have quantification measures pending; thr_e other states have
such measures under active consideration.'" Those entities are
approaching incorporation in several ways:

Quantitative. Some utility commissions either increase the
cost of a proposed new resource by a specific amount/kWh,
reflecting the environmental consequences of using the resources
(e.g. New York) or allow a credit to reduce the effective kWh
cost of what are deemed to be less-polluting resources (e.g.
Wisconsin). The adder or credit is based on quantified costs.

Qualitatlve. Several utility commissions require utilities
to consider environmental impacts withOl_t specifying how the
costs are to he calculated or incorporated (e.g. Arizona).

Rate of return. A number of utility commissions award an
increased rate of return on specific non-polluting resource
investments (e.g. demand-side management in Washington) or an
increased rate of return based on over-all performance in
utilizing non-polluting resources (e.g. Idaho). TM

Avoided cost. Some utility commissions increase avoided
costs in order to take into account environmental costs (e.g.

i

Virginia).

Ranking. A few utility commissions permit a utility to be
guided in selecting resources by a commission-imposed or
commission-approved ranking system that weights resources by
their environmental impacts or by other criteria, net their
environmental costs (e.g. New England Electric System (NEES) in
Massachusetts was allowed to use a ranking based on a customer

survey16).

Pace 1990, Chapter X discusses these incorporation issues and Chapter X, Section G, summarizes state-
by-state, with citations, the treatment of envirorcaentst externat{ties. At the end of this section, TabLe G
sho_s the status of state actions incorporating envirorc)entat externatity costs and Tabte H shows the type of

action taken by states that have acted to incorporate envtrocvnentat externatity costs.

14 Orders: CA, COw NJ, NY, OR, WI, VT
Pending: CT, NA, CA (timited order; more extensive order pending)

Consideration: DC, ND, NI

15 The New York PSC _as recentty uphetd in providing ut|tity rate incentives for engaging in DSH programs.

Huttipte Intervenors v. New York State PubLic Service Co,mission, Not 249"90 (N.¥_ Sup. Ct., June 7, 1990. The
Pace Center for Environmentat Legat Studies fired a brief in the case in support of the PSC.

161nvestigation by the Department of Pubtic Utilities on !ts own Notion Into Proposed Rutes to lmptement
integrated Res.ource Management Practice s for Etectric Coel_nieF in the Co--wealth, N_ss. D.P.U. No. 89-2]9,
Comments by Massachusetts Etectric Co. (a NEES subsidiary) at pp. 17-21 and Attachment 2, February 23, 1990.
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Collaborative. Several utility commissions authorize
utilities to determine environmental costs and their treatment
through a collaborative negotiating process involving regulators,
state agencies and public interest intervenors. Outside experts
are usually hired to design programs, evaluation procedures and
incentives rates to utilities, and to determine how environmental
costs will be calculated and incorporated. The process is
sanctioned and subject to oversight by the commission.

Several innovative incorpo;ation methodologies have not yetII
been applied in any state. These include -Environmental LCUP,
in which pollution reduction targets are set for particular
pollutants and the utilities are required to meet these targets
at least cost; envlronment&l dispatoh, in which utilities or a

power pool are required to include environmental costs in least
cost dispatch of existing resources; oost-oharglng, in which
quantified environmental costs are charged to the resource-owner
and the proceeds used to establish a pollution mitigation fund;
and set-asides, in which utilities are required to set aside a

specified portion of their capacity needs for designated
resources considered to be relatively environmentally benign.

Table G below shows graphically the status of state actions

incorporating environmental externality costs, and Table H shows
the type of action taken_y states which have acted to
incorporate these costs. I"

17 These tables are based largely on a 50-state survey of state regulatory commissions in November,1989,

recently updated, on state treatment of environmental externalities. The survey was done for the National
Association of Regulatory Uti Lity Commissioners (NARUC) by Lawrence Berkeley Laboratory (LBL), to be published

shortly. Cohen, S.D., J.H. Eta, J. Beldock, and G. Crandall., A Survey of State Regulatory Commission
Activities to Incorporate Enviror_ental E;_ternalities into Electric Utility Planning and ,_egutation, draft of
May, 19_0. For the other sources, se..._ePace I_JK), the State-by-State Survey Sources at the end of Chapter X,
Section G.
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TR_BLIB G

STATUS OF STATE ACTIONS i_
INCORPORATING ENVIRONMENTAL EXTERNALITY COSTS

lp

0 - l.cor_rati_ Ordered

p - I_or_rati_ Omr P_i_
U - Under Coruliderat|on
N - No Action

I

STATE 0 P U N STATE 0 P U N
IALABAHA X NEBRASKA , X
IALASKA X IIlNEV_A X 1
IAR|ZONA X NEW HAMPSHIRE X

_'XJARKANSAS NEW JERSEY X
ICALIFORNIA X 2 NEWNEXICO X
ICOLORADO X NEW YORK X

CONNECTICUT X NORTH CAROLINA X
DELAWARE X NORTHDAKOTA X

IDISTRICT OF COLUMBIA X OHIO X
IFLORIDA X OKLAHOMA X

GEORGIA X OREGON X
HAWAII X PENNSYLVANIA X

IIDAHO X , RHOOE ISLAND X
IILLINOIS X SOUTH CAROLINA X

INDIANA X SOUTH DAKOTA XIOWA X TENNESSEE X

IKANSAS X TEXAS X
IKENTUCI(Y X UTAH X

LOU]SIANA X VERMONT X
MAINE X VIRGINIA X

IHARYLAND X WASHINGTON X
IMASSACHUSETTS X 2:_ST VIRGINIA X

MICHIGAN X 2 W[SCONS|N XMINNESOTA X 2 WYOMING X

I MIS$;sSIPP! I x I "
JHZSSOUR! | X 3 BPA X 1

I M°NTANA l X NWPPC X 1

Source: Pace 1990, Chapter X, Section G.

I. Established by legislation.
2. Order issued to consider externalities; implementation

pending.
3. Commission has stated that it may consider externalities.
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" TU_ B

TYPE _0F ACTION BY STATES ACTING TO

INCORPORATE _ENVIRONMRNTAL EXTERNALITY COSTS

0 - Incorp. Ordered AC - Avoided Cost Conatd.
p - |ncorp. Order pe_|ng ED - Env|rommntat D|spatch
U - Under Cons|derat|on C - Cottoborot|ve Action
QN- Quantitative Corm|d. PL - Planning Corm|derotlon
QL- Qualitative Coflid. | - Bidding Considerot|on
ROR- Rste Corm|derat|on L - Leg|stattv, Action

State QN QL ROR AC ED C PL B Comment

ALSK O L
AZ O O
CA OP U C* O *cottmb.ended
CO O* O* *by_uettype
CT P L* C P P *SZRm ,dder
DC U
HW U
ID O O

P CIA i
KA P O
ME U U
MD U C U
MA P* C P P *osmEvaLuations
MICH U O U

• MN* O P *Law cap6 S02

MT U L* U "2_ adder for DSI

NV L L
NH L* *Law under cons|,

NJ 0 O O
NY 0 O L C O O
OH O O
OK O* *R_, trashonty

OR* 0 O O *Lawc_ CO2
PA O* O* *Not imt_ted
RI U
UT U
TX L L
VT O* C O* O* .15X onDSM
VA O* .15X DSMaddert AC
WA L* "2_ ROR ta, for OSM

WI 0 O U O
BPA L L U
NWPPC L L

Source: Pace 1990, Chapter X, Section G
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V. Barzlezs to Inaorporatlon

Despite this heartening progress on the part of utilities and
regulatory commissions to incorporate environmental externalities
in planning and resource selection, a number of barriers exist to
more widespread adoption.

I

First, many commissions have not yet adopted least cost
planning procedures, leaving it to their utilities to determine
the selection of resources. Since inclusion of externalities is

a societal function not reflected in utility profits, it is
unlikely that utilities will on their own act to incorporate
externality costs in their selection procedures and none have
done so.

Second and related to the first barrier, only a very few
utility commissions have provided ratemaking revisions that
reward utilities for considering environmental externalities in
their resource selection determinations. Just nine states give
rate of return consideration to environmentally benign DSM

measures, citing environmental externality.cost rationales, for
example. 18 No commission has adopted rate incentlves
specifically tied to avoidance of environmental costs or
rewarding investment in environmentally benign resources other
than DSM resources. It is unrealistic to expect utilities to
take environmental costs into account unless they are rewarded
for doing so (or penalized for failure to do so).

Third, there are a number of rate impact and equity issl
which derive from utility consideration of environmental
externalities.

Requiring incorporation of environmental costs could ha,re a

significant impact on rates and the competitive position of _
electric utilities. So far, rate impacts have not been a
significant problem because the environmental adders (or cr_dits
to non-combustion sources) have not been large enough to have a
significant effect on rates, and the costs have been applied only
to selection of new resources, rather than to more highly
polluting existing resources

If, however, the full environmental damage costs are
ascertained and used, and particularly if application is made to
existing resources, the impact on rates could be considerable.
On the other hand, if consideration of environmental costs causes
utilities to invest more in energy efficiency resources, which

18 Commission Orders: ID, KA, NJ, NY, OK, WI
Statutes: CT, NONT, WA

The Ok[ahoma commission gives an incentive rate of return on environmental grounds soLeLy to resource
recovery plants.

19
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generally have economic and social costs lower than traditional
supply alternatives, then the electric bills of participating

I customers may be reduced (even though utility rates charged to
consumers will increase).

Another equitable issue that must be addressed is whether
these rate impacts should be borne by all ratepayers or only the
class of customers eligible to participate in the utility DSM
investment. All customers will benefit by environmental
enhancement, and to the extent that DSM is undertaken, all will
benefit from avoidance of more expensive supply resource costs.
However, if all ratepayers are required to pay for DSM
investments, the ineligible classes of customers will pay for DSM
without being able to enjoy any of its direct benefits. _ew York
has permitted utilities to experiment with both treatments with
respect to allocation of DSM rate impacts.

In this respect, making DSM programs available to low incom e
customers has particularly urgent equity considerations. Unless
utilities mount aggressive programs to enable low income
customers to participate, they will end up paying higher
electricity rates for programs from which they cannot benefit in
terms of energy and bill savings. The result will be
subsidization by low income ratepayers of more affluent
customers.

There also may be competitive problems arising from rate
impacts. If the impact of consideration of environmental costs
is sufficiently great, it may overprice electricity in
relationship to resources that are not incorporating
environmental costs. Thus, it may promote more direct use of

polluting fuels (such as oil or gas heating rather than electric
heating, for example), or self-generation of electricity by major
customeris who do not have to consider environmental costs.i

Fueli_i:$witching may take place as.a result of utilizing
environmental externallty ?osts. Thls may result in higher rates
even though environmental improvements result. If significant
environme_!_ial costs are incorporated, natural gas, which is
cleaner _n oil and coal, may be preferred to an extent that

will drlve/_l_p gas prlces. The much-debated role of nuclear fuels
as an env%_<0nmentally preferable substitute for fossil fuels will
probably notbe affected because nuclear plants bear large
environmen_X externality costs in addition to their heavy

capital costs and long lead times. Solar electricity, wind
generation, biomass and DSM measures, however, should be
considerably advantaged by incorporation of externalities,
because their environmental costs are small.

These rate impact and equity issues should be taken into

account in devising programs for utility incorporation of
externalities.

2O



8. Conclusion

Incorporation of environmental externality costs in electric
utility planning and resource selection is an important first
step towards internalizing these costs. It is remarkable that
twenty-nine states have taken some action to require utilities to
take these costs into account and eighteen have actually issued
orders to do so. The commissions in these states are wrestling
innovatively with how to value these costs.

While damage costs are by far the best to use because it is
the environmental damages to society that are sought to be
avoided, it is apparent from the damage cost literature that much
research on damage costs remains to be done. All commissions to
date have used control costs as a proxy, w Most commissions that
have acted have either had their staffs estimate the damages as
in New York, used a proxy adder or credit as in Wisconsin, given
some kind of rate of return consideration or merely ordered their
utilities to consider the costs without specifying how they
should do so.

Despite the uncertainties, environmental costing studies
demonstrate that the environmental externality costs of most
electricity-related environmental impacts can be valued. The
studies also show the means of valuing them. But the literature
also shows that a great deal of research is still needed to
quantify many of the externalities. Electricity is found to have
substantial environmental costs, not presently included in most
utility resource selection. While many of the cost studies are
incomplete and of varying adequacy, they do indicate the order Of
magnitude of these costs.

If environmental costs are to be internalized universaliy in
the future through pollution taxes or fees, reliable damage
figures are as important to their accurate determination as they
are to the incorporation of accurate externality costs in utility
resource selections.

The barriers to adoption of environmental costs are
considerable. Adoption of least cost planning is required and
rate consideration for utilities that consider environmental

costs. Important rate impacts and equity issues must be
resolved.

19 The Oregon Commission, however, has ordered its uti|tties to seek to quantify damage costs |n evaluating
resource selections, ReLeas_t Cost Plann!n_ , UM 180, OR PSC Order No. 89-507 (April 20, 1989), and the New York
Commission has ordered a pooled study by {ts ut{ttt|es o, their ehv|rodents{ externality damage costs, NY PSe
Case 28223, Electric Utittty Conservation Prosrams , Opinion and Order 89-15 (May 23, 1989).
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That more than hail of the utility commissions have started

O to considerenvironmental externality costs is encouraging,although only a handful (nine) have actuallyattempted to
quantify those costs anduse quantified environmental costs in
utility resource selection procedures.

The studies reviewed in Pace 1990 indicate that many
utilities are reluctant to incorporate environmental externality
costs. Progress has been most pronounced when commissions have
required quantification of environmental costs and when rate of
return consideration is given for investment in less polluting
resources.

Despite the reluctance of many utilities, the electric
utility industry (including independent power producers and
demand-side energy service companies) is pioneering in
consideration of environmental costs in resource selection. The
results for improvement of the environment could be of great

significance.
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_, Introduation

Environmental externalities are the outward effects of peo-
pleon the environment around them. For our purposes, ex-
ternalities are the effects produced by electrical power
plants. Typically, these include No X and So x pollutants,
fly ash and other particulates. They can also include
thermal impacts on cooling water supply systems, visual
impairment and other such impacts. One problemin defining
externalities is that there is virtually no limit to what
can be included. For example, one could include the ef-
fects of the plant construction, the effect of the removal
of raw materials to build the plant, the mining of fuel for
the plant, the effects of building the equipment to build
the plant, the effects of building the plant that builds
the equipment to build the plant, and so on, ad infinitum.
Fortunately, researchers have focused the question of ex-
ternalities to the immediate products of power plants.
This greatly reduces the amount of work needed to quantify
the costs of externalities.

Our purpose here is to discuss the institutional and legal
barriers to incorporating the costs to society of environ-
mental externalities in regulatory proceedings by public
service commissions. Presently, commissions are divided on
whether externality costs should be included in evaluating
utility plant options. For example, in 1985, the Virginia
State Corporation Commission discussed including environ-
mental externality costs in avoided costs in an Order in-
volving Virginia Electric and Power Company (VEPCO):

It is thus important that factors such
as...[a reduction in the use of fossil
fuel, saving money, conservation of
resources and a lessening of environmen-
tal pollution]...be considered in
developing avoided cost rates. It is
not expected, however, that such'intan-
gible benefits can be priced with mathe-
matical precision and, therefore, it is
not surprising that no attempt was made
by the parties...to quantify their
value. This fact does not relieve the

commission of its responsibility under
the law to give reasonable weight to
these matters. This task requires the
exercise of our judgment and discretion,

- 1 -



bearing in mind the mandate of PURPA
that cogeneration and small power pro-
duction is to be encouraged. We believe
that the best way to accomplish this in
the present case is to increase the
avoided energy cost payments...by 15%. 1
(emphasis added)

Next, consider an excerpt from a 1986 Order of the Montana
Public Service Commission discussing its version of avoided
cost:

131. The irrigation districts [an inter-
venor] requested the commission to give
the same considerations to alternative
power producers as it does to coal-fired
generation and to account for the en-
vironmental externalities of alternative

energy sources in avoided cost prices.

132. For clarification purposes, the
commission would note that its charge is
to set avoided cost prices to reflect
the costs that utilities avoid. The

request to account for externalities
goes beyond the commission's regulatory
role. For example, the Montana depart-
ment of health and environmental scien-

ces may issue water and air permits to
QF's .... The Montana department of
natural resources and conservation may
issue certificates of public convenience
and necessity to some relatively large
QF projects.

133. Aside from the specific roles of
these state agencies, there is no cef -

tainty that externalities are always
positive. For example, plans for a 10
mw wood-flred cogeneration plant...were
dropped because of negative public in-
put...[concerning] [a]ir and water pol-
lution .... 2(emphasis added)

These two positions illustrate the extremes in dealing with
externality costs° There are commissions that include ex-
ternality costs because excluding these costs, even though
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they cannot be precisely calculated, would skew planning

O decisions toward plants that have high environmental costs.Other commissions, however, while acknowledging the exis-
tence of externalities, have determined that such an
evaluation is either beyond the regulator's scope of au-

thority_ Or may not be accurate because the costs are dif-
ficult to determine, and, therefore, the result may be
skewed in the wrong direction.

These diametrically opposed decisions highlight the crux of
this problem. These positions lead to primary questions:
first, are externality costs something that should properly
be examined by a public service commission? Second, if so,
how are such unquantifiable costs to be determined in the
context of regulatory proceedings?

The Challenge

Currently, the majority of states do not include externali-
ty costs _. If externality costs exist and should be ac-
counted for, what mechanisms can be developed to allow all
states to uniformly apply them?

O These questions cannot be answered by any simplistic analy-sis. lt will take perhaps years of debate and review be-
fore externality costs are fully considered across the na-
tion. The reason for this is simple: the traditional
rate-making formulae and the conservative nature of most
commissions act as institutional barriers that slow im-

plementation of new costing methodologies, similarly, le-
gal barriers to examining and including externalities ex-
ist. These include the level of proof required to es-
tablish the amount of externality costs and jurisdictional
hurdles that prevent commissions from even considering
these issues.

Briefly, these barriers include:

1. Lack of awareness by commissions of externali-
ties, their impact, and their costs.

2. Commission reluctance to aggressively exercise

authority over what might be considered a social
problem.

-- 3 --



3. Utility opposition. _

4. Legislative issues.

5. Jurisdictional issues.

6. Burden of Proof issues in Determining costs.

Items 1-4 are perhaps best characterized as institutional
barriers, while items 5-6 are usually viewed as legal bar-
riers. The legislative issues might fall into either cat-
egory. However, here we are primarily referring to lack of
knowledge of the issue by the legislature or sympathy with
the concerns of industry, which may produce changes in
specific statutory provisions.

Instltutlonal Barriers

1. Lack of Commission Awareness

The utility industry is in a constant state of flux. As a
result, commissioners are faced with a barrage of informa-
tion, not only from the electric utilities, but from tele-
communications, gas, and water utilities. In the past
twenty years, commissions have dealt with a complete rev-
olution in electric utility planning. The environmental
externalities issue is only the latest in a series of major
policy decisions that must be examined by commissions.
Although these issues require considerable technical exper-
tise, many commissions, due to budget limitations, among
other things, are not well equipped to engage in rigorous
technical analyses of issues like externalities. Thus,
many commissions necessarily will follow the lead of larger
commissions. For example, the District of Columbia Public
Service Commission (DCPSC) recently stated that it would
not include externalities at this time, preferring to see
what happens in Wisconsin and New York PSC externality
proceedings. 5

The first step, obviously, is the development of a dialogue
on externalities so that a threshold level of awareness on

the subject can be developed among all public service com-
missions. This exploratory conference is a significant
step in that direction. It follows that as externality
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issues are resolved in larger jurisdictions and conferences
are held to explain them, knowledge of the subject will
increase, allowing a uniform approach to incorporation of
externalities to be developed.

2. Commission Reluctance

This barrier has two components. The first is the in-
herently conservative nature of publicservice commissions.
Traditionally, commissions balance many factors in setting
rates and making policy, including the principle that rates
should be stable. Because of this, commissions rarely make
radical policy changes on a wholesale basis. Rather, such
changes come either through legislative mandates (e.g. PUR-
PA) or over time, through cumulative decisions in adjudica-
tory proceedings. Consequently, the incorporation of ex-
ternalities will occur gradually, with adoption in the

"better equipped" states first.

Secondly, many commissions have fully understood and ap-
preciated externalities but do not believe it is something
that they should be examining. The Montana Order cited
above gives a clear statement of such reluctance. Often
this type of reluctance stems from a commission's inter-
pretation of two legal considerations: jurisdiction and
standard of proof (both are discussed below). However,
commissions also have an understandable desire to obtain as
much information as possible before making any firm deci-
sions, as indicated in the DCPSC decision discussed above.

The solution for overcoming commission reluctance is to
first discern what the problem really is, and then address
that problem directly. For example_ if the reluctance
stems from insufficient awareness of the issues, commis-
sioner education on the subject would be the most produc-
tive solution. Time and persistence, on the other hand,
are the best tools when dealing with a conservative commis-
sion. Until the commissioners are convinced that the con-

cept of incorporating externalities is in the public inter-
est and that in doing so, utility rates will not be changed
drastically, no real movement will occur. Even then, the
commission may incorporate externalities gradually to pre-
vent severe rate changes.
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3. Utility Opposition

Although there are a number of forward thinking electric
utilities, most utilities are resistant to increasing their
costs for any reason. Many companies, especially those
with excess capacity (as is the case in Alaska), do not
like making their "product" less competitive. Adding ex-
ternality costs to encourage demand side programs, for ex-
ample, reduces opportunities for the utility to use its
excess capacity.

Companies that are generally held to a high standard of
proof in rate proceedings may not fully appreciate a com-
mission's finding of an externality cost that is indetermi-
nate. In some jurisdictions, this will result in judicial
appeals and, undoubtedly, some reversals.

Utility opposition can be addressed in two ways. First,
the commission can recognize that many aspects of regula-
tion are not warmly received by industry and that exter-
nalities are simply another aspect of regulation. This is
not always the best political solution, however. A better
approach is to work with the utilities to introduce them to
the issues. Perhaps workshops can be held or a task force
can be established to help the process along. You may not
fully convert them, but you may reduce their Opposition to
the point where meaningful dialogue can be maintained.

4. Legislative Issues

These problems track those of commissions, only on a
broader scale. In states desiring to develop new industry,
a preference for demand side measures may not be fully ap-
preciated. Some states have a tendency to support existing
industry to the point of protectionism. This does not sug-
gest that legislatures ignore environmental concerns.
However, they may be unwilling to permit commissions to tip
the scales in favor of "soft path" solutions if the data
underpinning externality costs are tenuous and the inter-
nalization of them may involve loss of jobs and industry
shut-downs or contraction.

While legislatures have the power to create or expand PSC
jurisdiction to incorporate externalities, they also have
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the power to restrict such reviews. It is important,
therefore, to be sensitive to the political climate in con-
sidering externalitles when the local economy is involved.
Here, again, education and information should be used not
only to promote legislative understanding of the purpose
behind incorporating externalities, but also to enable the
public and industry to appreciate the resultant benefits.

Legal Barriers

5. Jurisdictional Issues

The question here is whether or not a commission has the
statutory authorization to examine externalities as part of
its ratemaking or certification authority and, if not, what
alternatives exist to enable such reviews? A survey in a
report by Pace University 3, indicates that the majority of
the states have not adopted any formal environmental code,
while a considerable minority have either a statute or an
executive order that requires environmental reviews. The
study also shows that many of the commissions in the states
that have no specific statutory authority are Implementing
some form of environmental review via general oversight
powers or as an extension of PURPA regulation. Thus,
jurisdiction need not he solely circumscribed by explicit
statutory authority.

6. Burden of Proof Issues and Determination of Cost

We concur thatthe critical impediment to including exter-
nalities is a realistic (i.e., legally sustainable) deter -
mination of their costs. Despite excellent work by re-
searchers at Pace University and Lawrence Berkeley Labs, to
name only two, currently available cost data consists of
broad estimates or ranges of possible costs. Many argue
that since this is the best that we have, we should use it

in view of the known environmental impacts caused by energy
utility plants.

The problem arises when these estimates are examined in the
regulatory context. Traditional ratemaking requires a
utility that requests a change to its rates, to provide
quantifiable evidence of the need for that change. For
example, the "known and measurable" standard is used in
many jurisdictions to evaluate future costs that are known,
but have not yet occurred. If a cost is not "known and
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measurable", it is not included. Even jurisdictions.rely-

ing on future test years and/or marginal cost analysls re-
quire some type of tangible, calculable proof. In the VEP-
CO Order quoted above, for example, the Virginia Commission
rejected use of rates based on a program called PROMOD.
The commission stated:

[i]t is a well-established principle
that a utility carries the burden of

proving that the relief it requests in
regulatory proceedings is reasonable and
justified. In this case, VEPCO's pro-
posed rates were based to a large extent
on the use of PROMOD, and we agree with
the protestants that such a computer
program must be shown to be appropriate
for the use to which it is put. The

program should also be shown to produce
valid results, based on suitable and
reasonable inputs and assumptions before
it can form the basis of proof in a pro-

ceeding such as this. 4 (emphasis added)

Therefore, it would appear incumbent on a party that peti-
tions a commission to include externality costs to satisfy
the same burden of proof. There must be sound evidence on
the record to substantiate any commission decision. In

• • o eadmlnlstratlv law, the standard of review for commission
decisions on factual questions is the substantial evidence
test 7. Under this test, the findings will be upheld if the
commission bases its findings on substantial eviden ce8.
Substantial evidence has been defined as "such relevant
evidence as a reasonable mind might accept as adequate to

support a conclusion ''9. This type of standard does not
lend itself to mechanical application. Rather, it requires
a detailed analysis, to determine whether the facts pres-
ented were adequate to support those conclusions drawn for

the specific case at hand.

However, public service commissions are generally recog-
nized as having special expertise in utility-related
economic matters. Accordingly, they are given proper def-
erence bY appellate courts with respect to findings of fact
and conclusions of lawbased upon this expertise. Agency
decisions involving fundamental policy formulation, or as-
sessment of technical data related to complex subject mat-
ter within the particularized knowledge of the agency, need

only have a ,,reasonable basis." Courts will generally not
substitute their judgment for that of a commission in those
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instances. 10 Because of this deference, there are oppor-
tunities to expand the scope of externalities in both plan-
ningand rate making proceedings, notwithstanding imprecise
cost data.

r

Conaluslon

We have discussed the major barriers to including exter-
nalities in utility planning and rate making. Institution-
al and legal barriers are not insurmountable, however. _he
more commissions, legislators, industry leaders and con-
sumers know about the importance of making decisions that
are based, in part, on environmental costs, the more widely

, accepted this process will become. The 1990's have been
unofficially declared the "decade of the environment". I_
is fitting, therefore, that at this point in time exter-
nality costs are being addressed. The challenge is to ren-
der the term "externalities" obsolete. The benefits of our
efforts will redound to our present communities and future
generations.

- 9 -



Endnotse

1. RE: Virginia Electric and POwer Company, Case no.
PUE830067, 71 PUR4th 160, 168, Virginia State Corporation
Commission, 1985.

2. RE: Electric Avoided Cost Rates, Docket No. 84.10.64,
Order No. 5091c, 73 PUR4th 138, 163, Montana Public Service
Commission, 1986.

3. Environmental Externalities: A Survey of State Commis-
sion Actions, NARUC, Washington, D.C. July 11, 1990.

4. In the Matter of Application of Potomac Electric Power
Company, Case No. 834, Order No. 9417, Public Service Com-
mission of the District of Columbia, January 16, 1990.

5. R. Ottinger, N. Robinson, S. Babb, D. Wooley and D.
Hodas. September, 1990. "Environmental Costs of Elec-
tricity", Chapter X, section G, final report, Pace Univer-
sity Center for Environmental Legal Studies.

6. RE: Virginia Electric, Supra, at 165.

7. Se__ee,e.g., Jager v. State, 537 P.2d 1100, 1107, fn. 23.

(Alaska 1975). __See, also,. _Cit of_ Fairbanks v. Alaska
Public Utilities Commlssion, 611 P.2-d 49-3_ 495 (Alaska
1980)

L

8. Se___ee,e.g., Kiner v. City of Anchorage, 378 P.2d 406,
411 TA-/aska 1963).

9. Id. at 411.

I0. __Seee.g., U. S. v. RCA Alaska Communications r Inc._ 597
P.2d 489, 507 (Alaska 1979)

- i0 -



133, "

J

NARUC
.,

ENVIRONMENTAL EXTERNALITIESii i

JACKSON HOLE_ WYOMING

OCTOBER I-3, 1990

GERALD R. BROWNE

DIRECTOR EXTERNAL COORDINATION

" NEW ENGLAND POWER POOL



: t34
NARUCConference on
iii i i

Envt ronmental Externa 1t tt es
iii i i i i

Jackson Hole, Wyoming

October 1-3, 1,990

The Electric Uttlt_ industry, has in the past, ts today, and wtll in the
future, comply with all State and Federal environmental laws and regulations.
For the past 20 years our companies have complted wtth these regulations and
our electrtc customers have paid the added price to meet these environmental
requirements. We belteve in being a responsible corporate citizen. The
production of electricity should minimize the environmental impact and as an
industry, we have spent hundreds of mtlltons of dollars to mitigate the impact
of our power plants. If we use the preliminary data from the Department of
Energy Report j published this Spring, between the years 1973 and 1987, oUr
industryhas increasedthe burningof coal by more than 75%. Yet, on a pounds
per BTU basis, SO2 is down I0%, particulatesare down a dramatic83%, and
NOX is down by 7%. This has had a major impact upon improving the
environment. We will be facing additional requirementsunder new State and
Federal Legislationwithin the next severalyears. This industrywill again
comply with these regulations.

In Exhibit I we have summarizedthe Federal and Commonwealthof
Massachusettschanges for the past 20 years in regulationsdealingwlth Air
Quality. These regulationswere first implementedin 1970 and have been
revisedevery few years. New requirementsboth at the Federal and State level
will be implementedin the 1990's.

One of the more dramatic impactsthat ntYcompany experiencedwas in 1971
when we were required toburn low-sulphuroil in our power plants. At that
point in time these requirementswere applicableprimarilyin Massachusetts
and were stricter than Federal law. Just prior to the enactmentof these
requirementsour companyhad entered into a contract to purchase oil for five
years at $I.67 per barrel. The impact of new regulationswere to increase
that price immediatelyto $3.75 per barrel. That dramaticincrease in fuel
price had a major impact upon our customersof $15 million to $20 million. We
communicatedthis dramatic increaseto our customerson their electric bill
with a statementthat this added cost was "YOUR FAIR SHARE OF CLEAN AIR".
Repercussionsof that communicationwere very dramatic. Customersdid not
understand the relationshipbetweep these environmentalrequirementsimposed
by the State and our cost of deliveringelectricityto their premises. In
fact, many of our customersdid not understandwhy electricitydeliveredto
their homes by wires had any impact on the environmentwhatsoever.

Over the years, a need to educate the publicconcerning the use of our
product and its impact on the environmentnas been a constant challenge to
this industry. There is no doubt that today citizens are willing to pay an
additionalprice to minimize the impact on the environmentof all energy
resources. However, I'm not certain that it is clear that these consumersare

willing to pay _ price for their energy consumptionto meet all
environmentalrequirementsthat may be proposed through the Environmental
Externalities process.
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Let us now turn to the proposalmade by the states that there is a
societalcost being borne by the public In generalassociatedwith energy that

e is not reflectedin the price of that energy. Most of us can agree that there
probablyare some costs that are not borne by the energy consumer, lt may not
be an easy processto measure those additionalcosts, however, that process of
evaluationIs the subjectmatter of another panel. MY questionaddresses
whetheror not these additionalcosts should be transferredfrom society In
general, to the consumerof the Electric Utility industry. Somewill argue
that the proposal Is to use EnvlronmentalExternalitiesonly in the planning
processand not to add these costs to the piece of electricity. There isno
possibleway that we can add 15_ or 1.5¢ per KWH to the cost of a coal plant
and not have an increasein the costs we pay for all resources. This added
costs has to be reflectedin the price of our product.

What Is )_rticularlytroublesometo this industry is that these costs be
borne by the ElectricUtility consumers. They are not being added to gas
consumers. In addltlon,they will not be added to o11 consumers. This may
drive consumersfrom the use of electricityto gas and o11 without the benefit
of evaluation to determine if it is environmentally positive or negative. It
may well undo what is intended by the Environmental Externalities move_nt.
Studies 2 during the past two years at the M.I.T. Energy Lab indicate that an
expansion for New England of only conservation and load managementwould not
minimize the environmental impact. As a region we should be butlding some-new
resources that wtll use the cleaner technologies. It ts the combination of
conservation and load managementwith new generators that wtll create the
least environmental impact for our region.

As stated at the outset, this industry stands ready to comply with all
laws passed by either our State or Federal government. But, we ratso the
question of adding costs to our consumers that go beyond these laws. To have
Regulators require the inclusion of Environmental Externalities be added to
our costs seems to exceed the authority of State Regulators. If tt ts tn the
public interest to internalize these soctal costs, then ttm legislative branch
of government should consider additional laws. If these costs should be borne
by the electric consumers through their rates, then thts should be instituted
by the Federal or State government instead of by Regulatory Fiat.

Nhat is the bottom-line that we are trying to accomplish by the process of
Environmental Externalities? It would appear that the intent is to increase
the costs of all energy that is consumedto reflect the additional
environmental costs that go beyond the law. The result of that process should
be to encourage conservation and load management. Certainly, as a New England
utility, our industry understands the importance of the efficient use of this
premium product called electricity. Our companies are and wtll tn the future
dedicate major dollars to a very aggressive program of conservation and load
management.
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If we do not have enough resourcesin conservationand load management the
next impactof EnvironmentalExternalitieswould be to install gas fired
generation. The New England region is still struggling to get sufficientgas
pipelinesto accomplishall of the expanded use of gas for new generation.
Without this pipelinecapacity we will not be able to meet our current
environmentalrequlrements.oIf we use the data from the Departmentof
Energy's PreliminaryReportj (the chart on page 40) Exhibit2, makes it
abundantlyclear that this nation cannot survive into the turn of the next
century without a major and continuing use of coal as a basic energy
resource. The events during theSummer of Iggo in the Middle East would
indicatean urgent need to move further in the dlrectlonof coal resources.
Gas will play a role, but we must have coal somewhere in the energy policy of
this nation. The use of EnvironmentalExternalitieswould price coal out of
the market place.

If this is the process, then what is the role of the Regulatorsin dealing
with the environmentalissues? The Federal governmentand most, if not all
states, have an environmentalregulatorybody within their jurisdictions. The
State Regulatorscertainlyhave a responsibilityto see that their electric
utilitiesare in compliancewith those laws. They are not the enforcing
agent, but they certainlydo play a major role on the recovery of the expenses
associatedwith meeting State and Federal requirements. There is a serious
question however,whether Regulatorsat the State level have the authorityor
the responsibilityto be setting social policy for this nation. If it truly
is the desire of our governmentto have a cost transferredfrom one group of
citizens to another group of citizens,we have the legislativeprocesseswhich
have the authorityand the responsibilityof carrying out this obligation.

This particularissue becomesextremelycomplex when We look at a tight
regionalarea such as New Englandoperatingunder the NEPOOL organization. We
operate as a six-stateunit. If one state is to require the inclusionof
EnvironmentalExternalitiesand others do not, how will this fit into our
Regional planning? Worse yet, if we have six differentstate rules to comply
with, we may never make any sense out of the planningprocess. Many of our 93
member companies purchaseshort and long-termpower from generationlocated in
variousNew England states. What will be the criteria in setting the costs
for these transfers? We, the Electric Utility industry,stand ready to meet
the requirementsof the Clean Air Act. But we cannot afford to be isolated,
either as a region or as a nation,leaving our customers in an unacceptable
non-competitiveposition. As stated by WilliamEllis, CEO of Northeast
Utilities, in testimonybefore the Departmentof Energy in Providence,R.I. on
December l, 1989, "internalizationof such costs is truly only appropriateon
a National or Internationalscale. If left to only a regionalbasis it would
create undo financialhardshipsand competitivedisadvantages. Such has been
historicallythe case in New England."

l Department of Energy "InterimReport - National Energy Strategy" (April
1990), pp. 69

2 Connors and Andrews, "System-WideEvaluationof Efficiency Improvement.
D_nl_r_nnInr_l _n_nnal and C_lobalEnvironmentalImpacts"Enerqy Lab
M.I.T., Cambridge,Mass., March 27, 1990

3 Departmentof Energy, pp. 40
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e HISTORY OF
AIR QUALITY REGULATIONS

1970 - Federal Clean Air Act, directs
EPA to set NAAQS, NSPS

1971 - EPA sets NAAQS for various
pollutants including SO2

1971 - EPA sets NSPS for fossil units
beginning construction after
8/07/71 - limit SO2, NOx,
partlculate emissions

1972 - Mass. DPH sets ambient
standards stricter than
Federal NAAQS

1972 - M_ss. DPH sets emission limits
for new in-state sources

1974 - Mass. Legislature passes
Chapter 494, requiring state
ambient alr standards to be no
stricter than NAAQS

1975 - EPS issues "Reconstruction"
rule, making existing units
undergoing extensive
renovations subject to NSPS

1977 - EPA sets NSPS for combustion
turbines

1977 - Congress amends Clean Air Act,
mandating scrubbers, PSD
permits, BACT, etc.

1978 - EPS sets revised NSPS for coal
and residual oil units
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HISTORY OF

AIR QUALITY REGULATIONS

1978 - Mass. approves BP Coal
Regulation (then approved by
EPA in 1979)

1980 - Mass. clarifies Sulfur
Regulation for Salem Harbor

1982 - Mass. DEQE issues rule
requiring BACT on even small
projects

1985 - Mass. Legislature passes
Chapter 590 - State Acid Rain
Law- requiring "Cap" and
"Rollb_ck" on SO2 emissions

1988 - NESCAUM adopts "Top-Down" BACT
policy and Gas Turbine
guidel ine

1988 - Mass. issues "Cap" SO2
Regulation, limiting statewide
emissions

1989 - Mass issues "Rollback" S02
reguiation under Acid Rain law

1989 - EPA issues initial WEPCO
decision

1990 - Court overturns part of WEPCO
decision

1990 - EPA issues revised WEPCO
decision

_ !990 - NESCAUM i_u_ _imple cycle
guideIine
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DEPARTMENT OF ENERGY "INTERIM REPORT
NATIONAL ENERGY STRATEGY (April 1990)

SECURING FUTURE ENERGY SUPPLIES

Global and U.S. Energ7 Resources

Both the United States and the world are endowed with large reserves
of energy resources. Figure 10 shows, by region of the world, how
much economically producible oil, natural gas, and coal are known to
exist, assuming technologies now available. Crude off is concentrated in
the Middle East; in the less developed countries, located mainly along
the equatorial belt; and in the Soviet Union. Natural gas is similarly
distributed, but with the largest share concentrated in the Soviet Union,
not the Middle East. And coal reserves overwhelm those of oil and
natural gas, with the United States possessing the largest share.
Annual world energy consumption now is equivalent to considerably less
than 1 percent of the combined reserves shown.

Beyond the "proved" reserves, there are likely to be significant additions
of yet undiscovered reserves. Even larger hydrocarbon deposits of tar
sands, heavy oil, shale oil, and other forms would likely become
availableifpriceswere torise.Coupledwithnuclearpower,solar
energy,and geothermalenergy,theworld'senergyresources,intheory,
couldsupporteventhemostrapidincreasesinglobalenergydemand

formany yearstocome. Accesstotheseresources,however,may beconstrainedby a number ofeconomic,geopolitical,and environmental
factors.

Figure 10.Proved World Energy Reserves
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Academy Award Winning
EnvironmentalExternalitiesDocumentaryFilm

The Four Corners:
A National Sacrifice Area?

Millions of Americans have experienced the majesty of the Colorado Plateau:

the Golden Circle of National Parks, the rugged canY0nlands of the West's most

powerful rivers, the largest population of traditional Native Americans in the
United States.

Buried beneath the silent beauty of the Plateau lle billions of tons of coal

and oil shale, and half of America's uranium reserves -- a potential part of

the supply-side solution to the present energy security crisis, but at what
costs?

_ The Four Corners: A National Sacrifice Area? documents the "hidden costs," or

externalities, of energy development in Utah, Colorado, New Mexico, and
Arizona. The hidden costs include:

o radioactive uranium tailings, creating land, air, and water impacts
' throughout the Southwest and beyond,

o potential health effects in the Hopl and NavaJo country

o impacts on National Parks of coal strip mining, power plants, and
radioactive waste,

o water use and contamination throughout the Colorado River Basin, which

supplies Los Angeles, Phoenix, and much of the Southwest with water
for drinking and irrigation.

The Four Corners: A National Sacrifice Area? takes its title from a National

Academy of Sciences report which concludes that strip mining and other energy

development activities in the arid Southwest could permanently damage the

land, requiring a rezoning of the region to justify its development as a
"National Sacrifice Area" for energy.

Governors, Presidents, uranium miners, Indian leaders, ranchers, energy

company spokesman, government officials, and others, bring home the powerful

conflicts which surround the issues of energy's environmental externalities in
the remote and fragile Southwest.

The film points to a number of the as yet unsolved issues associated with

environmental externalities and the methods presently in use to account for

effects of energy development, generation, delivery, and use. These issues

include: water and land effects, regional priorities, and the enormous
uncertainties as to how to account for health effects. "The Four Corners..."

provides problem definition, identifies critical research opportunities, and
perhaps most importantly serves as a call to action. It's not to be missed.
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CONTINGENTVALUATIONSTUDYOF THEENVIRONMENTAL

COSTSOF ELECTRIC!TY GENERATi NG TECHNOLOfi!ES*

SHEPARDC. BUCHANAN

Introduction

The environmental costs of electricity generation technologies are the
total value of risks imposed onsociety by the environmental effects of
those technologies. The economic value of environmental risks is the
amount that society would be willing to pay to avoid those risks or the
amount society would require as compensation to accept those risks
voluntari ly. [1]

The usual approach to determining society's willingness to pay to avoid
environmental risks of electricity generating technologies is to
establish the significant environmental effects, measure them, and then
apply economic valuation techniques to each of the effects. J2] For
example, one night determine that sulfur emissions create health risks,
reduce visibility, and damage materials. Then, each of those risks would
be quantified in units that can be valued in monetary terms. Next,
economic values for those risks would he determined and summed to yield
an estimate of the economic value ofthe risks associated with sulfur
emissions. The process would be repeated for other emissions and other
environmental intrusions with ali costs totalled to obtain a complete
estimate of the environmental cost of a particular electric power
resource.

There are many advantages to this approach but ! will mention just
three. First, it provides for an objective analysis of each component of
the electric power resource's environmental costs. Such an analysis
provides meaningful and replicable information for weighing the costs and
benefits of alternative resources, lt displays the data, logic, and
assumptions used, permitting other parties to confirm or refute the
analysis while avoiding the unresolvable philosophical disagreements
which are typical of subjective processes.

Second, by estimating the environmental costs of each environmental
effect associated with an electric power plant, a utility can focus
mitigation efforts efficiently. Controls can he implemented where gains
in economic efficiency would be the greatest. Or, pollution offsets
could be purchased elsewhere as envisioned by pending versions of the
Clean Air Act.

* Presented to NARUCLCUPExternalities conference, Jackson Hole,
Wyoming, October 1990



Third, identification of significant elements of environmental costs can
guide future research. Future research would be of particular value for
those effects that appear to be costly to society as well as for effects
that are highly uncertain and need further refinement. Uncertainty could
be reduced whether it lies in the physical quantification of the effects
or in the economic valuation of the risks.

There are, however, some disadvantages to a sepented approach to
estimating environmental costs. Two general difficulties are worth
noting. First, it is sometimes difficult to obtain reasonably Certain
estimates of the actual environmental risks posed by a power plant. I
don't want to overemphasize this phenomenon because uncertainty is a fact
of life for resource planners. Who, for example, can claim to foretell
future rates of load growth or future fuel prices? Despite the
impossibility of forecasting accurate values for these and other
variables, we nevertheless have little choice but to try to do so, coping
with uncertainty as well as we can. The same is no less true for _
environmental cost estimates. (i might also note that, in my opinion,
environmental costs are likely to be underestimated because one can be
reasonably sure that some environmental effects will be either overlooked
or just plain unknown.)

Second, the use of expected values based on "expert" or scientific
assessments of risk can be problematic under some circmlstances.
Expected values are typically used in economic analyses because they are

unbiased estimators. Unfortunately, expected values do not represent the
variability of possible outcomes, in the extreme, the use of expected
values masks the potential for low probability, high cost outcomes, or
catastrophes.f3] Some argue that if probabilities are low enough, such
costs should be coded as zero and dismissed, f4] Others argue that risks
of large scale catastrophes, no matter how improbable, are risks not
worth taking and therefore m_st be treated as having infinite costs. The
resulting dilemma of whether to use near-zero or near-infinite costs
makes for fascinating philosophical discussions but frustrates analysts
who must finally choose some value.f5]

Recognition of these difficulties led Bonneville Power Administration
(BPA) to seek a different method for estimating the environmental costs
of certain generating technologies. The remainder of this paper
describes the method and the results of its initial application.
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The Contingent Valuation Study

Perhaps the sost important goal of U enviromeatal cost study is to
obtain en estisate of a resource's total enviromental cost which, when
added to its internal costs, results in an estisate of the resource's
total cost. The utility can then select the resource(s) with the lowest
total cost. As ! mntioned at the outset, the environmental cost of a
resource is society's willingness to pay to avoid the resource's
environmntal risks, or the compensation society would demand to incur
those risks voluntarily. The, contingent valuation sethod can estisate
either of those values using a question phrased soaething like, "How such
would you pay to avoid [soar resource]?"

in a study sponsored by BPA, Hinsan et. al. of Washington State
University conducted a survey of public attitudes about various risks.
The study included contingent valuation questious about ratepayers'
willingness to pay to avoid specific generating technologies.[6]

The survey was conducted by sail in January, 1990. Questionnaires were
sailed to a randos sample of 1600 households in the BPA service territory
which includes ali of Washington, Oregon, and Idaho, and a portion of
Montana. The response rate for the survey was 52 percent.

Before discussing the contingent valuation portion of the survey, let se
briefly summarize the other findings. The survey asked about levels of
concern for ten enviroMental issues, levels of environsental activiss,
general opinions about risk, cosparisous of 30 /tens involving various
risks_ and the contingent valuation questions. _ong the ten
environseatal issues, air pollution fros coal-fired plants, water
pollution, storage of nuclear wastes, transportation of radioactive
saterials, and ozone depletion in the upper atsosphere were of sost
concern to people. The greenhouse effect, new nuclear plants, fish
losses, radon in hoses, and additional dass were of less concern.

The respondents, especially wosen and those sost concerned about the ten
envirousental issues, collectively think the world is riskier than it was
ten years ago. They also believe, however, that it is possible for
individuals to take actions to reduce and control the risks they face.

When comparing concerns about energy related itess involving risks,
respondents indicated the sost dread for risks associated with
transporting nuclear saterials, radioactive waste disposal, and nuclear
accidents, although nuclear power plants, theaselves, were not especially
dreaded. $isilar expressions of dread were given for AIDS, crise, and
alcohol-related accidents. Low levels of concern were expressed for
hydropower and solar electric power. Additional questions regarding
people's attitudes about these and other risks were also asked. A list
of the 30 technologies, substances, and activities involving risk is
included as Appendix A.



The contingent valuation questions are reproduced as Appendix B.
Approximately half of the respondents (49 percent) indicated they would
pay an additional charge on their electric bills to avoid the addition of
one or more of the three types of generating facilities in the region.
Of those who wouldnot pay an additional charge, about one-fourth were
not concerned about the environmental consequences of the three
technologies while the rest were unwilling to pay because of other
reasons.

The average amount respondents would be willing to pay to avoid the three
technologies, including those who gave responses of zero, was $3.11 per
month or $37.32 per year. The total number of residential customers in
the region in 1988--the last year for which such information is
available--was 3.58 million. Therefore, the total amount the region's
residential customers would be willing to pay to avoid the three
technologies, assuming the sample is representative, is $133.6 million
per year. This figure could be interpreted as the amount the region[7]
would be willing to pay each year to meet future load growth with energy
conservation measures and non-hydro renewable resources.

The respondents were also asked to indicate the amount they would pay to
avoid each of the technologies. The average annual willingness to pay to
avoid new hydro was $6.24; for fossil fuel it was$14.16; and, for
nuclear it was $14.76. Expressed as regional annual willingness to pay
values, the totals were $22.3 million to avoid hydro, $50.7 million to
avoid fossil fuel, and $52.8 million to avoid nuclear. (These do not add
to the overall total of $133.6 million because some respondents failed to
preserve the equality in their individual answers on the questionnaires.)

Regression analyses were conducted to test whether the demographic
backgrounds of respondents were predictive of the additional charge on
the utility bill respondents were willing to pay,[8] The regression
analyses were conducted for a group (A) consisting of ali respondents and
for a group (B) consisting of only the respondents who-_dicated a
positive willingness to pay.

The regression equation was:

(1) Y . AO + A1 * AGE+ A2 *'SEX + A3 * INCOME+ A4 * EDUCATION

Where _,

Y - Willingness to pay to avoid one or more generating technologies
AGE- Respondent's age in years
SEX - Respondent's sex (1 if fenale; 0 if sale)
INCOME. Fanily incone in thousands of dollars per year
EDUCATION- Highest grade coapleted
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The results for each of the two groups were:

Group A: Only those respondentswilling to pay a positive amount

(2) Y- 8.33 - .07 * AQE - 1 O0 * SEX + .09 * INCOME+ .82 * EDUCATION
(-a.16) (-xls4) (0.20) (z.74)*

R2 - .07 F _- 6.3* '
i

(t values shown in parentheses; * _ndicates significant at 99% confidence
level or better.)

Group B: Ali respondents

(3) Y- 3.32 - iO_ * A_E- 0.19 * SEX + .12 * INCOME+ .89 * EDUCATION.sz) (-0.4z) (4.sz)*
R2 - .08 F - 14.0"

(t values shown in parentheses; * indicates significant at 99% confidence
level or better.)

The results indicate that younger people and those with sore education
are sore likely to pay higher amounts to avoid the three technologies.
The coefficients on income and sex are not significant, implying that
neither variable can be shown to be related to the willingness to pay
value. These results held true for both groups. The demographic
variables, while collectively significant as predictors of willingness to
pay as evidenced by the significant F values, do not explain much of the
variation in willingness to pay. Together, the four variables explain
only eight percent, or less, of the variation in willingness to pay.[9]

Discussion

The results of the study show that it is feasible to use the contingent
valuation method to derive estimates of society's willingness to pay to
avoid the risks of various energy resources. The application of
environmental cost estimates we typically envision is for a specific
resource consideration; for example, a utility needs to add 200 MWof
capacity and has a menu of resources from which to choose. Whether the
utility engages in a biddin S process, a negotiating process, or simply
builds its own resources, least-cost planning principles would lead the
utility to select the resource or combination of resources capable of
meeting need while having the lowest total social costs, in such a
process, the environmental cost of each plant or project would be added
to its costs to produce an estimate of its total social cost.



The nature of the BPA study was somewhat different, lt did not examine
the cost of different projects or plants. Instead, it required
respondents to evaluate their willinpess to pay to avoid entire
technologies. Respondents were not provided any information about the
technologies, where such plants sight be located, or what the effects of
the plants sight be; they had to rely on their own knowledge to make
judpents regarding their willingnessto pay additional amounts on their
utility bills to avoid the technologies.

Consequently, the elicited values can not be used to determine resource
environmental costs on a cents-per-kilowatt-hour basis. (Such was not
the intent of the survey.) The estimates could be used, however, in the
planning context to evaluate the cost-effectiveness of differept resource
strategies. For example, a resource strategy based on the lowest
internal costs could be formulated first, (This would be the strategy
that would emerge from a least-cost planning process that did not include
environmental costs or other externality costs.) Then, an alternative
resource strategy could be forsulated relying only on resources other
than the resource technologies which people indicated a willingness to
pay to avoid. In the case of the BPA study, such a strategy would
consist of energy conservation measures and non-hydro renewables such as
geothermal, wind, and cogeneration using waste fuels, for example. If
such a strategy could be isplemented for less than the $136 million
annual willin_ess to pay value, it would be a cost-effective
investment. Thus, although the BPA study does not result in levelized
cost estimates by resource, it does provide informetion that could be of
use in developing resource strategies.

Despite the lack of levelized cost estimates, the BPA study could be
i modified easily to examine specific electric power plants or projects.

Theprincipal advantage of the approach is that one does not need to
develop separate cost estisates fo_' ali of the different environmental
risks that say be associated with a power resource. People are asked to
detersine the amount they would pay to avoid the entire plant or project;
each individual is free to consider any cosbi_ation of attributes they
wish Moreover, the analyst does not need to decide on expected values
or hew to treat catastrophic risks. The amount that people are willing
to pay to avoid such risks are included in their expressed payment
amounts. Those who dees catastrophic risks to be unacceptable say
provide high bids, while those who treat then as zero cost risks say give
bids of zero.

It would, of course, be desirable for people to sake inforsed choices
about electric power resources to meet their future needs. Inforsation
regarding the characteristics of different power resources, including the
environmental and other risks associated with those resources, could be
provided to potential respondents. A balance needs to be struck to avoid
overloading respondents with inforsation, providing inforsation that may
bias responses, and not providing sufficient information. A discussion

6
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of ,bias, which is a significant issue for continsent valuation studies,
is beyond the scope of this paper, but the reader is referred to Mitchell
and Carson[le] for a thorough review of not only bias, but ali issues

related to contingent valuation methodologies.
Conclusion

Environmental costs are measured by the uount that society would be
willing to pay to avoid environmental risks or the amount society would
require as compensation to incur the risks voluntarily. The usual
approach to measuring society's willingness to pay is to quantify and
price each of the environmental risks associated with an electric power
resource, This approach has significant advantages.

Two disadvantages, however, are the uncertainty of physical estimates and
the potential for catastrophic risks. Both present difficulties to the
analyst attempting to quantify environmental costs.

To overcome those difficulties, BPA sponsored a contingent valuation
study to query the public directly as to its willingness to pay to avoid
different generation technologies. The study found that the region's
households would be willing to pay $133.6 million each year in additions
to their utility bills to avoid nuclear, fossil fuel, and hydroelectric
power plants.

This result lay have implications for resource strategies in that the
estimated amount would be an additional system benefit of strategies that
meet future load growth without recourse to any of the three resources.

Finally, the methodology could be adap:ed to estimating costs of specific
resource plants or projects. Such studies would result in environmental
cost estimates on a levelized cost basis. Bonneville Power
Administration and the author seek comment on this approach and its
appropriateness for use in the resource planning process.



FOOTNOTES

[1] Pace University, Environmental Costs of Electricity, Oceans
Publications, Dobbs Ferry, New York', 1990.

[2] See, for example, ECONorthwest, Generic Coal Study, for Bonneville
Power Administration, DE-AMTg-SOBP62884, Portland, Oregon, 1987.

I

[3] Pace, supra.

[4] Reacher, Nicholas, Risk: A Philosophical Introduction. to the
Theory of Risk.Evaluation and ganagement.,University Press of America,
Lanham, Maryland, 1983.

[5] While the analyst could perform a sensitivity analysis using both a
zero cost and some extremely high cost, the result would not be
particularly illuminating nor would it be of any real help to a
decisioumaker.

q

[6] Hiuman, George, Eugene rosa, and Randall Kleinhesselink of
Washington State University, PublicAttttudes Toward Risks Associated
with Various Activities_ Substancesa and Tec_oiogies, for Bonneviile
Power AdJinistration, DE-AI79-89BP98129, Portland, Oregon, July 1990.

[7] Actually, the region could be willing to pay a higher amount after
accounting for business and industry. Firms, like households, benefit
from clean environments.

[8] Regression analyses were also conducted for the _willingness to pay
value for each of the three technologies using the same explanatory
variables. To avoid overwhelming the reader with numbers, those results
are not presented but are similar to those shown here.

[9] While other variables could have been regressed _gainst the
willingness to pay values, and in the' study some were, the study was not
designed to test hypotheses of the relationship between potential
explanatory variables and respondents' willingness to pay to avoid
certain generating technologies.

[10] Mitchell, Robert and Richard Carson, Using Surveys to Value Public
Goods: The Contingent Valuation Method, Resources fo_. the Future,
Washington, D.C., X989.
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APPENDIX A

i

PrescriptionDrugs

Fmxl Preservatives

HydroelectricPower

DiagnosticX-hys

Leaded Gasoline

Transporting Nuclear Materials

Nuclear Power (routine operation radiation)

Solar Electric Power

Radioactive Waste Disposal

Nuclear Reactor Accidents (radiation)

DNAResearch

Asbestos

Mercury

Crime

Fossil Fuel Electric Power (coal, oil)

Saoking Tobacco

Alcoholic Diseases

Gree_louse Effect (fossil fuel combustion)

Electric Household Appliances

Nuclear Power Production

Motorcycles

Auto Exhaust Fumes

Liquid Natural Gas (transport)

Dns (cons t ruc t ion and use )

Nuclear War (weapons}

Alcohol Related Accidents

Non-Nuclear Electric Power

Commercial Aviation

Motor Vehicle Accidents (cars, buses, trucks)

Acquired Inmune Deficiency Syndrome (AISS)

W
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APPEND IX B

In order to meet the future electricity needs of the Pacific Norhwest, the region will soon
have to step up its conservation efforts and probably add new generating facilities. When a new
generating facility is added, lt is usually the kind that provides the least expensive power.
However, some citizens in the region would like to prohibit certain kinds of facilities for a variey
of reasons such as environmental threats, safety, and health related problems. Other citizens
do not object to these facilities. Nuclear plants, fossil fuel power plants, and/or hydro-electric
dams are the facilities towards which objections are most often mentioned. If any of these
facilities are prohibited there may be greater increases in the future cost of electricity.

Qll. Would you pay an additional charge on each monthly utility bill to avoid using any one
or more of these electrical generating facilities? (The money collected would be used to
offset the higher costs of alternative facilities.) PLEASE CIRCLE 1 FOR YES OR 2 FOR
NO.

1, YES r- _ I ,, I ,,
Q12. If yes, please circle the amount that you would have

charged to your utility bill each month.

.50 $1 $2 $3 $4 'S5 S6 $7

$8 $9 $10 $12 S15 S20 $25

PLEASE WRITE OTHER PREFERRED AMOUNT HERE: $

Of the amount you selected above, how much should be used
to AVOID each of the following facilities? (Please make sure
the total adds up to the amount you selected above.)

Q13. HYDRO.ELECTRIC POWER:

Q14. FOSSIL FUEL POWER:

Q15. NUCLEAR POWER:

SKIP TO QUESTION # 17 ON THE NEXT PAGE.
III II I I I II III III

2. NO-, _ , , ,

Q16. If not, why not? (Circle the number of your response.)

1. YOU SIMPLY DO NOT WISH TO PAY ANYTHING
BECAUSE AVOIDING THESE FACILITIES IS NOT
IMPORTANT TO YOU.

2. YOU THINK ENOUGH MONEY IS ALREADY BEING
SPENT ON ELECTRIC POWER FACILITIES.

3. YOU ARE UNABLE TO PAY.

4. OTHER, PLEASE SPECIFY:

I I II

h,,
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Full Cost Economic Dispatch:

Recognizing Environmental Externalities
in Electric Utility System Operation

Stephen Bernow, Bruce Biewald, and Donald Marron
Tellus Institute

Boston, Massachusetts

Abstract

In this paper, "full cost economic dispatching" is proposed as a means of operating an
electric utility system to the maximum benefit of Society. Environmental and societal costs
of generation can be estimated, and then considered along with fuel costs in determining
the most economical dispatch order of power supply resources. A simplified example of

full cost dispatch is presented both to illustrate the concept and to indicate the rough
magnitudes of its costs and benefits. Issues which must be addressed in implementing full
cost dispatching are discussed.

Introduction

The generation of electricity from power plants imposes a variety of burdens on the

O environment (e.g., emissions of atmospheric pollutants) which, through a variety of
pathways and interactions, can cause damage to human health, ecosystems, economic
productivity, and cultures. While these impacts often occur far from the actual sources of
pollution, both spatially and temporally, they are a genuine cost of electricity production
and use. Whether through the damages themselves, later remediation efforts, or belated

attempts to reduce pollutant loadings, these costs are ultimately borne by society, even if
that burden is not distributed equally over geography or generations.

Electricity planners have begun to recognize such environmental externalities in long.range

planning and resource procurement decisions. To be consistent and economically efficient,
however, it is now necessary that short-run operating decisions also incorporate these
externalities. Despite the current momentum towards energy efficiency and the use of less-
polluting resources, the major sources of utility pollution, for the foreseeable future, will
continue to be existing power plants; this situation will only gradually change as newer,
more efficient plants are brought into service. Thus, while least-cost energy/environmental

planning will help secure a more socially rational future energy system, current energy
production will continue to impose unnecessary environmental burdens on society. To
avoid this consequence, the dispatching of electric utility system resources should also

attempt to minimize the societal costs of power generation.
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While this approach breaks with traditional economic dispatching practices, it is a natural
extension of the recognition currently being given to environmental and other externalities
in electric utility planning. The difference is essentially a matter of time-frame. System
planners make resource commitments for periods of many years, while system operators
work in fractions of hours. In both cases, however, the objective should be the same: to
provide electricity at the lowest possible cost, where "cost" includes both the direct and
indirect costs of electricity production to society. If planners and operators seek to achieve
different objectives, they will tend to undermine each other's efforts; as a result, optimum
use of society's energy resources will not be achieved.

Electric Generating Resource Externalities

Economists refer to the cost implications of a decision that are not borne by the decision-
maker as "externalities. ''1 A typical externality is the cost of pollution, or more accurately,
its cost impact in terms of damage to structures, ecosystems, productivity, and human
health.

Among the most widely recognized externalities resulting from electricitygeneration are
the air emissions of power plants. These include carbon dioxide (CO 2 -- a principal
greenhouse gas), sulfur dioxide and nitrogen oxides (SO 2 and NO x, respectively,-- the

precursors of "acid rain"), and other air pollutants such as carbon monoxide, particulates,
and volatile organic compounds, among others. Power plants also pollute water and create
substantial volumes of solid waste. Nuclear plants create radioactive wastes: high-level
waste consisting of irradiated fuel rods and assemblies and low-level waste consisting of
contaminated equipment and supplies; they also routinely release radioactive air emissions,
as do some fossil plants.

In addition to such pollutant loadings on the environment, the operation of power plants
can also have other direct external costs. For example, the operation of hydro.electric
plants can kill vast quantities of fish (a problem, e.g., at the Ludington plant in Michigan)
and/or alter fiver habitats (a problem, e.g., in the Platte River Basin in Nebraska) 2. Since
these resources have substantial commercial, recreational, and intrinsic values to society,
such environmental damages can be very costly.

While emissions of air toxics and fish kills are important direct externalities of electric

1 As such, an externality can involve impacts on a different segment of the population or a different geographical
or pofitical region (e.g., acid gas emissions and impacts, or the import of _Wdropower from James Bay to New England).
lt can also involve impacts on later generations. Finally, even within a given spatial and temporal boundary, externalities
can be said to exist where the decision calculus ignores important impacts (whether on society directly or on other
spec/es or habitats).

2 In a report to the National Audubon Society (7"ellus Institute 1989), we analyzed the potential for improving the Platte
River Basin habitat through modifications to the operating practices and dispatch at a hydro-electric facility.

2
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generation, Jtmust be noted that important externalities may also be indirect, as in the case
of oil spills. In general, 0fl spills occur far from a power plant site and do not directly
result from electric generation. They do, however, result indirectly from the consumption
of oil for electric generation; the use of oil increases the need to transport oil, and thus
increases tile probability of oil spills and their associated damages to the environment.
This increase in oil spill probabilities is an indirect externality of electric generation at oil
plants. Similar indirect impacts of electricity generation and use occur throughout the
electric fuel cycle, from extraction, processing, and transport of fuels to plant construction
to energy conversion at the plant to decommissioning and waste disposal.

While each of these stages of the fuel cycle is involved in planning decisions, only some
are affected by operating protocols. Thus, while planning protocols for including
externalities will, in principle, need to consider ali these stages, operating protocols can be
more focused. For the purposes of incorporating externalities in operating decisions, it is
likely that it will be sufficient to concentrate on those impacts that, like fuel costs, increase
or decrease with plant output.

Internalizing Environmental Costs

Regulation can internalize externalities by ensuring that they are included in the decision
calculus and by requiring those responsible for the costs to bear them. The traditional
approach is through environmental regulations that establish restrictions with which utilities
must comply, leaving utilities and utility regulators to focus on costs already deemed
internal. 3 Such requirements delimit the amount of pollution that may be generated at
certain facilities. The result is that some of the pollution cost has now been internalized
in the decision process.

Significant external costs remain, however, either because the environmental restrictions,,

do not set limits at zero for certain pollutants and facilities or because they do not address
certain pollutants or facilities at all. For example, CO 2 is not yet controlled through
environmental regulations affecting power plants. Moreover, as environmental restrictions
are developed they generally apply only to new sources: Those externalities that remain
are receiving increasing attention by utility planners and regulators. In utility planning
studies, the environmental impacts of various resource plans are often cited as important
in deciding among plans (see, for example, Florida Power and Light Company, 1989).

3 Forexample, the EPAcurrently requires that new coal-fired power stationshave flue.gasdesulfurizationequipment
(scrubbers) in order to limit su/Etrdioxide emissions. The costs of installing and operating the scrubbers are then paid
by the plant's owner. Electric utility planning studies now include the costs of scrubbers in deciding upon the most
economical type of future capacity addition. /n addition, the incremental cost of operating the scrubber is considered
by system dispatchers in determining the optima/use of the facility.

4 The proposed new amendments to the clean air act will indirectly address existing facilities, since it imposes
overall rather than facility.specific limits.

3



154

Note that this goes beyond the impact of environmental considerations upon direct utility
costs. That is, the utility might chose a resource plan with higher direct costs, if it were

less environmentally damaging.

Regulators in a range of states have begun to address the issue of externalities in resource
planning and acquisition by a variety of means. In some states, e.g. Wisconsin, non-
polluting resources are given a specific cost advantage over polluting resources. In other
states, e.g., New York, Massachusetts, and California, regulators have determined that the
environmental costs of air emissions, expressed in dollars, should be included in overall
resource planning just as are the costs of fuel and plant construction. In this way, the costs
of air emissions are internalized to the resource selection process. Other states, e.g.,
Vermontand Nevada,areconsideringsimilarapproaches.

Ineachofthesestates,thefocushasbeen on new resourcesand noton theenormous

levelsofpollutionproducedatexistingfacilities.Thus,despitetheirincreasingrecognition
byplanners,environmentalexternalitiesarenotreflectedinthedecisionprotocolsofutility
systemoperators.

,

ConventionalEconomicDispatch

Electricutilitysystemoperatorsuseeconomicdispatchingprinciplesinordertoemploy
optimallya setof availableresourcesto servecustomerloads.Typically,a computer
systemloadedwith informationaboutthe costsand operatingefficienciesof these
resourcesdeterminesthemixtobe dispatchedon anhourlyorshorterbasis.Conventional
economicdispatchdictatesthatresourcesbeoperatedtoservecustomerloadsinaprior/ty
orderbasedupon theirincrementaloperatingcosts.Thesearethecoststoproducethe
nextunitof outputfrom a plant,and so includetheincrementalcostoffueland the
variableport/onofplantoperationand maintenance(O&M) costs.

Conventionaleconomicdispatchproceedsfromlowesttohighestcostresourcestoensure
overalleconomiesintheproductionof electricity.Generatingunitswithlow variable
operatingcosts,suchashydroand nuclear,aredispatchedfirst.Theseresourceswillbe
operatedevenduringlowloadperiods,and somay be considered"oaseload."Coal-fired
plantshavehighervariablecostsandsotypicallyarenextintheeconomicdispatchorder.
As suchtheymay providebaseloadservice,or,insome cases,cycletofollowvariationsin
customerload.Finally,oiiandgasplantshavehighervariablecosts,and sooftenoperate
as peakingunits,providinggenerationtoservecustomerloadsonlyduringhighload
periods:From thestandpointofannualgenerationrelatedemissions,then,baseloadand
cyclingunitsareofgreatestimportance,whilepeakerscanbecomesignificantovershorter
timeperiods.

5 New combined.cycle units burning natural gas have recently become attractive options for baseload and cycling
service because of their high fuel efficiency (low heat rate) and resulting low variable costs.
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In practice, all. of the electric generating units on a system will be ranked by the
dispatchers according to their direct incremental costs, and so within each class of units
(coal, oil, etc.) there will be a range of incremental costs represented. Sometimes, owing
to differences in plant efficiency (i.e., "heat rate") there can be some overlap of plant types
in the dispatch order. For example, an efficient oil-Wed unit may have a lower
incremental cost per unit of electricity production than an inefficient coal-fired plant, even
though oil Costs more per unit of energy input.

Moreover, the efficiency of a generating unit typically varies with the output of the unit.
The heat rate curves, which give the operating efficiency as a function of the operating
capacity of the unit, are generally "U" shaped. For this reason, the optimal use of a system
of generating units to serve a particular level of demand may have a number of units
operating at partial capacity. The dispatch order will thus, in general, reflect different
plants at different levels of output, rather than a simple sequence of plants,

A simplified representation of conventional economic dispatch is provided in Figure 1,
Customer electricity requirements are represented as a "load duration curve" or cumulative
probability distribution. In the diagram, the horizontal dimension represents time, the
vertical dimension represents MW of capacity of load, and the areas can thus be
interpreted as energy (megawatt-hours).

The typical baseload facilities (hydro, nuclear, coal) are seen to provide most of the system
energy requirements, while intermediate units and peakers (gas, residual oil, distillate oil)

' contribute a smaller share. In this system the dispatch order for the baseload facilities
(hydro, nuclear, and coal) based on ascending variable production cost, ensures that hydro
and nuclear operate at their maximum availabilities, while coal operates below its full
availability. Intermediate resources (inefficient coal or efficient gas and oil units) operate
at significantly less than their full availability, but still contribute a substantial amount of
energy. The peaking resources (inefficient oil and gas units) provide energy primarily
during daily and seasonal peak (high load) periods.

FullCost Economic Dispatch

The procedure described above, in which electric resources are operated on the basis of
direct fuel and variable O&M costs, may be termed "direct cost dispatch", "partial cost
economic dispatch," or "utility cost dispatch." lt aims for optimal use of resources only
from' the narrow perspective of the electric utility system and its revenue requirements.
A broader outlook would include the costs of plant operation beyond these direct costs.
As discussed above, these additional incremental costs to society include the impacts of
pollutants from the plant, both on the utility customers who benefit directly from the
electricity produced and on other people and natural environments that do not so benefit.
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The concept of economic dispatch can be expanded to incorporate these external costs.
Electric generating resources could be dispatched in order of increasing incremental cost
to society, including the societal costs of incremental pollution (and other externalities), as
well as the direct utility costs of fuel and O&M. This expanded concept could be called
"full cost dispatch" or "societal cost dispatch." The result of full cost dispatch would, in
general, be a re-arrangement of the dispatch order and different contributions of resources
to meet aggregate and seasonal energy requirements. Lower overall emissions would likely
ensue, although tradeoffs between different pollutants according to their relative harm
(societal cost) make this a more complex matter. If the pollution costs reflect the likely
damage cost or the value society wishes to place on the risk of such damage, then this
method will produce socially efficient results.

The term "least.emissions dispatch" has been used in various contexts and with various
meanings. By recognizing an important category of external costs of electric plant
operation (air pollution) this concept goes part way toward full cost dispatching, but stops
well short, as it fails to recognize any of the other external costs of electricity generation.
Moreover, the phrase "least emissions" is ambiguous with regards to the treatment of
multiple pollutants and the relative weights to give them. It could refer to a single
pollutant among many, or it could refer to a simple a_regate of pollutant emissions. If,
however, society views the impacts of each pollutant differently, the aggregate incremental
emissions from a resource could be a weighted sum of the pollutants emitted or, more
directly, a sum of the societal costs of the pollutants. Dispatching based on these costs
would be a "least-emissions cost dispatch".

If such aggregate environmental costs are added to the direct variable costs of generation
in the system dispatch protocols, full cost dispatch would result. Thus, the multiple
environmental attributes of electric generation would naturally be reflected in system
dispatch. This would be quite different from dispatch with respect to a single pollutant
(e.g., SO2).

,"he term "least-emissions" may be misleading, as it often refers to a hybrid approach in
which the objective is to minimize a combined function of utility cost and emissions (or
emissions cost). A true least-emissions dispatching strategy would load the available
resources in a priority order based solely upon emissions -- from the lowest emitter (or
aggregate emissions cost) to the highest -- with no regard to fuel and O&M cost. Such an
approach could produce dramatically altered economic results. Whether such an outcome
-- much higher direct costs -- would be acceptable is a matter of social and economic
policy. These results would be consistent with those of full cost dispatch if the societal
costs of emissions are much larger than the direct costs, of the electric generationfi

6 Of course, when very high dispatch costs might otherwise be incurred, non.dispatch related options become
relatively more attractive,

6



157

Full cost dispatch could be effected by ascribing values to environmental/oad/nss (e.g.,
emissions), lt could also be pursued in more site-specific detail by representing loadings,
the transport of pollutants, the exposure of sensitive populations and systems, the dose-
response relationships, and, finally, the value of damages caused. This could be done
either in great detail or approximately by developing factors and algorithms that would
effectively capture these relationships at a reasonable level of accuracy for the facilities on
the system.

Another approach would be to minimize the incremental utility costs, subject to a set of
* 0

emissions constraints. A simple example of "emtsstons constrained dispatch" is the operating
restriction of the Powerplant and Industrial Fuel Use Act of 19787 which specified that
natural gas could be used in a new power plant, but only if the annual operation were
constrained to 1500 hours or less (subject to certain exemptions). Theserestrictions were
enacted as a means of reducing national dependance upon oil and gas. Emissions
constrained dispatch can be viewed as the operating component of an overall strategy for
meeting emissions caps such as those for acid gases embodied in the proposed amendments
to the Clean Air Act.

Emissions constrained dispatch is an alternative method to full cost dispatch for reflecting
society's environmental concerns. These two methods need not be viewed as fundamentally
incompatible. Since the societal cost of emissions is a complex matter _of science,
economics, policy, and values, setting the costs of environmental impacts for full cost
dispatch is not a precise exercise. At different levels set for the external costs, different
levels of pollutant emissions would be achieved by full cost dispatch. The direct cost of
achieving different overall pollutant loadings can thus be examined. Alternatively, setting
different target levels of pollutant loadings and determining the direct costs to achieve
them comes at the problem from another direction. The two approaches should provide
consistent results over a range of pollutant levels and costs.

An Example of Full Cost Dispatch

To explore the potential implications of full cost dispatch we will examine a simplified
"hypothetical system." This analysis is intended to illustrate the concept of full-cost
dispatching as it compares with conventional economic dispatch and with strict least-
emissions dispatch. This idealized example will also provide some indication of the costs
and impacts which may be associated with various dispatching methods for a large, diverse
system. We will outline the characteristics of the hypothetical system, and then consider
the results for this system under three methods of dispatching: 1) conventional economic
dispatch, 2) strict least-emissions dispatch, and 3) full cost economic dispatch.

7 PL 95-620, enacted by Congress October 14, 1978 and signed by President Carter November 9, 1978.

7



" 158

Our hypothetical system is modelled after the fossil fuel portions of the New York Power
Pool (NYPP) and New England Power Pool (NEPOOL) systems. Table 1 shows the
dispatch order for the hypothetical system, with capacity ratings, energy generation (under
conventional economic dispatch), heat rates, fuel costs, and variable O&M costs. The
capacity contributions for each major fuel type were selected to resemble the mix of fuel
types in the Northeast U.S., while within each fuel type the hypothetical "plant" capacities
are arbitrary. We have added some combined cycle gas capacity to represent likely near-
term capacity additions. Also, we have assumed that dua!-fuel facilities (primarily oil/gas)

will burn gas only.

The amounts of energy generation were determined by fitting the resources under a
simplified "load duration curve" derived from a probability density function for a normal
distribution. The costs and heat rates were based on selected NYPP fossil fuel plants
(these data were obtained from dispatch model runs developed for the New York State
Energy Plan [New York State Energy Office et al. 1989]). The variable production costs,
in the fight-hand column, are the sum of the fuel and variable O&M costs, expressed per
kwh of generation.

The dispatch simulation method used in our analysis is highly idealized. It employed
average heat rates (rather than detailed heat rate curves) and assumed that the outage
rates for these fossil units are identical. These sumplifying assumptions permit changes in
the dispatch to be determined in a straightforward manner, by "flipping" the order of
generators under the load curve. While not entirely accurate, this simplified approach
can be implemented in a "spreadsheet model," thus avoiding the use of a complex
probabilistic production costing model. This procedure is adequate for our illustrative
purposes.

The simplified approach permits quick comparisons of dispatch methods to be made to a
level of accuracy acceptable for illustrative purposes. Detailed studies of emissions
dispatching should be done for specific actual systems to determine how much emissions
could be reduced and at what cost. We know of one such study, which explored SO2
dispatch strategies for the state of Ohio (Heslin and Hobbs, 1990). That analysis employed
a probalilistic production costing model to explore SO 2 reducing dispatch strategies, and
found that "emissions dispatching appears to be a [sic] inexpensive way to quickly achieve
substantial emissions reductions, no matter what other strategies it is used in combination
with." Each large electric system could conduct a detailed study of alternative dispatch
strategies.

Emissions coefficients for the plants in the hypothetical system are shown in Table 2.
These coefficients were based upon the NYPP fossil units that were used for the
hypothetical system cost and efficiency assumptions.
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The first column of numbers in Table 3 shows the summary results for this system
dispatched based upon variable production costs only. The total production cost (fuel plus
variable O&M) is $3,679 million, and total emissions are 790,075 tons of SO2, 263,788 tons
of NOx, 119,881,000 tons of CO2, and smaller amounts of the other air pollutants.

We can estimate the "societal cost" of the air pollution from this dispatch using "emissions
values" (cost per pound) for each pollutant. We have developed values for these pollutants
using an approach based upon marginal control costs and regulators' revealed preferences.
This approach is deschbed in detail in Bernow and Marron (1990). The values resulting
from that analysis are listed in Table 4. The Massachusetts Department of Public Utilities
recently adopted these costs for use in Massachusetts (Mass DPU 1.o90).

Multiplying the values in Table 4 by the amounts of pollution in Table 2 yields a _oeietal
cost of emissions of $6,133 million. The total societal cost is, therefore, $9,812 million
($3,679 million in direct costs plus $6,133 million in emissions costs).

We can now examine a case in which the same system is dispatched according to the strict
"least-emissions" method. Instead of using direct variable production costs (column 1 in
Table 5) to determine the loading order, the emissions values (column 2 in Table 5) are
used. The emissions value for a plant is determined by multiplying its emissions
coefficients (pounds per kwh) by the set of emissions values ($ per pound), a

The results for the strict least-emissions dispatch of the hypothetical system are provided
in the second column of Table 3. Production costs have increased by $681 million relative
to conventional d_spatch, but the amounts of air emissions have, in general, gone down
substantially. For example, SO2, NOx, and CO2 have decreased by 74%, 28%, and 20%,
respectively. Emissions of three of the less important pollutants have increased. The net
result, of course, is a large reduction in emissions costs: from $6,133 million for
conventional dispatch to $3,949 million for least-emissions dispatch. In this ease, moreover,
the strict least-emissions approach has lowered total societal cost as weil.

There are, of course, intermediate approaches between tile two extremes analyzed above.
The conventional economic dispatch entirely ignores environmental costs, while the strict
least-emissions dispatch entirely ignores direct economic costs of fuel and O&M. Could

8 Note that if the least-emissions dispatch were dealing withonly one pollutant, the valuing would not be necessary.
Withone pollutant, we could simply dispatch to minimize emissions of that type. Withmultiple pollutants, however, we
need a means of valuing each relative to the others. The emissions values (in dollars per pound) provide a convenient
way to specify relative values. Other ways are possible. For example, we could say simply that one ton of SO2 emitted
is seventy 'times as bed" as one ton of CO2, that one ton of NOx is four 'times as bad" as one ton of SO2, and so on.
Thiswould be equivalent for the least-emissions dispatch case. Using a monetary definition, however, offers a convenient
measureof 'badness,' and also allows easy comparison of direct costs and emissions costs, lt also permits aggregation
of environmental costs across different pollutants.

9
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the systembe dispatchedsuchthat overall coststo societyare minimized? We believe that
a full costeconomicapproachto dispatching-- basedupon both directand environmental
cost -- is both feasible and desirable.

For our hypothetical system, full cost dispatching was done using the combined costs per
kwh shown in the right-hand column of Table 5. The results, in Table 3, are a slightly
higher overall pollution cost than for the least-emissions case (by 4 percent) and somewhat
higher fossil plant production costs than for the conventional dispatch case (by 9 percent). 9
Over,all, however, the full cost dispatch provides the best alternative in that it results in the
lowest total societal cost. Compared with the conventional economic dispatch case, full
cost dispatch saves $2.0 billion, about 33 percent, of the emissions costs for the
hypothetical system, at an additional direct cost of $344 million, about 9 percent of the
fossil fuel production costs of the system. The benefit to cost ratio is thus about 5.9 to 1.
At the same time, the overall societal (direct plus emissions) costs decrease by about 17

percent, from $9,812 million to $8,130 million. Averaged over the seven pollutants,
pollution reduction by full cost dispatch is effected at extra direct costs at about 17 percent
of the value of the pollutant (e.g., the average SO2 reduction cost of $272/ton compared
with the reduction value of $1,600/ton, while for NO x the average reduction cost was

$1,156/ton versus the value of $6,800/ton).

This result is not a surprise. Indeed, it is certain that the dispatch which is based upon
the objective of minimizing societal costs will result in lower societal cost than dispatches
based upon other objectives such as minimizing production costs or emissions, lt can al_o

be expected, in general, that the cost of pollution reduction will be lower than the value O
of the pollution reduced, the degree of course reflecting the particular conditions of the
system° Nonetheless, as noted earlier, this is a hypothetical system treated in an
approximate manner, without any constraints that could limit the degree of operating
flexibility.

The results for the three dispatch methods, summarized in Table 3, show surprisingly little
difference between the least emissions dispatch and the full cost dispatch approaches. This
is depicted in Figure 3, where "hybrid" dispatch approaches fill out a curve between the
three approaches discussed above. As the relative weight given to environmental costs is
increased (moving along the x-axis), the direct production costs increase while the emissions
costs decrease. The societal cost (production cost plus emissions cost) decreases to an
minimum at full cost dispatch, and then increases slowly.

i

For our hypothetical system, the shape of the societal cost curve indicates that most of the
savings are to be realized in the first small steps toward full cost dispatch, and that to go

9 Note that total dispatch costs, which include nuclear and hydro plants, have increased by less than 9 percent,
since we assume that the non-fossil generation is unaffected. Further, note that total electricity costs have increased by

substantially less than 9 percent, since total costs include fixed costs etc.

10
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beyond full cost dispatch toward least emissions is not costly. It is not clear, however, that
this would be the outcome for any particular real utility system.

Technical Constraints on Full Cost Dispatch

The example above is "idealized" in several respects, lt used a hypothetical SYStem,a
simplified treatment of outage rates and heat rates, and it ignored "real time" system
operating conditions such as ramp rates, minimum loading levels, and minimum down time.

We have no reason to believe that the hypothetical system, or the simplification of outage
rates and heat rates results in a bias one way or another in the results provided above.
On the other hand, the "real time" considerations could place important constraints on
emissions dispatch in practice, and so actual emissions reductions will likely be somewhat
lower than those forecast with a system which ignores these system operating issues. For_
example, the extent to which generation from coal units can be cut back will certainly be
limited by the minimumloading levels for those units.

This point was made in an extreme form by a utility vice president quoted in a widely
circulated publication:

It's practically impossible to do 'environmental dispatch'. From
an engineering point of view, it just won't work. It would be
utter chaos. The system will break down in about 15 minutes
and you won't have any more NEPOOL If you try to turn off
a baseload coal plant in the afternoon and expect to turn it on
again the next morning, it won't happen. Same goes for gas-
fired peaking plants. If you run those for very long they will
break down. Environmental dispatch is physically impossible.
(Electric Utility Week, 1990)

Although cast in near absolute form, these statements contain an important point of a
relative nature -- that there are physical constraints on the operation of generating units.
Such constraints should be recognized in dispatching the system. This does not mean,
however, that no "environmental dispatch" at ali can be performed but, rather, that it will
be subject to constraints and will thus realize lower levels of emissions cost reductions.

For example, with full cost dispatch, some, especially dirty, coal plants would run at very
low capacity factors. This would not be realized by using these coal units for quick start
purposes, as are peaking facilities, but would be possible if individual units were run only
for short periods, perhaps cycling between 25% and higher capacity levels. 1°

10 lt could also imply that retirement (or reserveshutdown status) would be desirable for such units if environmental
cosl ; were adopted in system planning and operation.
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lt is ,important to remember that such constraints are not unique to environmental
dispatch. Electric systems ali over the world are currentlydispatched by computer systems
programmed to satisfy ramp rates and minimum loading constraints, The addition of
environmental variable costs to direct variable costs would not fundamentally alter these
considerations. Rather, it would (or could) cause a different set of units in a particular
system to run up against the constraints.

lt is common and sometimes necessary to make modifications to the system which impact
the way in which generating units operate. Coal units were often built to back down
expensive oil or gas generation. Nuclear plants were built to modify dispatch. The many
nuclear plant additions over the last decade were intended to back down expensive fossil
generation to achieve economies in direct variable costs. For example, with the addition
of the three Palo Verde nuclear units to its system, the Arizona Public Service Company
fossil units capacity factors were expected to drop from an average of about 72 percent to
about 54 percent, far below full availability, with some individual units lower still
(Bernow 1987).

Of course, the long-run performance of generating units can also depend upon the manner
in which they are operated. Coal units are generally expected to operate at high capacity
factors, with a minimum of load following, while combustion turbines are expected to
operate at low capacity factors, often in a load following mode. However, it is far from
clear that combustion turbines would perform poorly if operated in a baseload mode if
that were needed to satisfy full cost dispatch protocols. Combined cycle plants, which
frequently are used in baseload applications, use combustion turbines to generate
electricity and feed the exhaust gas into a heat recovery steam generator. The combustion
turbine portion of a combined cycle facility will often be called upon for baseload
operation. Modern combustion turbines can (and do) operate at capacity factors of more
than 90 percent (EPRI 1986). In a baseload mode of operation, the performance could
even be improved, as frequent start ups can cause wear on the plant components
(Williams and Larson 1988, and Todd 1990).

With regard to the use of coal facilities for cycling or peaking operation, there will be
limitations. Subcritical coal units are designed to be cycled. That is, they can be brought
down to minimum load (about 25 percent of total capacity) during nighttime periods and
shutdown on weekends. Supercritical units may be more constrained to baseload
operation, but in a full cost dispatch protocol might be taken off line entirely during low-
load months in the spring or fall. The above example of Arizona Public Service shows
that such operation is undertaken by utilities. The best approach to use in backing down
coal plants if necessary will depend upon the particular generating unit, and the
characteristics of the system in which it is located.

Finally, it should be noted that many of the existing power plants that might be affected

12



by full cost dispatch are oil and gas steam facilities, originally built for baseload operation
but operated late in the loading order in recent years owing to their high fuel costs. If full
cost dispatch were to require increased operation of these units, this would be consistent
with their original design intent.

' Full cost dispatch, and the constraints under which it could operate, can be readily
represented in conventional production costing and planning models that simulate system
operation and the economics of alternative system plans.

Full Cost Dispatch and Electric Rates

The impact of full cost dispatch on revenue requirements, rates, and customer electricity
bills could be substantial in some systems, especially where low cost, high emissions
generation resources dominate the overall mix of electricity production. For example, in
a system for which coal provides most of the energy, while gas or oil provide peaking
capability, switching from coal at 1.5 to 2.0 C/kWh to higher cost fuels at 3.5 C/kWh could
almost double the .,,stem energy costs. Overall revenue requirements (which include fixed
costs) could increase by as much as 50 percent in such a case. Of course, this is an
extreme example. First, the one-for-one switching between high and low cost fuels would
be unlikely in most systems. Second, significant emissions benefits could be secured in
some instances by switching between fuels closer in cost. Finally, system and unit
operating conditions and constraints would restrict dispatch flexibility and, thus, the degree
of fuel switching possible.

The actual impact will, therefore, be much less than the 50 percent in this extreme
example. Indeed, for the hypothetical system evaluated earlier the impact on production
costs alone was found to be less than 9 percent. Nonetheless, electricity cost increases
would occur under a regime of full cost dispatch. For those systems that are expected to

incur relatively small increases, no specific remediation may be necessary. At the higher
end, however, it might be desirable to soften the blow, and permit electricity customers to
adjust their expectations and behavior gradually, by using phase-in techniques similar to
those that have been used in ratebasing expensive new generating units. With such a
technique, transitior, to complete full cost dispatch could be effected over several years.
System specific studies of the revenue requirements impacts, as well as the environmental
benefits, of full cost dispatch should be conducted so that opportunities can be seized and
appropriate action for dealing with rate impacts, if necessary, can be formulated.

Cost Allocation in Power Pools

The increase in energy costs resulting from use of full cost dispatch not only affects how
rates are set for ratepayers; in cases where multiple utility systems are dispatched as part
of a central power pool, the increase in costs will affect the allocation of dispatch costs
among the utilities.
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The implementationof fullcostdispatchingisbestundertakenatthepower poollevelas
isconventionaleconomicdispatch.Thiswould permitthegreatestlevelofflexibilityand,
thereby,overalleconomiesinprovidingenergyacrossseveralutilityserviceterritories.The
additionof variableenvironmentalcoststo variabled_ect costscould,however,entail

some distributionalproblems,even as itrealizesoverallsocietaleconomies. .Asnoted

earlier,thetotaldirectcostsofsuppl_ngpower willtendtoincreasewhen shiftingtofull
costdispatch.

For a single utility, this is a matter between the utility and its ratepayers, mediated by the
regulatory process. Both the direct costs and the environmental benefits (or some share
thereof) would accrue to the utility's customers. Within a power pool, on the other hand,
full cost dispatching could cause the increase in direct costs to be borne disproportionately
by the member utilities (and, thus, their ratepayers). This would tend to occur if the lower
polluting plants were distributed disproportionately across the utilities in the pool. Thus,
a concern for fairness could be seen as in contradiction with the goal of overall societal
efficiency.

'1

There are means to deal with these potential transfer problems without abandoning the
goal of overall societal efficiency. A sharing of the additional costs on a pro-rata basis
would be the simplest procedure. However, this approach might provide insufficient
incentive for individual utilities to improve their system's emissions characteristics. A more
nuanced procedure may be necessary. Such a procedure could follow the basic logic and
structure of allocational protocols already in piace at power pools.

In the New England Power Pool (NEPOOL), for example, an overall reserve margin target
is established for reliability purposes, to which member utilities are expected to contribute
their "capability responsibilities". These capacity requirements are based primarily on
relative contributions to the pool-wide peak. This pro-rata distribution is modified by

• member system-specific characteristics reflecting the relative reliability (forced outage rates,
etc) of their systems. Since capacity shortfalls are paid into a pool fund using this scheme,
there is some incentive for members to improve their system reliability. This NEPOOL
system is called the Performance Incentive Program (PIP).

NEPOOL also has a system to allocate the benefits of pool-wide, as opposed to individual
utility, economic dispatch. As full cost dispatch is a direct extension of direct cost
dispatch, the procedures in place for allocating the benefits of pool-wide dispatch could
serve as a starting point for a similar system with full cost dispatch at the power pool
level. However, it is important that such a system not sharply penalize those utility
systems that have relatively cleaner generation but higher direct operating costs. The
existing allocation system could be modified to ensure a fair allocation of the extra costs
of full cost dispatch on a pool-wide basis.

14
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Finally, it is important to note that there are local environmental impacts of power plant
generation that could be affected by full cost dispatch. If global environmental costs (i.e.,
the costs of Ioadings) rather than site-specific environmental costs are added to direct
operating costs, there could be some increased local impacts even as overall emissions and
societal costs are reduced. This could cause new problems of fairness and transfers (on
the environmental benefits or costs side) that would need solution by the participants in
the pooling arrangements. 11 At the least, local emissions or concentration limits could be
followed, thereby constraining somewhat the flexibility at the global emissions level.

Collecting the Environmental Costs

Despite ali this concern with allocation and the implementation of a full cost dispatch
system, we do ultimately wish to encourage rather than suppress a system that obeys the
"polluter pays" principle, both as a matter of assigning responsibility and to affect behavior
appropriately, After phase-in, the "full" societal cost of fuels for electric energy generation
would be seen by electric utility planners and system operators, while the higher direct
costs of their planning and operating decisions would be seen by electricity consumers.
But, our approach implies more, i.e. that the full cost of electricity production should be
borne by electricity consumers.

The question that arises in this context is whether external costs should be merely imputed
in the planning process, without actual collection from ratepayers ("phantom" costs) or
whether they should actually be collected ("rea]" costs). Consistent with the traditional
notion of economic efficiency, we believe that it may be appropriatf to collect external
costs from energy consumers. Consumers would then be presented with "correct" price
signals, rather than the artificially low prices that result from only imputing external costs
to planning and operating decisions.

By collecting actual externalities costs, the energy-related decisions of both electricity
consumers (through increased conservation and fuel switching) and utilities (through
changed priorities for dispatch and power purchases) could become more efficient from
a total cost standpoint, to the degree that these decisions are price elastic. Moreover,
modified (i.e., decreased) consumption can, in turn, affect planning decisions. Inclusion of
externality costs in rates would thus be a consistent way to incorporate the valuation of
external costs and the goals of such valuation in the planning and behavior of utilities and
their customers.

The revenues collected from such a system could be placed in a fund that would be used
to remediate the very problem that was the source of those revenues: the emissions of
pollutants. Such remediation could include investments in pollution control, in

11 If full cost dispatch incorporated simulations of transport, exposure, dose-.,'esponse,and damage valuation,
global ond local impacts could receive their appropriate relative treatment.
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environmental remediation, in conservation and renewables, in further research on
environmental damages, damage costs and control techniques, and in other related options.
Of course, the design and administration of such a system would require careful thought,
in order to ensure that it meets its objectives. One possible system could be based on
competitive bidding for opportunities to pursue the pollution prevention and environmental
damage reduction objectives of the fund.

A similar approach that is receiving attention with regard to C02 is one ascribing pollution
taxes to energy purchase prices. This has the merit of being economy-wide, crossing ali
sectors in a prima facie consistent manner.

Conclusion

Over the past few years, we have been heartened by the increasing attention regulators
and, to some extent, utilities have been giving to the inclusion of environmental
externalities in electric resource planning. While much work remains to be done on this
important issue, we believe that the time is ripe for extending such efforts beyond utility
planning to the area of actual utility operations. Planning can only go so far, since it is
actual utility operations, including usage of existing facilities, that will determine the level
of environmental pollution that will result from electric generation.

In this paper, we have proposed what we believe to be the most reasonable method for
including environmental externalities in utility operations: full cost dispatching. We
recognize that a range of issues must be addressed before such dispatching can become
widely implemented. The technical issues are, we believe, more easily addressed than the
allocational issues. Regulators, in conjunction with utilities, environmental groups,
consumer advocates, and other interested panics, must determine what costs are to be
imputed to which pollutants for dispatch purposes (an issue that must also be addressed
with regards to planning), what operational constraints will need to be identified before
altering the dispatch, and how additional operating costs will be allocated across customer
classes and utilities in power pools.

While the implementation of full cost dispatch will not be a simple matter, the large
potential benefits to society make the effort worthwhile. From a societal perspective, it
is very expensive to continue to dispatch electric facilities according to traditional economic
practice.
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Table 1: Test System for Emissions Dispatch Analysis

o_neraeon

_Conver_Jo4_alPec_or Verte_
Economic Under Fuel Ve_lable HeM Prod.

_=patoh ConventionalCost O&MCo=_ Rate Co_
._ (GWh) Dispatch _/MMBTU) _ _

CoalwithFGD 2000 14,016 80,0% 1,60 0.50 9,500 2,02

Co_, 2,37% =ul_ur 2000 14,018 80,0% 1.80 0,30 9,900 '2.08
Coal, 1.83% eutfur 2000 14,016 80.00 1.50 0.45 12,100 2.27
Coal, 0.82% sullur 2000 11,339 64,7_ 1.80 0,40 13,030 2,74

Oil steam, 1.5% sulfur 2000 9,763 56,7% 2.75 0,30 9,900 3,02
Oil ste=m'l,1.3% sulfur 2000 12,654 72.2% 2.70 0.20 9,400 2.74
Oil =team, 1,00 sulfur 2000 2,540 14.5% 2.80 0.25 10,200 3,11
Oil =deem,0.75% sulfur 2000 1,721 9,8% 3.05 0.25 10,200 3.36
Oil steam, 0,70% sulfur 2000 1,121 6,4% 2.95 0.35 10,300 3,39
Oil steam, 0.30% sulfur 4000 1,123 3.2% 3.15 0,65 12,900 4,71

• Ga= =team 8000 23,004 32,8% 2,75 0.20 10,400 3.06

Oil, CT 3000 1,77 0.7% 4.25 0.65 15,000 7.03
' Gas, CT 2000 244 1.4% 3,05 0.30 15°030 4.88
Ga=,CC _ _ 78,9_ 255 0,45 8.200 2.54

TOTAL 40,000 140,292

Table 2: Emission Coefficients for Test System

(lbs/MMBTu in)

m I, al I II I II

Emissions
"VaIus"

_2 _0_ COz II CH.._.._4 _ Pert |c._ _ { !_O¢/IG4h)

Coal with FGD 0.34>00 0.5300 220.0000 0.0012 0.0240 0.0300 0.0028 4._)01
Coal, 2.37'_ sulfur 3.3200 0.4000 220.0000 0.0012 0.0240 0.2400 0.0026 7,0002
Coat, 1.83X sulfur 2.9300 0.8490 220.0000 0.0012 0.0240 0.2200 0.0028 9.9737
Coat, 0.82% sulfur 1.3100 0.1500 220.0000 0.0012 0.0240 0.2600 0.0028 7.0410
Residual steam, 1.5X sulfur 1.6200 0.6250 169.0000 0.0019 0.0330 0.1000 0.0051 5.5752
Residual steam, 1.3X bulfur 1.4200 0.2810 169.0000 0.0019 0.0330 0.0530 0.0051 3.9441
Residual steam, 1.OX sulfur 1.0800 0.2810 169.0000 0.0019 0.0330 0.1000 0.0051 4.0906
Residual steam, 0.75X sulfur 0.8000 0.1900 169.0000 0.0019 0.0330 0.1000 0.0051 3.5274
Residual steam, 0.7"/, sulfur" 0.7600 0.2810 169.0000 0.0019 0.0330 0.1000 0.0051 3.8619
Residual steam, 0.3_, sulfur 0.3200 0.3000 169.0000 0.0019 0.0330 0.0919 0.0051 4.4247
Gas steam 0.0000 0.2670 117.0000 0.0003 0.0390 0.002_ 0.0014 2.3789
Oil CT 0.2120 0.5110 164.0000 0.0016 0.1160 0.0376 0.0359 10.3307
Gas, CT 0.0006 0,3950 118.0000 0.0123 0.1100 0.0134 0.0120 5.9907
Gas, CC 0.0000 0.2000 117.0000 0.0003 0.0330 0.0014 0.0013 1.6815

II. IIIII I
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Table 3: Costs and Emissions for Various Dispatching Methods

Conventlomd Lesst Full
Economic Emissions Cost

Dispatch Dispatch

Costs (millionsof 19905)

ProductionCosts 3,679 4,360 4,023
EmissionCosts 6,133 3,949 4,107
Societal Costs 9,812 8,309 8,130

Emissions.(tons/year)

S02 790°075 207,373 257,777
NOx 263,788 187,998 194,026
C02 119,881,000 95,734,000 97,442,000
CH4 727 1,031 653
CO 21,468 28,275 24,359
Particulates 68,489 23,207 24,258
VOC 1,979 2,457 1,829

,1_ IIIII II I II II III IIIII I I I I I II I I II I III [I I I

Table 4: Values Used for Air Emissions

!9908/Ib

802 0.800
NOx 3.400
CO 2 0.012
CH4 0.115
CO 0,455
Particulates 2.1O0
VOC 2,750

................ , ,,,, ,, iii i
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Table S: Variable Costs of Operating Test System Fossil Plants

VariabLe FuLl
production Eatsslons Soctetlt

Costs .VaLue" Coets

Coat wtth FGD 2.02 4.47 6.49
Coat, 2.373 sulfur 2.08 7.00 9.08
Coat, 1.83_I sul fur 2.27 9.97' 12.24
(:oat, 0.82X sulfur 2.74 6.05 8.79
Residual steam, 1.5X sulfur 3.02 5.55 8.57
Residual steam, 1.3X sulfur 2.7'4 3.92 6.66
Restcltmt steam, 1.OX suLfur 3.11 4,08 7.19
Residual steam, 0.75); sulfur' 3.36 3.54 6.90
Residual steam, 0.TX sulfur 3.39 3.86 7'.25
Residual steam, 0.3X sulfur 4.71 4.44 9.15
Gas steam 3.06 2.37 5.43

7.03 6.04 13.06Oi t CT
Gas, CT 4.88 4.22 9.09
Oas, CC 2.54 1.68 4.22
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Introduotion

Energy, and electricity in particular, are major factors in
determining the economic quality of human life. Electricity fur-
thers the production of goods and services, but its production
and use seriously impact on the quality of the environment. The
vocabulary of environmental damage is virtually synonymous with
the vocabulary of energy side effects:acid rain, smog, oil
spills, destructive strip-mining, radioactive wastes.

In the past, regulatory agencies have thought of energy
impacts as relatively local. Today, with our great technological
power, energy impacts are transcending state and national con-
cerns. Energy has given us the power to master the earth. And
what are we doing with that power? We are tampering with the
planet's climate balance and we are driving more and more species
to extinction. In fact, we have reached a critical juncture in
environmental history. It is this generation that must halt the
emission of greenhouse gases, if future generations are to have
any options left to them. It is this generation that must halt
the destruction of critical natural regions, or see up to half
the world's species lost to human development in the next thirty
years.

There has been much discussion recently about the role
energy use plays in possible global climate change. Less well
recognized is the fact that energy technologies are contributing
to the loss of critical areas and their non-human inhabitants.

After all, it is energy that powers human development. Utility
Commissions already contribute in one way or another to the mas-
sive environmental destruction projected for the relatively
unspoiled parts of the world.

i) Utility Commissions contribute to the damage directly when
they allow the import of energy from sensitive regions (and
thereby export extraction damage). This problem will become
particularly acute in the next two decades with respect to
Northern regions. Our eye for oil, gas, and hydropower has
turned in recent years to areas of Canada that are still
relatively pristine. God save Canada.

2) Utility Commissions contribute to damage throughout the world
indirectly when they set a bad example for other societies
to copy, one of disregard for environmental damage costs in
electricity planning.

Concern for environmental factors external to the market-
place must not stop at national boundaries, if we are to save
what is left of the natural world and preserve the global
ecosystem on which we depend.

-l- O
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That human technological power has reached such a destruc-
tive scale should lead us all to experience a sense of humility
and a sense of mission. We need to learn a new word,
"moderation," and account for the costs that we normally leave
out of our decision-making. Fortunately, there are signs that a
new national attitude of respect towards the environment has
developed in the last two years. To nurture this new attitude,
each of us must do our part. Utility regulators bear a special
responsibility, because so many of a Commission's decision have
an impact on theenvironment. Even those (few) commissioners who
are skeptical of the need for increased protection of the envi-
ronment are going to have to pay attention in the years ahead to
environmental externalities. The increased level of public
concern about environmental damages makes it inevitable that pub-
lic utility commissions will get involved in the externality
problem.

There are four key contributions that Utility Commissions
can make:

i) Assist in protecting the local environment in one's state and
the rest of the nation,

_) Assist in protecting the global climate balance,

3) Minimize any direct intrusions that local utilities are mak-
ing into critical natural areas, and

4) Set an example for the developing world in the management of
environmental impacts from electricity use and production.

Ali four of these contributions can be furthered by account-
ing for environmental damage costs not normally paid in the mar-
ketplace.

I literally breathed a sigh of relief, when I received
notice about this conference. (Living in polluted New York City,
as I do, that's about the only decent breath I drew in recent
months.) It is exciting that utility regulators are finally
focusing on the vital task of " internalizing environmental
externalities." I can think of no more important environmental
initiative than the one being discussed at this conference. The
initial efforts taking place around the country must continue and
they must be carried out in a consistent and logical manner.

Early attention to externalities has focused on the criteria
air pollutants covered in the Clean Air Act. However, cc;:cern
for energy externalities is taking place today in a new environ-
mental context. There is concern about preserving the ozone
layer, biodiversity, and the global climate. This means that the
externality analyst must be prepared to cast a rather wide net,
assessing the impact of all the energy resources in the utility
portfolio.
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what are the goals and objectives of internaliming environmental
externalities7

ACtions taken by utility commissions to deal with envi_on-
mental externalities, especially those related to market mecha-
nisms, should be viewed as a supplement to traditional effluent
limits and technology-based requirements established by
environmental agencies.

What can we expect from efforts to internalize environmental
externalities? To the extent that dollar values can be assigned
to environmental damage, there exists the possibility of using
market mechanisms to increase the efficiency with which environ-
mental expenditures are made, as well as compensating society for
some percentage of the damage.

Use of market mechanisms to deal with environmental damage
makes some environmentalists very queasy, because it can be
interpreted as condoning pollution. Nevertheless, there are many
strong arguments in favor of such an approach as a supplement to
standard methods. It would be nice if all pollution could be

ended instantly. Unfortunately, environmental damage will be
with us for many years prior to our evolution into a recycling
and solar energy society. In the meantime, we can benefit from
techniques that economists tell us will be more efficient in an
economic sense than total reliance on direct regulation.

Hopefully, including estimates of environmental costs,
directly or indirectly, in the price of electricity will lead to
a more efficient allocation of total social resources. Electric-

ity resource use will shift, with a resulting reduction in envi-
ronmental impacts. In particular, it is likely that additional
use of energy ef_iciency, renewables, and natural gas will occur.
And, if we set up a consistent process, any shift to these alter-
natives will be channeled to the best versions of these
resources.

Not only can consideration of externalities help to reduce
our direct contribution to environmental damage, it can also set '

an important example. By regularizing consideration of externa-
lities in electricity planning, we are setting an example that
developing countries will likely follow when they make t['e
transition to industrialization.

• Why address externalities in the energy sector?

Energy production and consumption is the major cause of envi-
ronmental stress

Environmental damage costs are centered in the energy sec-
tor of economy. This is a key justification for attending to
externalities in the energy sector alone. If this were not
the case, it would be wiser to start elsewhere:
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Attention to externalities will inevitably drive direct

energy costs higher (although lowering total social costs), so
that dollars will shift into other sectors of the economy.
Because expenditures in these other sectors are likely to
cause less environmental damage per dlollar, the society-wide
benefits will be positive. The situation is more complicated
when it comes to shifts within the energy sector itself.
Internalizing environmental costs in the utility sector alone
will leave such costs untouched in the residential and indus-
trial fuel markets. This implies a shift away from electric-

ity, some of which will surface in increased fuel use in those
sectors. If the environmental impacts of consumption of the
substituted fuel, say wood in residential stoves without cata-

lytic converters, are much greater than the consumption of
utility fuel, the net impact on the environment could be
negative.

Utility commission analysts who are assigning damage costs
should make an assessment of likely fuel shifts to wood stoves

or any other highly polluting non-utility resource as a result
of the externality program. If the shift should appear sig-
nificant, electricity resources, such as coal plants, should
only be penalized for their net contribution to environmental
damage° Economic studies of cross-elasticities may be
required f_r this purpose.

Fortunately, there is no rush for such studies. In the
early stages of the externality programs being implemented

O today, those that consider externalities only when choosingnew resources, the net impact on overall electricity prices is
going to be so small that such concerns are really second
order and negligible. Over decades, however, such concerns
will become important. I want to emphasize that fuel-shifting
out of the electricity sector is a non-trivial problem that
must eventually receive serious attention, if we are to meet
our goal of improving the environment.

Methods of internalizing externalities

Attention at this conference will focus on addressing exter-
nalities through market mechanisms. Of course, it is not always
appropriate to deal with externalities in this way. Direct
regulatory restrictions in Commission rules may be sufficient,
especially, as I shall argue, when it comes to externalities
associated with diverse resources such as energy efficiency and
renewables. Market mechanisms are appropriate when an external-

ity, such as sulphur emissions, cannot be completely eliminated
in a straightforward way by regulation.

|
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I shall discuss two market mechanisms in this paper. Note
that, although I shall not do so, direct regulatory restrictions
on design or management of a resource could also be considered an
extreme form of market mechanism, one where the price of not
complying with the restrictions is set very high.

Method 1. Augment financial costs with environmental cost
estimates when planning for resouEce acquisition

Currently, utility commissions accounting for external
costs are making use of damage cost estimates to shift the
economic balance between different resources at the resource

planning stage. Traditional cost estimates for meeting proj-
ected demand are augmented with the assigned external cost and
the sum used in meeting least-cost criteria for choosing
electricity resources. It is useful to anticipate the impacts
of introducing this method:

1) This approach reduces future environmental damage, not cur-
rent damages. Cost increases will be introduced gradu-
ally. Eventually, as older plants are phased out, the
full system will be operating with internalized
environmental costs.

2) In the short term, if the assigned damage cost is high
enough, it might shift the utility's next resource acqui-
sition to a different technology. In case of energy effi-
ciency measures, presumably a larger fraction of the
efficiency portfolio would be used prior to building a new
generator. In either case, there will be a reduction in
the environmental impacts over what would have occurred in
the absence of the externality program.

3) If the energy resource mix does shift, the direct price
paid by consumers will increase, leading to an overall
long-term consumption decline, and reduction in the utili-
ty's share of environmental damage. On the assumption
that the damage from expenditures in other sectors is less
than in the utility sector, the overall environmental bur-
den will be reduced, because a shift in spending to those
other sectors will cause less damage.

4) Rather than lead to a shift in resource mix, industry advo-
cates may add greater controls to offset the relative
decline in competitiveness of a traditional resource, such
as coal. This will lead to a decrease in environmental
damage. See Figure 1.



V

-6-



c% • 182

In summary, then, environmental improvements can result in
at least three ways: directly through substitution of cleaner
options, through dampening of overall demand as a result of
increased utility bills, and through imposition of new con-
trols to meet competition.

/

.,thod2. Add  o,t,,tlnt,,to utility bit1,
and return excess r__!S to society as a whole.

Amo e direot aPr/than u ing d mage e tim tes in
choosing resources is assignment of a direct fee to be col-
lect_d from the utility for each kilowatt hour generated in an
amount proportional to the damage. This approach has the
advantage that it will lead to immediate changes in the _amage
mix, as utilities shift towards environmental dispatching to
reduce penalties and as consumers reduce demand in response to
increased utility bills.

The revenues from such an approach could be used for fur-
ther environmental protection, to stimulate development of
cheaper alternatives, and to pay for the externalities
program. Of course, consumer resistance would be higher
because costs would rise faster.

Revenues could also be used for compensation to those

injured by the damage. Equity considerations indicate that
society should be compensated by polluters for the environmen-
tal damage they impose. Compensation should flow from those
who use electricity to those who are most penalized by
externalities.

Although compensation scl%emes make sense for that share of
the damage associated with human illness or other human
losses, paying humans for damage to wildlife has a bit of an
"Alice-in-Wonderland" quality to it.

And what about compensating people who are damaged, but
live outside of the Commission's boundaries? Transfer pay-
ments of this kind would no doubt generate intense opposition,

certainly as long as neighboring states or countries did not
have comparable programs.

There are huge uncertainties in assessing direct damage costs

The uncertainties are so large that the uncert@inty range

may be much larger than the estimates themselves. _As a result
it may be difficult initially to defend estimates against legal
challenge. To avoid some legal entanglements, it would be best
to refer to these costs in regulations as "damage cost esti-

mates," not "damage costs." On the other hand, the fact that
uncertainties exist should not be taken as an excuse to do

nothing about externalities. There are also great uncertainties
in projecting other aspects of the planning process, such as

-7-
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future energy prices, growth rates, and so on. As a consistent
and reasonable externality methodology is developed, objections
to the process should subside.

However, there are cases where the science is so weak that
it is difficult to justify internalizing any risk at all. Draw-

ing the line is a subjective judgement that can be made more
scientific by polling experts. Experts are not always right, of
course. In some cases, the public may be skeptical of experts,
and it may make sense to externalize on the basis of stress alone
or potential risk.

In some cases, there may be a confusing dispute among

experts or there may be a lack of information that could be cor-
rected by further scientific research. There is a dilemma here,
however. Who gets the benefit of the doubt, while the research
is being done? Does one allow the resource to he used, ignoring
the potential externality until further research clarifies the
reality of the damage? Or does one disallow the resource access
into the portfolio, until more information is attained?. I argue
below for the first approach in the case of fiberglass insulation
and the second in the case of hydropower in remote wilderness
areas. Such decisions are subjective and cannot be justified

solely on the basis of technical analysis.

In some cases, alternatives could introduce environmental prob-
lems of comparable significanoe.

New energy sources may become more widely utilized as a
result of an externality program. With these new energy sources

comes the opportunity to implement them responsibly, i.e. with
environmental concerns in mind from their inception. It doesn't
matter that their impacts and/or risks will generally be less
than that of coal and nuclear power. What matters is that their

impacts can be significantly reduced by proper attention to their
regulation and externalities. It would be a shame to throw away
the full potential of internalization because of a naive belief
that some energy sources are inherently benign.

Utility Commission staff seem to be very skeptical of this
call for consistency. Part of the reason, no doubt, has to do
with the severity of the problems associated with the energy
sources we now use to make electricity. How can the alternatives
fail to be better? Yet, some of the alternatives have gotten

positive reputations solely because they come to attention on a
very small scale.

I must confess that I get very blank stares when I bring

this subject up with Commission staffers. I used to think I had
bad breath or some other socially unacceptable odor problem when

this happened, but I have since learned that there are other
reasons for staff dismay. Some want to focus externality costing

-8-



efforts on criteria pollutants. Some are concerned that any men-
tion of problems with alternatives will drive Commissions from
taking any action at all. Nevertheless, those of us who spend
our full time trying to protect the environment always end up
struggling to control the new panacea, whether it be small hydro-
power or cattail farms. I know it's difficult to jump two steps
ahead at a time, rather than one, but it will save us all a let
of headaches, if we take a consistent approach to externalities
from the beginning.

Without some assessment of damage costs of alternatives and
their environmental regulation, the large scale use of alterna-
tives could backfire. On the other hand, it would be ridiculous
to undertake a complex set of analysis of a technology that might
never make it on a large scale and whose final form might not be
anticipated.

A reasonable way to address this problem is to assign exter-
nality damage cost based on present knowledge, energy mix, and
estimates of likely alternatives. After the externality program
is operating, the resulting resource shift can be assessed and
research commissioned as appropriate into new damage assessment
and appropriate control requirements.

All damage costs should be re-assessed on a regular basis
anyway to incorporate new knowledge.

Need for consistency

Only a consistent approach will bring a real increase in
environmental protection efficiency. A consistent approach will
not only move us towards a more optimal mix of technologies,
e.g., conservation vs. coal, but also move us towards more opti-
mal versions of each technology. (See Figure 2.)

Example: In terms of climate change, consistency consider-
ations suggest that natural gas be penalized for emission of
unburred natural gas, a greenhouse gas itself, that occurs during
production and transmission.

-9-
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' Special impacts that need to be recognized

Habitat destruction and wildlife damage from hydropower
and biomass production should not be ignored in externality
programs. I highlight these issues, because they have not
gotten sufficient attention in past analyses of externalities.
Yet, there is a fairly large body of knowledge developed as
part of river regulation that could be used to assign damage
cost estimates.

Upstream pollution en_edded in material

If damage costs are assessed for pollutant emissions, the
emissions in the production of materials used in energy faci-
lities (steel in nuclear plants, wind turbines, etc.) should
also be assessed. This is particularly important for
renewable technologies, where such emissions may dominate the
total environmental impact. As computer codes become avail-
able for accounting for such upstream emissions (e.g., the
German GEMIS code), it will be rather straightforward for
Commission staff to determine whether upstream effects are
significant and need to be taken into account.

Methods 0£ assigning oosts
i

In this paper, I shall refer to four methods of assigning
damage cost estimates. 1

Use of damage function

In the case of emissions of sulfur dioxide, dioxin, radio-
active isotopes, and miscellaneous other carcinogens, it may
be possible to extract from the literature a mean estimate of
a damage function, along with a reasonable uncertainty esti-
mate. If one has an accompanying value for the damage, e.g.,
lost wages from sickness or an assigned dollar penalty for
each life, it i_ possible to directly calculate the damage
cost.

Use of control costs

Alternatively, one can roughly estimate the value assigned
by society to negating emissions by looking at the controls
that are implemented on particular pollutants and their costs
per unit of controlled pollution. Although this type of
assessment does not give one the marginal value of controls,
it presumably is in the right ball park.

1 See: R. Ottinger, D, Wooley, N. Robinson, D. Hodas, S. Babb, S.
Buchannan, P. Chernic, E. Krupnick, Uwe Fritsche, The EnviroDm_n-
tal Cost of Electricity, Oceana Press, Dobbs Ferry, 1990
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Revealed proZoronco

Sometimes it is possible to infer a value from other
actions. For instance, if property values are lower around a

particular facility, it can be inferred that the damage in the
vicinity is assigned a negative value' equal to the loss in
property values.

Polling

Finally, in particularly difficult cases, it may be appro-
priate to simply poll a sample of the public, asking them how
much each would pay to avoid certain impacts (or how much
compensation should he paid for imposing a risk or environmen-
tal injury). Although there will clearly be a difference
between what people say they wi_l pay, or want in
compensation, and what they would actually pay, or want, the
average of such polls may be the best method for approximating
social benefits in the absence of the previous three methods.
Consider the great difficulties involved in estimating dollar
costs of nuclear accidents. Uncertainties of accident proba-
bilities is so great that the resulting damage estimates are
so broad as to be relatively useless in an externality

program. On the other hand, simply asking a sample of people
how much more they would be willing to pay on their electric-
ity bill to have no nuclear plants within 100 miles would be
rather useful. It would give a reasonable estimate of the
disbenefits that are perceived from the stress of living near
a facility of such uncertain safety.

Need for updates +

What_i_,_r method is chosen, there must be provisions for

regular updates to accommodate new knowledge.

Assessment of each energy source and appropriate regulatory

response

In the sections below, the major environmental problems
associated with a variety of electricity sources and demand side

management techniques are listed. Also included are recommenda-
tions as to how to address each problem, whether it be to penal-
ize the resource in proportion to its inflicted damage, whether
to restrict the versions or management of the technology that
will be allowed in the portfolio, or whether to pursue research
before further action is taken.

At the end of this material, a Summary Table is presented,
which, in addition to tabulating the recommendations on appropri-
ate regulatory responses, lists possible methods to use in esti-
mating environmental costs.

-12-
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Fossil fuelsz coal, cii, and gas.

we are all very familiar with the damage caused by fossil
fuels, e.g., oil spills and other forms of water pollution, acid
rain, refinery air pollution, land impacts, and potential climate
change. Less familiar impacts include the environmental changes
wrought by the inland infrastructure associated with exploration,
production, and refining.

There is a general hierarchy that is almost always found in
terms of environmental impacts: coal is the worst, with oil
next, and natural gas least harmful. (Estimates in the litera-
ture showing that coal's damage costs equal the normal financial
costs do not surprise me. 2)

2nergy efficiency

In most cases, energy efficiency is the most environmentally
benign way to provide energy services. However, there are cer-
tain efficiency strategies where program restrictions should be
imposed to eliminate negative impacts, particularly in the area
of indoor air pollution.

Indoor air pollution

The biggest potential problem associated with efficiency
is the increases in indoor air pollution that can be asso-
ciated with tighter buildings. However, buildings with
reduced air-quality need not be a part of our efficiency
strategy. Such conservation measures only contribute to a
small part of the overall efficiency potential.

The possibility of using energy efficiency retrofit pro-
grams as an opportunity to identify homes with indoor air
problems has been recognized by several authors as a way of
actually reducing net risks from indoor air pollution. 3 In
fact, an energy efficiency program may be the only chance of
identifying problem homes on a large scale. Recommendations

to home owners and building managers as to how t? correct the
identified problems could lead to a large reductlon in the
societal risk from indoor air.

Greenhouse gases in insulation

Some building insulation material contains gases, such as
HCFCs, that impact the ozone layer and the global heat bal-
ance. If coal plants are being assessed for carbon dioxide

20ttinger et al., _ c_q_.

3 Many years ago, Anthony Nero of Lawrence Berkeley Laboratory
suggested this approach for dealing with Radon. See Also
Ottinger et al.
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emissions, demand side management programs using such
insulation should be assessed at the same rate per unit of
CO-2 equivalent. This is likely to turn out to be a small
effect, now that insulation manufacturers are moving away from
the more serious CFCs, but analysis should be made of the
insulation that is to be used in any demand side program.

An alternate response to financially penalizing insulation
made with these gases is to simply ban use of such insulation
in a utility conservation program.

Fiberglass health effeots

There is some concern that fiberglass insulation may pose
a risk to the lungs. However, the indications for this are
not sufficiently established to justify a halt to the use of
fiberglass insulation, nor is the scientific data complete
enough to allow a damage cost estimate to be made. Here is an
area where further research could be useful in resolving a
lingering concern.

Residential solar

lt is possible that some utilities may get involved in sup-
porting residential solar hot water heaters as part of their
demand side management options. Environmental problems
associated with this form of solar technology are very small and
would include emissions during production of the collectors. In
the future, residential photovoltaics may be an electricity
demand management technology supported by utilities. Here the
impacts are of greater concern, because the emissions during pro-
duction can be more severe and because of the risk of fires and
subsequent release of toxics. A combination of management
restrictions and penalties should be applied to photovoltaic
technologies. The risk of fires can be addressed, as can the
nature of the materials allowed in the residential collectors in
the first place. I am not claiming that the risks of photovolta-
ics are anywhere near comparable to the risks of generating elec-
tricity from coal. In fact, I am a strong advocate of this
technology, popping up solar-powered calculators during
television interviews at an obnoxious rate. What I am claiming
is that attention to the residual risks that do exist will ensure

we get the full environmental potential from this promising tech-
nology.

Waste-to-energy facilities

Air pollution problems include emissions of criteria pollu-
tants, carbon dioxide, heavy metals, hydrochloric acid, dioxins,
and miscellaneous carcinogens. It is also necessary to worry
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about near-toxic ash containing heavy metals that are more easily
mobilized than if the original trash had been placed into a land-
fill.

The uncertainty and controversy of the health risks from
incinerators leads to stress in populations living near them.
Such stress should be accounted for in externality programs in
terms of risk.

The management restrictions available for utility commis-
sions to impose on such facilities to eliminate externalities are
limited. Only state and federal regulators can keep the material
out of the waste stream that causes many of the problems with
incineration. A proportional penalty approach seems the most
appropriate response at this time.

Nuclear

The litany of risks associated with nuclear power are well
known: routine releases, risk of accidents, escape of radioactive
waste, risk of faster proliferation of nuclear weapons. The
stress of living with the uncertainty from nuclear risks is a.
real problem and needs to be recognized in externality account-
ing.

Conventional

Despite the well-known problems of nuclear power, it does
have one advantage over coal. It emits no direct greenhouse
gases and little is emitted indirectly during the mining and
transportation of the fuel, but the current technology has
lost so much credibility that it is unlikely to be a viable
alternative, even in a world concerned about global warming.
Much of the externalities associated with nuclear power have
to do with large, low-probability risks. In the current eco-
nomic and political climate, utility commissions considering
externalities for new plants are not going to have to set
policy for costing nuclear externalities. No plants will be
put foz_ard. If, on the other hand, conventional nuclear does
make a come-back, commissions will not be able to avoid a
decision on how to assess the externality costs of risks.

Management restrictions to eliminate risks open to a util-
ity regulator are minimal, although there are some significant
ones. For instance, the risk of catastrophic accidents at
on-site spent fuel storage facilities can be eliminated by
requiring dry cement casks, rather than water storage pools.
Nevertheless, the major externalities associated with conven-
tional nuclear power are going to have to be dealt with by
penalizing nuclear facilities in proportion to a damage cost
estimate.
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Seoond generat£on

There is the possibility of developing new designs of
nuclear power that are meltdown free. Research into them
should be started, but we must recognize that they do not
address other problems and other public concerns. They do not
address the transportation of radioactive materials. They do
not address their disposal. They do not address the prolifer-
ation of weapons grade material. Furthermore, it is question-
able that the new designs can compete economically with other
methods for avoiding carbon dioxide emissions, especially if

they are really built to reassure the public on safety and
quality assurance.

It is important to mention that successful demonstration
of idiot-proof reactors is decades off, if it should prove
possible at a11. And then, acceptance is still problematical.
The battle ground of the nuclear debate will shift. Local
communities will be skeptical that an actual plant will be
built to the same standards as the demonstration plants. They
will be unhappy with the fact that small releases will still
be possible. They will be unhappy that radioactive waste will
have to be stored at the reactor, to be transported through
the community to waste repositories in which few people will
have any confidence.

Thus, the prospects of a Commission having to reach a
decision on externality costs associated with second genera-
tion reactors in the next decade is vanishingly small.

Solar technologies

Now we will turn to some of the non-residential solar-
related technologies. All of them listed in Table 1 derive their

potential power at some point from the sun. (Wind, for instance,
arises from unequal heating of the earth by solar energy.) The
success of technologies like wind turbines has shown that such
alternatives can make a real contribution to the U.S. energy sup-

ply under the right regulatory climate. However, there is no
free lunch when it comes to energy sources, so care must be
exercised even with solar technologies.

As discussed under residential solar, a combination of man-

agement restrictions and penalties proportional to damage cost
estimates should be applied to utility solar in order to shift
the technology towards versions with the least social cost.

Solar thermal

On the supply side, one of the most promising options from
the environmental perspective is solar electricity. It can be
derived from steam produced by high temperature solar heat,
assisted by the burning of natural gas.

-16-
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Photovoltaiom

The "hottest" form of solar electricity today is that which
is produced directly when sunlight hits photovoltaic cells. The
costs of these cells have been dropping dramatically, with the
potential for producing electricity at costs well below that of
nuclear power. Expanding research into photovoltaics would seem
to be the most important energy research step that can be taken
for the long term. Replacing electricity fossil fuel units would
be a massive job, requiring the laying down of collectors on an
area of the U.S., perhaps one-third the size of the interstate
highway system, or 2% of U.S. farmland, an equivalent area. We
are talking engineering projects so vast that engineers would
kill to be a part of them.

Although land use of this magnitude will raise eyebrows, the
other advantages of solar will ensure its widespread public
acceptance. In fact, development of photovoltaic cells may rep-
resent the most politically viable way of solving the bulk of our
externality problems and forestalling massive climate change in
the next century. If high-quality land is kept off-limits to
photovoltaics through regulation by Commissions, the major prob-
lem with this technology will have been solved. Emissions from
production can be handled by restriction on the nature of the
cells that will be acceptable to Commissions as well as by
assigning damage cost estimates to the emitted pollutants.

Environmental problems from photovoltaic technology will be
significant, but nothing compared to the problems that would
arise from use of fossil fuels. Pollution from the production of
the solar cells will be a problem, as will use of herbicides to
keep solar arrays free of vegetation. Cleaning of the arrays
will lead to water pollution.

Hydropower

Hydro in moderation is fine, but too much is a disaster. We
have all too few crucial sites left for wildlife and river recre-

ation. The natural flow of rivers is essential to ecosystems.
For instance in the spring when ice melts, the resulting rush
carries much-needed nutrients for wildlife far and wide. Dams

change the natural rhythms by regulating the flow.

By the way, even small hydro can be a problem because it
requires so many dams to make the electrical equivalent of a
large dam.

There is a hydro option that needs consideration, so-called,
"run of the river" turbines - which operate during peak flows
only. It is not the turbines themselves that cause environmental

problems, but the flooding of land from dams and the smoothing
out of the natural flows. Therefore, by generating electricity
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in phase with the natural flows (which does not require the con-
struction of a large dam), we can eliminate the greatest problems
with hydropower. Although run-of-the-river systems are more
expensive, they do offer hope that hydropower can help offset
global warming, without causing major damage to natural ecosys-
tems and the creatures that depend on them.

Assigning aosts to hydropower habitat destruction

Damage costs can be assigned to flooded lands using the
"revealed preference" or polling techniques discussed earlier.
Another possibility would be to directly estimate the value of
the land lost by multiplying land values in the area with a
wildlife density factor and a habitat uniqueness factor.

It is very important to penalize hydropower to the extent
it reduces variability of flow. One method might be:

1) assume that total loss of flow variability results in 100%
loss of riverine habitat acreage.

2) Multiply acreage by a wildlife density factor to properly
value the importance of riverine habitat.

3) Multiply by a factor that takes into account the uniqueness
of the habitat for critical species.

4) Finally multiply by typical land values in the area.

Obviously, such a calculation will give appropriate pref-
erence to run-of-the-river systems.

James Bay in Canada, an example of special problems with
hydropower

Increased imports of electricity from Quebec into the
Northeast would mean new dams in the northern Quebec wilder-
ness and potentially disastrous consequences on James Bay, a
rich area for wildlife. 4 As I have said, hydropower in
moderation is a wonderful energy source. Pushed too far in
any one region, it can be ecologically destructive.

Will the ecosystem of James Bay be overloaded? HydroQue-
bec, the provincially-chartered utility, does not think so.
It already generates 10,000 megawatts of power from huge dams
and reservoirs. Only full-scale studies of the cumulative
impacts of HydroQuebec's long range plans will settle the
question.

4 J. Beyea, J. Rosenthal, J. Hansell, "Long-Term Threats to James
Bay from Hydroelectric Development," Information North (Newsle-
tter of the Arctic Institute of North America), University of
Calgary, Alberta, Sept. 1990.
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The argument made against long-range environmental assess.-
ment and planning is that each new dam is only a small frac-
tion of the total built so far, so the latest dam can't be
that bad. This refusal to look ahead to the final results is

reminiscent of past U.S. approaches to the environment. It
allows a society to ignore the gradual deterioration of much
of its natural resources.. Decades of small losses inevitably
lead to disaster. Then the argument becomes, "well, the dam-
age has been done, so the next dam won't make things much
worse." I, and other environmentalists, worry that 50 years
from now the five out of six rivers entering James Bay will be
dammed and the natural timing of water that maintains the eco-
system of plankton, marsh grasses, fish, insects, mammals and
birds will be forever altered.

What should be the appropriate regulatory response?
Because of the uncertainty that exists about the long-term
impact of HydroQuebec's plans, I argue that, we need to look
ahead now at all the plans on the drawing board and assess the
cumulative impact before going forward with any new U.S. con-
tracts.

In addition to protecting local and migratory wildlife,
there are two other issues: the cultural survival of native

peoples and the protection of wilderness for its own sake.
Although _the U.S. can hardly lecture Quebec about any of these
issues, we can restrict our own appetite for imports through
administrative and legislative action, while these disputes
are being resolved. We can join with those in Quebec who are
asking for proper studies, so that policy makers will have an
idea of whether the area can sta,_d any further development,
and if so, how much.

Delaying the purchase of cheaper electricity out of con-
cern for environmental risk is a way of internalizing those
environmental risks. Presumably, electricity costs will be
higher than they would be otherwise. By gaining more scien-
tific information, the uncertainty in any risk estimates will
be narrowed.

Biomass

Biomass refers to biological matter that contains stored
energy. Consider trees and plants, which collect sunshine and
use it, along with CO-2 extracted from the atmosphere, to build
up biological molecules, storing energy in the process. The
stored energy can be extracted from these molecules for human
use. (Note that biomass also includes living matterthat eats
plants or other living things. With very rare exceptions, all of
the energy in biological systems can be traced back along the
food chain to solar energy.)
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Biomass externalities include air pollution from combustion,

particularly benzo-a-pyrene and similar carcinogens from wood-
burning. Land use impacts and habitat loss are also important
externalities.

Although biomass produces CO-2 when consumed for energy pur-• ' m

poses, the next crop absorbs CO-2 back from the air. Equillbrlu
results when the next crop stores as much biomass as did the
original. In contrast, Should a forest be cut down and replaced
with corn or short crops, the difference inbiomass appears in
the atmosphere as C0-2. 5

Once equilibrium is reached with biomass, it is an energy
source that does not contribute to global climate disruption. As

......... _---_ are _ro_ectin _ massive reliance on thisa result, som_ ana_x_ _ J _ . .

energy source, not just for transportatlon, but for electrlclty
production as well. 5 The problem is that too great rellance on
this energy source could have disastrous environmental impacts on
land and habitat, unless agricultural and silvicultural practices
are radically changed. Suppose, for example, the current U.S.
transportation fleet were powered by alcohol. It could take 300
million acres of land to grow the necessary crops and wood. 7
This is an area equivalent to our current crop base and would

seriously impinge on our entire agricultural and silvicultural
resource. The pressure to build so-called "biomass farms" for
both transportation and electricity fuel would be enormous. If
not properly designed, biomass farms could eliminate much of the
wildlife habitat in the U.S. and put equivalent stress on the
environment in other countries. Environmental biomass planta-
tions should be designed to provide biological diversity that
will allow wildlife to survive. "New forestry" techniques offer

a management response to utility Commissions that can preserve
habitat 8. Believe me when I say that concern about this technol-

ogy is not an imaginary problem. The prospects for biotechnology

5 In considering the net climate impacts of changing land prac-
tices, it is necessary to consider the changes in surface reflec-
tivity that occur, as well as the changes in stored biomass,
above and below ground.

6 Congresswoman Claudine Schneider, letter to the Ed'tor of the
New York Times, December 27, 1989.

,,Biotechnological Advances in Biomass7 J. Beyea, K. Keeler,
Energy and Chemicals Production: Impacts on Wildlife and Hab-
itat", _ritical Reviews of Biotechnology, forthcoming.

8 J. Cook, J. Beyea, K. Keeler, "Potential Impacts of Large-Scale
Biomass Production on Biodiversity and Wildlife Habitat_" in

preparation.
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lowering biomass costs is so great 9 that more and more utilities
are going to have to deal with the environmental externalities
from biomass in the decade ahead. No utility should be cutting
wood from a forest that does not have a forestry plan that is
approved by state wildlife agencies and that is designed to pro-
tect biodiversity. Attention should not be restricted to endan-
gered species or game species.

Externality costs can be assigned to biomass habitat
destruction, by first establishing guidelines for acceptable for-
estry practices and assuming the habitat is lost, if guidelines
not followed. If assumed lost, the resource would be charged
according to the revealed preference or polling method. Alterna-
tively, an approach similar to that discussed above for hydro-
power could be used.

Standard methods of assigning costs to pollution emissions
can be followed for biomass pollutants studied for other energy
sources. What about the carcinogenic emissions that are impor-
tant sources of risk from biomass combustion? Although to my
knowledge no analyst has made such calculations for
benzo-a-pyrene, there is no reason why techniques used to assess
health risks from nuclear or coal pollutants can't be used. (It
would be useful to do this as a function of control levels.)
This may be an important area for research by the federal govern-
ment or one of our larger states.

Geothermal

Geothermal energy is obtained from hot waters deep under-
ground. The waters are heated as a result of radioactive decay
deep in the earth. The practical potential for long-term
replacement of fossil fuels by this technology is not well-known.
However, the world's geothermal energy base is very large, compa-
rable to the world's coal resource base.10 Most U.S. geothermal
energy facilities are in California. Its use elsewhere in the
United States will depend on the price of competing fuels. To
avoid environmental contamination, geothermal water should be re-
injected, after the heat has been extracted, into the underground
layers from which it was originally pumped. Otherwise, the
chemicals in such waters will contaminate surface water systems.

9 Beyea and Keeler, o__ cit.

I0 J.W. Tester, D.W. Brown, R.M. Potter, "The Potential for Geo-
thermal Energy," in Proceedings of the Second North American Con-
ference on Preparing for Climate Change, Climate Institute,
Washington, 1988, p. 614.
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Earthquake risk from dry rock geothermal

This is a risk from an energy source that is speculative,
so it can be safely relegated to the research stage.

Tables

The following Table indicates the major environmental prob-

lems associated with each energy source and the methods that

might be used by a utility Commission to deal with those

problems. The listed methods include 1) management or design

restrictions on a resource, 2) penalties in proportion to damage

cost estimates, and 3) further research. Also included in the

Table is a column on possible accounting methods that would be

appropriate for estimating the damage cost associated with each

impact.

J
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Table I. Appropriate Regulatory Response" to the Environmental Impacts,of
Individual Energy Sources

Energy Resource' Environmental Impact "'IAppropriate L 'Possibie Cos"-
iRegulatory ting Method
,Response

Energy effi- Indoor air pollution. Ms) NA
clency.

Climate-changing gases P,M b) Use equiva-
used in foam insulation lence to CO-2

.... Fiberglass health effects R c) NA

-- illil I I iii I iilll _ I

Natural gas iNOX, co-2 p Control costs

Risks of Accidents at P Revealed pref.
LNG facilities or polling

Infrastructure impacts
associated with explora- P
tion and production

,,,,,, , ,, ,, , ,,, ,,, ....

Oil SOX, NOX, CO-2 P Control & "off-
_set" costs

Toxics from refining P :Damage func-
tion

Oil spills P Assign clean up
costs known
per gallon for
large spills to
uncleaned spills

Infrastructure impacts
associated with explora- P Revealed pref.,
tion and production polling

Inland & coastal infra-
structure impacts asso- P
elated with refinir_g

Coal SOX,NOX, CO-2 P Control & off-
set costs

Misc. carcinogens, muta-
gens, etc. P Damage func-

tion

Land use damage P Revealed pref.,
polling

Notes: M-Management or Design Restrictions on Resource, 'PfPenalty in '
Proportion to Damage Cost Eshmate, R=Research, NA=Not Applicable
a) Include indoor air quality assessment programs in ali programs that
install energy efficiency measures.
b) Disallow use of CFC-containing insulation.
c) Because the health effects of fiberglass are speculative, research is the
appropriate response.

, ,, , ,, _ ,' __ , , ....
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Table 1 (Con't). Approgriate Regulatory Response to the Environmental
Impacts of Individual Energy Sources

ENERGY Environmental Impact i Appropriate .............Possible Cos _'_'
RESOURCE Regulatory ting Method

Response
, -- ,,, ,=, ,

Incineration of SOX,NOX,CO-2 P Control & off-
wastes set COSts

Increased mobility of
heavy metals in ash P Control cost,

damage func-
tion

Dioxin P Damage func-
tion

A_rborne heavy metals P

Control costs,
iHydrochloric acid P once standards

finalized

Stress P Revealed pref.,
polling

,,, ,, , , , ,,,

Conventional Routine emissions P Damage func-
nuclear tion

t

Risk of reactor accident_ P Revealed pref.,
polling

Risk of spent fuel acci- Ma) NA
dents

Future risk from nuclear P Damage func-
waste releases tion

Radon from mill tailings
p

Risk of weapons prolif-
eration Mb) NA

,,, , , ,, ,=,,

Idiot-proof Same as Above Rc)
nuclear

Wet geothermal Water pollution. Md) NA
........ , ,

Dry geothermal Risk of earthquakes R NA

Notes: Pffil_enalty in Proportion to Damage Cost Estimate, MfManagement or
Design RestricUons on Resource, RfResearch, NAffiNot Applicable,
a) Require cask storage rather than spent fuel storage on site.
b) The link between domestic nuclear power and prol!!feration is difficult to
quantify.
c) Presumably, the cost assigned to accident risk will be much lower than for
conventional nuclear power plants.
d) Require re-injection of extracted waters.

..... ,, _ ,,, : ,, ,, , ,,,, , ,,
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Table 1 (Con't). Appropriate Regulatory Response to the Environmental
Impacts of Individual Energy ,Sources

III II II II ....... I I I I I I' 11 r Hl I I I II " ' •

ENERGY Environmental Impact Appropriate Possible Cos-
RESOURCE Regulatory ting Method

Response
II I I I I I III I II r

Photovoltaics, solar Change in land use val- Revealed
thermal, ues (e.g. wildlife) not P,M i) pref., polling

included in price of
land.

Pollution during pro- P Control
duction of materials. costs, dam-

age function

Herbicides P Damage
function,
polling

Utility- s'upported 'Pollut'ion during man- P Damage
residential solar ufacture function

, , i,,,Risksof fire Mb),P "
Biomass (solar CO, Nox' P ..... cont';Oicosts
energy Collected in
the Form of biolog- Benzo-a-pyrene & P Damage
ical material), other complex organics function

Destruction of habitat
and loss of biological Mc) NA
diversity.

Wind Aesthetic. '.... P ..... Revealed
pref., polling

Noise. P "

Wildlife collisions P "
' ' " I,,, , ,,,,

Hydro (big and " Direct loss of hal_itat P Land values
small) X wildlife

density fac-
tor X

Indirect loss of habitat uniqueness
through loss of natural factor
flow variability and
sediment P See text

,, ,,,=, i,, ,

Run-of-river hydro Direct loss of habitat P See above

Notes:'P=Penalty in Proportion to Damage Cost Estimate, M=Management or
Design Restrictions on Resource, R=Research, NA=Not Applicable.
a) Exclude land for photovoltaics that is currently of special environmental
value.
b) Restrict utility-supported photovoltaics to materials with low toxics.
Require designs that do not get hot enough to catch fire.
c.) Require forest-management plans that respect biodiversity. ,,,o,
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Designing a regulatory mechanism that gets us where we
want to go requires that we know where it is we are

going and why.

There are three reasons for considering environmental
externalities:

I) There are environmental costs associated with

the production and consumption of electricity,

which, if hidden from consumers, will lead to poor

decision-making.

2) Electricity production and consumption produces

environmental costs which, if hidden from

utilities, will lead to the acquisition of the
wrong resources.

3) There are environmental costs associated with

the operation of power plants, which if hidden from

utilities, will result in the wrong plants being
run.

Methods of incorporating environmental externalities

should be judged by how well they address these three
concerns.

Of course, there are other externalities that people
may also wish to take into account. The most obvious

relates to the costs associated with protecting the oil

we use to fuel our economy. Operation "Desert Shield"

isn't the first time our armed forces have gone into

action to defend the free flow of oil. During physical

years 1985-86, the United States spent $47 billion

escorting tankers through and clearing mines from the

Persian Gulf. Had this cost been borne by the oil
, companies whose oil was being protected, oil would have

cost $450 per barrel. Current military exercises in,

the Mideast have already run in excess of $2 billion

and the estimates are rising faster than the cost of

oil. But, the subject of this paper is environmental
externalities, not the mideast crisis.

The efforts of the states and NARUC to incorporate

environmental externalities in the least-cost planning

decision-making process is commendable. Nothing should

detract from the efforts that have been made thus far,

or the continuing efforts to incorporate environmental

externalities in the states that are now considering

the issue. Nevertheless, the strength of NARUC is that
each member can learn from others and is free to

implement desired programs in new and more potent ways.

2



The measures taken by states to date are but a tiny
first step. Only a small part of the reasons why
people want environmental externalities considered are
being addressed today.

Generally, the states have adopted what can be called
shadow pricing systems. Under these approaches,
environmental costs are assigned to alternative
supply-and demand-side resources. These costs are then
considered when deciding which new resources to add to
the system. ,

For example, we might have a competitive bidding system
such as New York's, which imposes a $0.015
environmental cost on coal-fired facilities, $0.01 per
kilowatt hour on oil-fired facilities, $0.005 per
kilowatt hour on natural gas-fired far ilities, and
finally zero on demand-side options. The following
table shows several different scenarios under a New
York type of process.
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RESOURCE
OPTIONS CASE 1 CASE 2 CASE 3

COAL
BID PRICE 5.0 5.1 5.0
ENV. COST 1.5 i. 5 1.5
_ _.

TOTAL PRICE 6.5 6.6 6.5

GAS
BID PRICE 6.0 6.0 6.1
ENV. COST 0.5 0.5 0.5

_ .

TOTAL PRICE 6.5 6.5 6.6

ENERGY
EFFICIENCY

BID PRICE 6.4 6.6 6.6
ENV. COST 0.0 0.0 0.0

TOTAL FRICE 6.4 6.6 6.6

WINNER/COST DSM GAS COAL
TO
CONSUMERS 6.4 6.0 5.5

• 4



This table shows conservation winning the bid under
Case I; under Case 2, the gas-fired facility wins; and,
under Case 3, the coal-fired facility wins. The bottom
line is the important one: it shows that if
conservation wins, consumers will pay $0.015 more per
incremental kilowatt hour acquired through DSM
resources than they would have, had the same resource
been acquired through a coal-fired facility. However,
as illustrated by Cases 2 and 3, if either supply-side
resource wins, the resource cost to consumers is equal
to the facilities" bid price, which does not include
the environmental costs associated with the resource.

One can generalize from these scenarios that if supply-
side resources win, they are added to the system at
their actual direct cost, which does not incorporate
the environmental externalities associated with the
added resources. Price_ are _creased to cover the
difference between the environmental costs of the
dirtiest resource and the resource selected.

Clearly, this approach does not fully satisfy the goal
of reflecting environmental costs in consumers prices.
We have accomplished the goal of reflecting
environmental costs when deciding which new resource
the utility selects. In total we have satisfied
perhaps 1.25 of the three goals stated at the outset.

Incorporating environmental externalities in decision-
making for the acquisition of new resources may seem
like the most important first step if you view the
operation of existing plants as a sunk cost. But is
it?

The environmental damage currently borne by the
population is due to the operation of existing
facilities; it has nothing to do with the operation of
new facilities. Yet, environmental externalities as
currently being pursued rarely, if ever, applies to
existing facilities.

Let me take a few minutes and share with you some of
the typical emission data for existing oil-fired
facilities in New England, and selected data for new
supply resources.

The following chart shows the environmental emissions
of the proposed and existing facilities.



PLANT TYPE 02 NOx COMBINED
(LBS/ (LBS/ (SOx.,
HWH ) HWH ) Ox )

OIL 2.5% S 31 4 35 _,,

1.5% S 19 4 23

0.3% 8 4 4 8

NEPOOL 12 5 17

MARGIN
,,

GAo 0 2 6 2.6

BIOHA ,_ . .o8 0 8.5 8 5
....

b]_W COAL ° 5 5 9 9 4

COAL CFB 2 .8 2.8

(AES)



As you see, on an emission-per-kilowatt hour basis, any

of the new facilities is far better than the operation

of the existing facilities.

Adding SOx and NOx together shows that for new supply

resources, air emissions range from 9.4 to 2.8 pounds

per megawatt hour compared to as much as 85 pounds per

megawatt hour for existing facilities. Oddly enough,

if new, __ facilities are added to displace the
operation of existing facilities, air pollution

emissions decline substantially.

Under a scheme such as New York's, the relative

environmental costs suggest that we are prepared to pay

an additional 1 cent (i0 mills) to save roughly 7

pounds per megawatt hour of emissions. Compare this

result with switching from high-sulfur oil to low-

sulfur oil, or imposing environmental dispatch so the

cleanest plant is run first rather than the cheapest.

Typically, the running costs of a low-sulfur oll plant

is 2 to 5 mills per kilowatt hour more than the costs

of a high-sulfur plant. Thus, if we are prepared to

pay I0 mills more to acquire the new resource that

emits 7 Ibs. less air pollution, it seems that we ought

to be more than happy to pay less than half that much

and save 3 to 4 times (20 - 27 ibs.) as much pollution!

The significant gap between our goals and the current

treatment of environmental externalities suggests new

approaches are needed. The one I like best combines
the creation of an Environmental Trust Fund with the

work done thus far on quantifying the environmental

costs of each pound and each type of pollutant. Under
such an approach we would assess environmental costs on

both new and existing facilities. The assessment would

be phased in over time and would ultimately equal the

cost of the environmental damage caused by the relative

emissions from all facilities. Payments would be made

to the fund on the basis of actual annual or monthly
emission.

Assessing the costs results in several important

improvements. First, collecting the payment means that
if a particular resource is selected, the cost of that

resource to consumers is the bid price plus the
reasonable environmental costs associated with the

operations of the particular facility. Second,

assessing the charge to new and existing facilities

recognizes that pollution from existing facilities is
as important as pollution from new facilities.

Finally, assessing the charge on the basis of actual

7
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plant operation means that environmental costs will be
considered in dispatch decisions.

In short all three of the goals will be addressed.

The most attractive aspect of such an Environmental
Trust Fund is not that it meets all three of the
original goals. Rather, it is the far-reaching social,
political, and institutional implications of a well-
endowed and properly directed fund.

I

Let's start with the size of the fund. Clearly, the
assessed costs will not simply add to the utility's
revenues. Instead, funds will be deposited in a
special Environmental Trust Fund. Currently,
electricity sales in the U.S. are about 2,500,000
million kilowatt hours. Roughly 60-70% of the
electricity sold is produced by coal-fired facilities.
Assuming an average cost of environmental externalities
at $0.005 a kilowatt hour, an environmental trust fund
would accumulate about $12.5 billion a year.

$12.5 billion is roughly 600 times EPRI's annual R&D
budget for energy efficiency improvements and almost
i00 times the energy efficiency budget of the U.S.
Department of Energy.

What will the purpose of the Environmental Trust Fund
be? The Environmental Trust Fund will be a dedicated
fund used for environmental mitigation, environmental
redress, research and development into resources that
reduce pollution, including renewables and energy
efficiency, and public education on energy and
environmental costs.

The most interesting questions to ponder are what
institutional and political changes will follow from
the creation of such a well-financed and independent
Environmental Trust Fund. Consider the change that has
been brought about by PURPA. When it was originally
passed, qualifying facilities were expected to fill
only a small market niche. Today the annual capacity
additions of Qualifying Facilities (QF's) exceed
utility additions. The birth of the QF industry has
changed the entire fabric of the industry. Clearly,
the Environmental Trust Fund can be at least as
powerful an engine for change.

Is it practical? Obviously no one in the U.S. or any
other country for that matter, likes government taxes,
and the pollution assessments will lock like a tax.
Still, polling in this country says that consumers

8



would be willing to pay higher prices if it results a
cleaner environment. In depth polling says, on the

average, consumers will pay 6.6% more for energy if it
leads to a cleaner environment.

Experience in Europe and the Scandinavian countries

show that green taxes are widely accepted by the

population if the public understands 'that the funds

will be used %0 actually improve the environment.

Simply having higher energy taxes and using the taxes
to pay the federal deficit will not likely receive the

level of public support that would be needed.

The creation of an Environmental Trust Fund is one way

to begin the process of moving toward energy priced to
reflect what would be needed to assure a cleaner, safer
and sustainable environment.
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As a general proposition, proper pricing of utility energy products is honored more in
the breach than the observance. As a result, and also as a general proposition, energy

is underpriced. More of it is consumed and hence more scarce resources are devoted
to its production than is wise. Increasingly, external cost are being recognized and
accounted for in utilities' resource planning. Relatively uncharted is the issue of
external costs being reflected in rates to consumers.

This paper makes the case for having externalities reflected in utility rates, not by com-
plete internalization which while ideal may he unrealistic and therefore unachievable but
by a meth(_d that simulates the outcome sought when ali social costs are internalized and
correct price signals transmitted.

Most thoughtful observers are in favor of setting prices right. But many then assert
that once prices are right there remains more fish to be fried; that the job of ensuring
proper levels cff energy consumption will remain undone and that it must therefore be
tackled with unremitting and expanding programmatic efforts. Given consumers' notori-
ously high discount rates, it probably is unrealistic to rely on prices alone to do the
job. But pricing may be the r_ost cost-effective and least appreciated way to achieve
appropriate levels of energy use.

Because it is relatively simple and unglamorous, the pricing mechanism is often given
short shrift. After all, setting utility prices at proper levels does not involve adop-

tion of large budget expenditures or establishment of battalions of apparatchiks, lt
dries not require creation of governnlent and utility bureaucracies for enforcement,
implementation and ew_luation, lt does not entail development of a numbing array of
prt_grams or cultivation of special-interest constituencies looking to obtain and then
maintain tax subsidies and other benefactions.

In short, proper prices alone allow ct_ncerned folk to ,,;it back and watch, no more. That
is a positively disagreeable prospect for those who feel that in the absence of persistent
scc_lding and interference, the world will go to hell in a handbasket; that expensive and
cc_mplex programs that so far, quite frankly, have nm yielded credible results are superic_r
to cheap and simple solutions that have worked marvelously and unexpectedly weil.



There is an instinctive desire by many to see large programmatic efforts launched and,
once launched, perpetuated. That is especially so if progress in conservation is meas-
ured not by units of energy saved, which is what counts, but by dollars spent, programs
offered, workers employed, regulations promulgated, infrastructures erected, bureaucrats
assembled and conferences held. My guess is that enthusiasm for' structured programs
would be tempered were the power of pricing appreciated.

THE rgWER OF PRI(_ING

Just how powerful is the price mechanism'? A look at energy conservation is instructive.
A few graphs tell the tale.

!

Prior to 1973, with the exception of the Great Depression, U.S. energy consurnption,
from colonial times onward, was almost unrernittingly upward. Coincidentally, real
energy prices during that extended period kept going down, down, down; particularly,
from their introduction onward, for gas and electricity.

Since 1973, America has been on a modest roller coaster with taps and downs in energy
consumption. Figure 1 shows energy consumption from 1970 through 1989. Two pro-
r_ounced dips, 1974-75 and 1980-82, are evident. Since 1985, we have resumed our habit
of marked year-to-year increases in energy use, Last year, the U.S. consumed about
81 quadrillion Btus (quads) of energy. That was about 9 percent more energy than was
used in 1973.

The economy, however, is about 51 percent larger today than it was in 1973. In terms
of energy intensity, the U.S. is much more efficient today than it was in 1973. Figure 2
shows performance of the U.S. economy since 1970 expressed in constant 1982 dollars.

If for each year the amount of energy consumed is divided by the amount of real GNP
produced, a quotient is obtained: Btus per dollar of GNP. lt measures energy pro-
ductivity. For decades prior to 1970 there had been no consequential change in this
quotient. Economic performance and energy consumption were bound in lockstep with
one another. That is the principal reason why 20 years ago most experts (although not
ali economists) did not think it possible for the U.S. to lower energy use in response
to higher energy prices.

Figure 3 shows that in each year since 1970, virtually without exception, less energy
was consumed per unit of GNP than in the preceding year. lt took about 42 per-
cent more energy in 1970 to generate a unit ',ff GNP, corrected for inflation, than is
required today. Why'?
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There may be Several reasons, but if one were required to identify that single reason
which was more important than any other, the answer would have to be "price." Figure 4
plots both nominal and real energy prices from 1970 through 1988.

Recall the two pronounced dips in total energy consumption from Figure 1:1974-75 and
1980-82. Notice how those dips in energy use followed closely on the heels of two energy
price shocks, the first triggered in October 1973 when Arabs embargoed exportation of
crude petroleurrr to the U.S., and the second precipitated by the Iranian hostage crisis
in the fall of 1979.

The price of crude vaulted from about $3 a barrel before the 1973 embargo to $35 a
barrel by 1981. Gasoline at the pump jumped from about 36 cents a gallon to $1.35.
There were no price controls on Canadian gas imported into the U.S. lt shot up from
33 cents per million Btu in 1973 to almost $5 in 1981. Electricity switched abruptly
from being a decreasing-cost industry to an increasing-cost industry.

Just because one event occurs after another does not mean that the first event caused

the second. That is the well-known post hoc, ergo propter hoc fallacy. Fortunately,
multiple regression analyses can inform us whether or not a relationship exists and which
among many variables is the most influential. Logic tells us which is cause and which is
effect. Beyond doubt and quite in a class by itself, price accounts for most of the two
dips in energy use. As might be expected, since nominal energy prices began to decline
in 1985, energy use patterns have returned, at least partially, to their historic rates of
growth.

ENERGY SAVINGS SINCE 1970

Figure 5 is the pit:ce de r6sistance, lt compares actual U.S. energy consumption with
what it would have been had energy efficiency not improved since 1970. Assuming
similar economic performance (and fao shift in product mix), instead of consuming
81 quads last year, America would have consumed 115 quads, 42 percent more.

Energy conservation savings, induced primarily although not exclusively by price
increases, permitted the U.S. economy to use 34 quadrillion Btus less in 1989 than
it would otherwise have used. That is an amount of energy equivalent to every drop
of petroleum, far and away America's leading energy source, used in the U.S. last year.

Figure 6 illustrates the distribution of energy conservation savings among end-use sectors.
The industrial sector accounted for 38 percent of those conservation savings followed by
the residential sector, 35 percent, the commercial sector, 18 percent, and the transpor-
tation sector, 10 percent.



If there is anyone yet unpersuaded about how powerfully prices impact on the quantity of
energy consumed, one more graphic is instructive. Figure 7 shows 1988 average annual
residential consumption of electricity plotted for the U.S., for each of the nine regions
of the lower 48 states, and for Idaho, Oregon and Washington separately, those three
states having the lowest electricity rates in America. Question: In what direction does
the curve slope'? Answer: Unambiguously downward to the right, lt is not necessary to
be a Nobel laureate in economics to appreciate the importance of that observation.

The more pertinent question to ask is: What has this got to do with externalities?

ENERGY PRICES ARE OUT OF WHACK

lt can be demonstrated that energy prices today inadequately reflect internal or con-
ventional accounting costs. That is because, for the most part, average prices of energy

products, particularly for electricity, reflect average costs but are below long-run inc,'e-
mental cost) lt can certainly be demonstrated that energy prices do not reflect external-
ities ..- by definition.

If energy prices do not adequately reflect LRIC (in accountants' conventional terms),
they are transmitting inappropriate price signals to consumers. If, additionally, prices
do not reflect external diseconomies (in economists' terms), they are even more seriously
out of whack. To raise prices across the board might not only be politically unrealistic
but would confront regulators with the problem of recovering and redistributing unwar-
ranted windfall profits.

RAMSEY TO THE RESCUE

We need not despair. There is a solution. A brilliant English mathematician, phil-
osopher and economist named Frank Ramsey, has galloped from his grave to our res-
cue. Quite unwittingly, Ramsey provides an elegant theory to support a pricing mecha-
nism which when cleverly constructed tends to make people's consumption decisions
comport with marginal-cost pricing and with the internalization of what are now exter-

In some jurisdictions, Oregon for example, energy utilities claim that additional
resources are available at costs which are slightly below, not above, present average-cost
rates. Those resources, however, are limited and, unlike generic powerplants, cannot be'

replicated. Once those resources are exhausted, and that might occur sooner than the
utilities relying on them think, significantly higher LRICs are likely to surface. Perhaps
there should be a distinction between long-run incremental cost and long long-run
incremental cost.

4



nal dtiseconomies. Simultaneously, the problem of unwarranted windfall profits is neatly
solved.

!'

Shortly after hisgraduation as Cambridge's top mathematics student, Ramsey joined a
group of economists headed by John Maynard Keynes. He wasn't interested in energy
pricing; he was interested in taxes. The question he asked was, How should taxes be
structured to be most economically efficient, that is, to cause the minimum amount of
economic disruption? His answer was to place the heaviest taxes on products that are
most price inelastic in supply or demand. Such a tax would produce the least change
in production and consumption, lt is called the "Ramsey tax rule. ''2

We also want to achieve the economically efficient outcome, which in this case leads
us to do just the opposite. We should ask, How ought energy prices to be structured
not to minimize changes in production and consumption but to cause an optimum
impact on energy production and consumption, to induce consumers to behave as if
they are receiving theoretically correct price signals. In other words, what pricing
mechanism can change production and consumption levels appropriately without
increasing or decreasing utility revenues? I call it "Reverse Ramsey" pricing. 3

The Ramsey tax rule places taxes on the most inelastic products; those that will go on
being produced and consumed with minimum change regardless of higher price. What l
call Reverse Ramsey pricing takes advantage of this concept but places higher prices
on the most elastic blocks of energy consumed by each customer, lt is achieved through
inverted or increasing block rates.

THE GEOMEq_Y OF INVERTED BLOCK RATES

Figures 8, 9 and 10 illustrate this reverse Ramsey pricing technique.

Figure 8 shows a typical American residential customer consuming 800 kilowatthours a
month at a flat rate of 8 cents per kilowatthour. The price generates monthly revenues

2 Tragically, in 1930, Frank Ramsey died of complications from abdominal surgery --
at the age of 26!

3 What has come to be known as "Ramsey Pricing" suggests that when it is necessary
to "gross up" or "gross down" from LRIC prices for utility revenues to recover neither less
nor more than fully distributed, historically embedded costs, plus a reasonable return on
investment, higher or lower prices, respectively, should be imposed on customer classes
whose demand for the product is most price inelastic. That is calculated to ensure
minimal distortion of consumer behavior from ideal LRIC pricing.



from that customer of $64, presumably appropriate when added to other customers' pay-
ments to meet the utility's revenue requirements. These values are quite close to
actual U.S. average data.

Figure 9 shows how that typical residential customer might fare under an inverted
block rate which charges 4 cents per kWh for the first 200 kWh a month, 6-1/2 cents
per kWh for the second 200-kWh block, 11 cents per kWh for the third 200-kWh block,
and 14 cents per kWh for ali additional kilowatthours.

I

The first few kilowatthours consumed each month are extremely inelastic. They
are more or less essential -- providing lights, refrigeration, television, and other
"necessities" of modern life. Presumably, those first kilowatthours would be con-
sumed whether the price was high or low.

Each additional block of electricity is characterized by progressively greater price
elasticity. The last block consumed is the most elastic, lt is at the margin where
consumers decide to take or not to take. It is thai block whk:h should be priced at
a level which reflects marginal costs and externalities. 4

Notice that where annual consumption for a flat rate structure was 800 kilowatthours
per month (Figure 8), consumption under the hypothetical inverted-block rate is illustra-
tively reduced to 750 kilowatthours (Figure 9). The 50-kilowatthour monthly reduction
in usage is attributable to the high end-block rate of 14 cents per kilowatthour which, if
adequately publicized, should capture consumers' collective attention and induce less
wastefulness than would the fiat 8 cents per kilowatthour rate.

Finally, Figure 10 shows the two rate structures, flat and inverted, superimposed on one
another. The utility's revenue_; from the inverted-block rate are diminished for each
kilowatthour sold under the first two blocks and increased for each kilowatthour sold

under the last two blocks. Raltes should be designed so that the extra revenues gained
from the last two blocks offset the revenue_ lost from (1) the first two blocks plus (2)

diminished overall sales. In ot_i_.¢,rwords, the area of "A" plus the area of "B," revenue
lost, is exactly the same as the l_t_eaof "C," reve_me gained.

, _ _,*_

k

4 Alternatively, customers can be charged a very low (if necessary even negative)
demand charge and a high flat rate.

@ ,



CONCLUSION

Externalities should he reflected in the prices of ali businesses, not only in the prices
of utility products. What is required for regul_Ited energy utilities, if we wish to send
proper price signals to consumers, is a pricing mechanism which simulates the effect of
pure marginal-cost pricing, which reflects costs of external diseconomies, which is prac-
tic_ll and politically realistic, and which does not result in the generation of excess
revenues that produce unwarranted windfall profits. Inverted-block rates are that
mechanism,
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Abstract

Environmental concerns are playing an increasing role in energy planning.

Projects have been initiated to characterize the direct and indirect
environmental consequences of energy production, conversion, and end-

use. These efforts have helped identify the positive and negative

environmental and economic effects of Federal and State _nergy and

environmental planning and policy decisions. However, substantial
additional efforts lay ahead in validating initial actions and in

achieving the desired end result: "technology neutral and value-based

energy supply and demand markets." This paper provides examples of

precedent-setting work, and describes "lessons learned" and the emerging
analytical frontiers in externalities research, lt concludes with a call
for continued collaboration among Federal agencies, State governments,

utilities, public utility commissions, research organizations, cons_er

groups, and other interested parties.
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Introduction

Environmental and economic externalities and energy planning are likely to be

inextricably linked from now on. Significant progress has been made over the

past several years by various stakeholders in establishing a basis for

factoring externalities into energy decisions and operations, In particular,

the States and State regulatory authorities have been instrumental in shaping

the initial externalities research agenda and in moving to apply the concept

in practice. This has been accomplished while recognizing the need to balance

the legitimate interests of utilities, consumers, and other interested parties

in the research and development process.

The authors recognize this State leadership and believe that it reflects the

appropriate, essential manner by which energy is produced, consumed, and

regulated in the United States. The authors also recognize that energy

production and use have important regional, national, and international

implications which are worthy of research attention. Accordingly, this paper

presents - for discussion purposes - a potential set of programmatic goals and

objectives, an analytic framework, and a set of analytical research needs ,to

help shape an increasingly visible and results oriented, multi-year national
research effort.

The constructive efforts of States are paving the way for innovative methods

that will result in environmentally sound energy planning and operations.

Federal efforts play a meaningful support role in the process of developing

environmental approaches to planning and facilitating their implementation and

evaluation. This paper examines examples of these cooperative support avenues

and the frontier opportunities for further r_search and advancement.

The authors do not explicitly consider the concepts and issues raised in this

paper to be exhaustive or definitive. However, this an opportune time for the

community of interest to cooperatively define an ordered set of priorities and

objectives to guide research in this important national and international
arena.

Goals, Objectives, and Strategies

The ultimate goal of integrated resource planning is to facilitate the

development of technology-neutral, market "value-based" planning and

operations. Several underlying purposes help define what is meant by this

objective' i) to ensure that markets are [ree to make optimum energy,

economic, and environmental investment decisions, considering both supply and

demand options, 2) to promote the richest possible set of reliable energy
supply and demand options, available at reasonable cost, and 3) to encourage
that full fuel cycle costs are considered in investment decisions. In the

utility sector, these objectives are best pursued in conjunction with power

marketing authorities, States, FERC, utilities, independent energy producers,

trade organizations, research organizations, consumer/citizen advocacy groups,
and other interested parties.

Realizing these goals and objectives requires examination of potential

programmatic objectives and the progress made to date toward achieving these

ends. Research to date suggests that future electric supply and demand

.... .
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options can achieve:

o Low initial and life-cycle costs,

o Improved competition among technology choices including !l:o_h

supply and demand options,

o Market-based pricing which reflects total fuel cycle costs and

benefits,

o Environmentally sound and systematically reliable operations, and

o Improved opportunities for utility returns from investments on the
demand-side and on environmentally attractive technologies.

Current progress in the field has reached the juncture where it is opportune

to briefly review the analytic foundations which have supported the

development of externalities work to date and to frame the types of future

analyses which may be required.

An offspring of our Least-Cost Utility Planning Program is the Integrated
Resource Planning Program that has as one of its missions the fostering of
rational methods for estimating externalities accounting methods. Promising

options exist for allowing supply-and demand-side options to compete on an

equal basis, In addition utility and utility planning experience suggests
that one can simultaneously pursue the multiple objectives of integrated

resource planning, including:

o COST-EFFECTIVE POWER AND CAPACITY,

o RELIABILITY,

o ENVIRONMENTALLY SOUND OPERATIONS,

o INDUSTRY PROFITS AND EQUITABLE PRICES.

Bottlenecks and infrastructure impediments often slow and discourage progress

towards cost-effective investments on both the demand and supply sides of the

equation. However, with help from the States, future options include
reliable, cost-effective utility systems. These will be systems which are

managed efficiently by regulations designed to allow the market to determine
the best all-around investments -- investments where energy, environmental and

economic goals are balanced.

A number of cooperative projects involving research and development of
environmental externalities methods and analysis are underway or have been

completed, These include the Pace University study on the Environmental Costs

of Electricity (Pace, 1990), DOE/U,S Environmental Protection Agency (EPA)

study with the Lawrence Berkeley Laboratory on the probable rate impacts of

incorporating externalities in New England, the MSB & Associates'



Pennsylvania, New Jersey, Maryland (PJM) Power Pool/externalities study, and
the NARUC survey of State PUC activities which incorporate environmental
externalities into electric utility planning and regulation, These efforts

first describe a significantly large universe of externality definitions and

approaches. The study at LBL has modeled the probable effects of
externalities programs on electricity rates for a Northeast utility, with the

intent of extending the analysis to forecast the effects of programs in other
service areas, The MSB work addresses regional intertie questions and the

effects of externalities programs on power pools, And finally, the NARUC

survey brings to the forefront the ongoing State PUC activities in this arena
and the information needs that PUCs consider vital to furthering our progress.

A significant number of other efforts are also contributing to this body of
information which forms the cornerstones of the multi-stage research process,

Figure 1 depicts the stages in environmental externalities research process,

Research Stages

Research on environmental externalities appears to be progressing through a

series of stages, each contributing to the accounting for environmental

concerns in energy planning. A rough sketch of these stages follows:

o Categorization of Externalities, specifically directed at the
environmental and socio-economic effects of energy use at ali

stages of the fuel cycle;

o Measurement, Description, and Data Base Development and Refinement

of the types and magnitudes of environmental impacts of energy

generation, delivery, use, and by-product disposal;

o Development and Refinement of Accounting Methods for

characterizing environmental effects, including the derivation of

economic costs or comparable factors within the context of

resource planning;

o Analysis of Institutional Issues in the context of dynamic

regulatory and utility structures, involving local, State,
Federal, and international boundaries (including analysis of

jurisdictional issues, market characterizations, and other

limiting factors)

o Monitoring, Program Evaluation, and Refinement to assess and

incorporate the lessons learned from on-line environmental

accounting programs, leading to improved applications.

o State, Regional, Global Program Development involving the

widespread implementation and subsequent continued improvement of
externalities accounting programs that take into account State,

regional, and international priorities.

These are overlapping research stages, involving a significant number of

feedback loops, perhaps best approached as a process rather than as a single
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research path. Accurate data and rational methods are an integral part of

the development of viable accounting methods. So too, are the development of

implementation strategies and analyslsof institutional issues key inputs to

the process of developing technology neutral market-based planning and

operations. Along similar lines, the results of monitoring and evaluating on-

line programs are essential inputs in the effort to develop accepted and

standardized methods. To be successful, each of the stages must be

sup_,lemented by strong technology transfer and information sharing activities.

Figure 2 compares an externalities research process with a similar description

for technology research and development. Many of the stages are comparable,

and the feedback loops are as important to one process as they are to the
other.

Figure 2: Comparison of Research and Development Processes

TechnologyR&D Externalities R&D

Basic Research Concept Research
V y

Exploratory & Applied LCUP (Least-Cost) .e--,
Research • --,e.

V
L Integrated Resource Planning
._ Engineering Development IRP (Value-Based) ,e,,-.

V V

Testing and Evaluation Development of Standard '
,4,-- • Terms, Data, & Methods ,e,-.-

V

,._ Manufacturing Research Issue Resolution,
• State/Fqderal Policy <1,.-.

,._ Market Testing & Evaluation Definition

• State/Utility Initiatives,
Market and Technology Program Evaluation

Development •
Regional/National/

Global IRP

Lessons Learned and Limitations

A key observation in environmental externalities research efforts thus far has

been that States have taken the innovative leadership role in developing and

implementing accounting methods. The leadership role of the States affords us

a number of opportunities to enhance these efforts through cooperative

research, development, demonstration, and program evaluation projects. One of

the most interesting aspects of the State approaches developed to date is that

no single approach has emerged as the be-all-end-ali method, therefore,

leaving the opportunity for further improvements and refinement.

Where some states have resources to develop (state-level) accounting methods

or approaches, the Federal government and other organizations have the

opportunity to extend the scope of these efforts. Federal resources can be

used to develop regional and then national externalities approaches,

transferring elsewhere the lessons learned in specific States and regions. @

_
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Sharing experiences will be an important ingredient in developing and
implementing viable accounting methods. ,New York, Wisconsin, Maine,
California, the Northwest Power Planning Council, and others have learned that

involving ali the major players early in the program development phase makes

them more apt to try to work with new environmental accounting methods and the

regulators. Problems are more apt to occur in the absence of consensus

building, and this is a well established finding in the literature (Rogers and

Rogers, 1976). If utilities are afforded the opportunity to help develop the
accounting methods for incorporating environmental externalities in planning

decisions, they are more likely to work with the PUCs when regulators
institute the new procedures. This is certainly the case at present where

control cost estimates underpin most of the currently deployed externalities

methods, and utilities are in one of the best positions to provide cost of
control values. For example, New York utilities played a pivotal role in

developing the methods now on record in that State. These findings also

suggest that working closely with utilities creates the opportunity to be
sensitive to the barriers that utilities face with investments such as those

in demand-side management. In summary, each of the State experiences has come

face to face with the complexity of the issues, but there are some mitigative

approaches that are more likely to be effective than others.

Uncertainty and Opportunity"

With Some Progress, Where Are the New Frontiers?

Analysis of Jurisdictional Uncertainties

The scope of the analysis activities completed and underway thus far suggests
that there a number of unanswered questions. One of the significant subject

areas with unanswered questions involves the jurisdictional issues of how to

establish definitional and system boundaries and who will be responsible for

regulating, monitoring, and enforcing the accounting procedures for
externalities programs.

Definitional uncertainties pinpoint one of the key questions in environmental

externalities research -_ what factors are to be legitimately considered

externalities? Given the extraordinary difficulties in defining the

boundaries associated with externalities, one must ask whether to direct

future analytic resources toward expanding program breath or depth. Posed

differently, in the interest of intellectual completeness, how does one
determine whether primary, secondary, or tertiary order effects must be

analyzed in depth? For example, it is currently accepted as a first order
conclusion that demand-side efficiency options' a) are environmentally

attractive, b) are currently utilized below their level of economic

efficiency, c) face major institutional barriers (capital hurdles) with both

utility investors and facilities operators, building owners, and other

potential adopters, and d) have positive influences on local, regional, and
national economic productivity and employment. How far down the fuel cycle

should one go in validating these conclusions?

For integrated resource planning initiatives at the State, regional, and
Federal levels to be broadly successful, there will need to be a process for



data gathering, estimation, and analysis, addressing issues such as:

o At what level of market adoption does energy efficiency begin to

exhibit neutral or even negative energy, environmental, or

economic returns, compared with the other alternatives on the

margin?

o At what levels of market adoption would energy efficiency pass

through the so-called "market innovator" stage of the supply curve

and therefore command a reduced incentive as compared to a market

entry premium?

o At what level of detail does one monitor program effects in order

to best characterize the effects on utility load profiles and

dispatching regimes?

o For each of the above data elements, what levels of accuracy are

required for future decision making at the Federal level, the

State PUC level, the individual utility level, the level of the

utility investment community, and at the level of consumer/

ratepayer interests?

o How far down the total fuel cycle continuum does one go in

analyzing secondary or tertiary environmental impacts associated

with the manufacture of energy efficiency and renewable energy

applications (primary level manufacturer/assembler, secondary

suppliers, etc.)?

If externalities are defined as everything from electromagnetic fields (EMF)

to mining emissions and safety concerns, then considerable definition,

measurement, and up-keep work is necessary. Additional definitional questions

include how to deal with: land-use and drinking water externalities, species

diversity uncertainties, and potentially positive externalities such as the

economic efficiency resulting from supply- and demand-side management

programs, trade, tourism, economic development, and other effects.

Sysuem boundary uncertainties are another area where consensus has not been

reached on the treatment of environmental effects that do not obey local,

State, regional, or international boundaries. Which State_ regional, national

and/or international environmental approaches offer the potential for

addressing regional and national utility emission challenges? At the first

level of analysis, one can concentrate some effort on distinguishing between

urban and rural externalities, as the costs and benefits of energy fuel cycles

often appear inequitably distributed when considered from these two

perspectives.

And lastly with respect to system boundary uncertainties, who should be

responsible for regulating, monitoring, and enforcing the accounting

procedures for externalities. Should State PUCs be those responsible for

implementing regional programs? What should the FERC do at the national level

with regard to incorporating externalities into wholesale power transactions?

or into public power ratemaking? How does one consider combining the efforts

of States at the one level and the efforts of the Federal government at the

other? Are PUCs and the Federal government those that should be addressing



externalities or should methods be implemented and enforced at some other

level? These are the issues at the crux of the needed research and analysis

on incorporation strategies.

In trying to find the effective medium between local, State, regional, and

Federal levels, the lessons learned in the U.S. appliance industry offer

salient advice to those in search of cooperative avenues. California took the

innovative lead with minimum product energy efficiency standards for

appliances. Other states followed the West's lead, resulting in a fragmented

market. Energy efficiency improvements were achieved, but at a cost to the

industry, in analysis, R&D, and marketing, suggested by some to be,

significantly higher than the cost of meeting standards set at consistent

national levels. However, without the innovative lead of the States, and the

impact that the potential regulations were able to place on the market, it may

have been much more difficult to reach the consensus eventually achieved. One

of the key questions is how to learn from this or other examples and how to

best use the innovative force of the States, supplementing it with Federal

support? This is an opportunity to work cooperatively with the states and the

regional power councils. The utility industry has the challenge to: a) think

the externalities problem through and b) get out in front and help develop the

viable accounting methods to assure the procedures instituted will be

acceptable. The integrated resource planning participants should view the

utility industry as the cooperating colleague. It is necessary to

collectively improve the understanding of the utility business environment and

to represent information on externalities methods and programs in terms that

the industry can a) understand and b) use to make decisions. Part of this

task involves understanding issues such as the limits on utilities with

demand-side management investments (eg. profitability, see for example

Moskovitz, 1990) and the impacts of potential Federal policies (eg. taxation

of rebates).

A strong lesson learned is the dialogue must continue and be strengthened.

Consideration of the information and decision needs of lOUs and public power

companies in shaping the future analytic agenda for integrated resource

planning and externalities is a key to productive accomplishment.

Normalizing the Available Methods

One of the next key steps is to distill the methods of the innovative states

and regions into a package that calls on the best attributes from each of the

approaches, but at the same time is consistent in the treatment of resources

and effects that have very different values as a function of locale. The Pace

University study team (1990), Koomey (1989), Chernick and Caverhill (1989),

the Ohio PUC (1990), and the NARUC survey (Cohen et al, 1990) move in the

direction of consistently describing the presently on-line and developing

approaches. But some fundamental questions remain unanswered. First, how

best to account for State and regional distinctions in fuel and energy supply,

load variations, etc.? Second, how best to account for the differing priority

placed on capacity across State and regional boundaries? Third, how best to

account for the differing values that States and regions may piace on distinct

types of environments and services? At the next level, what are the

distributional effects of a 2 cents/kwh surcharge in a state where electricity

is priced at 8 cents/kwh and in one where the price is 14 cents/kwh? There is



much to be tested before one can consider developing a normalized method, but

the bright side is that some methods are in practice and can be used to start

the process.
J_

The Effect of Legislative Activity

Further uncertainties and analysis opportunities exist in the area of

legislative activities, specifically regarding the new Clean Air Amendments.

The uncertainties created by the legislation are significant, beginning at the

level of cost of compliance, Based on a system of offsets and credits, the

Federal government is proposing a market control plan to reduce the emissions

of acid rain precursors. Additional analysis is needed to assess the effects

of the new legislation on the costs and benefits incurred by utilities,

stockholders, ratepayers, other interest groups, and by the environment. Some

of the big questions are:

i) how will the new legislation affect existing state level

initiatives, including on-line externalities programs?

2) how will the costs of compliance for the Clean Air Act affect

utility resource mixes?

3) how to distinguish between the externalities that are considered

in the new legislation and those considered in the on-line State

initiatives, so as to avoid double counting?

4) how will the legislation affect the value and development of up-

and-coming technologies such as photovoltaics, wind, municipal

solid waste incineration, and demand- and supply-side energy

efficiency improvement options?

5) how will the conventional non-fossil fuel options, such as nuclear

and hydroelectric technologies, be affected, and

6) from the externalities accounting perspective, what does the new

legislation, based principally on a control cost view of the

world, hold in store for a field of research and testing activity

that appears to be moving in the direction of damage costs?

Damage and Health Costs as the Elusive Objective

In the Federal legislative arena and in the state activity thus far, control

cost estimates have served as the surrogate, in the absence of any more

accurate estimates, for the value of the environmental effects of generation

technologies. The value of the damages to the environment imposed by

technologies at each stage of the fuel cycle has yet to be accurately

incorporated into the mainstream of externalities accounting methods. There
are several reasons for the absence of accurate damage cost estimates that

present frontier opportunities. First, as one might expect, different



interest groups value the effects of energy and the services that energy

provides differently. The simplest example involves the way in which bass and
trout fisherman value the damage created by the construction of a

hydroelectric facility, Needless to say, the revealed preference approach to

accounting for externalities leaves open the possibility of a wide range of

responses.

The Challenges of Program Evaluation

With on-line externalities programs in several States and close to fifty

percent of the public utility commissions in the nation considering

environmental programs, there is a rapidly increasing need to develop measures

to evaluate program performance. There are a number of fundamental questions

to be answered in approaching the evaluation of externalities programs.

First, the general question is: what would comprise an effective environmental

externalities program? This question is best defined by the program

objectives. Consider the possibility of achieving the ultimate goal,

technology-neutral, market "value-based" planning and operations. To phrase

the question differently, if a State were to evaluate an externalities

program, what would it need to know? Some of the program evaluation criteria

might include:

a. Load Profile Effects? (le. Are programs moving load profiles away

from base].oad capacity units towards less reliable intermediate

load facilities?)

b. Supply Mix Effects? (le. _at supply mix shifts will result from

externalities programs, including coal to natural gas, coal to

nuclear, nuclear and/or coal to other supply sources?)

c. Demand-Side Effects? (le. Are utilities and customers

participating at the desired rate of adoption for demand-side

management in States where initiatives have been launched? Are

programs causing demand-side management to reach levels of

economic efficiency? What impediments remain (eg. first versus

life-cycle cost)?)

d. Supply- and Demand-Side Effects (le. What are the new supply-side

options on the margin in states where externality initiatives are
active? and are DSM incentives in reality competing at the margin

with the renewable energy technologies?)

e. Economic Indicators? (ie. What effects will programs have on

energy prices and the distribution of risks between ratepayers,

investors, taxpayers, and others?)

f. Business As Usual Forecasts? (le. What would happen under normal

operating conditions in the absence of externalities programs?)

g. Ecosystem Effects? (ie. How do we best measure the results of
externalities progr_,ms on the environment? Which indicators

should be those on which to concentrate?



h, Distributional Effects? (is, How will the programs affect
different interest groups, including utilities, ratepayers,

investors, taxpayers, and others?)

i, Social System Effects? (le, What effects will programs have on

development, social programs and services, elderly and handicapped
citizens, and other societal concerns?)

J. Utility Investment Effects? (is, Where will utility investment

portfolios shift in the future as a result of programs, towards
diversification, towards lower risk investments, towards

environmental management, etc,?)

k, Engineering/Research Effects? (is. Where will research and

development efforts concentrate as a result of programs? and where

should one expect to see innovative advances?)

i. Communication Effects? (is, Is the value of externalities and the

effects of programs being expressed in such a way as to influence

consumer and utility behavior?

These are some of the questions that must be answered collectively in

evaluating environmental, externalities programs. Ali the answers are not
known, but it is essential to continue a program aimed at obtaining accurate

responses. The information acquisition process for resolving these
uncertainties starts with the field data from the States and others, followed

by ongoing synthesis and integrative analysis conducted by many organizations.

Conclusions

Recall that one of our ultimate objectives in the U.S. DOE Integrated Resource

Planning Program is the development of technology-neutral, market value-based

planning and operations. To accomplish this, we need to ensure markets are

free to make optimum economic and environmental investment decisions, promote

availability of a rich set of reliable energy supply and demand options at

reasonable costs, and encourage consideration of full fuel cycle costs and
benefits.

There are a n_nber of options for accomplishing these objectives, and a

framework is in piace for pursuing these alternatives. A second important

deduction is that initial findings suggest cost-effective power and capacity,

reliability, environmentally sound operations, and utility profitability at

equitable prices are not mutually exclusive objectives. Moreover it must be

recognized that the answers to the large set of remaining uncertainties can

only be generated in a collective process where local, State, regional, and

Federal efforts are pooled into a cohesive whole The answers lie in the

recognition that different problems require different analytical and policy
treatments. States offer some of the best test-bed opportunities for solving

practical problems with approaches to externalities, wbereas, the Federal

government may be able to complement the State and regional activity with

integrative research, analysis and legislative support.
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There is consensus that any bottlenecks in the infrastructure often slow and

discourage progress towards cost-effective investments on both the demand and

supply sides of the equation. To mitigate this state of affairs a number of

cooperative projects are underway aimed at assessing the options for refining

regulatory structures to allow for proper accounting of externalities, lt is

also suggested that there are as yet untapped opportunities in each stage of

the research, development, and demonstration process.

One of the most important observations to date is that States have again taken

the lead in innovation and in developing and implementing accounting methods,

The prowess of the States provides a number of opportunities to support these

efforts through cooperative research, development, demonstration, and program

evaluation projects.

A large number of uncertainties have been identified, and it is suggested that

these can, and should, be viewed as opportunities. Included in the set of
uncertainties are: definitional and boundary uncertainties, regulation,

monitoring, and enforcement uncertainties, uncertainties as to how best to

normalize amongst the on-line State and regional methods, uncertainties

regarding the effects of new legislative activities at the Federal level,

questions as to how best to capture the value of damage costs, and finally,

opportunities to define the most appropriate criteria for evaluating programs,

The good news appears to outweigh the bad news on first inspection. There is

now consensus among a large number of interested parties that the
environmental costs and benefits of energy options can no longer be ignored or

assumed through omission to be zero.

References

Rogers, Everett M. and Rekha Agarwala-Rogers (eds.), Communications in
Organizations, New York, Free Press.

Berry, L. and E. Hirst, 1989. _ece_t Acco_pllshments of the U.S. Department of

Energy's Least-Cost Utility Planning Program. ORNL/CON-288. Oak Ridge

National Laboratory. Oak Ridge, TN.

Cavanaugh, R. 1986. "I,east-Cost Planning Imperatives for Electric Utilities
and Their Regulators." The Harvard Envirormlental Law Review, i0, no.2: 299-

344. Cambridge, MA.

Center for Clean Air Policy. 1989. An Efficient Approach to Reducing Acid

Ra__i, Prepared by the Center for Clean Air Policy. Washington, D.C.

Chernlck, P. and E. Caverhill. 1989. The Valuation of Externalities from

Energy Production, Delivery, and Use. PLC, Inc. A Report prepared for the
Boston Gas Company. Boston, MA.

Congressional Budget Office. 1989. The Role of' Technology and Conservation in

Controlling Acid Rain. Staff Working Paper, Congressional Budget Office.

Washington, D.C.



,
i

Dudek, D, 1988, Offsetting New COz._Em!ssions, Environmental Defense Fund, New
York, NY,

Cohen, S,, J, Eto, C, Goldman, Jr Beldock, and G, Crandall, 1990, "A Survey

of State Public Utility Commisslon Activities to Incorporate Environmental

Externalities into Electric Utility Planning and Regulation," National

Association of Regulatory Utility Commissioners, Washington, D,C,

....................... What States are Doing About Externalities,

F_!ectri¢ity Jour_l. July 1990. 24-35,

Geller, H,, M. Ledbetter, E, Miller, and P, Miller. 1987. Acid R_%n and

Electricity Conservation, American Council for an Energy Efficient Economy and

the Energy Conservation Coalition. Washington, D,C,

Goldman, C., E, Hirst, and F, Krause, 1989, Le_s_-Cost u_illty _lannln9 in the

Utility Sector; Progress and Challenges, Lawrence Berkeley and Oak Ridge

National Laboratories, LBL-27130, ORNL/CON-284. Berkeley, CA, and Oak Ridge,
TN,

Hohmeyer, O, 1988, Social Costs of Energy ConsumptioD; The External Effects of

Electricity GeDeration in the Federal Republic of Germany, Springer-Verlag.
Berlin, FRG,

Koomey, J, 1990, "Comparative Analysis of Monetary Estimates of External Costs

Associated with the Combustion of Fossil Fuels," Lawrence Berkeley Laboratory.
Berkeley, CA.

Krause, F., W, Bach, and J. Koomey, 1989. Energy Policy in the Greenhouse,

Volume One' From Warming Fate to Warming Lim.it; BeDchmarks for a Global

Climate Convention. Published by the International Project for Sustainable
Energy Paths in conjunction with the European Environmental Bureau. E1
Cerrito, CA,

Moskovitz, D. 1989. Profits _ Progress Through Least-Cost PlaD_ing, National

Association of Regulatory Utility Commissioners. Washington, D,C,

New York State Energy Office. ].989. Environmental Externalities ls@ue R@port.

New York State Energy Office, Division of Policy Analysis and Planning.
Albany, N.Y,

Pace University Center for Environmental Legal Studies, ].990, _nvironmental

Costs of Electricity, Oceana Publications, Dobbs Ferry, NY,

Public Utilities Commission of Ohio. 1990. Including Societal Benefits SB

Rates for Cogeneration and Small Power Production; Prepared by the Public
Utilities Commission of Ohio with the Assistance of Battelle Memorial

Institute and the Cincinnati Gas and Electric Company. Columbus, OH.

Rosenfeld A, and R, Mowris. 1989, Energy Efficiency; The Best W_y to Save

Money and Slow Global Warming. Testimony for the Hearing on an Integrated

National Energy Efficiency Strategy, U.S, House of Representatives, Committee

on Energy and Commerce, Subcommittee on Energy and Power. Berkeley, CA,

..................... IllUlIIIIII IIII II I



United States Department of Energy, 1989, A Preliminary An_lysis,,of _,S, COx

Em_ss%o_s Reduction pot_Ntial...from ENergy Conservation a_d the _ubstitution o_

Natural Gas for Coal in the Period to 2010, DOE/NBB-OO85, prepared for the

U,S, DOE Office of Energy Research, Office of Basic Energy Sciences, Carbon

Dioxide Research Division, Washington, D,C,

U,S, Department of Energy, 1988, Energy Technologies & the Eny%ronment;

Environment Information HaNdbook, DOE/EH-O077, Washington, D,C,

U,S, Environmental Protection Agency, 1989, ._olicy Options for Stabil%zlng

Glo,ba,_Cli_ate;, Draft, Report to Congress, Office of Policy, Planning, and

Evaluation, Washington, D,C,

Wiel, S, 1989. "Making Electric Efficiency Profitable," Public Utilities

Fortnightly, July 6, 1989, Arlington, VA,



.... --_::... ,, ,i, ,r 'l ,,JPl ' [ I ' r 'l '"' """ ' ,,,, l' "li, ,,,, ,,,, l, ,,a ,,, , .. , ,, J. , J .q,......... ,.i_. , , ,J_. ,, =- _:_

CONSIDERING SOCIAL COSTS
IN UTILITY DECISIONMAKING:

ALTERNATIVE APPROACHES
AND IMPLEMENTATION

Prepared f6r:.

NARUC ENVIRONMENTAL EXTERNALITIES CONFERENCE

Panel on "Externalities: Federal Views,
Social Costs, and Environmental Assessment Regulations"

Prepared by:

Janine Finnell and Ted G. Kennedy
Meridian Corporation

4300 King Street
Alexandria, VA 22302

October 2, 1990



TABLE OF CONTENTS Page ,

1,0 INTRODUCTION - CHALLENGES AND OPPORTUNITIES ................ 1

2,0 A REVIEW OF METHODS FOR QUANTIFYING SOCIAL COSTS ........... 3

2,1 Overview ................................................... 3

2,2 Framework and Review of Analytic Techniques ...................... 4

1) Description and Characterization of Impacts ...................... 4
2) Ranking and Weighting of Social Costs .......................... 5
3) Cost of Control or Abatement ................................ 6
4) Full Costing of Externalities .................................. 8
5) Strengths and Weaknesses of Methods .......................... 9

3,0 METHODS FOR INTEGRATING SOCIAL COSTS INTO UTILITY
BIDDING SYSTEMS .............................................. 16

3,1 Overview .................................................... 16

3,2 Different Methods of Accounting for Attributes Affect Outcomes .......... 22

4,0 UTILITY AND REGULATORY PERSPECTIVES ON SOCIAL COSTS ....... 24

4,1 The Utility Challenge ........................................ 24

4.2 The Regulatory Challenge ..................................... 25

4.3 Resolving the Utility/Regulatory Challenge on the Valuation
and Implementation of Social Costs .............................. 26

1) Total Costs .............................................. 28
2) Mandate ............................. ................... 29
3) Capability ............................................... 29

5,0 SUMMARY AND CONCLUSIONS ................................... 30

BIBLIOGRAPHY ...................................................... 32

i



i

'J ?,,44

"Make environmental considerations and concerns part of any decision you make right
from the beginning, Don't think of lt as something extra you throw in the pot,"

Richard Clarke, CEO,
Pact.fie Gas and Electric Company,

Fortune magazine, April 1990,

",,,at the risk of painting ourselves more into the comer of New Thinking than we already
are, we would counsel utilities to pay attention, whether they like what they are hearing
about 'externalities' or not, _

Editorial appearing in
The Electricity Journal,

July 1990,

1.0 INTRODUCTION - CHALLENGES AND OPPORTUNITIES

Today, the need to account for the environmental ramifications of energy production has become
more acute, Mounting evidence suggests that the biosphere is incapable of sustaining much more
human waste, oUution or deforestation without dramatic consequences, Furthermore, there is a
growing underPtanding that damage to the global environment and the ecological systems m which
we ali live could be permanent and irreversible,

This concern is amplified by the fact that nationwide, the country will need nearly 100,000 MW of
additional electricity generating capacity by the year 1998 -- less than 8 years from now. Shortages
have already occurred in New England, the mid-Atlantic states and other parts of the U,S,, and the
reserve margins in the Midwest are declining at uncomfortable rates, l In addition to the reliability
issue, in some states such as California, new capacity will be required to replace aging oil and gas-
fired plants or to meet air quality standards,

Policy decisions made in the 1990's will determine the impact of future growth, cost, and
environmental issues on the supply of energy, These choices will involve long and enduring
environmental consequences -- the typical fossil fuel or nuclear power facility has an expected
operating life of 30 years or more. The lifetime of some air pollutants and other related impacts
can last much longer. Within such a long life expectancy, even more stringent environmental laws
and regulations are virtually certain. Regulators are now espousing new concepts in integrated
resource planning, least-cost power planning, and competitive bidding strategies,

Some analysts believe that environmental externalities must be captured through the regulatory
arena where the decisions on technology, production and pollution are being made. Because
externalities have substantial effects on costs and are not considered in the current planning
process, the selection of supply resources may not be appropriate, The absence of renewable
energy technologies as a significant component of utility planning is a prime example of this.
Market introduction of new energy technologies based on renewable energy sources such as wind

1Fifteen of the 27 geographic electric regions in the U.S, are projected to have adjusted summer reserves of 5% or less. Many
of these reserve margins e_ctend to sharp negative figures ranging from -2,0% to -18.6% throughout this decade. The areas at greatest
risk extend from New England, through the Northeast, Mid.Atlantic, and into the East Central U,S., parts of the South and I'lorida (Staff

F,eport: Electric Power Supply and Demand for the Contiguous U.S. 1989.1998,Office of Energy Emergencies, U.S, Department of Energy,
Table 3.3, page %8.)
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or photovoltaic systems depends largely on the market price of the energy supplied by the new
technologies. As long as the environmental costs associated with conventional energy technologies
are not considered, the viability and market penetration of utility-scale renewable energy
applications and other cleaner technologies will be delayed.

Regulators are now seriously considering the inclusion of environmental and other hidden costs into
power planning processes to influence the selection of cleaner technologies. For example, the state
of New York is pioneering this approach under an innovative program where a competitive market
is being set up for power supply contracts. Suppliers planning to burn fossil fuels are required to
add a factor (using points) that is equivalent to nearly one-cent-per-kilowatt-hour to their bids to
account for air pollution, and an additional factor of a half-cent-per-kilowatt-hour to account for
other environmental costs.

This paper is based on a review of social costs conducted by Meridian Corporation for a private
sector client in the utility industry to identify the current procedural and methodological approaches
to quantifying and pricing externalities. 2 This paper examines various state-of-the-art methodologies
used in measuring externalities and reviews a number of approaches that are either underway or
under consideration by various utilities to translate these values into an environmental attribute.

2This paper is based on an earlier study performed for a private sector utility client. The authors wish to acknowledge their
colleagues, Ken Boras, Kevin DeOroat, Ken Green, Deborah Kelly, and Mac Rogers, who provided valuable input and review of this
paper.

2



2.0 A REVIEW OF METHODS FOR QUANTIFYING SOCIAL COSTS

2.1 Overview

This section reviews methods that are being developed or practiced to account for social cOStS 3 in
considering future energy options. For polieymakers to provide power and energy products at the
lowest social cost and to ensure economically efficient energy resource decisions, it is necessary to
quantify and, to the extent possible, price the environmental and other externalities associated with
energy resources.

A review of current literature revealed some of the difficulties in valuing social impacts. There is
an inherent difficulty in establishing values for environmental effects that are not traded in markets,
and therefore, have no established price. For example, placing a value on smoke from a power
plant which may obscure views, create respiratory problems, or lead to acid rain is a highly
complicated and subjective process.

The most common technique for placing values on these externalities has been through the "damage
cost function." This method involves the straightforward calculation of damages by multiplying the
unit market price or replacement cost of a commodity (e.g., fish in a lake) by the number of units
of the commodity impacts. Other methods take into account that individuals are aware of
pollution-caused damage and are thus capable of responding to these damages. Economists have
relied on "indirect links" to measure willingness-to-pay for environmental quality through such
techniques as hedonic property value and travel cost measurement approaches. On the other hand,
if this information is not available, economists have elicited willingness-to-pay values based on
"direct links" obtained through surveys and interviews using contingent valuation measurement
approaches.'

Some authors have cautioned against trying to put too much information into one value. The
alternative is to develop a range of plausible environmental costs for various energy production
technologies, stating that:

"Environmental analyses can easily be abused by proponents or opponents of a given
technology if the many uncertainties in the analysis are collapsed into a single cost
figure ....While this does not mean that an environmental analysis should embrace
every numerical estimate, no matter hc)wimplausible, it should nevertheless try to
preserve legitimate uncertainties wherever possible." (Shuman and Cavanaugh)

Further, choosing an appropriate discount rate is also critical in valuing externalities, particularly
for inter-generational issues. Discount rates are used to compare future economic benefits and
costs with today's benefits and costs and imply a subjective valuation of present versus future use
of resources. A low discount rate is often viewed as weighing the future more heavily and high

aDefinition of Terms: For this analysis, external or social costs relate to any cost or impacts which are not directly paid for
in the process of energy production or use. An internalized cost, on the other hand, is one which is paid for during the building or
operation of the energy conversion technology such as the cost of scrubbers, which partially cleans the air emissions from the plant.
The cost of scrubbers is included in the estimate of a coal plant's cost per kilowatt-hour. One externalized cost of a coal plant, for
example, is the acid rain that results from only partially cleaning the air emissions from the plants. This is a cost borne by society, which
is not normally included in the cost per kilowatt-hour of a coal plant.

'Energy and Resource Consultants, Inc, Benefits of Environmental Controls: Measures, Methods, and Applications, prepared for
the Electric Power Research Institute, EPRI EA-6030, Project 2661-10, October 1988.
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discount rates reduce the weight given to future costs and benefits. The process of discounting
damage in the form of human injury or mortality has the effect of encouraging investments in
technologies with delayed but likely adverse health effects.5 Failure to choose a rate which reflects
the policy perception of the relative importance of short-term versus long-term costs and benefits
of externalities, may significantly distort the analyses' results.

2.2 Framework and Review of Analytic Techniques

The Northwest Power Planning Council's (NPPC) _ series of assessment options provides a good
analytical framework for reviewing techniques that are being used to examine social costs. In the
following sections, a similar approach is taken to categorize the following type of analyses:

1. Description and Characterization of Impacts
2. Relative Ranking of Social Costs
3. Costing of Control Efforts
4. Full Costing of Externalities

This grouping spans a continuum with each study requiring more detail and effort involved in
evaluating social cost. Like the Council's approach, categories are not always exclusive; however,
it does provide a good sampling of state-of-the-art techniques available for quantifying externalities.

1) Description and Characterization of Impacts

DESCRIPTION: This category is similar to the Northwest Power Planning Council (NPPC)
Assessment Option 1 which states that such efforts "would not delve into pathways or valuations
of the environmental effects, but would simply describe and characterize the impacts." The
resulting descriptions of environmental effects might include: description of the primary effect (e.g.,
release of sulfur oxides); significant consequences (e.g., lake acidification, forest dieback, property
degradation, human health effects); and means and effectiveness of mitigation (e.g., scrubbers, low
sulfur coal). Costs, however, are not specifically calculated. The NPPC also states that this
information would assist in flagging environmental problems that have not been adequately
addressed by regulating agencies or the Council and therefore may merit further attention.

This type of cost comparison is depicted in Exhibit 3. While Resource B would generally be selected
by the market, the inclusion of additional information permits a renewed consideration of
Resource A.

Although this category does not include any work on the valuation of impacts, those studies that
describe and characterize impacts were deemed important, and were therefore included.

SUMMARY OF STUDIES: The first study, Environmental Effects of Electricity Generation, by the
Organization for Economic Cooperation and Development, develops estimates on air pollutants for
the generation stage for electric generating technologies and makes general recommendations for

_Some analysts (Pace University Report) believe that the discounting of future environmental costs and benefits should be from
the time when risks are first created, not from the time when the actual environmental effects are expected to occur. For example, health
risks are created when people are first exposed to toxic substances. The value of those risks should be discounted from the time that
exposure first occurs, not from the time when cancer or other diseases first become evident.

°Northwest Power Planning Council, Accounting for _ Environmental Consequences of ELectricity Resources During the Power
Planning Process, April 1989.



environmental strategies, e.g., increased efficiency, substitution of cleaner technologies for older,
less efficient ones, increased waste heat utilization, and increased pursuit of renewable energy
technologies.

The second set of studies, Energy Systems Emissions and Material Requirements and Environmental
Emissions from Energy Technology Systems: The Total Fuel Cycle, by Meridian Coporation, improves
state-of-the-art knowledge by quantifying and comparing emissions for up to 14 generating
technologies using a life-cycle approach. It points out the environmental advantage of a material-
intensive technology such as photovoltaics compared with a fuel-intensive system such as coal.

The third is a model, which has been developed by the Oko Institute, by compiling standard energy
and emission-related data for fuel cycles of various energy systems which provide space heating and
electricity. The objective is to provide a computerized data base to provide a method for
comparative assessment of energy systems, based on one unit of delivered energy, and to develop
options for integrating non-comparative and qualitative impacts of energy systems into the decision-
making process. The authors stress that this model is descriptive rather than prescriptive and is not
meant to free decisionmakers from their responsibility to value environmental effects, but is to
enhance available information and present it in a form that can support the decision process.

OBSERVATIONS AND IMPLICATIONS: The importance of this approach cannot be
underestimated, as it forms the basis for any detailed analysis of externalities. Efforts such as these
are required to determine the full range of effects. However, these methodologies are not
,prescriptive in terms of amelioration methods. The approach can only deal with nonquantifiable
_ssues in the most general ef terms. Such an approach may end up overwhelming the decision-
making process with a flood of new information without prescribing methods for trading off
dissimilar attributes.

This research could be used to develop qualitative information and then combined with making a
subjective rank-ordering of resources by environmental impact, which is what the NPPC ultimately
decided to do.

2) Ranking and Weighting of Social Costs

DESCRIPTION: The studies in this category describe ranking procedures for various energy
resources to reveal which resources are most or least environmentally damaging. Such approaches
may simply use qualitative or subjective judgment to aid in ranking resources, or may rely on quite
rigorous cost information. Through the use of adjustment factors or adders, divergent impacts are
weighted to explicitly rank resources.

SUMMARY OF STUDIES: The first study is a methodology developed by the California Energy
Commission (CEC) designed to take advantage of early land use planning and environmental
impact analysis methods. Its pursues an exhaustive list of costs, including the usual private costs
(capital, operation, and fuel) as well as government subsidies, environmental impacts, and issues
of economic development and system reliability/security. The authors deliberately take a
qualitative approach by developing a relative ranking scale to establish broad boundary limits rather
than making specific cost assumptions.

The second study in this category was developed by Temple, Barker, and Sloane, Inc. (TBS) for
New England Electric. The TBS study goes a step further than the CEC work by attempting to
specifically evaluate characteristics in a bidding framework. The TBS methodology is a highly
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developed ranking and weighting scheme and attempts to simultaneously consider a number of
disparate environmental and operating characteristics.

In developing this approach, TBS reviewed a number of qualitative and quantitative methods. They
decided to value environmental categories and develop weights for other characteristics through a
combination of simple Delphi survey techniques and a limited amount of existing environmental
costing data. Eleven surveys were completed by environmental professionals both at the primary
level (where respondents weighted individual environmental effects) and the secondary level (where
respondents assessed the total environmental score), They found that while sources used to
develop factor weights were not necessarily consistent in the implied or stated weights, they did
exhibit consistency in the relative weighting of environmental issues.

The third methodology reviewed for this category was a study performed for the Bonneville Power
Administration (BPA) to evaluate five generating resources. 7 The investigators relied on very
rigorous costing methods to evaluate a broad range of external effects, and arranged the
information to display the effect it would have on power resource selection. This approach
essentially worked in reverse from a sampling of existing sources to develop a sensitivity test, or set
of "switch points," that explicitly showed how large social costs would have to ris,_ before resources
switched piace in the least-cost portfolio.

OBSERVATIONS AND IMPLICATIONS: Because of the difficulties involved in full costing
measures (see following sections), the attempt to develop relative values for resource options may
be the best way to build consensus on the weighting of different resources in an energy pricing
evaluation. In practical terms, any evaluation of social costs may have to be translated in some
fashion through ranking or weighting approaches, particularly since many operational characteristics
(such as dispatchability, diversity, and reliability) may be difficult to accurately represent through
dollar values.

The amount of subjectivity in such approaches may vary enormously. While ranking and weighting
techniques may simplify the evaluation process, they may also obscure a significant amount of
detail. The apparent objectivity of the resulting framework may create a false sense of accuracy.
The potential pitfalls in arranging information in this way will depend on whether the results are
rigidly prescriptive or merely suggestive.

Such ranking may only be applicable within a relevant range. The relative weights or ranks
developed are somewhat a function of the existing resource mix and will not remain static as new
resources with different characteristics are selected.

3) Cost of Control or Abatement

DESCRIPTION: This option, rather than actually attempting to calculate the costs of
environmental effects resulting from energy production and use, starts with basic assumptions about
the preferred level of damage, lt then ranks energy sources in terms of the costs required for the
emission control technologies needed to meet those assumed or accepted standards. Thus, current
(or proposed) emission standards are used as a proxy for the social costs.

7ECO Northwest, Ltd.; Shapiro and Associates, Inc,; and Seton, Johnson, and Odell, lhc, Estimating Environmental Costs and
Benefits for Five Generating Resources. Prepared for Bonneville Power Administration under a Multiple-Award Contract Agreement with
the U,S. Department of Energy (Contract DE-AC_)-83BPl1551). March 1986.



Conversely, if control costs are not known with accuracy, or are not regulated, the estimated costs
of abating emissions through another approach may be substituted. In the case of CO2, for
instance, the cost of reforestation to absorb CO2 could serve as a proxy. For other emissions,
abatement through the purchase of offsets may be less expensive than scrubber technologies. Such
an approach essentially depends on administratively defined levels of desired emissions.

SUMMARY OF STUDIES: This approach, being applied in New York in varying degrees by the
State Energy Office and Public Service Commission, is the use of abatement costs as indirect
measures of the valUes of air quality impacts. According to this line of thinking, optimal air quality
control policy sets emission limits where the marginal costs of abatement are equal to the marginal
benefits (where these benefits are conceptually the same as the external costs associated with the
emission). Thus, the abatement costs associated with a given emission (say, NOx) can be used as
a proxy for the external costs of the emission. In this case, the cost of control or abatement of
various stack emissions was used as a comparison to environmental damage estimates from other
sources to estimate a probable cost for damage.

Some authors, Sebold et al., give some reasons as to why there are a variety of conceptual and
practical problems associated with this use of abatement costs:

"First, any reasonable approach to valuing air quality impacts must recognize the
variation in the value of changes in air quality across air basins resulting from
differences in air chemistry, topography, geography, and target populations.
However, air quality standards (abatement levels) are generally set at the national
level. Even if these national standards are based on careful calculations of costs and
benefits, it is highly unlikely that the resultant abatement levels are optimal in each
air basin. This means that abatement costs may be well above the benefits of
abatement (the external costs of the emissions) in some air basins and considerably
below in others. Second, even within an air basin, the abatement cost for a given
emission may vary significantly across sources. For instance, NERA (1988) has
estimated the cost of NOx controls in California's South Coast Air Basin to range
from $8,800 per ton for petroleum refineries to $42,600 per ton for electric utilities.
Assuming that the external cost of a ton of NOx is the same across sources within
a basin (and ali other factors remain constant), it is unclear which abatement cost
level (if any) should be chosen to reflect the external social costs of this emission."

OBSERVATIONS AND IMPLICATIONS: While this approach has strong merits, its assumption
that current control standards are an accurate indicator of social costs is in some ways a default
mechanism. Thus, using information on pollutant control costs as a proxy for additional controls
assumes that the current control level has some firm relationship to actual social costs; this may not
be the case. Also, the cost of removing the final increments of a pollutant may not be the same
as the costs for removing the first increments, weakening its validity as a proxy. However, the
information on control costs is often much more straightforward, clearly definable, and generally
more readily available than specific information on the value of environmental damage. An added
benefit is that the parameters of the impacts considered are very clearly defined.

In the case of CO2, the absence of measured or defined levels of current impacts makes it very
difficult to quantify possible effects, but information on amelioration through reforestation can be
used to develop benchmarks. Even if full damage costs are never known, a reasonable inference
can be made as to whether the damage costs are greater, or less than, the known cost of
reforestation. Finally, the use of emission standards may underestimate costs, as emission damages
and affected populations -- and thus the economic costs -- vary considerably across air basins.

...........
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4) Full Costing of Externalities

DESCRIPTION: This assessment option involves developing methods of identifying the
environmental impacts of alternative generating resources and developing a rigorous means of
valuing the associated damages, Such costs may then be used to develop, for example,
environmental credits for particularly benign resources, or conversely, a cost penalty for key
unmitigated pollutants.

SUMMARY OF STUDIES: These full costing studies vary in detail and intent. Full costing studies
are an ongoing effort at the BPA, and their efforts are among the most rigorous. They examine
impacts, dispersion, exposure, and valuation in a number of site-specific and generic studies on
valuing the social costs associated with power plants.

A recent memo from BPA summarizes their findings on cost ranges, and indicate that 80 to 95
percent of local economic damage attributable to fossil fuel combustion is accounted for by health
risks. Even with low sulfur coal and remote siting in the West, coal plants can be expected to
impose levelized environmental costs of between 2-10 mills per kWh for health risks alone. This
does not include costs associated with acid rain, ozone depletion, and global warming.

As stated earlier, Olav Hohmeyer of the Fraunhofer Institute in West Germany completed a
detailed full costing study of impacts in that country in 1988. In addition to social costs themselves,
his analysis also addresses the delay imposed on the development of many renewable energy
technologies that results from the failure to account tor the social costs of conventional energy
sources,

The Pace University study is a review of studies that quantified the externality costs of
environmental damage caused by electric power services. Externalities were reviewed for coal, oil
natural gas, nuclear, renewables, and demand.side management resources. Pollutants examined
included CO2 and global warming, acid rain and its precursors (sulphur dioxide and nitrogen
oxides), ozone, and NOx pollution, particulates, radiation damage from operation of nuclear power
plants, water pollution and land contamination risks. Types of environmental impacts of electric
power included effects on individuals (health), production (effects on agricultural crops, forests and
fisheries), materials (effects on buildings and structural metals), and social assets (effects on
recreation, wetlands, and visibility).

Environmental externality values were calculated for "starting point" values. The report states that
these values were used because "the figures do not pretend to be cost estimates," rather they do
give an order-of-magnitude idea of what the studies reviewed indicate and should provide a good
starting point for research. The "starting point" externalities for coal-fired facilities range from
2.5 - 5.7 cents/kWh; 2.5 - 6.7 cents/kWh for oil-fired; 0.7 - 1 cent/kWh for natural gas-fired; 2.91
cents/kWh for nuclear; 2.79 - 2.88 cents/kWh for waste-to-energy plants; and 0-0.7 cents/kWh for
renewables (solar, wind, and biomass).

Despite uncertainties and data gaps, the study concludes that "... the environmental externality
damage costs of most electric utility-generated pollution can be calculated, and that the
uncertainties involved are no greater than the uncertainty of pollution standards adopted by federal
and state agencies (and upheld by the courts) to avoid 'significant risk to human health and the
environment' or 'with a reasonable margin of safety' as prescribed by the environmental protection
statutes."



The study states that if these costs are not considered, it is akin to ".,.allowing electric utilities to
account for their environmental impacts merely by requiring them to meet apph'cablegovernmental
environmental laws and regulations, ignoring the externality costs of these impacts to society,
effectively values these substantial damages at the clearly inaccurate value of zero."

i

The study makes a case for the incorporation of ali environmental externality costs in planning,
bidding, and other resource selection, rer..ommends an assessment of residual environmental
externality cost against resources selected, to be placed in a Pollution Mitigation and Demand-
Side Management Fund, as well as testing "environmental dispatch" where clean sources are used
before dirtier generating sources.

OBSERVATIONS AND IMPLICATIONS: One inherent difficulty in this approach is reaching a
consensus on which cost measures to include and in what detail. Even if ali aspects and theoretical
links are known, it is difficult and expensive to produce accurate data to fill in the theoretical
framework. This results in a need to make tradeoffs between the veracity of the selected
methodology, staffing, and budget constraints.

5) Strengths and Weaknesses of Methods

Any and all of the methodological categories described in this paper can result in useful approaches
to the problem of accounting for externalities. Within any of these categories, the individual design
of the methodology remains most important. The value of a particular methodology ultimately
depends on the assumptions made, the level of detail required, and the care taken in putting it ali
together. A summary of the methodologies reviewed in this report is included as Exhibits 1
and 2.

A visual representation of the four categories of methodologies presented is included in Exhibit 3.
In this diagram, two of the most important characteristics of the methodologies graphically
represent some of the tradeoffs inherent in the selection of a methodology. The X-axis represents
the relative cost and complexity of the method, while the Y-axis scales the relative degree of
accuracy (or avoidance of subjectivity) eaeh approach provides.

"Description and Characterization ot Impacts" methodologies are relatively low on both scales.
Such approaches are relatively simple, but provide few answers to the many questions they raise.

"Ranking and Weighting" schemes introduce more complexity, but presumably provide some
guidance in how resource options stack up against each other. Most of the increase in apparent
"accuracy" is a function of increased subjectivity, and thus may be suspect. However, the careful
design of such a methodology can provide a consistent approach to the complete unbundling of a
disparate range of attributes.

"Cost of Contror' techniques lend themselves very well to the problem of awarding price factors to
certain attributes. Avoiding the subjectivity of ranking and weighting essentially requires deferring
judgment to the will of regulatory bodies, but results in an effective translation of the regulatory
mandate. However, certain attributes may still need to be described through ranking and weighting
approaches.

"Full Costing" approaches -- the most expensive and complex -- purport to provide the most
accurate view of the true cost of power. The implicit question raised is whether the marginal
increase in accuracy is worth the increase in complexity (a complex trade-off problem),

=



Estimates of social costs by generating technology from various studies are summarized in
Exhibit 4,
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Exhibit

METHODOLOGIES TO ESTIMATE SOCIAL

[ Z, Environmental Effects 0f Electricity Generation. Describesthe range and types
! _ of _environmental impacts Iassociate d with electricity generation from various

! primary energy sources in both qualitative and quantitative term&

] 2. Energy System Emissions and: Material Reqn|rements and Enviromental
[ Emissions from Energy Technology Systems, C_antifles and compares life.cycle

] 3. Environmental Analysis of Energy Systemss The Total Emissions Model for

various energy systems.
i , i ii i lll l

Rankln2 aqd Weight!hE
)

1. The Social Benefits and Costs of Electrlel_ Generation and End.Use Technologies
- Focuses on the need for improved energy planning to incorporate social benefits
and costs from generatmg,technologles. Uses weighting criteria to value both the
importance and magnitude of various impacts,

2. Integrating Environmental Externalities into Resource Planning at New England
Electric. Develop a hybrid approach to weight environmental impacts.

.............................................................................. i I[J

_0st: 0rAbatement

1. Energy an6 Cleaner Air: ;;Costs of Reduclng;Emisslons - Attempts to relate
emissions abatement technoiogies and _theircosts.

2. Environmental Externality Issue Report. An evaluation of approaches to valuing
environmental impacts and incorporating those values into state-level energy
planning,

3. Case 88.E.241 Proceedings on Motion of the Commission as to the Guidelines for
Bidding to Meet Future Electricity Capacity Needs of Orange and Rockland
Utilities - A study of how environmental factors should be incorporated in the
competitive bidding rate structure.

....................... • .-. ...... - .... ,,i ............. mm.. ............................. . ..... ,,.., ............ ,H .........................
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Full, Costlns

1. Soelal Costs oi' Enerlo" Consumption. Externalities of Ele_dty Generation in
the Federal Republic of Germany.. Monetadzes environmental and economic
costs upon society _to demonstrate the need: for Internalizing social costs of
electricity generation.

• . .

2. Social Cost Priority Matrix- Ranks survey-generated energy and environmental
concerns. Also attempts to quantify associated social costs.

3. Testimony and Exhibits of Michael Nlcklas before the North Carolina Utility
Commission or Least - Cost Integrated Resource Planning .Utilizes a limited set
of clearly quantifiable societal costs to determine _east-coStpower.

4. Estimating Environmental Costs and Benefits for Five Generating Resources.
Estimates the economic value of environmental impacts from renewable power
generating technologies. Identifies and analyzes impacts, then calculates the
present value of expected environmental impacts,

5. A Model Electric Power and Conservation Plan for the Pacific Northwest. Uses
low discount rates to analyze genetic yet significant environmental impacts of coal,
nuclear, and wind powered generation as well as solar water heating and
householdweatherization. _...

6. A Methodology for Integrating Air Quality Impacts into Energy .Resource
Planning- This is a review of the conceptual role of social costs in the
competitive bidding process. Recommends values forair .quality. impacts and
Integrates these values into bid rating structures.

7. Environmental Costs of Electricity (Pace University) .This report reviewed the
literature on the methodologiesused to assign monetarycosts to environmental
externalities and the means by which federal and state legislatures and regulatory
authorities have incorporated and might incorporate environmental costs;

I I I I t . ........ )loll ................... llnl I III Illlllllll ..... II I - . .
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Exhibit 4

Environmental Externality Estimates
by Source and Generation Technology

(cents per kWh. 1989 Dollars)

a

......... Low-H!gh Hohmeyer Pace BPA 0ther r

Fossil and Nuclear
, ,,,,,, , , ,

Combustion Turbine: Gas 0,09- 2,8 0,53.2,8 0,7- 1 0,09 X
, , ,,,

Combustion Turbine' OII 0,28- 6,7 0,53.2,8 2,5 - 6,7 0,28 X
, , ,, j

Coal 0,04 - 25,81 0,53 - 2,8 2,5 - 5,7 0,72 - 1,07 0,04 - 25,81
i, ,,,,

:Nuclear 0,001 - 37,78 0,5537.5,5371 2,91 0,001 - 0,014 0,06 - 37,78
, ,,, ,, ,,

,,,

Renewables
,, ,,

Photovoltaic 0 - 0,4 0 - 0,204 0 - 0,4 X 0 - 0,15

Wind 0 - 0,15 0- 0,0042 0 - 0,1 X 0 - 0,15
b

Biomass -0,012 - 0,7 X 0 - 0,7 -0,012.0,55 X
........ ,,,

Geothermal 0 - 0,02 X X 0 - 0,02 X
.......... i

c
MSW -3,56 - 46,56 X 2,79 - 2,8 -3,56 - 46,56 X

...

REFER ENCES:

The following studies were examined to begin the process of developing ranges for social costs', ()lav Hohnleyer's
7'he Social Costs of Energ3, Consumption; Richard Oltinger ct, al,, Enviromnental Costs of Energy, Pace University;
three studies undertaken for the Bonneville Power Administration entitled 1) Estimating Envirom_ental Costs and

Benefits for Five Generating Resources, 2) Genetic Coal Study: Quantification and Valuation of Enviromnental
Impacts, and 3) Environnzental Cost and Benefits Case Study: Nuclear Power Plant -- Quantification and Economic
Valuation of Selected Environmental hnpacts/Effects, Other studies examined include: Mike Nicklas's Testimony and
F_vhibits Before tl_e North Carolina Utility Commission on Least-Cost h_tegrated Resources Planning and Shuman and
Cawtnaugh's A Model Electric Power and Consen,ation Plan for the Northwest,

" l-tohmeyer does not separate fossil fuel impacts by technology but provides an estimate for average o1"fossil fuel
technologies,

t, M_re ctmaplctc and cleaner burning of fc_rcst slash in cogencrator will replace Icss-c_mlflt:tc burning ot' piled
slash in the l'orcst and thus have a nut bcncl'it in visibility impacts,

_ "l'hc minus (-) sign dctu_tcs a negative cost, or bcnct'it, e,g,, wastc-t_-cncrgy systems have benefits associated with
thc,ir use such as the reduced need for landfill space,
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3.0 METHODS FOR INTEGRATING SOCIAL COSTS INTO UTILITY BIDDING SYSTEMS

3.1 Overview

One area in which some efforts have already been made to incorporate externalities into utility
planning is the competitive bidding process for power purchase agreements. This section will give
an overview of some of the specific techiques taken.

Competitive bidding for new electric generation by private power producers is becoming an
increasingly important feature of utility resource planning and represents a major departure from
the historical practices of the electric utility industry in which new generating resources were
constructed by vertically integrated utilities. Competitive power procurement may fundamentally
reshape the market for power producing technologies.

In some states multiattribute systems, which take into account externalities as well as direct
financial resources costs, are being considered as a means of improving allocation.

The design of bid evaluation systems is a challenging task because it requires the explicit valuation
of many "non-price" factor'; in utility p_nning. Ali bidding systems require that these non-price
factors or attributes which had not been previously priced in the market such as fuel diversity and
risk, dispatchability, and environmental impacts be valued eyplicitly and independently, The
multiple attributes are then simultaneously evaluated in order to arrive at the best outcome for
long-term power contracts. The design of bidding systems allows the utility to retain an overriding
influence in the final selection of a generating system.

The introduction of external cost information into utility bidding systems can be accomplished
through various methods. Methods already discussed, such as ranking and weighting, abatement
cost approaches, and economic valuation of damage costs (full costing), combine the actual resource
selection process with the social costing methodology; others do not. Following is a brief overview
of other implementation options, and a discussion of some of their strengths and weaknesses.

QUOTA SYSTEMS - or "rule-based" approaches involve the design of bidding systems so that a
certain portion of capacity requirements are filled by technologies with relatively favorable external
effects. For instance, the Wisconsin PUC chose a rule-based approach when it elected to give
noncombustion resources like hydroelectric and conservation a 15 percent advantage. Rules can
also be used to limit the absolute amount of a particular resource that would be accepted in a
portfolio or in a resource bid.

By making the assumption that the optimal mix of resources is known, the (relatively) positive
aspects of particular resource options are exaggerated without equally considering their (relative)
shortcomings. Such approaches may preclude established forms of energy prematurely, and do not
solve the problem of how to select dissimilar or even similar proposals in a bid. While fairly easy
to implement, it neither avoids or solves the problem of valuation.

POINT SYSTEMS - points are allocated to technologies on the basis of their associated
externalities to reduce external and non-price effects to consistent score. Planners faced with
monetary bids and point scores for each resource option are still faced with the difficult trade-
offs betwee_ points and price,

Despite reducing bid factors to pohlts, methodologies must be evaluated to ensure that the nominal
weight awarded to a category does in fact survive methodological processing in its intended form
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and that categories do not cancel themselves out in such a way to render the actual weight
meaningless. Kahn et al., has shown that despite the point systems for these externalities, many
decisions basically are made on the basis of price.

SIMPLE RULES OF THUMB - Sebold et al., state that perhaps as a natural reaction to the
complexity of the problem, some individuals have suggested the use of simple rules of thumb for
valuation. For instance, some analysts in California have suggested that air quality impacts be
quantified in terms of a single primary emission, NO,, and that a rough reference value of this
emission (say $20,000 per ton) be used for valuation. 8

The use of several of these approaches is traced in more detail through the following review of
several actual case approaches for applying social costing methods into utility bidding: 1) The New
York/Orange and Rockland case which uses cost of control; 2) Sebold and Thayer's approach to
the possible use of full costing procedures; and, 3) New England Electric System's approach which
uses a ranking and weighting approach.

1. Proceedings on Motion of the New York Public Service Commission as to the Guidelines
for Bidding to Meet Future Capacity Needs of Orange and Rockland Utilities (USE OF
COST OF CONTROL TECHNIQUES)

In June 1988, the New York State Public Service Commission (NYSPSC) requested (in Opinion
88-15) that the state's electric utilities file a Draft Environmental Impact Statement (DGEIS) in
order to assess the potential environmental impact of utility bidding procedures. This utility became
a test bed for methodologies including environmental externalities in utility bidding systems.

Orange and Rockland had originally proposed a 10 percent environmental block for bid evaluation.
However, the State Energy Office, had developed data based on a 200 MW coal-fired plant meeting
New Source Performance Standards (NSPS) for several control cost scenarios. These scenarios
ranged from mixed control to advanced control technologies and indicated that environmental
effects comprised 20-30 percent of avoided costs, and that bid scoring should reserve that amount
for environmental effects. They estimated that air emissions alone were in excess of 8-24 percent
of avoided cost, and recommended reserving 40-80 percent of the environmental block for NO_,
SO_, and CO2 emissions.

The issues then faced by NYSPSC staff included determining the appropriate weight to assign to
environmental effects, and within this environmental block, the most appropriate methods for
apportioning weights among individual environmental factors.

Both NYSPSC and the New York State Energy Office (NYSEO) assumed that new projects would
comply with federal New Source Performance Standards. For most air impacts, abatement costs
for meeting NSPS were thus used as a proxy for the value of environmental damages. Other costs
were developed using estimates from other sources. These costs were used as guidelines to confirm

8Sebold et al., also states that:

'Rough rules of thumb that deal with single emissions (e.g., NOx) are extremely narrow, and may really further
distort resource decisions. Generating resources tt,_d to have different 'relative mixes' of emissions. Focusing on
a single emission may minimize some adverse environmental impacts while exacerbating others. "l_e result is far
worse, rather than better than that which could be obtained by ignoring air quality impact altogether."

j,.--_.,q
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the size of the components of the environmental block, modifying what had been a more subjective
ranking and weighting scheme. Their figures are as follows •

Effect Cost per kWh (Proxy_)

Sulphur Oxides 0.25
Nitrogen Oxides 0.55
Carbon Dioxides 0.10
Particulates 0.00..._._.55

Total Air Emissions 0.905

Water Discharges 0.10
Land Use Impacts 0.4.._.9.0

Total cost 1.405 cents/kWh

By assuming that winning bids would come in at no more than the company's avoided cost of 6.42
cents per kWh, environmental externalities were calculated to be about 24 percent of average cost.
This price factor was then reinterpreted into a point factor that could be integrated into Orange
and Rockland's existing point system. The final NYSPSC recommendation was for an
environmental block sized at 24 percent of the price score (not the total score) where the price
score comprised 47 percent of the total score.

The strength of the New York-Orange and Rockland methodology is that it eliminates the problem
of comparing price and point factors by essentially reducing them both to one price factor (even
though they are later reconverted to points). Also, the size of the environmental block that should
be considered in a bidding process is automatically defined by the components of the price factors
themselves, and different resource options can be compared on a consistent basis. Thus, ali factors
that can be reduced to price are included in a price block where they may be compared consistently
with price factors of competing resources. Non-price factors (such as dispatchability, fuel diversity,
risk, etc.) are considered in a separate block.

However, the major shortcoming is one of subjectivity. The use of abatement costs as a proxy for
environmental costs is wholly dependent on the level of environmental control that is considered
"sufficient," whether it be legislated emission limits or an academic best guess. While such a
methodology could very quic_y accommodate a new set of emission requirements, its focus is on
targets rather than actual costing information.

2 A Methodology for Integrating Air Quality Impacts imo Energy Resource Planning, Frederick
D. Sebold and Mark A. Thayer of Regional Economic Research, Inc. (San Diego, California)
undertaken for the California Energy Commission. (USE OF FULL COSTING
TECHNIQUES)

This paper by Sebold et al., which was prepared for the California Energy Commission, reviews the
conceptual role of externalities in utility bidding systems and raakes recommendations for valuing
air quality impacts and integrating these values in bidding systems.

Sebold et al., believe that a large body of literature already exists on dose-response relations and
that the dollar value of physical impacts can be estimated from this information. They discuss the
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resource approach, conting_'_ntvaluation, and revealed preference methods, which are ali variations
on full costing approaches?

They recommend the construction of reference values of external costs, e.g., the air quality impacts
per unit, the physical dose-response functions, and the dollar values of key physical responses.
Impacts are measured as the dollar value of a one-unit ton change in each emission in each air
basin. The next step is the integration of reference values into the bidding system"

• Each technology/resource offered in the auction would be reviewed to determine the level
a set of emissions factors, e.g., level of emissions per kWh of each subject of emission.

• _ These values would be multiplied times the reference value (dollar values per ton) for each
emission for the basin in question, to estimate the external costs associated with the
resource per kWh.

• Then, an assumed capacity factor and resource lifetime would then be used to translate this
value into the implied external cost per kW of capacity.

• Finally, the external cost per kW would be added to the bid price of the resource in
question.

While assembling the information in useful form would be complex, it results in a practical yet
rigorous methodology that they feel is superior to other me.thods. Sebold and Thayer make the
very important observation that many environmental effects are site-specific, making it difficult to
evaluate them generically. Moreover, the fact that the economic value of an environmental effect
may vary depending on where it originates also has broad implications. For certain impacts in
some areas -- those that have health or material damage implications, or occur in areas where the
dose-response relationship is already high -- using a generic cost would underestimate the actual
impact. Other emissions, such as CO2, have no localized impacts in the short run, and generic
worldwide costs may be the more effective proxy.

Such an approach would be costly and time-c0nsuming, and would only be fairly applicable ii it
were performed consistently over a very large area. Little guidance is suggested regarding the
integration of results into the bidding process; however, since their methods would deliver strict
price results, integration should not be very difficult.

3. Integrating Environmental Externalities into Resource Planning at New England Electric
(RANKING AND WEIGHTING)

In Massachusetts, the Department of Public Utilities (Document 86-36-F) ordered the state's
electric utilities to consider environmental effects in their resource planning process. During the
summer of 1989, various Massachusetts utilities, regulators, and selected individuals with
environmental concerns met in a collaborative series of meetings to review environmental effects
of power production and attempt to agree on proposed approaches to the problem. The
environmental groups preferred full costing methods, while utilities embraced ranking and weighting
methods.

9Sebold uses the following definitions: the resource cost approach involves the estimate of values through the use of date on directly
affected markets, e.g., changes in agricultural productivity, etc.; contingent valuation entails the use of survey methods to asccrtain
individuals' willingness to l_ay for the avoidance of an adverse environmental effect; and revealed preference approach refers to the use

of data on related markets to assess economic values which could use the hedonic method in where a commodity like housing, has value
partly determined by locational factors like air quality.
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As previously noted, New England Electric hired Temple, Barker and Sloane, Inc. to develop a
methodology for incorporating these environmental effects into the resource planning process in
the development of NEESPLAN II: 1990.

TBS compared a wide range of qualitative and quantitative approaches and arrived at what they
termed a "hybrid approach." The TBS approach borrows much of the "cost of control" as a proxy
for environmental impacts methodology used in Orange and Rockland, but rather than using this,
they generated environmental categorizations and weights through Delphi survey techniques and
from existing data related to regulatory requirements mandating various emissions levels. A limited
number of surveys (11) were completed by environmental professionals at both the primary level
(where respondents weighed individual environmental effects) and the secondary level (where they
assessed the total environmental score).

TBS and NEES determined some ground rules that formed the basis for their methodology as
follows:

• externalities are best characterized as "issues"; i,e., global warming or acid rain rather than
specific emissions

• externalities should be considered from society's, not the utility's, point of view

• only environmental externalities occurring in the operating stage would be considered
initially

Ten environmental issues were selected from their surveys and included: global warming, acid rain,
land use, solid waste, water use/quality, emissions to air, aesthetics, indoor air quality, fuel issues
and ozone. Each environmental issue set was then broken down into one or more sub-issues. The
relative weighting of issues was determined by compiling information from studies and reports,
Delphi polling of experts, and the use of weights determined in previous methodologies. Its one-
page evaluation sheet provides a simple but succinct evaluation of a resource option. (Exhibit 5
presents the worksheet that resulted from the TBS work).

Factors Contributing to Score for Environmental Attribute

The TBS methodology is a highly developed ranking and weighting scheme, and attempts to
integrate a number of approaches to evaluating disparate environmental characteristics in order to
minimize subjectivity. While the methodology purports to borrow some of the strengths of the
Orange and Rockland approach, it does not, however, actually consider impact factors on any kind
of price or cost-related basis, and is consequently much more arbitrary. The methodology depends
on a limited number of expert opinions, and the results are relatively subjective. Available
information on the method does not specify the size of the environmental block, nor how it is
considered in overall bid evaluation.
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3.2 Different Methods of Accounting for Attributes Affect Outcomes

Ultimately, the selection of a particular methdology to account for social costs may not be as
important as the care taken in defining a final implementation methodology. As demonstrated in
a recent study, the choice of a bidding framework has significant influence over final technology
selection. The report, Evaluation Methods in Competitive Bidding for Electric Power, by Kahn et
al., examined the overall complexity of bidding systems, its nuances and how different methods
could affect ultimate outcomes, e.g., the allocation of points for "non-price factors. `"° Kahn
compares and evaluates several bid systems to determine the impact of the methodology chosen on
the technology selections that result.

In a California conference on competitive bidding, a hypothetical auction was held in which five
technologies were competing: gas-fired cogeneration, gas-fired combined cycle, biomass, geothermal,
and small hydro. From the results of that workshop, Kahn found that the approach taken to
scoring and ranking projects can affect the outcome of projects selected. He notes significant
differences in the "nominal" weights assigned to price and other factors compared to real weights,
or the weight that actually influences outcomes.

For example, he found that two systems that placed very different nominal weights on price (50
percent for Orange and Rockland Utilities vs. 70 percent for Niagara Mohawk) effectively ranked
bids in the same order as a price-only system. This indicates that different methods of accounting
for these non-price factors can affect future resource decisions.

Kahn is dissatisfied with current tendencies to allocate environmental blocks within bidding
procedures. However, he found it difficult to effectively articulate environmental impacts in a form
that can be accurately assessed in the competitive bidding process. Despite his difficulties in
resolving these larger issues, Kahn's observations regarding nominal weights are very important.
They warn against including a multitude of complex factors that are effectively cancelled out by the
systems. He advocates critical review of the methods to determine their effect on project selection.

Thus, incorporating social costs into bidding and other resource acquisition processes will be a
major challenge because it will be reconciling social costs within an already large and complex
decision framework. Exhibit 6 describes some of the attributes that are considered in acquiring
generation resources. These attributes, although they are in many cases as hard to value as social
costs, are used to determine the optimal mix of resources for a utility to acquire. They are already
highly interdependent and difficult to balance. Incorporating environmental impacts into the
decision framework will tend to further expand the range of technologies that must be considered
in determining an optimal resource mix. Many of the technologies with the most promising
environmental profiles have operating characteristics, financial structures, etc., that are very
different from the current mix of technologies. Thus, introducing social costs into the decision
framework also implies a reconsideration of the values of other decision criteria, and the balance
between them.

l°Kahn, E.P. et al., Evaluation Methods in Competitive Bidding. Applied Science Division. Lawrence Berkeley I.,aboratory.
University of California. Prepared for the U.S. Department of Energy under Contract Number DI_AC03-76SF00398. June 1989.
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4.0 UTILITY AND REGULATORY PERSPECTIVES ON SOCIAL COSTS

4.1 The Utility Challenge

From the,utility business perspective, resource decisions based on social costs must be ewduated
in terms of their real contribution and impacts in a world where many other externalities are _
consistently ignored. A business that invests in pollution control equipment of its own volition (and
is thus required to raise its rates) would not be as competitive as others that do not take social
costs into account, making it difficult to continue to represent those costs. If this resulted in any
loss of market share, competitors would assume that share, eventually bringing output and
externalities back up to previous levels.

The assumptions made in evaluating social costs may lead to the reduction of certain social costs,
but this reduction could be translated into other negative costs or effects. For instance,
methodologies that give overly generous credit to environmentally benign technologies may result
in a resource mix that is environmentally cleaner but less reliable. Thus, paying increased attention
to one set of social costs increases the need to accurately assess non-price factors such as reliability,
dispatchability, curtailability, and diversity. These factors ultimately affect not only the utility but
the ratepayer and society as weil.

In contrast to these possibilities, a utility that exercised early implementation of social cost
considerations might be viewed as progressive and better able to minimize the costs of meeting
pollution abatement requirements at a later date. If creating such a public perception enabled the
utility to gain a stock-price premium and thus reduce its borrowing costs, any competitive
disadvantage to social costing might be offset. Likewise, if the use of social cost information results
in a utility gaining experience with new generating technologies, that experience could lead to new
business opportunities.

In considering social costs, practicality and accuracy are of paramount importance. No
methodology is useful if it is so complex that it obscures the realities behind decisions. Likewise,
something that depends only on subjective or relative factors fails to effectively deal with the
economic nature of social costs. The goal is to narrow methodology choices down to the most
relevant factors that can be cogently represented in a selection methodology. In achieving that goal,
utilities are faced with several questions '

• What kinds of resources -- financial or otherwise -- are needed to accomplish the
task of social costing?

• Can the information be translated into price or cost, and can that information in
turn be effectively applied within the bidding planning process and/or environment?

• Does the use of this information create other effects that are reflected in
profitability, competitiveness, market share, or other risks?

• Are requirements set by regulators co_,sistent and capable of implementation'?

Questions of utility responsibility for social costs, and their ability to effectively address them, must
be answered before social costs can be reduced through utility planning.
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4.2 The Regulatory Challenge

From the regulatory perspective, the definition of the selection of the characteristics used to define
social costs raises significant questions as weil, The CEC has stated that their criteria are to:
minimize total system economic costs (production and capital costs, reliability, and operations),
account for uncertainty, preserve environmental quality, maintain a sound economy, conserve
resources, and protect public health and safety, tt While the items on this menu are not mutually
exclusive, maximizing ali of them at the same time is an enormous challenge,

While contexts for reducing social costs need to be created, definitions set by a utility may be
overridden by regulatory bodies, whose decisions may in turn be overridden by national or glob_ll
political requirements, Whether social costs are considered on a regional, state, national, or global
scale will have very different results, Considering only the social costs that occur within a utility's
service area fails to account for any localized impacts resulting from power imported from
generation sources located outside the service territory, and likewise ignores the effects of emission
exports. A state such as California, which receives relatively fewer pollutants from other sources,
does not have as great a need to count imported external costs. Other areas, such as Eastern
Canada or New England, which are suffering from acid rain largely produced in the Midwest, are
already attempting to mobilize political resources to ensure that exporting impacts carries some
prohibition or penalty.

States producing or burning large quantities of coal could resist efforts to ameliorate large CO 2
discharges by defining new bidding methodologies to give minimal consideration of the potential
damage due to CO2 emissions. States that produce or use little coal -- such as California -- might
not be adversely affected if CO2 emissions receive a heavy weighing in mandated national
standards. However, if such standards are implemented solely within California, the implications
for regional inter-competitiveness are enormous. Again, largshenergy consumers may simply resort
to self-generated electricity via inexpensive, yet environmentally harmful, technologies.

Thus, one possible outcome is that efforts to account for social costs are circumvented, and the
intended reduction in emissions is thwarted. The other result could be the loss of business
opportunity and income, accompanied by a transfer -- rather than reduction -- of emissions to
,tnother region. Regulatory attempts to account for social costs must carefully define boundaries,
or run the risk of unintended effects. For example, in order to meet their sulphur emission targets,
Ontario Hydro has agreed to purchase power from Illinois Power, which burns high-sulphur coal.
Ironically, these emissions tend to find their way towards Canada, which has more severe acid rain
problems than Illinois. Ontario has met the required target, but not the intent of the acid rain
legislation. In this case, inadequate definition of the necessary boundaries has resulted in a
situation where externalities were increased rather than being reduced.

Similarly, attempts to reduce emissions can result in disincentives to demand-side management
(DSM) if they are described in terms of emission rate limits rather than emission caps or ceilings.
Under an emission ceiling, lower emissions resulting from DSM can reduce social costs as much
as scrubbers or fuel switching. Yet, DSM lessens tota.I emissions by reducing the number of hours
that existing plants operate, and does not change the rate emission from that plant during
operation. Thus, emission ceilings rather than rate requirements are more likely to result in the
intended outcome. Such boundary issues -- regarding source, effect, and jurisdiction --- are likely

11DeAngelis, Michael and ILashktn, Samuel. 7he Social Benefits and Costs of Electricity Generation and End-Use Technologies,
California Energy Commission. 1989.
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to become more important over time as issues are polltlc'tzcd anti as mitigation atttmapts are
pursued on a piecemeal, rather than comprehensive basis,

Additional issues for regulators is the concern that can the "right" wtlues Re dt_veloped as the
current process evolves, For example, New York is recommending 40-80 percent of the
environmental block be used for air emissions, Wl._onsln has a 15 percent credit for
noncombustlon sources granted by Wisconsin, Yet a utility that diverts streamflows in a pristine
area (such as the proposed Hydro.Quebec James Bay hydroelectric project) may be worse in social
terms than generating some amount of NO., To the extent that other external costs are embodied
in resource options, the sole consideration of air quality impacts to the exclusion of other
externalities may worsen, rather than improve, the phmnlng process, Such problems may not be
the "fault" of either utilities or regulators, but is a reflection of an incomplete process,

To the extent that the right wdues are developed, will they actually affect the outcome7 Data used
in the process may not Re well correlated with final results, For instance, its Kahn ct al, has shown,
different methods of accounting for attributes affect technolo_ outcomes, Or the process may
simply select factors that are currently represented in the bidding process and bypass others that
do the same damage, For example, if utilities incorporate wdues for CO 2 and these values result
in higher electricity to customers, these higher rates may cause large customers to switch to self.
generation fired by the cheapest fuel (probably gas) or might le.ad customers to locate their new
[acilities in another state which produces electricity without CO_ guidelines, Thus, economic
changes could be created without necessarily accomplishing the desired reduction in CO v

4.3 Resolving the Utility/Regulatory Challenge on the Valuation and Implementathm of Social
Costs

Valuing the externalities associated with energy production will require the resolution of larger
institutional issues which will affect parameters used in social cost methodologies such as:
geographical, political, perceptual, and definitional, In this discussion, these institutional
considerations have been consolidated into threw categories:

• the perception of cos._Atthat prevails: shareholders, utility consumers, or other
stakeholders;

• the choice of a methodology may depend on the capability of the individual utilities
anti/or regulatory bodies to effectively implement research on external costs; and

• the existence and strength of a mandate will largely dictate which methodologies are
implemented,

i + '+ ',i .i + _I i + i ! i

In add,tlon, there are difficult equity and countercompetttweness msues ratsed by applymg social
costs to only one sector in isolation, For any social cost effort to succeed, these issues must be
addressed, and to some degree reconciled with each other, These three intrinsic institutional
issues exist independently of the methodological and implementation concerns raised in this report,
Without achieving a dynamic balance between these issues, efforts to account for social costs will
likely lead to an impasse, These are depicted in Exhibit 7 and are more fully discussed below,
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1) Total Cost

The question of how to value economic welfitre is a matter of whose opinion on defining and

wduing social costs prevails; for example, shareholders, utllitg customers, auto manufacturers,
drivers, Californians, or Ame)rlcans, Although economists have taevlsed constructs for wtlutng social
costs, the underlying assumption that an economic value can be placed on life or on nature Innot
acceptable to many people who view these as moral issues beyond the preview of economics, Thus,
even when Impacts are known, an element of subjectivity remains in valuation,

Total costs include the wdue of social costs in addition to privatecosts(those costs internalized tn
the current market), The definition and valuation of social costs (i,e,, what cost should be
measured and how should they be valued) Is a function of the factors that determine an Individual's
welfare, Th6 factors that determine welfare may include: health, property wdues, labor, aesthetics,
wildlife, tourism, etc, The number of factors and combinations of factors that determine welfare
are as wirled as there are Individuals, Thin makes the analysis difficult from a consistency point
of view since analysts who have attempted to value social costs do not have a consistent net of
factors or methods for combining and estimating social costs, This is one of the most complex and
vexing factors in valuing social costs because social cost estimating is influenced by law, economic
theory, and by public perceptions of equity, With heightened public awareness of the social costs
of ener_ production, this problem of valuation has complicated the regulatory environment because
the pubhc interest welfare function is now being considered,

Also, social cost valuation methodologies are disputed by critics who point out that there simply
lsn t a known, direct, quantifiable cause and effect relationship between, for instance, emissions and
human health. The argument in simply that there is not enough scientific certainty about causes
and effects to determine the social co_ts of incremental changes in ener_ production and
emissions, and incorporating invalid estimates of the social costs would distort the market as much
or more than ignoring social costs, Often, the best that can be done in valuing the social cost
component of total cost is to explicitly state the factors and methods to estimate social costs anti
proceed from that point.

The issue of changing social cost wtlues as a function of perspective also applies to the larger
question of how broadly social costs should be considered. For instance, if it is more cost-effective
to reduce pollution from the transportation sector, shouldn't that be part of a social costing
methodology for emissions that atten-tpt to adopt a societal perspective? NO, emitted from the
tailpipe of a car is as potentiaily damaging as NO, emitted from a utility boiler. While this
approach of comparing damage costs and control costs is sensible and is well-covered in academic
economic literature 12,it is not explicitly addressed in the methodologie:; reviewed. Generally, social
costs were only considered within the utility sector and were not carefully compared with emissions
from other sectors to determine the least-cost means of reducing social costs.

A change in energy cost,",due to the inchlsion of social costs, or the use of more expensive energy
technologies to mitigate social costs, will impact the market for energy by changing its price. In
turn, price impacts demand and supply, and thus the general equilibrium of the energy market. The
distribution of wealth, income, productive resources, etc., will readjust to any new equilibrium,
sometimes in unforeseen ways. The broader market implications of methodologies for determining
social costs must be co s",n, mered.

l_Mansfield, lktwin, Mlcroeconomics: 7'tg,ory and Applications, Fourth FAltlon, W,W, Norton anti Company, lhc, Toronto,
Clmada: 1982,
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2) Mandate

The existence and strength of a mandate will largely dictate which methodologies are implemented,
Any reasonable mandate must take into account the full ramifications of the requirements lt sets,
the jurisdictional authority that backs it up, and its political and methodological sustatnabillty,

Some analysts b_lleve that a national least-cost energy plan and process is necessary, It could be
modeled after the Pacific Northwest Electric Power Planning Aet under which Bonneville operates,
If state least-cost planning processes are expanded to assure that energy resources having the lowest
social costs are the fu'st to be developed, then legislative bodies may require utilities to perform full
costing along the lines of that conducted ht the Pacific Northwest,

The outcome of this situation depends on regulators both at the feder,al level (Federal EnergyRegulatory Commission) and the state level and their commitment to include environmental costs
in energy prices,

lt is not clear whether it is the responsibility of utilities to act, or if state regulators should act
before federal regulators such as EPA, FERC, etc. Utilities may realize some benefit or loss from
early action in the form of recognition and preparedness, possibly increasing the shareholder's stock
value, However, the site-specific nature of many externalities (and, for example, the concurrent
growth in stature of air quality management districts) means that new mandates taking
unprecedented forms may arise from new sources. One example is the growth in the power and
proposals of individual air quality management districts, The South Coast Air Quality Management
District's plan to clean up the air in the Los Angeles area has major implications for California's
electricity supply,

Despite these implications for the electricity business, state agencies with primary responsibility for
electric resource planning, the CEC and CPUC, played no official role in developing the SCAQMD,
This process may need to be changed so that energy and environmental issues are addressed
cdncurrently.

3) Capability

Finally, the choice of a particular methodology may depend on the ability of the individual utilities
and/or regulatory bodies to effectively implement it. As we have pointed out, accounting for
externalities can be a confusing, complex, and costly task. The decision to implement a
methodology that entails major effort and expense has to be tempered by the realization that the
individual utility will not be able to implement the results on its own. An individual utility may also
lack the necessary perspective or the resources to conduct an analysis at the appropriate level for
implementation,

For example, the social costs of one utility's power generation are only a small subset of ali the
external costs of energy use in its state, which, in turn, accounts for only a fraction of the U.S.
chert/environmental situation, Actions by governmental bodies at the international, national, and
state levels could quickly render efforts by that utility moot.

_
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5.0 CONCLUSIONS

The paper concludes the following:

1. Further regulatory direction may be required before utilities can decide on the choice of
a methodology and its implementation or whether utilities should even become involved in social
cost analysis. Ultimately, valuing the externalities associated with energy production will require
the resolution of much larger conceptual issues. These include societal definitions of the total cost
of electric power, the capability of individual utilities to conduct research into external costs to
society, and the existence end strength of regulatory mandates that will largely dictate which
methodologies are implemented.

2. Despite these regulatory uncertainties, utilities may need to determine what they want to
provide in terms of accounting for externalities, or run the risk of having it determined for them.
As pointed out in this study, social costs associated with power generation can be substantial and
thus these costs should be reflected in order to allow optimal resource decisionmaking. Because
the only change that is constant in the utility industry is for environmental regulations to become
more stringent, it may be less costly in the long-run to account for these costs now.

3. Based on our analysis and the strengths and weaknesses of the various methodologies, and
the current uncertainties with regard to any mandate being required for utilities to perform social
cost analysis, we ,make the following observations and recommendations:

Each of the four methodologies reviewed can provide a good approach to accounting for social
costs. The selection of each has tradeoffs in the degree of relative accuracy of the cost and
complexity of the method, lt was found that the last 3 categories of approaches are especially
useful. The first category is basically a data collection phase, while the latter categ,_ries build on
this intbrmation and provide a useful analytical framework for decisionmaking.

With lack of guidance and current lack of consensus on regulatory issues, utilities may not want to
become involved in extensive data collection, since full costing techniques are expensive. In
addition, it may also be difficult to pursue full costing approaches in the near term.

We advocate a hybrid ranking and weighting approach that makes the most of the information that
exists by blending data, structured analysis, and informed human judgement. If properly structured,
it can make the most of the information that does exist, while at the same time acknowledging the
limitatiops of our current understanding of social costs, lt also has the benefit of furthering expert
consensus on the subject, which can influence the public and decisionmakers who are ultimately
responsible for the mandate for action.

4. Utilities and regulators need to be able to see "theforest from the trees" to accomplish concrete
results, e.g., the development tj social costs in isolation doesn't guarantee it will have an impact.
As Kahn et al. point out, lengthy and expensive efforts to factor externalities into resource selection
might be inadvertently structured out of the bidding process, and not have an impact. There is a
need to determine how different methods of accounting for externalities in bidding systems could
affect future resource choices. Once an approach to valuing social costs is implemented, it is
important to see if the results imply significant changes, or if they will have relatively little impact
on resource acquisition decisions.
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5. Externalities should be examined in an wholly integrated fashion to pursue imaginative,
intersectoral solutions. A narrow definition of social costs as solely utility-related may overlook
significa _tintersectoral solutions. In California, the South Coast Air Quality Management District's
(SCAQMD) plan to combat urban smog in the Los Angeles area in part by phasing out gasoline
and revamping the region's transportation system. This has major implications for the state's
electricity business. Because the air quality plan proposes extensive use of electric vehicles and
other electro-technologies, it could significantly increase the demand for electricity. Since its
success partially depends on the achievement of fundamental technological breakthroughs, the plan
may requtre a new emphasis on electric vehicle research, development and demonstration. Thus,
utilities may be able to provide part of the environmental solution by playing a role irl the
substantial mitigation of many current environmental problems of industrial societies through the
continued development and application of electro-technologies. 13

13A recent Edison Llectr:c Institute (EEl) study highlighted the potential for reducing emissions of CO 2 through substiluting
electro-technologies for technologies currently using fossil fuels at the point of end-use in the industrial and transportation sectors. The
study gives numerous examples of how short-wave electric infrared paint curing and new electric processes in glass production and others
often improve production processes as well as reduce emissions. The EEl study concluded that 17 percent of the U.S. industrial sector's

total annual CO 2 emissions and about 8 percent of the transportation sector total CO, emissions could be reduced through such
substitutions. While such substitutions increase the overall demand for electricity, the net effect on the environment would still be a
decrease in CO e emissions.
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Abstract of Presentation for Panel Discussion:

"Externalities: Federal Views, Social Costs, and
Environmental Assessment Regulations"

Recent international geo-political events and domestic energy-related environmental

accidents, as well as continuing attention to the potential for climate change and
stratospheric ozone depletion, have all served to renew and heighten concern regarding
energy's pervasive effect on the environment. Energy production, transportation, and
use have significant adverse impacts on air, water, land use, and larger global
environmental systems. Energy production and consumption are responsible for the
bulk of air pollutants that comprise or cause urban air pollution, acidic deposition, and
air toxins. Energy-related sources are responsible for nearly 60% of anthropogenic
sources of greenhouse gas emissions in the U.S.

The rising awareness of the ubiquity and persistence of an industrial society's
environmental impacts challenges policy makers to find alternative effective and
efficient ways to mitigate adverse environmental effects. Traditior al ;,;chnology-forcing
command-and-control regulatory approaches, although providing ft_r the incorporation
of some negative externalities into production and consumption decision-malting, offer
limited further potential to reduce emissions from specific sources and do little to halt
the proliferation of pollution sources. Morec)ver, technology-forcing solutions often
create perverse incentives that do not preveI_t pollution, rather a pollutant is simply
transferred from one medium to another -- e.g., in the case of power plant emissions,
the pollutant is removed from the air and is transferred to a landfill repository in the
fSrm of scrubber ash. Greenhouse gas scrubbing is likely to be prohibitively expensive.

As a result of the limitations of traditional environmental regulations, environmental
policy makers will increasingly need to examine alternatives that help ensure that
energy is produced and consumed efficiently -- i.e., ali social costs are incorporated into
production and consumption decisions -- so as to minimize adverse environmental
impacts. Market-based strategies that create economic incentives to reduce adverse
environmental impacts can help provide society the flexibility to maximize its diverse
goals. Creative organizational, as well as technological, solutions can be applied. In
_ddition, a credible and efficient long-term mitigation strategy will promote the
economically efficient goals of sustainability, waste minimization, and recycling.

Specific market-based strategies include emissions fees, tradeable emissions rights,
alternative utility rate structures, targeted economic subsidies when price signals are



inadequate, regulatory reform, informational and moral suasion programs, and
improved government procurement policies. Other strategies to consider include
broadened utility planning process that include alternative environmental/economic
perspectives, utility plant and end.use efficiency and emission standards, and basic
research, technology transfer, and full-scale demonstration programs.

Since most utility regulation and many other important energy and environmental
decisions and actions occur at the state level, an appropriate federal role, especially for
an agency such as the EPA, is to develop working partnerships with regional, state, and
local policy makers and program administrators. EPA and other federal agencies can
serve as conduits of information and expertise and collaborate with state and local
decision makers as they grapple with important environmental problems and craft
mitigation strategies.

Specific areas for further collaboration include:

• Quantification of the externalities of energy production,
transportation, and consumption; i.e., quantification on a full
fuel-cycle basis.

• Technical assistance in assessing supply curves for energy
efficient end-use capital equipment, i.e., "conservation supply
curves." Analysis could include a market assessment (as

" distinct from an assessment of technical potential)covering
topics such as consumers' decision making process, product
positioning, marketing techniques, etc.

• Analysis of the benefits of alternative customer rate designs,
i.e., marginal cost pricing or time-of-day/time-of-year pricing.

• Analysis (_fthe benefits of alternative energy-sector industrial
organizations; i.e., analysis of deregulation of the electricity
generation sector, analysis of increased horizontal or vertical
integration (redefinition of traditional energy services
markets), and analysis of barriers to entry in demand-side
services.
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State regulators and utility officials are paying presents recommendations on what steps to take
increasing attention to the issues of externalities in future efforts to value externalities.
associated with new electricity resources. A
growing number of states are requiring utilities to
factor externalities, particularly residual VALUATION OF EXTERNALITIES-STATUS
environmental damages, into their decision- AND DATA REQUIREMENTS
making processes for new resources. The
assessment of such externalities, whether on a Externalities are those impacts of one activity
qualitative or quantitative basis, requires on other activities that are not priced in the
regulators and utilities to acquire and analyze a marketplace. According to Baumol and Oates
wide range of data and information. Resource (1975) an externality is said to exist when two
developers, whether they are utilities or entities conditions hold: 1) the utility or operations of
selling power to utilities, also will have to collect one economic agent, A, include nonmonetary
and provide data through processes specified by variables whose values are chosen by another
utilities or regulators. These requirements will economic agent, B, without regard to the effects
undoubtedly impose new burdens on ali parties on A and 2) B does not pay A compensation
involved in the development of electricity equal to the incremental costs inflicted on A.
resources.

By definition, the persons or firms bearing the
While the assessment of externalities, or costs associated with an externality absorb them

residual impacts, will place new demands on without compensation. The costs are the result of
regulators, utilities, and developers, existing impacts that can include fairly tangible damages,
processes already require certain data and such as increased health care or depressed
information that may fulfill some of the data property values, and less tangible effects, such as
needs for externality valuation. This paper reduced attractiveness of a scenic vista. Many of
examines existing siting, permitting, and other the latter type of impacts fall into the category of
processes and highlights similarities and non-market values since they include effects on
differences between their data requirements and resources and goods that are typically not bought
the data required to value environmental and sold in markets.
externalities, lt specifically considers existing
requirements for siting new electricity resources in Electricity generation involves a wide range of
Oregon and compares them with the information potential and actual environmental impacts.
and data needed to value externalities for such Legislative, permitting, and regulatory
resources. This paper also presents several requirements directly or indirectly control certain
observations about how states can take advantage environmental impacts, implicitly causing them to
c_fdata acquired through processes already in become internalized in the cost of electricity
place as they move into an era wlmn externalities generation. Electricity generation, however, often
are considered in utility decision-making, lt produces residual environmental impacts that
presents other observations on the similarities and meet the definition of an externality.
differences betwe_ a the data requirements under
existing processes and those for valuing
externalities. This paper also briefly discusses the
,_pecial case of cumulative impacts. And it



Importance of Externalities to Utilities and Valuation Approaches
Regulators

Buchanan (1990) identifies three general
Otttnger (19_) suggests two reasons why approaches for valuing externalities, One

utility regulators should require and will approach is the complete listing and quantification
increasingly require consideration of of cconomlc costs associated with each type of
environmental externalities in utilityresource damage caused by the residual environmental
planning, First, utility service has historically been effects, This is typically the most difficult and
regarded as imbued with the public interest, complex approach, The second approach is
Utility commissions oversee the fulfillment of that determining the cost to mitigate each residual
obligation, Second, the future is likely to hold effect, And the third approach is determining the
more stringent legislative and regulatory costs of placing controls on the source that would
environmental controls, Since such controls may prevent residual impacts, This approach is usually
apply to existing resources, it would be imprudent the least difficult and complex,
to permit utilities to make investments now that
would be subject later to substantial and costly Using the third approach, quantifying control
retrofits to meet future, more stringent costs, reflects the assumption that the marginal
requirements. While regulators and utility policy costs society has elected to irrtpose through
makers have many options for incorporating emission (and other environmental disruption)
environmental externalities in the planning and regulations equal the marginal benefits that
ratemaking processes, the fundamental question society receives from avoiding environmental
they face is what is the correct value to assign to damages. If pollution control regulations were
the uncompensated damages resulting from the driven strictly by economic optimization criteria,
externalities, then the marginal cost of the required controls

would equal the marginal benefits of reducing
Externality valuation has the objective of emissions by one additional unit. Under these

determining the total economic cost of the conditions, the marginal value of the residual
damages imposed on society by a specific activity, damages associated with an externality would be
In the case of powcrplants, as in many situations, simply the marginal control cost. There are,
this can be a difficult task for a number of however, many obvious and not so obvious
reasons. First, probably not ali the damages can reasons why this approach is unlikely to give an
even be identified. Second, interactions. _':cur accurate estimate for the value of residual

among the pollutants and other kinds oi t.cimary damages. 2 Nevertheless, for practical reasons this
environmental disruptions caused by a powerplant, approach has been used in ahnost ali cases by
For example, air pollutants from a single states that have attempted to value externalities so
powerplant interact with one another and may far.
affect the final damages caused. Third, it is
unlikely that specific individuals can be identified Experiences of Key States
who will be damaged by the plant and unlikely
that the extent of their damages can be predicted Three states have taken the lead in specifying
accurately. This issue leads to considerations of numerical values to be used by utilities in valuing
risks and probabilities, rather than deterministic environmental externalities: New York,
predictions of the actual damages that will occur. Wisconsin, and Vermont (Foley and Lee I_X)).
Fourth, environmental externalities should not be Wisconsin and Vermont use a simple adder to
considered only during the electricity generation account for the differences in externalities
process, but during ali stages of what has been produced by different resources, such as
termed the "fuel cycle," or ali steps leading up to, combustion and non-combustion (demand-side
during, and after electricity generation from a management) resources.
plant throughout its life cycle (Callaway and
Currie 1989). In actual practice, approaches have Other states have taken various steps to
been., mplified for valuing externalities in the face address powerplant externalities. Without
of sucl imposing difficulties, prescribing exactly how to proceed, Oregon has

ordered utilities to consider external costs when



they are evaluating the cost-effectiveness of u No approach has looked at the entire fuel
alternative resources. Although California has no cycle, This gap may be critical for some
mechanism in place yet for utilities to follow, the resources,
state has conducted the most comprehensive
analysis of the issues surrounding the valuation of o In state approaches, the effects of geographic
externalities, location on impacts are accounted for only on

a limited bash, if at all.
In addition to state activities, the Bonneville

Powe.rAdministration (Bonneville) has made o Little recognition is given to the fact that
significant progress in _ddressing externalities, marginal and average impacts differ and both
Seminal studies sponsored by Bonneville have values are subject to change over time.
attempted to quantify the damages associated with
environmental impacts (for example, ECO 1986). t, Cumulative effects have not been explicitly
In a resource acquisition planned for fall 1990, incorporated.
Bonneville will include the costs associated with

environmental externalities (BPA 1990) in Comprehensive valuation of environmental
accordance with the guidelines provided by the externalities would improve upon existing
Northwest Power Planning Council (NWPPC valuation processes by filling these four gaps.
1986),

Externality Valuation Information Needs
Of ali the states, New York, through its Public

Service Commission (NYPSC), has gone the The purpose of powerplant environmental
farthest in prescribing a quantificationapproach externality valuation is to piace an economic value
and the parameters that will be used. on the damages that a powerplantwill cause, after
Massachusetts has developed a similar approach, ali required control and mitigation measures have
but there the utilities have taken the lead in been implemented, Valuing the resulting
making it operational, The approaches used in externalities requires analyzing several steps in a
both states rely on a point system that assigns complex process, This process typically consists of
scores to various environmental externalities. In four steps.
New York, air, water, and land impacts are
included. The NYPSC has identified several The first step is the primary disruption to the
attributes of each type of impact that are to be environment. This step includes the release of air
assigned points depending on the magnitude or pollutants, discharge of water pollutants,
qualitative measure of their severity. Weights are disruption of a scenic vista, and so on,
assigned to each attribute based on 1) the relative

cost of controlling or mitigating each attribute or The second step involves the linkage between
2) the damages attributable to the residual the primary disruption and affected systems. In
impacts. The weights are multiplied by the points the case of air emissions, this step may include
for each attribute, and the resultant scores are dispersion of the plume from a powerplant and
summed for each proposed resource. For air the chemical reactions in that plume that convert
emissions, the NYPSC derives appropriate weights initial pollutants or precursors into the pollutants
based on pollution control costs estimated for coal that affect humans, animals, materials, production
plants, processes, etc.

Though many states have started to address The third step is the actual effect of the
externalities in utility resource planning and environmental disruption on affected systems and
acquisition, approaches so far have been quite their responses. Such effects and responses
simplified. As a result, many deficiencic.'_,such as include physical damage to materials and
thc_sclisted below, remain in the current organisms, health damages, changes in market
approaches: prices, and changes in behavior.

The final step is the translation of the 'effects
into quantified economic costs.



can minim'ire the burden on resource developers,

Each of the four steps requires analysis and 'attltttes, and regulators alike,
quantification. Models have been developed for
several externalities to characterize these steps
and quantify their effects, in ali eases, data, EXISTING PERMITTING AND SITING
information, and models used should be specific REQUIREMENTS IN OREGON
to the powerplant and location being considered,

We use Oregon as an example to Illustrate the
For ali resources, information should be kinds of information typically required by existing

obtained on land use, fish and wildlife, water permitting and siting processes, Requirements
qualtty, air quality, and solid and hazardous waste will vary by state, however, so other states need to
impacts, Prtmary impacts (_uch as pollutant be studied on a case-by-case basis, The
emissions) need to be determined for each information presented here is limited to
resource, in each of these impact areas, as the requirements at the powerplant site; therefore,
first step in quantifying the economic costs of information on other parts of the fuel cycle is not
resultant externalities, presented, 3 Impacts from nongenerating stages in

the fuel cycle tend to be more generic, anyway,
Additional information and data may be and often do not require site-specific assessments.

required for specific resource types, For example,
municipal solid waste plants might produce certain The following discussion is based on
air pollutants that would not be produced by other Hendrickson et al. (1990) and sources discussing
powerplant_, specific regulations and requirements, lt focuses

on general environmental and siting requirements
In addition, it may be important to obtain first; then discusses land, air, and water

information on additional stages in the fuel cycle requirements; and finally, discusses requirements
for specific powerplants. Fox' example, potential that are powerplant-specific,
impacts during decommissioning of a nuclear
powerplant may be significant; whereas, they Tlne Council and Bonneville
might be negligible during decommissioning of
many other powerplants. Oregon and other states in the Pacific

Northwest are greatly influenced by the activities
Using Information from ()tiler Siting/Permitting of the Northwest Power Planning Council
Processes (Council). The Council was established by the

Pacific Northwest Electric Power Planning and
New powerplants are subject to numerous Conservation Act (Regional Act) to "set forth a

approvals prior to construction and operation, general scheme for implementing conservation
Table 1 shows the variation in permit measures and developing resources.., with due
requirements for 12 types and sizes of new consideration by the Council for (A)
powcrplants in Oregon. The requirements range environmental quality... [and] (C) protection,
from three possible or probable permits for a 10- mitigation, and enhancement of fish and wildlife
MW photovoltaic plant to 14 permits for a 50- and related spawning grounds and habitat .... "
MW geothermal plant. The Council's policies are directed primarily at

BonneviUe, the region's federal power-marketing
Existing permitting and other processes can be agency. Bonneville, which supplies 48 percent of

useful sources of information for valuing the region's power (Bain 1989, p, 69), has a major
externalities. The remainder of this paper looks influence on the entire electricity-generating
in more delail at what the permitting system in the Pacific Northwest.
requirements are in a single state, with the intent
of identifying potential sources of information for As noted earlier, Bonneville will conduct a

externality assessments and gaps in those sources, competitive acquisition for new t,eneration
Recognizing potential overlaps and gaps in the resources in the fall of 1990 (BPA 1990). Given
data required by different processes is the first Bonneville's federal status, this acquisition will
step in developing a coordinated approach that trigger the environmental review requirements of





NEPA, the National Environmental Policy Act technologies employed and the location of the
(see following discussion). A wide range of project. NEPA stipulates that ali significant
environmental data and information will have to environmental effects must be assessed. NEPA
be obtained on proposed generation resources states that significance requires consideration of
under the NEPA requirements. In addition, the both the context and the intensity of an impact (40
Council has spelled out a 10-step process that the CFR 1508.27). Intensity refers to the severity of
Bonneville Administrator is to use to quantify ali the impact. Context means the setting in which
environmental externalities directly attributable to the impact occurs.
a resource (NWPPC 1986).

In judging which impacts are significant and
The details of the methods and data Bon- clearly insignificant, decision-makers must

neville will use to assess externalities are not _ consider a number of factors when assessing the
available at this time. Clearly, however, resources intensity of an impact within its unique context.
developed in Oregon under this acquisition will Uncertainty of intensity or context is usually
have to meet both the NEPA data requirements resolved by assuming a reasonably foreseeable
and the requirements of Bonneville's externality extreme (Alton, Dowty and Schmidt 1989). A
assessment process, great deal of scientific uncertainty or substantial

controversy about an impact tends to bring about
NEPA a conclusion of significance. Other factors that

should be considered include potential effects on
NEPA is the basic national charter for human health; possible effects on unique

protecting the environment. Its requirements are geographical features, such as nearby cultural or
directed specifically at federal agencies, but its historic resources, parklands, prime farmlands,
implementation has led to requirements likely to wetlands, or wild and scenic rivers; whether
affect new powerplants in every state. NEPA seemingly insignificant individual actions result in
requires federal agencies to prepare an a significant impact when taken cumulatively; and
environmental impact statement (EIS) for major potential adverse effects to endangered or
federal actions significantly affecting the quality of threatened species.
the environment. An EIS is not a permit, but can
be the major process to reveal and address Thus, NEPA assessments are comprehensive
potential environmental impacts. An EIS is a in their treatment of environmental effects.
detailed report comparing environmental impacts However, specific information needs are
of alternative options for achieving specific dependent on site and plant characteristics.
purposes and needs. The need for an EIS can be NEPA requires the information to complete an
triggered through actions related to siting a assessment to be the best available. If
powerplant, such as issuance of a federal license information that is essential to making a reasoned
or permit, transfer of federal lands, or federal decision is not available, but the costs of obtaining
financing, it are not exorbitant, federal agencies are to

include the information when preparing an EIS
Though many states do, Oregon does not have (40 CFR 1502.22).

a state environmental policy act to implement
NEPA. In Oregon, NEPA is applied only when Another key NEPA provision is the
federal agencies or funding are involved, which is requirement to include cumulative impacts in
often true of large-scale hydroelectric plants and environmental impact assessments. NEPA
generators, such as geothermal plants, that are regulations define cumulative impacts as those
located on federal land. that result from the incremental impact of an

action when added to impacts of other past,
Perhaps the most important step in the NEPA present, and reasonably foreseeable future actions

process is choosing which environmental impacts (40 CFR 1508.7).
to focus on. Ali powerplants are likely to result in
some epvironmental effects. The nature and The regulations go on to state that
magnitude of these effects is very much dependent "Cumulative impacts can result from individually
on specific project features, such as the fuels and minor but collectively significant actions taking



piace over time." When evaluating proposed EFSC implements a one-stop siting process for
energy projects, analyses of cumulaUve impacts energy facilities. Through this process, a wide
may require three perspectives: range of issues is addressed including public

health and safety, water rights, socio-economic
o The inclusion of ali present and potential impacts, environmental impacts, historic and

emitters or polluters in relation to a particular cultural resource impacts, and others. In
resource (e.g., new powerplant), accordance with the one-stop requirement, ali

other state and local agencies must issue the
o The inclusion of ali portions of the fuel cycle appropriate permits, licenses, and approvals once

related to the generating plant, rather than the the EFSC has issued its site certificate (Bain 1989,
generating portion only. p. 79).

o The interactive impacts between a new Chapter 345 of the Oregon Administrative
powerplant and the existing power generation Rules (OAR) presents the rules followed by the
system. For example, in the Pacific Northwest, EFSC. OAR 345 Division 40 provides guidance
the development of new thermal plants is likely to powerplant developers by specifying areas of
to affect the operations of the Columbia River the state that are "suitable,' 'less suitable,' and
hydro system; thus, Bonnev_e's EISs include 'unsuitable"for powerplant siting. Areas are
analyses of system-wide impacts, categorized both according to whether they meet

certain criteria and are in specific regions of the
An EIS may be structured to include an state. These specifications, along with EFSC's

analysis of the value of environmental one-stop siting mission, alleviate some of the
externalities. NEPA does not specifically address potential burdens on developers.
externalities, but EISs are currently being
prepared that incorporate these values. NEPA For large powerplants (more than 200-MW),
states that if a cost-benefit analysis is relevant to except combustion turbine and geothermal plants,
choosing among environmentally different proposers must f'dea Notice of Intent (NOI) at
alternatives, such an analysis shall be incorporated least 12 months before making a siting application
by reference or appended to the document (40 (OAR Cb. 345, Div. 20). The NOI includes plant
CFR 1502.23). When such an analysis is location, land area, status of decisions regarding
prepared, the EIS must contain a discussion of the filing for the site certificate and construction
relationship between the analysis and any analyses permits, plans'for a study of environmental
of unquantified impacts, values, and amenities, impacts, and the sources of cooling water. The
However, comparisons of varyingalternatives NOI also partially address,_sthe fuel cycle by
within an EIS need not be displayed in a requiring a description of the method for disposal
monetary cost-benefit analysis and should not be of waste heat, wastes, and spent nuclear fuel.
when there are important qualitative
considerations (40 CFR 1502.23). The actual site permit application varies by

powerplant type. For biomass and fossil-fuel
Powerplant Siting Laws plants, applicants must submit, among other

information, the following (OAR Ch. 345, Div.
Many of Oregon's environmental impacts data 111):

requirements are imposed through the general
siting process. In Oregon, the need for a o a description of the facility

' powerplant site certificate is triggered when a
powerplant with a generating capacity greater than o a description of the site and existing
25-MW or solar collecting facilities covering more environment
th_,n 100 acres of land are going to be
constructed. For cogeneration plants fired by o a description of construction and operation
agricultural or wood waste, a certificate is processes and their attendant environmental
required if the plant has a capacity of 50-MW or impacts
more. The certificate is issued by the Oregon
Energy Facility Siting Council (EFSC). The /
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o a description of required decommissioning or requirements vary by county, the processes used
waste disposal sites and methods, by each county to issue required permits are likely

to identify most of the land impacts that would
As in the NOI, the requirements include stages in have to be analyzed to assess powerplant
the fuel cycle other than just construction and externalities.
operation.

Powerplants and appurtenances on federal
For nuclear plants, similar requirements apply, land, however, are not typically subject to local

In addition, the applicant must provide a cost land use requirements. When powerplants or
analysis that includes mitigation costs for associated facilities or access roads are to be
identifiable social, health, safety, and constructed on federal land, the agency
environmental impacts (OAR Ch. 345, Div. 76). administering the land must approve. The
Nuclear plants also are requiredto develop a plan approval may be through a use permit,
for decommissioning in accordance with Nuclear authorization, lease, or an easement. This process
Regulatory Commission rules (OAR Ch. 345, Div. is one mechanism for triggering the NEPA
26). requirements.

The most detailed requirements are specified Clean Air Act Requirements
for hydroelectric and geothermal plants. These
are discussed in later sections. The Clean Air Act requires the U.S.

Environmental Protection Agency (EPA) to
Land Use Approval establish national primary and secondary ambient

air quality standards for air pollutants "whichmay
As in most states, approvals related to land use reasonably be anticipated to endanger public

in Oregon originate primarily at the local level, health or welfare" (Clean Air Act). Ambient air
Oregon is fairly unique in that the Oregon Land quality standards have been established for several
Conservation and Development Commission air pollutants produced by powerplants. States
(LCDC) plays a significant role in establishing are required under the Act to classify areas into
overall land use policies that can affect powerplant one of three categories, by pollutant, depending
siting, on whether pollutant levels are worse than the

primary or secondary standards, are better than
In Oregon, each county is required to have a the standards, or cannot be classified because of

comprehensive land use plan. The local plan must insufficient data or ;nformation.
be consistent with the 19 Statewide Planning
Goals (ODOE 1985). One goal requires an States are required to develop state
inventory of 12 resources, including lands for open implementation plans (SIPs) that provide for
space, wildlife areas and habitats, historic areas, attainment of the national standards. States are
and cultural areas. Conflicts between protection permitted to develop requirements that are
of these resources and other uses must be stricter than the national ones and Oregon has
identified and resolved. Other goals concern done so in some areas.
specific areas such as estuaries, beaches and
dunes, and coastal shorelands. Local governments Under the Clean Air Act requirements, four
are to translate these goals into implementing permits could be required for a new powerplant:
ordinances regulating land use. 1) a state emission permit, 2) a nonattainment

permit, 3) a prevention of significant deterioration
Local land use permits require reviews to permit, and 4) a permit for construction approval

ensure protection of public health, safety, and under a program related to hazardous air
general welfare; to comply with statewide planning pollutants for which no ambient air quality
goals; and to comply with city or county standard is applicable.
comprehensive plans. Local governments are
required to consider special purpose zoning, such Nonattainment permits are required for new
as historic preservation sites; water quality; soils plants proposed for areas where ambient air
suitability; fish and wildlife; and noise. Although standards are not being met. One condition of
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these permits is use of emission control affected area that has occurred since January
designated as providing the lowest achievable 1, 1978.
emission rate (LAER), i.e., the most stringent
emission limitation in any SIP.4 A prevention of Air quality/visibility analyses are required
significant deterioration (PSD) permit is required when sources exceed preestablished emission rates
for proposed powerplants in areas that meet for specific pollutants (OAR, Ch. 340, Div. 20).
ambient air standards. This permit requires the These rates range from 100 tons per year of
applicant to employ the best available control carbon monoxide to 1 ton per year of vinyl
technology (BACT), which is basically the best chloride. The regulations do not cover carbon
control, given considerations of cost, energy, and dioxide. If modeling demonstrates that emissions
environmentalimpacts. The permit also requires would exceed significant rates, then BACT must
a fairly comprehensive analysis of the probable air be employed. If the source still does not meet the
quality, visibility,soils, and vegetation impacts of standards, a more detailed analysis of emissions
the plant if areas such as national parks or may be used to demonstrate compliance. If it is
wilderness areas may be affected, clear that the standards will be exceeded, the

developer may challenge the requirements and
In Oregon, any person intending to establish a conduct his or her own risk assessment. However,

new or modified source of air contaminant this last step has rarely been invoked in Oregon.
emissions must obtain an Air Contaminant

Discharge Permit from the Department of Issuing a new permit may require a public
Environmental Ouality (DEQ) or a local air hearing. For energy facilities, the hearing may be
pollution agency (OAR Ch. 340, Div. 20). Specific consolidated with the hearing requirements for
information requirements for this permit vary site certification conducted by the Oregon EFSC.
depending on the quantity and type of pollutants,
and the plant location. The following information Clean Water Act and Other Water Pollution
is generally required from applicants: Requirements

o a description of the nature, location, design The Clean Water Act (CWA) authorizes
capacity, and typical operating schedule of the federal and state control of pollutant discharges
source, including specifications and drawings into U.S. waters and municipal sewer systems. In
showing its design and plant layout Oregon, a person responsible for such discharges

must obtain a permit (CWA Section 402) from
o an estimate of the amount and type of each air the Oregon DEQ, Water Ouality Division.

contaminant emitted by the source in terms of Specific standards must be met to obtain such a
hourly, daily, seasonal, and yearly rates, permit. The technology-based standards reflect
showing the calculation procedure the nature of the pollutants. For conventional

pollutants (suspended solids, fecal coliform, oil,
o a construction schedule etc.), best pollution control technology (BCr) is

required. BCr is defined in terms of costs and
o information needed to determine that BACT benefits. For toxic and nonconventional

or LAER technology, whichever is applicable, pollutants, best available control technology
would be applied economically achievable (BAT) is required.

Definition of BAT is based on considerations of

o when needed, an analysis of the air quality cost, but not cost-benefit analysis.
and/or visibilityimpact, including
meteorological and topographical data, and In Oregon, the DEC) has established 19 water
specific details of models reed basins with their own water quality goals and

regulations. Permits are considered on a case-by-
o when needed, an analysis ot'the air quality case basis, and the size of the receiving stream is

and/or visibility impacts, and the nature and considered (Miles, Craig, and Greene 1984). The
extent of commercial, residential, industrial, DEO uses standard permit application forms
and other source emission growth in the developed by the EPA. Form 1 requests general

information about the facility including its



location, a topographic map extending at least one lack of modeling or risk assessment requirements
mile past the propertyboundaries, and in the standard permitting process means that
characteristics of the discharge. Applicants for little other information is produced for valuing
powerplants that discharge process wastewater externalities.
must complete Form 213. The following is part of
the information and data required: Intentional discharges to groundwater are

regulated primarily by the federal Underground
o location and name of wr.terbody receiving the Injection Control (UIC) Program (Section 1421 of

discharge the Safe Drinking Water Act). Under the Act,
EPA has issued regulations for underground

o operations that contribute to each point injection programs that are administered by
source, average flows, and treatments applied Oregon, primarily by the DEO.
to each wastewater

Finally, a permit is required from the Army
o frequency of discharges, maximum and Corps of Engineers for dams or dikes constructed

minimum flow rates, and duration in navigable waters (see later discussion). If a
hydroelectric project is licensed by FERC, the

o maximum and average flows of specific requirements are usually included in the FERC
pollutants including biochemical oxygen license. For projects exempt from the FERC
demand, chemical oxygen demand, total process, the Corps requires a separate permit.
organic carbon, total suspended solids, Other facilities associated with powerplants may
ammonia, and pH require FERC licensing if they are in or affect

navigable waters. In addition, discharges of
o maximum and average flows of nearly 150 dredged or fdl materials generally require permits

other pollutants, if present from the Corps.

o a listing of toxic and hazardous pollutants, FERC Certification of Qualifying Facilities
from a list of over 350, which are expected to
be discharged. Sections 201 and 210 of the Public Utilities

Regulatory Policies Act (PURPA) create a special
For powerplants that discharge only class of power generating facilities designated as

nonprocess wastewater, such as noncontact qualifying facilities (OFs). OFs are typically
cooling water, applicants must complete Form 2E. cogeneration facilities and small powerplants.
This form requires in part the following PURPA exempts such facilities from several
information: federal acts and most state public utility

regulations.
o location and name of receiving waters

In turn, however, owners of hydroelectric OFs
o maximum mass and concentration in effluent must provide special informaSon to the Federal

of biochemical oxygen demand, total Energy Regulatory Commission (FERC).
suspended solids, total residual chlorine, oil Developers m,_t submit an Environmental Report
and grease, chemical oxygen demand, total that includes the following information (18 CFR
organic carbon, ammonia, discharge flow, pH, Cb. I, Sec. 4.41(t")):
and winter and summer temperatures

o a description of federal and state
o description of seasonal and intermittent flows recommended measures to protect and

improve water quality; an explanation of why
o description of treatment systems, any measures were rejected; and a description

of the applicant's alternate measures

These data requirements are fairly compre-
hensive and should be adequate for the initial step o a description of groundwater impacts and
in valuing water-related externalities, that of measures proposed to mitigate them.
quantifying relevant discharges. However, the



In addition, the applicant must submit information o similar information on historic, archeological,
essentially the same as that discussed in the recreational, and aesthetic resource impacts;
following section on FERC hydroelectric licensing, socioeconomic impacts; and mitigation

measures
Licensing of Hydroelectric Facilities

o a description of current and proposed land
FERC imposes special requirements on use.

hydroelectric generating plants. The Federal
Power Act requires developers of hydroelectric Similar, but less detailed, information is required
facilities that do not qualify for an exemption to by FERC for smaller hydroelectric plants.
obtain a license from FERC prior to construction.
The applicant must prepare a detailed For dams located on navigable waters, a
environmental report, and FERC will normally permit must be secured from the Army Corps of
prepare an EIS for newly constructed Engineers. A set of polities applies to the permit
hydroelectric facilities, requirements including the following (33 CFR

Part 320.4):
For hydroelectric plants of greater than 5-MW

capacity regulated by FERC, applicants must o Probable impacts, including cumulative effects,
submit detailed information on the project, must be evaluated.
Permit applicants must provide the following
environmental information required to assess o The evaluation must consider economics,
environmental impacts (18CFR Part 4, Subpart aesthetics, general environmental concerns,
E): wetlands, fish and wildlife, land use, and water

quality.
o the location and description of the rel,want

water body o Mitigation is deemed to be an important part 'dm"
of the review process and it can include

o minimum, mean, and maximum stream flows avoiding, minimizing, rectifying, reducing, or
at plant intake and a description of the compensating for resource losses.
baseline water quality

Under the FERC regulations, proposers also
o a description of the affected environment must consult with ali appropriate federal and state

agencies before applying to FERC. In Oregon,
o construction and operation impacts on water the applicant must consult _th the Oregon DEQ.

qw,dity including quantification of effects on The applicant must also explain the proposed
downstream temperature, turbidity, and project's consistency with relevant state, local, and
nutrients regional plans including the Northwest Power Plan

and the Columbia Basin Fish and Wildlife
o mitigation and enhancement measures Program. As noted, exemptions and reduced

proposed to address water quality impacts requirements are available to applicants proposing
relatively small projects.

o a report on t'mh,wildlife, and botanical
resources Federal law requires FERC hydroelectric

licensees to comply with state water laws. Oregon
o expected impacts on f_h, wildlife, and has developed extensive, comprehensiv,: policies

botanical resources and requ/rements for hydroelectric development.
Thi_:is one area in which Oregon is quite unique.

o mitigation, enhancement, and protection
measures pro-osed for fish, wildlife, and Oregon has taken several steps to coordinate
botanical resources and the costs of mitigation activities related to hydropower projects. The
measures Strategic Water Management Group was

established in 1985 to coordinate state responses
to FERC hydroelectric actions, lt comprises
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representatives from state agencies such as the Resources covered in the review include
WaterResourcesDepartment,Departmentof anadromoussa aonandstee ead;recreational
Fish and Wildlife, ODOE, Economic opportunities; water quality; soils; scenic and
Development Department, Department of Land aesthetic values; wildlife; threatened or
Conservation and Development, Department of endangered species; wetlands; agricultural and
Forestry, and others. One duty of the Group is forest lands, etc. If cumulative impacts are
monitoring applications related to hydroelectric probable, then the EFSC must conduct a study of
projects. A Hydro Task Force was also created to individual and cumulative impacts. If the impacts
ensure that other relevant state agency concerns violate minimum standards, then the EFSC
are brought up. The Task Force also serves as refuses one or more pending facilities until the
staff to the Group on FERC project licensing impacts are below the minimum standards (OAR
matters (Bain 1989, p. 104-105). The Task Force Cb. 345, Div. 79).
has instituted a process for state approvalof new
projects that outlines the steps developers must Geothermal Resource Permitting Requirements

follow. The federal government has special provisions

The Water Resource Commission develops for geothermal resource development on federal
relevant policies and the Water Resources lands. Under the Geothermal Steam Act of 1970
Department (WRD) implements them. These the Department of the Interior (DOI) is given the
policies affect the data requirements and authority to execute leases for geothermal
procedures of the EFSC in its powerplantsiting resource development on most federal lands. A
activities, permit is required for exploration prior to

execution of a lease and specific rules are laid out

Oregon law sets stringent minimum conditions for ali stages of development. Many of the rules
for siting hydroelectric plants, including the focus on environmental impacts (43 CFR Part
following (NERA 1990, p. 25): 3260).

o a project cannot be approved that may result The DOI's Bureau of Land Management
in mortality or injury to anadromous salmon prepares an Environmental Assessment (EA) that
and steelhead resources except when the includes a description of the project, evaluation of
applicant proposes to modify an existing facility the environmental impacts, descriptions of
to restore or enhance anadromous fish alternatives, and mitigation measures applied.

The information in the EA is used to determine
populations within that river system

whether an EIS is required. The lessee may be

o any hydroelectric activity shall be consistent required to provide data on the quantity and
with the Northwest Powc" ?lanning Council's quality of the geothermal resource and water,
Columbia River Basin F':,h and Wildlife including heat and fluid flow data. The lessee is

Program for the protecti_a and enhancement required to submit for approval an operation plan
of regional fish and wildlife resources that identifies areas of potential disturbance;

methods for waste disposal; a description of

o the project may cause no net loss of wild game environmental protection measures; and provisions
fish or recreational opportunities unless for collecting data on existing air and water
proposed mitigation measures are approved quality, noise, and ecological systems.

o water quality, wildlife, scenic and aesthetic In Oregon, in addition to the EFSC's general
values, historic, and other sites shall be powerplant siting and permitting requirements,
maintained or enhanced, permit requirements exist for drilling geothermal

wells on non-federal lands. Drilling permits must

Cumulative impacts are considered in the case be obtained from the Department of Geology and
of hydroelectric facilities. If the EFSC determines Mineral Industries (DOGAMI) for certain
that pending, approved, or existing hydroelectric resources (high-temperature resources or deep
facilities could have cumulative impacts, it must wells). For wells not regulated by DOGAMI, a

conduct a consolidated review of the applications, groundwater appropriation permit must be



obtained from the Oregon Water Resources produce data and information relevant to other
Commission (NERA 1._)0, p. 29). steps in the process required to value externalities.

Geothermal well drilling permit applications to
the DOGAMI must include the following CUMULATIVE IMPACTS - A SPECIAL

information (OAR Ch. 632, Div. 20): CASE

o location and elevation of the floor of the The analysis of cumulative impacts deserves
proposed derrick special attention here because it cuts across

several issues related to the valuation of

o estimate of the depths to be drilled externalities and corresponding data
requirements.5 As the previous section illustrates,

o nature and character of the resources sought cumulative impacts are not addressed in a
comprehensive and consistent way in Oregon and

o other information as may be required, probably most other states. This section briefly
discusses the role of cumulative impacts in

The DOGAMI circulates the application to externality valuations.
several other state agencies including the Water

Resources Department, DEO, Department of Fish Intuitively, pollution controls on new facilities
and WildLife,Department of Land Conservation should be tightest in region_ where existing
and Development, and ODOE (N-ERA 1990, p. pollution levels are the highest. The Clean Air
28). ' .Act and Clean Water Act exemplify this concept

through their tiered control technology
A permit is also required from the DOGAMI requirements. For example, the Clean Air Act

if reinjection is planned. Conditions on the requires use of best available control technology
permit include that reinjection shall not pollute in attainment areas, but requires control to the
state waters, create a public nuisance, impair stricter lowest achievable emission rate in
beneficial water uses, or degrade the habitat of nonattainment areas.
aquatic life. The permit requires an explanation

of the system used; a map; fluid characteristics This approach can be justified on theoretical
including quality, quantity, chemical contents, grounds as illustrated in Lee et al. (1990)6 for air
reactivity, toxicity, and temperature; and

pollution. The theoretical argument is based on
characteristics of the injection zone, hydrology of the assumption that environmental impacts should
the surrounding area, and sut_surfacemaps (OAR be controlled to their economically efficient level,
Ch. 632, Div. 20). Reinjection requirements are taking into account both control costs and the
based on federal regulations (40 CFR Subpart D, damage costs of uncontrolled impacts. Marginal
Sec. 146.34). control costs increase and the marginal benefits of

each additional reduction in environmental

Summary of Oregon Requirements damages decrease as tighter and tighter controls
are imposed. To satisfy the economic efficiency

Table 2 summarizes the preceding discussion criterion, controls should be required up to the
of information collected in Oregon that could be point where the marginal control cost equals the
used to analyze externalities. The table depicts marginal benefits of reduced damages. For a
information collected through both state and single powerplant in isolation, the intersection of
federal processes. Requirements related to w_ter the marginal control cost curve and marginal
and air environmental impacts in Oregon derive benefits curve for that plant determine the
largely from federal laws. For land impacts, optimum control level.
Oregon has comprehensive statewide land use

policies that are implemented at the local level. When ali existing sources of environmental
The existing requirements are likely to produce damages are taken into account, however,
essential data for determining the amount of different requirements emerge. For example, in

, primary environmental disruptions associated with the case where four identical powerplants exist
externalities, but in only certain cases will they and a fifth is being added, the combined marginal



TABLE2. Availability of Data and Information in Oregon for Valuing Externalities
i

,_ OfResource
,Componentof Valuation Land _ Water Air

Baseline conditions Yes; through local Yes, for hydro plants; Some information;
permits through state and federal through federal and state

requirements requirements

Quantities of primary Yes; through local Yes; through state and Yes; through state and
disruptions permits federal requirements federal requirements

Linkage of disruptions to No Yes, for hydro plants; No, except for modeling
affected systems through state and federal required in special cases;

requirements throughstate requirements

Effects on systems Some; through local Yes, for hydro plants; No, except for special
permits through state and federal ca,_,s; through state

requirements requirements

Economic impacts No No No

Fuel cycle Some; through local Yes, for decommissiong No
permits , and waste disposal in

some cases; through state
and federal requirements

Cumulative impacts No Yes, for hydro plants; Only through prescribing
through state and federal controls on environmental
requirements impacts; through state and

federal requirements

Since the incremental cost of damages caused
control cost and benefits curves would capture the by each new powerplant depends on the existing
combined effects of ali five plants. This level of environmental damages, externality
represents a situation where cumulative impacts valuations should take such cumulative effects into
are taken into account. Under these account. In Oregon, only state permitting
circumstances, it can be shown that the optimal requirements for hydroelectric plants require
control level is tighter for the new plant than ff it cumulative impacts assessments. In almost ali
were analyzed in isolation, other cases, except those where NEPA is

triggered, the processes focus on meeting specific
This result suggests that where existing pollution standards with no, or only indirect,

pollution levels are higher, tighter controls on new consideration of cumulative impacts.
plants are justified and the societal benefits are Consequently, there is likely to be limited
higher. This theoretical finding is supported information available through existing processes
empirically by recent arguments in California that that can be applied to studies of cumulative
certain out-of-state air quality damages should be impacts. Collecting such information and data
valued at one-tenth their in-state value (CEC could improve current siting and permitting
1989). processes as well as provide the basis for

comprehensive externality valuations.



environmental disruptions into economic costs.

CONCLUSIONS AND OBSERVATIONS Ultimately, accurate and credible valuation
approaches will require more complete analyses of

Information for just a single state provides 1) the linkage between the primary disruption and
many useful insights into how other states can affected systems, 2) the actual effect on such
best take advantage of cre'rent processes in their systems and their responses, and 3) the economic
efforts to value powerplant externalities. Driven costs.
largely by federal laws, states have in place many
mechanisms to identify, quantify, and mitigate Current data requirements under federal laws
environmental impacts. These mechanisms, address the first and second items only in certain
however, do not necessarily produce information circumstances under NEPA and, possibly, in the
on residual impacts, that is, externalities. This case of air quality impacts. In Oregon, air quality
section presents observations and conclusions permits require plume dispersion modeling and
about 1) the match between the data collected risk assessments for powerplants under certain
under existing processes and those data needed to circumstances.
value externalities and 2) gaps that need to be
filled. To determine the economic costs of

externalities, control and mitigation cost data have

Federal Requirements-Primary Environmental been used in some cases as measures of the
Disruptions societal costs of externalities. Federal processes

require some information on control and

Major federal laws regulate the environmental mitigation measures. Because the requirements
impacts of new powerplants. The Clean Air Act, are not designed for valuing externalities,
Clean Water Act, and NEPA can affect the major however, they are inconsistent and incomplete.
types of pollutants produced by powerplants.
These laws and others impose their requirements Overall, existing procedures require little of
either through direct federal processes or the information necessary to address the three
processes delegated to the states, steps listed above in the externality valuation W

process.

How states implement the federal require-
ments varies. Generally, the federal requirements State Diversity
provide a good starting point for determining what
individual states will do. We have presented some of the unique process

requirements in Oregon. This information

As a rule, it appears that the federal laws as suggests that individual states are likely to have
implemented by the states should lead to good special information and data requirements in
information and data on the amounts of primary place that reflect atypical state characteristics.
environmental disruptions, particularly in the area
of air and water pollution. Because federal laws In Oregon, for example, hydroelectric projects
focus primarily on reducing externalities to receive special attention. The state requirements
specified levels, they lead to quantitative are driven by federal requirements, but also
information about the quantities of primary respond to regional interest in monitoring and
environmental disruptions, such as the amounts of preserving water resources. In states where air
air pollutants emitted. These quantities comprise quality is a major issue, such as California and
the first of the four quantification steps required New York, environmental regulations and
in valuing externalities. Information on the other requirements and externality quantification
three steps, however, is less likely to be available, methods focus on air quality impac_ts(Foley and

Lee 1990). lt is likely that other states already

Other Steps in the Valuation of Externalities have in piace special processes and requirements
that can provide data for valuing externalities of

The approaches implemented by states that special interest.
have valued externalities so far have been

shortcuts to convert the amount of primary



The Fuel Cycle General Observations and Recommendations

Both federal and state environmental processes Our analysis does not provide any insights
focus principallyon the electricity generation stage about states with NEPA-like processes because
of the fuel cycle. Existing externality valuation Oregon does not have one. Nevertheless, it seems
methodologies are also oriented toward impacts apparent that states that have their own NEPA-
during generation, like process will be better prepared to set up

procedures and data requirements for valuing
Oregon siting requirements, however, partially externalities.

address other portions of the fuel cycle. In most
cases, siting certificate applicants must provide Our analysis of Oregon's processes and
information on methods for disposal of spent requirements demonstrates that existing processes
nuclear fuel and wastes and on decommissioning, in most states are likely to provide data and
Nevertheless, a full valuation of externalities will information adequate to partially assess
require more complete data on other segments of powerplant externalities. States are likely to be
the fuel cycle than are obtained under either best situated to collect information on primary
federal or typical state processes, environmental disruptions.

Cumulative Impacts Major gaps, however, are probable in three
areas: 1) parts of the fuel cyclc_other than

As we have noted, the interactions among electricitygeneration, 2) steps in externality
existing sources can be important in determining valuation other than the primary environmental
the value of damages caused by a new powerplant, disruptions,and 3) cumulative impacts.
Such cumulative effects are often overlooked or

only implicitly recognized in externality valuations. The valuation of externalities is a complex
task. The success of state efforts to successfully

Federal and Oregon laws require assessments include externality valuations in their utility
of cmnulative impacts associated with planningand acquisition processes will depend to
hydroelectric resources. Other than the NEPA a large extent on the defensibility of their
requirements applyingto ali federal actions, approach and the burdens that it places on
hydroelectric resources are the only ones for developers. Based on our analysis, we present the
which explicit cumulative impact data and analysis following recommendations aimed at both
are likely to be required in Oregon. minimizing the burdens of providing the necessary

data and increasing the validity of the required
Coordination of Data Requirements and analyses:
Submittals

1. Agencies responsible for developing externality
Coordinated and centralized data requests can valuation procedures should inventory and

ease the burdens on resource developers who are assess current siting and licensing
required to submit information for valuing requirements that may provide some of the
externalities. One-stop powerplant siting required information. Gaps in current
processes are an example of mechanisms to ease requirements should be identified.
such burdens. Oregon's EFSC provides one
example of a state agency with such authority. 2. Steps should be taken to centralize and
Other, but not all, states have agencies with coordinate data collection. Externality
similar authority. Because of their coordinating valuation data collection might need to be
role, the federal NEPA process and state versions incorporated in current processes or data
of the process also can reduce potential burdens collection under current requirements might
on developers, best be incorporated in an overall integrated

data collection process.
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3. Alternative methods for valuing individual ' ' n
externalities should be assessed as the basis for California Energy Commmsto (CEC). 1989.
determining the best approach for each Valuing Emission Reductions for Electricity Report
externality and establishing appropriate data 90, Staff Issue Paper #3R, Sacramento,
and information reporting requirements. California.

4. Procedures should be established for collecting Callaway, J.M. and J.W. Currie, 1989. A
information on control and mitigation costs Framework for Incorporating Externalities into
and damages associated with ali impacts. Least.Cost Planning Procedures in Massachusetts.

Battelle-Northwest Laboratories, Richland,

5. Processes should be developed for collecting Washington.
and analyzing data on cumulative impacts for
ali environmental impact types. Clean Air Act. 42 USC 7401-7642.

6. Processes and criteria should be developed for Clean Water Act. 33 USC 1342, Sec. 402.
determining which stages of the fuel cycle to
evaluate for various generating resources and ECO Northwest (ECO). 1986. Estimating
what data to require. Environmental Costs and Benefits for Five

Generating Resources. Prepared for Bonneville
Power Administration, Portland, Oregon.
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THE NEED FOR UTILITIES TO CONSIDER POTENTIAL REGRET
IN EVALUATING OPTIONS TO MEET FUTURE ENERGY SERVICE NEEDS

By John S. Hoffman and Kathleen Hogan

As utilities struggle to meet growing energy service needs,

they would benefit from carefully evaluating the potential economic
losses that would be associated with changing environmental

requirements. Past failures to consider acid rain provisions and
nuclear safety concerns have led to higher costs for some energy
supply options. Failure to consider possible future limitations
of greenhouse gases could have serious economic consequences for
ratepayers and utilities. Explicitly considering risks of future
limits on greenhouse gases and other environmental effects of
various options to satisfy growing energy service needs can greatly
reduce risks of future cost escalationdue to future decisions to

limit greenhouse gases. Because of the large number of
economically attractive options available (conservation,
alternative supply, and natural gas), reforms that are neutral to
how energy services are met and consider environmental benefits can
also lower costs as well.
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A Least.Cost Strategy for
COzReduction

by

Roger Naill Eric Petersen
Sharon Belanger
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1001 N. 19th Street 1000 Independence Avenue
Arlington, Virginia 22209 Washington, DC 20585

Abstract

In the summer of 1988 a group of scientists and policmakers met at the Aspen Institute to
discuss the issue of global warming. They concluded that the evidence for concern about global
wanning was compelling enough to consider taking policy actions now to avert the likelihood of
future warming. Yet because of the uncertainties about both the likely amount of warming and the
potential damage that warming might cause, the consensus was that only policy measures that are
"least cost"--that is, cost-effective or very low cost on their own merits (without taking into account
the long-term costs and benefits of global warming)--should be considered at this time.

Focusing on the U.S. energy sector as a major contributor to global CO. emissions, there have
been a number of studies that measure the potential reducuons m ermsszons from altematwe U.S.
energy policy actions for reducing CO 2 emissions. The analysis was done as a part of a U.S.
Department of Energy research project commissioned by Congress in 1989. A larger scale model
of U.S. energy supply and demand, called FOS SIL2, was used to quantify the costs and potential CO.
reduction from alternative energy policies. This model was developed in 1977 for DOE specificall_
to evaluate the long-term effectiveness of national policies, and to provide policy analysis for
National Energy Strategy.

The paper concludes that conservation and reforestation are "Least-Cost" policies for
reducing future CO. emissions. However, cost-effective conservation programs might reduce CO.
emissions only abodt 10 to 20 percent--well below the reduction needed to keep CO, emissions frord
growing. Reforestation--especially in tropical areas--is both low in cost and has -the potential for
larger reductions in emissions. For example, a policy of offsetting CO 2 emissions for new power
plants by growing enough trees to absorb their emissions might increase costs by less than 1 to 5
percent, and might keep total U.S. CO 2 emissions near today's levels.
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A Least-Cost Strategy for

CO 2 Reduction

I. INTRODUCTION

The issue of global warming has sparked debate among scientists and policy makers.
Increased world-wide emissions of certain gases (carbon dioxide, methane, ozone, nitrous oxide and
CFC' s) may be changing the atmosphere in ways that could alter the global climate through increases
in surface temperatures. Although the magnitude and timing of such temperature chang.es is
uncertain, potential impacts include sea level rise, decreased rainfall in agricultural regions,
disruption of ecosystems and increased violence of tropical storms. In short, increased concentration
of these "greenhouse" gases could adversely affect a wide range of human activities.

The U.S. and other nations are spending large sums of money in an effort to better understand
the causal mechanisms of climate change. Major research is focused on improving general
circulation models that model the biosphere as a system. However, it will likely be years before the
uncertainty in the magnitude and timing of global warming forecasts is substantially reduced. In the
meantime, prudent scientists and policy makers have suggested that, given the potential severity of
global climate change, mitigation strategies be studied immediately.

This paper reports on one such study. Congress in late 1988 mandated the U.S. Department
of Energy (DOE) to conduct a study of energy technology and policy options to mitigate greenhouse
gas emissions (1989 Energy and Water Authorization Bill). The study mandate is quite broad,
allowing DOE to evaluate a comprehensive set of policies aimed at reducing emissions by 20 percent
(from 1989 levels) by the year 2000 and 50 percent by 2010.

The focus of the study is energy technologies and policy; the U.S. energy sector is a major
producer of greenhouse gas emissions, accounting for about 57 percent of U.S. emissions in the
1980's ( EPA, 1989). A number of recent studies have attempted to assess the potential reduction
in emissions from specific policy actions (Manne and Richels, 1989). However, no study to date has
attempted to comprehensively assess a full array of policies or measure their costs.

The current DOE study is an attempt to assess the emissions reduction potential and costs of
a broad set of technology as well as several individual and combinations of policies. It is expected
to be the most comprehensive and detailed anaIysis of this ._ssueto date and have a major impact on
both domestic global warming policies and international treaty negotiations. The focus of this paper
is on CO_reduction policies. CO2represents 70 percent of energy-related greenhouse gas emissions.

, ! 0 • nOf the ot_er greenhouse gases, methane and CFC s are not dlrecdy related to energy consumplao ,
and although methane is tied to natural .gas production and distribution as well as underground coal
mining, policies to reduce methane emissions are not discussed here. Nitrous Oxide (N20) is not
considered in the DOE study because of the uncertainty of the emissions coefficients.

This paper is a summary of some preliminary results of this study, lt discusses the analysis
methodology, the policies assessed, some draft results and policy insights gained. Several dozen
policies and policy combinations are considered in the full DOE study. This paper focuses on a subset
of eight cases.

II. THE FOSSIL2 MODEL

The principal analysis tool for this study is a large-scale system dynamics model of the U.S.
energy system called FOSSIL2. FOSSIL2 is a technology simulation model that projects energy
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production, imports, consumption and prices over a 40-year time period. It is used by the Department
of Energy to analyze long-term energy policies and alternative energy futures.

The model can be characterized as.an energy market equilibrium model, as energy markets
clear over time through feedback among prices, demand and production capacity. The model is used
in this Study as an integrated analysis framework to incorporate a large set of assumptions generated
by both the Deparmaent of Energy and the DOE national laboratories. The model is uniquely suited
for long-term energy policy analysis because of its technology based structure, the integrated
feedback of ali sectors and fuels, and the inclusion of the long-term effects of resource depletion on
fuel costs,

Figure 1 shows the basic interactions between energy producers and consumers included in
the FOSSIL2 model. In the demand sector, energy consumers make decisions to utilize oil, gas, coal,
or electricity based on both fuel prices and availability of fuels. Energy producers, in turn, choose

FIGURE 1
BASIC STRUCTURE OF THE FOSSIL2 ENERGY MODEL
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to invest in the production technology that maximizes the industry's rate of return (or minimizes the
average cost of production), subject to environmental constraints (for example, SO 2restrictions or
water availability).

Investment decisions by both end-users and energy producers accumulate through time as
capital equipment is purchased. The existing stock of energy-consuming and energy-producing
equipment largely determines the demand and production capacity for each fuel. If an imbalance
develops between demand and capacity, then energy prices adjust to restore the balance, simulating
the effect of market-forces.

Energy Demand

The FOSSIL2 model uses a "Least-Cost" analytical approach to model U.S. energy demand.
Following this approach, the model first projects the demand for energy services (heat, light, steam,
shaft power) and then calculates the share of specific end-use markets captured by energy-using
technologies and fuels--including, for example, conservation, cogeneration, or conventional
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energy-using technologies.
,

The concept of measuring energy servicesmnot just fuel use---considers energy as a means
of providing services to final consumers (forexample, mobility, comfort, or industrial processes such
as steam or machine drive). Fuel is only one necessary component in providing energy services--
end-use equipment such as a furnace or air conditioner is also needed. Consumers do not simply
choose fuc_is,but rather choose a combination of fuels and end-use technologies.

The demand sector uses a least-cost algorithm to project consumers' decisions to invest in
end-use equipment. Costs of end-use conversion and conservation technologies are combined with
fuel prices to meet projected energy se.ryicedemands at the lowest possible cost. Generally, this
involves a tradeoff between a capital investment (for example, an energy-efficient furnace or
additional insulauon fora home) and paying annual energy costs: adding capital canlower the annual
fuel bill. The least-cost combinauon depends on the cost and cfficiencies of the technology
alternatives, as well as the expected price of fuels. As prices rise, consumers invest in more energy-
efficient capita/equipment in order to save on energy bills.

Historical evidence indicates that consumers tend to invest in energy-related decisions as if
they had a relatively short payback period (two to five years), or a relatively high "hurdle rate" for
energy efficiency investments. The cumulative effect of these individual investment decisions
through time determines the U.S. energy-using stock and potential energy consumption. Utilization
of existing equipment can be modified by short-term behavioral responses, such as changing
thermostat settings or practicing energy management. Thus there is both an immediate as well as a
long-term response of demand to changes in prices in the FOSSIL2 model.

In the FOSSIL2 demand sector, each of the major energy-using sectors--residential,
commercial, industrial, and transportation--is represented separately. Within each end-use sector,

O energy demand is further disaggregated by service demand category. Consumers are assumed tochoose the least-cost combination ofconservation and fuels to meet new service demand or to modify
existing equipment. The conservation options are represented in cost/efficiency curves with a
specific curve for each fueland servicedemand category. The curves describe the cumulative energy
savings that customers can purchase in conservation investments as a function of their cost per Btu
saved. The technologier,that comprise the curves are arranged in least-cost order, assuming that
customers invest in the most cost-effective technologies first. The amount of conservation
investment is dependent on expected fuel prices and the consumer's discount rate (hurdle rate for
energy investments). As energy prices rise, consumers "move up the curves" and purchase more
conservation. However, the conservation supply curves all show diminishing returns, and at some
level more investment produces too little incremental savings to raake the investment worthwhile.

For most energy service categories, there are several fuels that can provide the required
energy_in addition to "conservation." In a few eases, such as lighting and appliances, on!y
electricity can be used. For those where there are choices of fuels, a least-cost algonthm is used m
FOSSIL2 to determine the fuel market share categories for new energy equipment. To determine
market shares, energy service costs for each fuel/technology combination are compared. This cost
is the sum of thecapital cost, which includes a baseequipment cost and additional conservation costs,
and the fuel cost, which takes into account the base efficiency and conservation savings. Because
the costs faced by ali consumers arenot exactly thesamedue to regional and site-specific differences,
the fuel choice algorithm is based on distributions of cost rather than on singlepoint estimates (AES,
1986).

Energy Supply

The FOSSIL2 energy model has four major supply sectors: oil, natural gas, coal and
electricity. Renewables that produce electricity are incorporated in the electricity sector, non-



electric renewables are included in each end-use sector, The discussion here focuses on the sectors
most relevant to the global warming study: oil, gas and electricity. The coal production sector
produces little direct CO 2(most CO: comes from coal burned in industrial or electric utility boilers).

Petroleum and Natural Gas Supply

, The oil and gas sectors of the FOSSIL2 model project petroleum and natural gas production
and imports; natural gas wellhead prices are also estimated, These sectors capture the long-term
dynam,ics of fossil fuel discovery, production and depletion as well as the transition of the oil and gas
industry from conventional resources to unconventional resources and production technologies, The
model includes structures that represent the exploration for new resources, development of new
reserves and installation of new production capacity in response to demand (determined by the
demand sectors) and industry return on investment. Wellhead gas prices are calculated based on
market equilibration between gas supply and demand, Oil prices are determined in the world market
and are therefore input assumptions, although the model adjusts the o!1price in response to changes
in demand. These prices are then used to calculate product prices, which in turn are fed back in each
time period to the demand sectors in order to equilibrate supply and demand.

The oil and gas sectors allocate joint oil and gas industry investment among extraction and
conversion technologies on the basis of marginal production costs and industry return on investment.
For extraction technologies, investment is allocated between wildcat and development drilling.
Wildcat drilling discovers resources and increases proven and probable reserves; development
drilling increases proven and probable reserves. Investment in conversion technologies (e.g. coal
liquids) results in construction of synthetic fuel facilities. Resource categories included in the model
are listed in Table 1.

Table 1:O11andGasCategories
J ,, , i , ,. i i

OllR_rc_ Gas Resources

Conventionalonshore Conventionalonshore

Suipperweil, GulfofMexico ofhhor_
Gulf of Mexico offshore Onshore associate,d

Thermal enhanced oil recovery Gulf of Mexico offshor_ associated

Otherenhancedoil recovery Unc_v_tional (eml bedm_hane, tight gas,

Onshorenatundgasliquids(NGL) DevonbmshaleandInr'iudrilling)

GulfofMexicooffshoreNGL HighCostUnconventional(hydrates,veryfightsands

TarSands anddeepgas)

Syntheticcoalliquids Syntheticgasfrom
Alaskam Alaskan

Import. Pipelinetmporu

I LNG imports

Oilimportsareequaltotheshortfallindomesticsupply.Naturalgasimports(bothpipeline
andLNG imports)aredeterminedon thebasisoftheircostandimportcapacity(EEA andAES,
1990),

Electricity Generation

The electricity supply sector of the FOSSIL2 model projects prices and the mix of electricity
capacity and generation, lt captures the long-term dynamics of capacity construction, use and
renrement as well as the transition from more conventional fossil fuel capacity to advanced coal,
nuclear and renewable generation technologies, The sector builds new capacity in response to
expected future demand, dispatches capacity to satisfy current demand (determined by the demand



sectors) and sets electricity rates in accordance with ufl.lity rate reg.ulations: These prices are then
fed back to the demand sectors in order to equilibrate future capacity amt oemana,

The sector estimates the quantity of new electricity generation capacity require_ in each time
period based on a forecast of load _owth and the levels of generating capacity both exisung aria unaer
construction. Utility and non-uuhty generators then compete for a share of the market for new
capacity. The ,model includes costs and performance characteristics for 23 different generation
technologies (hated in Table 2), In addition to the technologies listed, the model can explicitly "life-
extend" oil, gas and coal steam plants, "repower" coal plants using the atmospheric fluidized bed
(A.FB,)or integrated gas combined cycle (IGCC) technologies and convert gas combined cycle or
turbine plants to coal by installing a coal gasifier.

In order to allocate investment in new capacity among the large number of technologies, the
levelized cost per kilowatt-hour is calculated for each technology, in each tame,period based on capital,
costs, operating and maintenance costs, fuel costs and design capacity factors, New capacity
construction decisions are then made on a least-cost basis weighted by a market allocation function.

The model uses a logit-based market share algorithm, knife-edge construcuon decisions are
therefore avoided, Etectncity rates are then calculated based on capital and operating costs of the
resulting capaci!y mix, (Detailed information on the technology assumptions, market share algo-
rithm and elecmcity rate algorithm is available in AES 1990),

Table2:FOSSIL2 ElectricityGenerationTechnologies
, n,

f,alt _ _ ltt.r.zahlra

Coal Steam Oil steam Light.water reaeton Hydroelectric

Coal steam w/FGD Gassteam Advanced lisht-water reactors Photovtlmics

Amamphericfluidized bed Gascombined cycle Second g_eratlon nuclear Solarthernud
Pressurizedfluidized bed Combustion turbines Wind

Integrated gasification eombhaed Steam injeatd turbines Geothermal

cycle(IGCC) (STIG) Biomass

CoE gasificationISTIO Intercooledsteam injected

Coalgasificationfuel cells turbines (ISTIG)
Gasfuelcells

, ' ._0 , ¢ ' ' '

A nauonal-level annu_,_3,_i:edload duraUon curve together with operaung costs deterrmne the capacity
dispatching order, In jit_ven time period, technologies within the capacity mix are dispatched on
the basis of fuel and _ali'iable operation and maintenance costs, This typically translates into a
dispatch order that batieibads nuclear, a large amount of coal, some oil and gas, and renewables.
"Intermediate" coal and '_jntermediate '' oil and gas are used for cycling loads, and pumped storage
hydro and combustion t!arbines serve peaking needs. Capacity factors are determined from this
dispatching order. '

d'

III. GLOBAL WAKMING POLICIES

Virtually every part of the U.S. energy system produces carbon dioxide; however, some
sectors produce disproponior_ate emissions. In 1990 the electricity generation industry is estimated
to produce 38 percent of total energy-related carbon emissions, although it.is important to note that
end-use consumers are in effect emitting that carbon by consuming the electricity, Petroleum use
in transportation accounts for about 29 percent of emissions, while industrial fossil fuel use
represents 21 percent and residential and commercial buildings account for about 12 percent.
Policies to reduce carbon emissions should focus on the major CO2-emitting sectors but also consider
the fact that ali sectors contribute to this problem.
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Policies that address the rising rate of carbon emissions can take a number of approaches
depending upon the availability of appropriatetechnology as well as the feasibility of implementa-
tion. Measures that decrease the carbon intensity of energyconsumption seek toprovide the same
level of energy production at lowercarbon levels. Forexample, the promotion of energy-efficient
production technologies and energy,conseryation through standards causes us,¢rsto use less fuel
input for the same energy output. Financial incentives (such as fees or taxes) rmghtalso be used to
discourage the use of carbon-intensive energysystems and encourage moreenvironmentally benign
ones. Such fees ortaxes, based eitheron carbon content or the use of particular fuels or technologies
would allow energy usersto trade off the relative,merits of paying the penalties versus adopting new
fuels or technologies to avoid carbon emissions. If these fees are set appropriately,commensurate
with the carbon content of the fuels, the market will pursue emission-reducing and economically
efficient measures. In conjunction with reducing carbonemissions, sequestering those emissions by
planting trees (or developing other carbon sinks) could prove worthwhile as weil.

Our study seeks not to recommend a particular courseof action, butrathertoexamine a wide
range of policy options, to explore the potential costs of pursuing those options, and to identify
feedback effects which could improve oroffset the effectiveness of these policies, The FOSSIL2
model includes end-use technology costs as well as energyproduction costs, so it is able to account
for the total energy service costs. Both capital and fuel components of costs are considered, so that
new _uipment, conservation investment and fuel price changes can be balanced as economic
choices aremade to invest in one or another technology. The costs of these policies can be compared
with their effectiveness in reducing emissions to arrive at measures for policy cost-effectiveness.
Relating these costs to their effects on the energy system and carbon emissions will give policy
makers measures of the relative cost-effectiveness of alternative policy options.

Energy Efficiency Standards

Residential, commercia] and industrial conservation investments in FOSSIL2 are made in

each end-use category on the basis of fuel prices, consumer discount rates, and conservation
equipment costs and eft'lciencies (representedm conservation "supply curves"). Given these,para-
meters, each end use arrives at a least-cost matrix of energy conservation and fuel consumption in
a given period. It is important to note, however, that the least-cost solutions for such consumers are
often not the least-cost solution for society as a whole. Forexample, consumerswhomake decisions
based on averageenergyprices and use a two to threeyear payback periodarereluctant to invest one
thousand dollars per kilowatt in energyconservation. However, utilities that see marginalpricesand
use a 30-yearpayback period may spend two to four thousand dollars perkilowatt on new capacity.
Policies that could reduce energy consumption therefore also result in society-level least-cost
solutions and are leading candidates for an effective CO2mitigation strategy.

Energy efficiency standards mandate higher conservation levels through efficiency stan-
dards foreach end use. This is accomplished in the model byrachetingup the.conservation supply
curves in 1990 to the standards levels. Thus the standards forcenew bui]dings and capital stock to
meet the new efficiency levels. As a result, the capital costs risesubstantially in the short termrelative
to the reference case without the standards; however, added fuel savings arerealized in the longer
term+.Standards are incorporated sirnilarlyin the transporationsector. CAFBstandards arespecified
over time and all new autos and trucks arerequired to meet the standards.

This paper reviewstwo standards cases that bound the buildings and industrial conservation
potential in the conservation supply curves. The veryhigh standards areset in the uppermostregion
of the curves; they represent extremely high but non-economic levels of conservation. The high
conservation case represents approximate mid points on the curves between the reference and very
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high conservation cases. Hypothetical extensions of vehicle CAFE standards in both cases are taken
from recent work at Argonne National Laboratory. Average on-road auto fleet efficiency reaches
26 mpg by 2000, 32 mpg by 20 I0, and 48 mpg by 2030.

Carbon Taxes

The prices of fossil fuels do not reflect the carbon content of those fuels. In fact, the fuel
highest in carbon (coal) has the lowest price ($/MMBtu). Policies that tax fuels proportional to their
carbon content can adjust the energy prices seen by the end-user to better reflect the fuel's
contribution to global warming, Such a pricing scheme would favor non-carbon emitting fuels over
fossil fuels and natural gas over oil and coal. This tax would be applied based on the carbon content
of the primary fuel, rather that actual carbon emissions. Ostensibly, an emissions tax would provide
the user more flexibt!ity in reducing carbon output, because of the additional option of removing
carbon from the proce_ before it is emitted. However, the present high cost of CO. removal and the
lack of pea_anent CO_ di_x_.ca[possJbiJmes make an ermsslons tax essenually no different than a
carbon content tax frownthe end-user's perspective, and a tax based on carbon content is much more
easily implemented.

Carbon taxes have already been proposed in a number of countries and areusually expressed
in dollars per ton of carbon emitted. Finland has gone the furthest by introducing a $6/ton tax on
fossil fuels in its 1990 Finance Act; Sweden is considering a much larger tax of $40/ton (The
Econotnist, March I/, 1990). Even so, taxes of greater magnitudes will most likely be required to
achieve the dramatic reductions called for by Congress. Our study explores four tax cases: $ I00/
ton, $250/ton, $400/ton and $625/ton.

Coal Power Plant Efficiency Standards r r

Coal consumption in the elec_c utility sector represents over 85 percent of all U.S. coal
consumption, and therefore the promotion of more efficient coal-fired generation should help to
reduce carbon emissions. Included in our study is a set of coal power plant efficiency standards that
imposes a penalty on the capital cost of new coal-fired power plants not meeting the standards. This
penalty is based on the difference in conversion efficiencies between each coal technology and a
chosen state-of-the-art technology. The best commercially available technology is considered the
standard; this target changes as new clean coal technologies develop. Atmospheric fluidized bed
issued as the most efficient available technology in 1990, but is then replaced by the Integrated
Gasification Combined-cycle (IGCC) technology in 2000 and then by coal fuel cells after 2010. The
penalty is $800 per I000 Btu/Kwhr difference in the heat rates between the standard and target
technologies; this translates into 30 to 50 percent increase in capital costs for the affected
technologies.

Reforestation Offsets

The potentially high cost of limiting carbon emissions suggests that policies for removing
carbon from the power plant emissions should be considered. Technologies exist to scrub carbon
dioxide from the effluent stream of power plants, but costs are extremely high and disposal poses a
substantial problem. Currently the most cost-effective method of "scrubbing" CO_ after burning the
fuel is the planting of fast-rotation trees and other forms of biomass. Carbon ermtted by fossil fuel
combustion can be "fixed" (i.e. removed from the atmosphere and stored in the biomass) during the
growth cycle of such crops.

One reforestation offset case is considered in this paper. In this reforestation policy case, tree
planting is mandated to fix the lifetime carbon output of all new fossil-fueled power plants and
industrial boilers and cogenerators. Although such offsets are conceptually straightforward, major
uncertainties are connected with the costs of such a policy (Moulton, 1989). This paper estimates
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that160millionacresofmarginalagriculturallandarcavailableforreforestationintheU.S.andthat
carbonuptakewithappropriatecropsandclirnalcconditionsisabout2.5t0ns/acrc/ycar(Rcillcy,
1989).The acreagelimitisassumedtobcaneconomicratherthanaabsoluteconstraint;additional
landisavailable,butonlyatamuch highercost.ThesecostsstartataboutI0dollarspcrtonofcarbon
removed,andriseashighas90dollarspcrtonremoved(Moulton,1989).Thistranslatesintointo
costadditionsofuptoathirdofthecapitalcostofanew fossil-fueledpowerplantandalmostdouble
thecostoflifeextensions.Inindustry,thecostis8percentofa new boiler.

IV. RESULTS

Withnomajorchangesinpolicy,theannualrateofcarbonemissionsfromtheU.S.energy
systcrnisprojectedtogrowfromanestimated1320millionmetrictonpcryear(MMT/yr)in1987
to1772MMT/yr in2010and2267MMT/YR in2030--the2030ratebeingover70 percenthigher
thanin1990.Inthis"businessasusual"case,virtuallyallgrowthoccursinelectricitygenerationand
intransportationfuels.

OurdiscussionfirstexplorestheCO. emissionsreductionpotentialofthepolicycases,then
fuelsw:tchmgandenergyend-useImphcatlons,andfmallydlscusscscostsandcost-effectiveness.
ThissetofpoliciesiUustratcthatabsolutereductionsincarbonemissionsarcpossible,butwillnot
bceasy.

Emissions

The eightpolicycasesexaminedinvolvesignificantchangesinfueluseand technology
choiceandrelyonconsurncrs'responsivenesstohigherprices.The substitutionofrnorcefficient
technologiesbothattheend-useandinelectricityproductioncanhelpdecreaseourenergyintensity,
butthedirectimpactofefficiencyirnprovcmcntsreducesgreenhousegasemissionsonlyrnodcstly.
Significantcarbonreductioncomesaboutprimarilythroughprice-inducedcutbacksindemandand
wholesaleswitchingtowardscarbon-freetechnologies.

Figure2 illustratesannualcarbonemissionsforthereferencecaseand selectedcarbon
mitigationpolicies.Mostnotably,onlytheextremecarbontaxcase($625/ton)andthereforestation
policynearsthegoalof20 percentreductionintotalcarbonemissions.Most ofthereductionsin
cmissionsshowninFigure2 occurintheelectricitysectorandtoa.lcsscrextentinindustry.These
notonlyrepresentthelargestcon_butingsectorsofcarbonemissions,butarcthesectorswiththe
mosttechnologyandfuelalternatives.Conservationstandardsarcthe mosteffectivemeans of
reducingemissionsintheresidentialandcornmcrcialsectors,whereascarbontaxesaffectallsectors,
(especiallyclcc_cgeneration).

Figure 2: ANNUAL CARBON EMISSIONS
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Reforestation is unique in offering sustainable carbon reductions. Because this policy fixes
carbon output from ali new generating plants, it decouples emissions from electricity demand. The
potential reduction in emissions is quite large--emissions from electric generation represent 54
percent of total 2030 CO2 emissions in the reference case but amount to only 5 percent with
reforestation. With the prospect of increased electrification in the economy, this policy provides a
potentially effective way to reduce emissions while maintaining growth in electricity usage,
provided enough acreage is found to support the required biomass.

Energy Consumption

Since carbon emissions are closely linked to energy consumption, policies should be
evaluated from this perspective as weil. The goal of each policy in this context is to decrease the
total fossil fuel consumption, and especially coal consumption, since coal emits twice as much
carbon as natural gas. Figure 3 shows primary energy consumption in the year 2030 for each of the
policies tested. Total oil and gas consumption in these cases is similar to the reference case, but total
energy consumption as well as the mix of coal, nuclear, and renewables varies substantially. This
model, prepared for the Department of Energy, assumes that over this 40-year time frame, viable
"advanced" nuclear technology options will be developed, lt is clear from Figure 3 that when coal
use is cut back, these advanced nuclear technologies make up most of the difference, with some
increase in renewable energy and conservation as well. This is logical since coal and nuclear power
are assumed to be the two major energy sources which provide long-term, reliable and inexpensive
baseload capacity for electricity generation. Natural gas provides a short-term solution (to the year
2000 or so), but as conventional gas resources are depleted, the energy system must rely on expensive
unconventional supplies to meet gas demand. This causes the price of gas to rise substantially,
making the nuclear option more economically attractive in the longer term.

Figure 3: PRIMARY ENERGY CONSUMPTION IN 2P30
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In the increased coal efficiency case, the average efficiency of coal power plants in 2030
increases from 40 percent to 45 percent. Although this change is relatively modest, the cost penalty
associated with this policy substantially raises the cost of most coal-fired capacity and results in
substantial shifts to nuclear, renewable and advanced high-efficiency coal capacity (e.g. coal
gasification fuel cells) in the long term. Total coal use is reduced by almost 12 quads by 2030, 42
percent of which is due to increased efficiency; the remaining 58 percent is attributable to
conservation and fuel switching (by both consumers switching away from electricity and electricity



generators switching to other fuels). In general, the end-use fuel mix in this scenario is not
significantly different from the reference case, although coal use in industry increases slightly, thus
mitigating some of the emissions reductions achieved in electric generation. This is in response to
a decrease in the delivered price of coal resulting from reduced coal demand. This price-demand
feedback effect has also been observed in other policies examined in the DOE, study but not discussed
here. In the end-use efficiency standards cases, end-use consumption for ali fuels drops; by 2030,
oil falls 15 percent, gas 8 percent, coal 50 percent and electricity 16 percent. The reforestation case
shows a substantial switch from coal to nuclear and renewable energy in the long term, with some
conservation as weil. This adjustment is caused by the requirement to offset emissions with tree
planting, which acts like a tax on coal-fired power plants and discourages coal use. In addition, a large
portion (86 percent) of the carbon emissions from the remaining fossil fuel use is offset b.y this policy.
The total energy consumption and fuel mix in the $100/ton carbon tax case looks similar to the
reforestation case, but the more extreme carbon tax cases ($400/ton and $600/ton) show an even
greater shift away from coal, with nuclear and renewables making up 43 percent of total fuel
consumption in the $625/ton tax case, as compared to 16 percent in the reference case.

In order to understand the reasons behind the differences in fuel mix and levels of
conservation in these different policy cases, it is helpful to look at the policies in terms of the energy
consuming sectors which a_e being affected. Industry, transportation and electric generation
consume the most energy: the electric sector uses 47 percent of total fuel consumption in the
reference case in 2030, industry uses 22 percent, transportation uses 23 percent, and the remaining
8 percent is consumed by the residential and commercial sectors. Effective policies might focus on
reducing energy consumption in each of the three energy intensive sectors, or encouraging a switch
to non-fossil fuel sources of energy within these sectors. Table 3 below shows each policy and the
sector or sectors affected by the policy. The coal efficiency case affects only the electricity producers,
which explains why the policy is relatively ineffective. The reforestation case offsets emissions for
both electric generators and industrial users, but does not affect the transportation sector. Both the
conservation standards cases and the carbon tax cases affect all of the energy consuming sectors, and
are generally effective at reducing total energy consumption as a result. The conservation standards
cases, however, act upon each fuel equally,regardless of its carbon content. Since coal has the highest
carbon content and the electric producers and industrial consumers use the greatest amount of coal
(95 percent of total coal consumption in the reference case), these policies might be made more
effective if higher conservation standards were placed on ir,dustrial coal boilers and electricity
consuming end-uses (such as appliances), Therefore from an _ perspective, the carbon tax
cases are the most effective in reducing emissions because these policy cases affect ali energy
consuming sectors and apply the tax based on the carbon content of the fuels.

Table 3: Energy Sectors Affected by Each Policy

ResidentiM Electric

f,ammfm_ _ 7.tllu_ojlla_ f,tmmlim

Coal Efficiency Penalty _/

Reforestation '¢ _/

Con_ervltion Sure.his q q q q

Carbon Tax Cases _/ _/ _/ .¢

Note: Conservstion Standards Cases set upon the electric genersting sector indirectly by reducing electricity use by coca=umers.

Costs

The previous sections detailed the effects of the greenhouse policies on carbon emissions and
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on energy consumption. This section focuses on the costs of those policies, using total energy service
costs to determine cost-effectiveness of each policy. Energy service costs, which sum the end-use
capital and fuel costs associated with using energy are calculated explicitly in FOSSIL2 and totals
can be compared across cases, The cost of energy services varies depending on the fuels and
technologies chosen and these costs feed back to overall economic output as measured by GNP,

Table 4 compares the average cost per ton of carbon reduction and the total amount of carbon

reductions for each policy over the 40 ye_ period. An effective policy would have a low (or even
negative) cost of reduction and hopefully the potential to eliminate a large percentage of future
carbon enusszons, According to this analysis, the high conservation standards are the most cost-
effective way to reduce CO_emissions. In fact, long term costs are negative. A negative cost suggests
that consumers would be _tter off making the additional conservation investments anyway. That
is to say, cost-effective conservation opportunities exist that would decrease energy usage, and hence
emissions, without diminishing energy services or increasing long term costs. These opportunities
are not pursued now, though, because of the short time horizons consumers have for calculating
returns on investment. The very high conservation case mandates investments that aretoo expensive
to be cost-effective even in the Jong tema--the savings in fuel costs do not offset the high cost of

Table 4: Incremental Cost of Reduction

DoUmrs/ton CarbonReduction
Remove:d* (gbfromRed'c:mnc.¢)

Con,=crvadon
High neg=tive 18%
Veryhigh 280 28%

RefomstmdonOffs_t_ 88 55%

CoalEfficiencyTax 260 12%

Cart>creTax

$1(X3/l'on 565 31%
$250fl'on 710 51%
$4(X)/Ton 885 53%
$625[ron 1100 57%

i, i i

installing additional energy-saving devices. Reforestation offsets provide both a low cost carbon
reduction policy and can achieve perhaps the highest absolute reduction in emissions (55 percent).
The coal efficiency standards cost more than three times the reforestation case yet reduces emissions
only 12 percent; although coal efficiency rises, large quantities of coal are still consumed in the
electricity industry. The carbon tax cases have high costs of carbon removal and appear to have
diminishing returns after the $250/ton case.

Incremental costs cannot explain the whole picture. Figure 4 is a "supply curve" of carbon
reduction options, Both axes are relative to the reference case and compare the change in cumulative
discounted energy service costs to changes in emission levels, Annual energy service costs are not
simply summed over time, but are discounted based on a social discount rate of 3 percent.
Expenditures in the near future are given more weight in this metric than are those further off in time,
because money spent in the present is more highly valued than that spent in the future.

This analysis suggests that achieving the targeted level of reductions in carbon emissions can
be expensive. The high conservation case is important because of its savings (negative cost) in total
energy service costs relative to the reference case. But this level of conservation only achieves a 20

O percent reduction relative to the 55 percent needed to meet the target. The reforestation case stands
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outbe.causeofitsabilitytomeetthetargetreductionlevelby2030atrelativelylowcost,Incontrast,
the$625/toncarbontaxalsoachievesthetarget,butonlyatahugecost,withtotalcumulativeenergy
servicecostsincreasingby over50percent,Reforestationprogramsmightincreasetotalcostsby

abou!5 percent(orperhapslessifnon-U,S,acreagewere,usedforplanting),buthaslargeand
sustainableemissionreductionpotential.Thepracticaleffectwenessofthispolicyremainsunknown
be.causeofuncertaincostsandtotalacreageavailability,Nevertheless,reforestationoffsetsshow
enoughpromisetowarrantfurtherconsiderationasaneffectivepolicyforcarbonmitigation,

Figure4:2030 CARBON REDUCTION VS. ENERGY COSTS

7011,

60'I,

° /50_

oE 40_,

From 1089 Levels

o Cons erratlo_._

oq, t .......

t Coal Efficient Technolo|le!• 10_. _ , • _ _ t - i _ v L, ..... I
O_ I0_ 2011, 301; 4011, $Oq_ 601,

ReductionofCarbonfromBaseCase

V, CONCLUSION

Thisstudyhasattemptedtofocuspolicy-makersonthecostandenergyimpactsofsuggested
measurestoreducecarbonemissions.Thisdiscussionhasseenreforestationemergeasapromising
alternativetotaxesorstandards,More analysisanddebatewillbcneededbeforeanacceptable
policyorcombinationofpoliciesisfound,andwc hopetoforwardthissearchbypresentinginsights
gainedfromtheanalysispresentedhere,

As hasoftenbeenrecommended,thereareconsiderableopportunitiesforconservationto
limitthegrowthofenergyuseandcarbonemissions.Our analysishighlightspossiblecostsavings
(reductionsinenergyservicecosts)associatedwithatleastone suchcase_,¢etested(the"high
conservationstandards"case),ltisclearthatapolicythateffectivelypromotesthesecost-effective
conservationmeasureswouldbcworthwhiletoimplementandshouldbcgivenaroleinanyglobal
warming or energy policy strategy. A set of mandated efficiency standards is not necessarily the best
method to advance these savings; a program that better informs people of conservation options and
the potential savings from those options might go farin accomplishing the same result, More effort
needs to go into understanding the non-cost related factors present in consumers' decisions and into
addressing those factors in the design and sale of efficient equipment. Incentives (regulatory or
otherwise) for manufacturers to develop and produce more energy-efficient equipment (such as
CAFE standards) may also be necessary to achieve the desired level of conservation.

In the electricity sector, this analysis portrays a significant long-term switch from coal to
nuclear power and renewables for many of our policy cases. An obvious key assumption in this
conclusion is the existence of a viable, cost-effective nuclear option (here called "advanced nuclear
generation"). Advanced nuclear plants are chosen as the inexpensive baseload technology to
substitute for coal in the long-term, Natural gas provides a short-term solution for electricity
generation, but it too is carbon-based and it is also a finite resource, The desire to reduce coal

V
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consumptionencouragesgasuseinthenearterminthisanalysiswhichdepletesgasresourcesand
drivesupthepriceofgas,Nuclearpowerandrenewablesthenbecomethecheaperoptionsinthe
long-term,Gas-firedgeneration,therefore,providesa transitionfromthepresentcoal-domlnated
electricitysectortooneinwhichnuclearpowerandrenewablesplayanincreasingrole,Whetherthis
futurefornuclearpower isrealisticdependsupon itscostand more importantlyitspublic
acceptability,butpolicy-makerswillneedtoaddresstheissueoffindinganinexpensive,reliableand
environmentaily-benlgnfuelsourcetoreplacecoalinelec_cgenerators,

The natural°'feedback"interactionofenergysupply,demand and pricehasilluminated
anotherimpo_antinsightregardingpolicydesign,By havingpoliciesaddressonlyonesectorand
ignoringtheirramificationsonothersectors,unintendedresultsmay occur,For example,inthe
policypromotingcoalefficlency,apenal_wasassessedagainstinefficientcoalplants.Thisresulted
inasignificantreductionincoalconsumptlonbythissector,Thisreductionindemandbroughtdown
coalpricesand made coalmore attractlvetoindustrialusers.Policy-makersmust concern
themselveswiththispotentialforpoliciesto"backfire"inthismanner.

Becauseofthelimitationsofmostofthesesinglepoliciestoachievesignificantreductions
inacosteffectivemanr.er,policy-makersmightneedtoseekacombinationofpoliciesthatwould
becost-effectiveandtargetthemajorcarbonemittingsectors,One suchcombinationwouldimpose
acarbontaxwhosecollectionwouldbeappliedtow,ardsplantingtreesandincreasingconservation
investmentandinformatlon,Othercombinationsn_ghtalsobedevisedtotakeadvantageofenergy
market interactions and consumer behavior.

A more thorough examination of policies and their results and insights can be found in the
forthcoming DOE report to Congress, The global warming issue presents a significant challenge to
both scientists and policy-makers, and system dynamicists are playing a role in providing important
insights to both,
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FROM CONFLICT -- TO OPPORTUNITY --

TO A MORE SOCIALLY BENEFICIAL FUTURE?

By: Thomas J. Schneider

I. HISTORIC PERSPECTIVE: TWO DECADES OF SERIOUS
-_ CONTROVERSY ON RE'S0URCE ° ISSUES IN MONTAN_% .......

Energy resource decisions in Montana over the past two
decades have been marked with serious and continuing controversy

involving environmental, socio-economic, and integrated

least-cost planning and acquisition issues -- long before such

issues were in vogue on a national scale. The focus of the

controversy has been upon Colstrip 3 and 4, two 700 MW minemouth

coal plants and several hundred miles of associated transmission,

owned by five investor owned utilities in the northwest. The

continuing controversy occurred in a state with a legacy

corporate domination as a resource colony. Importantly, Montana

had taken a number of significant actions in the early 1970s to

establish a more rational and environmentally sensitive future

for its people and its natural heritage. For example, the new

Montana Constitution, adopted in 1972, specifically provided in
Section I, Article IX -- Environment and Natural Resources,
that:

• .. (i) The state and each person shall maintain and

improve a clean and healthful environment in Montana

for present and future generations.

(2) The legislature shall provide for the

administration and enforcement of this duty.

(3) The legislature shall provide adequate

remedies for the protection of the environmental life

support system from degradation and provide adequate
remedies to prevent unreasonable depletion and

degradation of natural resources.

The new Constitution also established the Montana Consumer

Counsel Office to represent consumers before the Montana PSC.

Additionally, the Major Facility Siting Act, Coal Severance Tax,

arid a restructured Public Service Commission were also enacted by

the legislature in the early 1970s to better assure that

environmental, socio-economic, and consumer interest issues were
reflected in resource and rate decisions.

A number of specific decisions flowed from the hotly

contested regulatory and court actions concerning Colstrip 3 and
4:

(i) Approval to construct Colstrip 3 and 4 was ultimately

granted by the Montana Supreme Court in 1979 after a four-year
Siting Act battle;

(2) In 1984 the PSC entirely disallowed the Colstrip 3 as

not "actually used and useful;"
(3) In 1985 after reversal in District Court and a new rate

filing, a settlement agreement was approved for Colstrip 3

involving a five-year phase-in and deferral plan;

-- 1 --
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(4) Colstrip 4 was separately refinanced under a sale and

leaseback arrangement to be competitively marketed off-system as

a non-utll ity operation. However, because of the regional

surplus MPC incurred a serious financial loss on Colstrip 4 for

several years; and
(5) In 1989 the PSC rejected MPC's proposed sole source

purchase of the remaining 74 MW from Colstrip 4, based upon the
seriously flawed "contract" between MPC and its affiliated

company. The case was extremely contentious.
Undoubtedly, the_ lo_ng-te rm resource decisions and

controversy have had serious impacts upon all the stakeholders,

i.e., ratepaye rs, investors, competitors, and society. The
above recital of Montana's energy resource conflicts during the

past two decades is obviously similar to those experienced in

many states where baseload coal and nuclear plants were
constructed during periods of: rampant inflation, unprecedented

interest rates, the Three Mile Island incident, cost plus

construction contracts and overruns, a severe recession,

structural changes and plant closures in industry, conservation

and price elasticity, implementation of the National Energy Act,

and emerging competitive market alternatives. It is doubtful
whether any of the stakeholders emerged unscathed from the

debacles of the period -- except consultants. Clearly, then,

responsible leadership is necessary to learn from these painful
experiences and to establish standards for more socially
beneficial resource future. In Montana and in many other states

the stakeholders (e.g., regulators, utilities, environmental

interests, and consumer groups) are engaged in processes designed ",

to better assure that risk and uncertainty, environmental

externalities, demand-side measures, and competitive market

standards are incorporated into integrated least-cost resource

planning and competitive acquisition processes.

II. MONTANA'S COLLABORATIVE PROCESS: INCORPORATING

-- " ENVIRONMENTAL EXTERNALITI.ES. INT0

INTEGRATEDL .AST-COSTPLANNINGAND
...........com P'ETI'TI'_TE ACQUISITION

Montana' s current efforts to incorporate environmental

externalities into resource planning and acquisition strategies

are embodied in a collaborative, advisory committee process for

the Montana Power Company -- unique in its separation from direct

involvement by the Montana PSC and the Montana Consumer Counsel.

The Montana PSC and Consumer Counsel declined to directly

participate in the process due to legal and philosophical
concerns about pre-approval, complicity, and utility management

responsibility.
The Montana collaborative process was initiated in October

1988 pursuant to a settlement between the Montana Power Company

(the state's largest utility whose retail service is entirely

within Montana), the Natural Resources Defense Council (Ralph

Cavanaugh) , and the District XI Human Resource Council
(low-income agency represented by Dr. Thomas M. Power).

- 2 -
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Montana Power Company received:

(i) Settlement of an environmental lawsuit by NRDC involving
MPC's sale of 116 MW to Los Angeles DWP across the BPA

transmission intertie to California; and

(2) Kept HRC from opposing MPC 's proposed sole source

purchase of 74 MW of Colstrip 4 from its affiliated operations.

NRDC/HRC received:
('i)_ Dramatic increase of utillty-funded conservation

commitments and expenditures, assuming acceptable PSC rate

treatment ; and

(2) Establishment of a utility-funded Conservation and

Least Cost Planning Advisory Committee (Advisory Committee) made

up of the most active energy conservation, environmental and

low-income groups, the Montana Department of Natural Resources
and Conservation (DNRC), Northwest Power Planning Council,

industrial users group, and Montana Power Company.
Environmental and conservation issues are prominently

reflected in the representation on the Advisory Committee, which

includes the most aggressive, long-time critics of MPC's resource

planning and acquisition practices. Environmental and
conservation considerations are emphasized throughout the

rationale and recommendations contained in the report of the

Advisory Committee. It is important to recognize that the
environmental externalities discussed herein are those remaining

after applying Ma-'j-o-rFaciiity Siting Act mitigation requirements
for air and water quality, land reclamation, socio-economic

impacts (e.g., infrastructure; rural to industrial economy;
boom-bust syndrome), demonstration of need, best available
resource vis a vis alternatives, etc. Provided below is the text

of the Advisory Committee' s draft recommendations (to be
finalized by 10/1/90) which relate mos---_directly to incorporating
environmental externalities into the resource planning and

acquisition processes:

Environmental Costs and Integrated Least Cost Planning

Environmental costs which remain after controls

and mitigation measures have been applied should be one

of the major determinants in MPC's decisions on

resource acquisition.

Recommendat ions
,,

MPC should address environmental costs in its

resource planning and acquisitions through the

following actions:

(i) Quantify the costs of a range of environmental

mitigation and controls and value the associated
unmitigated environmental impacts, using best available

methods for assessing environmental costs;

(2) Assess and disclose the risk resulting from
the cost of future environmental mitigation that may be

imposed on the company;

- 3 -



(3) Incorporate the uncertainty about the size and

importance of environmental costs in the risk
assessment analysis;

(4) To the extent that information is available,

weigh and rank all resources on the basis of their
environmental costs;

(5) In order to analyze the environmental costs of
all resource alternatives in a consistOnt manner and

minimize the environmenta], costs of the resources

selected, incorporate environmental costs into resource

planning and acquisition decisions by undertaking

analysis on all resources similar to undertaking

analysis on all resources similar to that specified in
the decision standards of the Major Facility Siting Act

Administrative Rules;

(6) Assess and disclose the associated uncertainty

and risk associated with obtaining approvals from the

Major Facility Siting Act decision standards related to
environmental and soc io-economlc impacts of all

resources ;

(7) Assess and disclose the uncertainty and risk

associated with ratemaking approval of all resources

related to environmental and soclo-economic impacts of

all resources;

(8) Engage in a sensitivity analysis to determine

whether significant reductions in environmental costs
can be obtained at relatively small additional resource

costs ; and

(9) As a part of the sensitivity analysis, analyze

the impact on the size of the conservation resource and

the potential unrecoverable conservation expenditures
due to regulatory action if marginal conservation

measures are acquired at up to 115% of the avoided
cost.

Interim Actions
,

Conservation is recognized as having generally

benign environmental impacts. MPC should, therefore,
undertake the following interim actions until the work

of the Committee is completed and incorporated into

MPC's resource planning and acquisition activities:

(i0) Acquire marginal conservation measures at up
to 115% of avoided costs to recognize the relative

environmental and socio-economical cost advantage of

conservation; and

(ii) Request from the Public Service Commission

the two percent rate of return differential authorized

by Montana statutes for conservation expenditures.

Montana Public Service Commission Actions

The Committee recommends the Montana Public

Service Commission (MPSC) take the following actions

-- 4 --
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that provide for rate recovery of expenditures
associated with incorporating environmental costs into
resource acquisition decisions:

(12) Formally recognize as a matter of I _gulatory:_
policy consistent with the Montana Consti[,_t[on that
long-run environmental and safety costs associated with
energy production pose significant costs, risks, and
uncertainty to global society, utilities, and
ratepaye rs ;

(13) Allow rate recovery for resource acquisitions
which are consistent with an integrated resource
planning process which incorporates best available
environmental cost criteria;

(14) Grant rate recovery of expenditures
associated with the interim acquisitions of marginal
conservation measures at up to 115 percent of avoided
costs and grant the two percent of return differential
for conservation expenditures on an interim basis.

It is important to recognize that the environmental and
energy conservation emphases are pervasive in integrated
least-cost planning topic areas addressed in the Advisory
Committee report (e.g., definition, goal, risk and uncertainty,
resource decision rule, cost effectiveness test, marketing,
competitive acquisition, and regulatory/market barriers to
conservation). The Advisory Committee will present its final
report and recommendations to the Montana Power Company
management in a two-day seminar scheduled for October 16-17,
1990.

III. NEED FOR NATIONAL AND INTERNATIONAL LEADERSHIP
_ ...."_ ON ENERGY AND THE ENVIRON_4ENT ......

- _ _ -- , , , _ _ - .. . .

National and international leadership is demanded to
evaluate the multi-faceted strategy for evaluating utility
resource choices for both the development of future facilities
and operation of existing and future facilities. Obviously, the
U.S. as largest (and certainly a relatively inefficient) consumer
of energy must play a crucial leadership role in global
envlronmental/energy issues. Absent comprehensive national and
international standards relating to global environmental issues,
serious equity, distribution of income, and competitiveness
issues threaten those states or nations taking unilateral
actions. For example, even the New York PSC in establishing an
excellent multi-attribute framework for evaluating competitive

bid resources, adopted a conservative, lower-range cost estimate
for CO (global warming) impacts in specific recognition of the
relative competitiveness of New York with other states -- absent
parallel actions by other states. However, that the
"environmental President" has not yet acknowledged the problem of
global warming -- let alone the seriousness of the threat --
bodes ill for the global society. The latest Persian Gulf crisis
and its implications for the administration's likely energy and
environment policy balance are distressing.

-- 5 --
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It is, therefore, crucial that individual states and

utilities continue to take bold and progressive steps to fill

that leadership vacuum, to tailor the implementation to the

realities of the states, and to forge a more responsible resource

future. Obviously, given the magnitude of the future resource

requirements of populous, growing states, both the technical and

political leaderships of the large states (e.g., New York,

Wisconsin, Michigan, California, Pennsylvania, Texas, and Ohio)

are critical in terms of relative global environmental impacts

and political power.

Certainly, the national and private research labs, NWPPC,

DOE, EPA, et al., will be called upon to provide the basic
research, global technical data, mitigation/control alternatives,

and quantification of environmental costs/impacts which will be

incorporated by regulators.

Nevertheless, it is likely that smaller states with fewer

technical resources will again play a crucial leadership role in

developing and implementing innovative methods for incorporating

environmental externalities into least-cost resource planning and

acquisition processes. For example, Maine, Nevada, Idaho,

Washington, Oregon, and Massachusetts have each taken leadership

roles in conservation, competitive bid, and least-cost planning

processes. Similarly, in Montana our efforts over the past

twenty months have been to examine the most progressive
approaches and information available on the range of

environmental, conservation, integrated resource planning, and

competitive acquisition issues. For example, I have personally

contacted a large number of participants and speakers at this
conference to obtain "state of the art" incite, documentation,

and methods for incorporating environmental externalities in

least-cost planning and acquisition decisions. Representation by

the Northwest Power Planning Council has provided a substantial

technical expertise and experience. I, therefore, submit that

the Montana Advisory Committee report should be a particularly

useful vehicle for other states to build upon.

IV. IMMEDIATE ACTION OR DEJA VU?

In the most significant action to date, the Advisory

Committee on August 10, 1990, moved that the Commission suspend

I) long-term PURPA QF tariff options for resources in excess of Li

MW, and 2) further resource acquisitions until the integrated
least-cost resource planning and competitive resource acquisition

processes are implemented. Unfortunately, the request was
necessary to avoid continuation of an outmoded and inefficient

resource planning and acquisition process. The urgency involved

imminent commitments by MPC to i) its own planned hydro-upgrades,

and 2) purchases from several significant PURPA cogeneration

projects. Absent decisive action by the Montana PSC on the

immediate suspension of future resource commitments, it is likely

that the Advisory Committee's comprehensive, multi-attribute
resource planning and acquisition criteria will be nullified to

the long-term detriment of the global environment, society,

ratepayers, and competition.

- 6 -
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As a result (in large measure)of the Advisory Committee's

letter petition, the Commission immediately issued an opportunity

for interested persons to comment upon the petition. The Montana

Commission also established a generic Notice of Inquiry (NOI) to

address integrated least-cost resource planning, PURPA QF

acquisition methods, and competitive acquisition procedures.

V. CONCLUSION
__ _ _ IlL LI I III L

The ultimate success of the Montana collaborative process

depends upon I) the actions of MPC to implement the spirit of the
principles and process recommendations-reflected in the Advisory

Committee recommendations; and 2) the regulatory policy and

ratemaking treatment adopted by the Montana PSC. The PSC's

recent Notice of Ii_qui ry on the broad least-cost planning,

competitive acquisition, and PURPA QF acquisition methods

provides a substantive forum for addressing the fundamental

resource policy issues in Montana.

I certainly expect that the Advisory Committee report and

recommendations will play a substantial role in the regulatory

policy and ratemaking standards for integrated resource planning

and competitive acquisition. I further expect that the

environmental, conservation, and low-income groups will play a

continuing advisory role on technical and regulatory policy

issues to assure that the spirit of recommendations are

implemented. Vigilance, healthy skepticism, and perseverance by

environmental, conservation, and consumer groups will most

certainly be required -- in whatever forum or processes are
appropriate. The opportunity exists for a dramatic and

progressive change in the resource future of Montana. The extent

to which corporate management and regulators seize upon the

opportunity and spirit reflected in the Advisory Committee
recommendations will determine whether society will reap the
goals and benefits.

- 7 -
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"StateRegulatoryExperiencesin Attemptingto Quantifyand

Incorporate Environmental Externalities"

"The Nevada Experience"

By

Cynthia Mitchell

Senat_ Bill 497

The 1989 Session of the Nevada Legislature passed into law Senate Bill

497 (SB 497) - Preference to Environmental and Indigenous Resources.

Effective October 1, 1989, SB 497 amends Nevada's existing electric

utility least cost planning statute to 'i'nclude consideration of the

economic and environmental costs and benefits of resource option s. The
pertinent part of the Nevada Revised Statutes, NRS Section 704.746 now
reads:

"...3. After the hearing, the commission shall determine whether:

c. The plan adequately demonstrates the economic,
environmental and other benefits to the state and to the customers

of the utility, associated with the following possible measures and

sources of supply:

(1) Improvements in energy efficiency;
(2) Pooling of power;

(3) Purchases of power from neighboring states or countries;

(4) Facilities that operate on solar or geothermal energy or
wind;

(5) Facilities that operate on the principal of cogeneration
or hydrogeneration; and

(6) Other generation facilities.

d. The commission may give preference to the measures and

sources of supply set forth in paragraph (c) that:

(1) Provide the greatest economic and environmental benefits
to the state;



-;
(2) Are consistent with the provisions of this section; and

(3) Provide levels of service that are adequate and reliable.

The Commission shall adopt regulations which determine the level

of preference to be given to those measures and sources of supply.

Backoround

Nevada's least cost planning process dates back to the 1983 Session of the

Nevada Legislature's passage of the Senate Bill 161 - the Utility Resource

Planning Act. Initiated by the state's then recently created Office of

Consumer Advocate, the legislation was a bold step on the road to
ensuring theat the state's energy needs and that those future needs are

fulfilled using the most practical and cost-effective means.

Nevada's least cost planning process has many procedural and substantive

hurdles over the last seven years. The original Commission adopted-
regulation has been twice amended to include provisions to deemed

necessary to encourage fuller utility participation and support of least

cost planning. The amendments provides balancing account cost-recovery

for utility resource planning development and pilot demand-side

management program implementation costs; and capitalization or

expensing of fully-implemented demand-side management program costs.

In addition, the Commission has an ongoing docket opened to consider
additional provisions to provide increased financial incentives to

encourage fuller utility participation in least cost planning.

The Nevada Reeulatior?

The Commission began rulemaking proceedings this past summer. As of

the time of this submittal, the first cut at a draft rule was released by

the Consumer Advocate's Office, dated September 7,1990. The
Commission will hold hearings in September and October on the draft rule.

A final rule will be subsequently adopted by the Commission. The draft '
rule is attached.
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Section 1. As used in sections1 to 9, inclusiveof this regulation,unlesscontext
otherwise requires:

!
j

1. "RIMS II multioller"means a numberwhichconvertsa direct

change in demand to a totalchanoe, and is obtainedfromthe Reoional Input-

Output Modeling System. localizedfor Nevada. and publishedbv the Bureau of

Economic Analysisin the UnitedStates DeDartmelltof Commerce,

Section 2. NAC 704.934 is hereby amended to read as follows'

1. As part of a utility'splan, it shall submita planfor conservation

and load management.

2. The plan for conservationand load management must include'

(a) An identificationof classesof customersand end uses for

programsfor conservationand load management.

(b) An assessmentof technicallyfeasible programsfor

conservationand load management,as determinedby the utility. The

programs must be ranked in a listaccordingto the level of savings in energy
or reduction in demand, or both.

(c) A auantificationof theeconomic and environmentalbenefitsto

the statefrom technicallyfeasibleDrogram_,

An assessment of the technically feasible programs to

determine which will produce benefits exceeding costs, based on a

determination of the costs and benefits of particular programs to various

classes of customers. The utility shall rank the programs on the basis of their

overall relationship between benefits and costs and identify the programs or

groups of programs whose benefits will clearly exceed their costs. The

methods used for the assessment must be stated in detail, specifically listing
the data and assumptions considered in the assessment.

A list of proposed programs for reducing energy and demand.

Lf_ A determination of the reduction in the use of energy and the

demand for energy which would result from the proposed programs, in
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kilowatt-hours and kilowatt-savlngs per program, The programsmust be

listedaccordingto their expected savingsandtheir contributionto a

reductiontn energyand peak demand based upon a realisticpenetrationof
the market.

Lg_An assessmentof the costsof the proposedprogramsand the

savings tn the utillty'scostsproducedby the proposedprograms,assuming

a realisticlevelof penetrationof the market. The assessment mustInclude

the savingsin the costsof transmissionanddistributionand _heeconomic
and environmentalbenefitsto the state fromtechnicallvfeasible oroorams.

An assessmentof the impacton load shapesof proposedand

existingprogramsfor conservationand load management.

LE).An assignment of priorities to the programs for conservation

and load managementon the basisof a moredetailed analysis of the

benefitsand costsof each programas comparedwith other options. In

assigningthe priorities,the utilityshall alsotake into account consideration

of equity suchas requiringone groupof ratepayersto subsidizeanother

group,whichmay resultfrom puttingintoeffect certaintypes of programs.

Li.).A reporton the statusof ali programsfor conservationand load

management. The report mustincludetables for each trial and full program

showing,for each year, the plannedand achievedreduction in kilowatt-

hours,the reductionindemand in kilowatts,the cost of the programand the

cost-effectivenessof the program.

Section 3. NAC 704.9365 is hereby amended to read as follows:

A utility's plan for supply must develop and document the origins of:

1. Its assumptions, data and projectionsused to calculate the
costsand benefitsof its options;

2. The costs, benefits and feasibility of power transactions with

other utilities including nonfirm and firm energy and the costs of
transmission;
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3. Its basiceconomiclimitationsand availabilityof fuels;

4, Requiredcontrolsto mitigatepollutionat planned facilities
when estimatingthe costsof the facilitiesfor the plan;

5. Criteria selectedfor determiningthe reserve margin;

6. Assumptionsfor conventionalgeneration;

7. Assumptionsfor renewable resources;

8. Assumptionsfor nonutllltygenerators;

9. Estimatesof the costof, the requirementsof time for and the
feasibilityof convertingto the use of coal;

10. A statementof the limitson its importor export of powerwithin
itsprimary systemof generationand transmlssion;

11. A statementof the utility'srequirementsfor research and
development;

12. A statementof potentialprojectsfor upgradingexisting
systemsfor transmissionof newinterties;

13. The criteriausedby the utilityin settingthe dates for the
retirement of its facilities; and

14. The ouantificattonof the econornt(;and environmentalbenefits

to the state from each oDttonfor futuresupD_:

Section 4. NAC 704.937 is hereby amended to read as follows:

1. A utlllty's plan must include a list of ali existing and planned
facilities for conventional generation, facilities for using renewable

resources, nonutility generators, programs for reducing demand for and use

of energy and other sources available as options to the utility for the future

supply of electricity, The listing must include the capacity and projected

loads of the facilities and resources for each year of the plan.

Q
iii
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2. A utility shall Identify the cdterla lt has used for the selectionof

its optionsfor meeting the expectedfuture demands for electricityand shall

explain how any conflictsamong criteria are resolved.
t

3. In comparing its options, the basic criterion which the utility

shall use to select and rank Its options for the supply of power is the present

worth of future requirements for revenue. The auantlflcationof economic
and environmentalbenefits to the state mustbe addedto_thepresentworth

of futurerevenue reautren]entsfor comparisonof oDttons.Ifan option

selected by the utility as its preferred option fails to produce the lowest

present worth of revenue requirements, the utility must fully justify its choice

by setting forth the other criteria which Influenced the utility's choice.
f

4. Other criteria which the utility shall consider are the avoidance

of risk by means of:

(a) Flexlbillty;

(b) Diversity;

(c) Reduced size of commitments;

(d) Choice of projects which can be completed in short perlods;

(e) Reliability: and

Displacement of fuel.

5. The utillty's selections must;

(a) Provide adequate reliability;

(b) Be within regulatory and financial constraints; and

(c) Meet the requirements for environmental protection.

Section 5. NAC 704.939 is hereby amended to read as follows:

1. A utility's plan must contain a list showing'

iv
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(a) Ali sources of electric power from which the utility has plans or

potential opportunities to buy electric power during the 20 years covered by
the plan; and

(b) The amount of electric power to be purchased from each

source and the years for which delivery is contracted.

The natureand sourceof the purchasemustbe described (e.g. nonflrm

electricpower in winter months_ from a combustionturbinefueled by

naturatOas). if a DurQhaseis notfrom a sDecificsourceof suDplythen a mix
of ali resourcesof the sellermustbe described. The economt; _,nd

environmel_talbenefitsto the state fromeach sourceor mixof re.source._

must be auantlfled. Major newcommitmentsfor purchases of powermust be

. documented and justified as economical options for supply of power.

Section 6. NAC 704.9395 is hereby amended to read as follows:

1. The estimated costsof construction,Including:

(a) Annual flows of expenditures,in currentdollars, without

allowance for funds used duringconstruction;
r

(b) Annual flows of expenditures,in currentdollars, without

allowance for funds used duringconstruction;

2. The estimatedcostsof operation,Including:

(a) Costswhichare variable, in currentdollars, per kilowatt-hour,

with expenses for fuel and other Items indicatedseparately;

(b) Costs whichare fixed in currentdollars,per kilowatt-hour;

(_ Environmentaland economiccosts to the state which ar_
otherwiseexternal to the utillty'srevenue reoutrement.

3. The rates of escalationof cost,including:

(a) Capital costs;

(b) Costs which are variable and related to fuel;

V
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(c) Operating costswhich are variable and unrelated to fuel; and

(d) Operatingcostswhichare fixed;and

4. The annual average cost per kilowatt-hourat projected loadstn

current dollars for each year of the plan for each facility, both existingand

planned.

Section 7. NAC 704.9475 is hereby amended to read as follows:

1. A utility shall conduct an analysis of sensitivity for ali major

assumptions and estimates used in its plan. The analysis must Includethe:

(a) Forecastof load;

(b) Dates when proposedacquisitionswill be in service;

(c) Unit availability;

(d) Costsof powerplants;

(e) Price of fuel;

(f) Amountsof purchasedpowerand correspondingcosts;

(g) "The schedule, impact and costsof programsfor conservation
and load management;

(h) Capacity of plantsin megawatts;

(i) Discountrates;

(j) Rate of inflation;

(k) Cost of capital;

II) Environmentalbenefit:and

(m) Economic benefit.

2. The utility shall state the ranges and consequences of

uncertainty for each of the assumptions and methods of combining various
uncertainties.

vi



.; 336
t

Section 8. Econom!c benefitauantlflcatlon.

1, Economic benefits to the state must be auantlfled In the form of
chances in the earnlnas of state residents due to both positiveand neaative
chances which Occur in ali sectors of the state's economy from

implementationof options for SUpDI¥and demand.

la1 The utilityshouldassumethat ali fundsspent are derived from

ratepayers of the utllitv.

(b) Spendjrlgshouldthen be calculatedboth as an Increase In
spendingby the industries.Including the utility. Involvedin the con_tructiorl

andoDeration of each optionfor suPplYand demand in the years in which
the spending is expected to occur, and a decrease in fundsavailable to be

spentbY rateDavers on ali other sectorsof the state'seconomy.

(c_ Only those chances that Dayfor in-statelabor, and services

and aoods producedwithinthe state shall be considered.

(d) In addition,for programsJndemand-side rllanaaement.
reductions in enerav usaae, times aDolicablerate_, shall be counted an

increases In rateDaver incomes and as decrease_ In utilityrevenues.

2. To calculate the total imoactfrom.directchangesIn revenuest_

businessesand households,inthe state and from Indirectchanges In fund_

resoent throughout the state economy, the utility must use the most current

setof applicable RIMS II mulllDIjers. Forresid_ntial customers, multipliers
' based on the best available data concernina maior cateaodes of household

spending shall be used.

(a) 3"heutilitvshould compute a RIMSII multiplierfor each
_cateqowof spending which constitutes at least ten oercent fo the total

spendingfor an optionfor supplyor demand. Any cateaorvof spending

whichconstituteslessthan ten Dercentof the total sDendirlarrlavbe

combinedwith a categow which most closely reflects the tvpe of sDendinn

vii



337

(b) The resultinaRIMSII multLoltersshould then be aPPliedto the

positive and negativespendingImpactsof ImolementlnautilitySUPplyand

demand oPtionsfor each rnalorclassof customers.

Section 9, Enyiroqrnentalbenefitquantlf(,_aIj.gj_

1, The costsof environmentalbenefitsto the state associatedwith

ooeratlnaand maintalnlnooptionsfor supplyor demand mustbe auaqtifled
for air emissions,water and land use. Air emissionfavors shouldbe

auantlfledfor each of the followlnapollutants: nitrogenoxides,sulfuroxides.

total suspendedparticulates,carbon monoxide,volatile organiccomo0und_.,
carboq dioxide,methane, nitrousoxide, hvdrooensulfideand ammonia.v

2. The utilitymustuse thegeneral emissionfact0rsfor a new

optionfor supplyfromthe tables below,unlessthe utility!u=tlflesa need for
devlatina fromthe tables below.

3. The utilttvmustalso utilizethe valuationof cost impactfor

pollutantslistedbelow unlessthe utilitycantdentlfvsite- and resource-

specific_arginal costsof controlwhich Justify the use of different costs oer
pound of emission.

viii
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VALUATION OF ENVIRONMENTAL EXTERNALITIES

P_gJJ.W.t_ Valuation (1990 real leveljz_d dollars/Ib)

Carbon Dioxide (002) 0,011

Methane (CH4) 0,11

Nitrous Oxide (N20) 2,07

Nitrogen Oxides (NOx) 3,4

Sulfur Oxides (Sex) 0.78

Volatile Organic Compounds (VOC) 0.591

Carbon Monoxide (CO)
Ambient Air Quality + 0.43
Global Warming Contribution 0.03
Total 0.46

Total Suspended Particulates/
Particulate Matter (dlam<10mm) TSP/PM10 2.09

Hydrogen Sulfide (H2S) NA2
e

i i ,mi|, i

1 The value for VOC has been adjustedto reflect the state of Nevada's statusas attainmentfor
VOC, This value is representativeof an actualcost incurredinNevada to controlfugitiveVOC
emmlsslons from gasoline.
2 A national marginal Controlcost for VOC In attainment areas would be approximately $0.9 per lb.
(OTA, 1989), The valuation of H2S in progress at this time.
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Overview

Northern States Power Company (NSP), like most other
electric utilities, has historically conducted rigorous
analyses of the economic costs and benefits of demand and
supply side options. For major coal and nuclear projects,
as well as related high voltage transmission lines,
significant time and effort were spent on environmental
assessments. In the early 1970's a quantitative approach
was developed and utilized for assessing environmental
factors which were not readily addressed in an economic
setting. This approach consisted of developing an
appropriate list of factors or criteria, assigning weights
for each category and then compiling the "scores" for each
alternative. This method was used for ranking potential
power plant sites and transmission line routes.

Evolution From Quantitative to Oualitative Analysis

The quantitative approach, with the use of weighting and
scoring, was utilized by NSP planners for nearly a
decade. During this time, many of the projects being
proposed by the company ran into extensive controversy,
permitting delays, public opposition and ultimate
disapproval by the regulators.

NSP planners took a step back and reevaluated their basic
planning approach. After considerable internal
discussion, NSP realized that it needed to first answer
some basic questions:

I) Who are the real decision makers?

2) Are decisions being made objectively or
subjectively (or a combination)?

3) What were the key factors being considered by
the decision makers?

4) How could NSP planners address these factors in
their analyses, in order to come up with more
reasonable, acceptable proposals?

5) Why wasn't the quantitative method working
(utilizing weights and scores for analyzing
social/environmental issues).



Some Answers

#i) Decision Makers: NSP thought it made the important
decisions, since it was NSP who was charged with
analyzing and proposing alternatives. But as of the
mid-1970's (Wisconsin Plant Siting Bill), NSP was
wrong. The Public Service Commission (PSC)
ultimately made the final decision on major
projects, both for need and for siting. _ In reaching
their decisions, NSP realized that there were a
number of important decision influencers, who had an
active role in the decision process. These
influencers included:

* NSP
* PSC Staff
* Public

* Special Interest Groups
* Environmental Groups
* Potentially affected landowners
* Other regulatory agencies and officials

#2) Objective or Subjective Decisions: NSP realized
that decisions were not going to be made solely on
economic parameters.

There were other factors influencing decisions,
which were not readily quantifiable or relatable to
economic terms. In other words, decisions were
being made using both objective and subjective
factors. Decisions were being greatly influenced by
quantitative factors, such as impacts to landowners,
environmental impacts and other agencies' inputs.

#3) Key Factors: Although economics and system
reliability continued to be important factors in
reaching decisions, it became obvious that other
less-quantifiable factors were also important:

* Health

* Safety
* Option Reliability
* Environmental Impacts
* Fuel Usage
* Social Impacts
* Political Uncertainties
* Local Economics

* Fl6xibility
* Technical Innovation



#4) Planning Using These Factors: At the time, no
formalized system for analyzing these factors was
being used by NSP at the planning stage. As a
result, in 1987, NSP developed a Non-quantifiable
Risk Assessment Worksheet, to be used at the

planning stage to address the factors not easily
expressed in dollars (NEEDS). This worksheet has
been refined in the past three (3) years and the
latest version is included as Attachment 1 to this

paper. The worksheet addresses the factors which
influence decisions, in a manner which is best
described as a combination of quantitative and

qualitative techniques, with a special emphasis on
reviewer comments and the potential for fatal
flaws. The worksheet emphasizes quantifying factors
whenever possible (Tons of emissions, acres of land
affected, number of regulatory agencies involved,
etc) but does not attempt to assign any weights nor
develop any scoring mechanism.

The most important lessons learned in using the worksheet
in the past three (3) years are:

I. The worksheet does not exactly or appropriately
fit all resource options and is not intended to
do so. No on___eeworksheet could accomplish this.

2. The intent of the worksheet is to quantify
where possible and to stimulate thought and
discussion between planners and NSP management.

3. The value of the worksheet is the process of

completing it, not the actual details on the
forms.

4. The most important parts of the worksheet are
the sections for comments and fatal flaw

potential.

#5) Why was weighting/scoring not working:

What NSP realized after using the weighting and

scoring techniques for about a decade was that the
decision maker's and decision influencer's opinions
on the weighting of particular factors were
extremely diverse. As a result, the process served
to polarize or alienate the various parties, drew
attention away from the really important issues
which deserved discussion and resulted in extensive

delays and disapprovals. All efforts to try to
• quantify, tabulate and address the important

factors, prior to weighting, were very useful. The
problem with the system was the use of weighting and
scoring to compare alternatives.

--
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I think this problem can best be described using an
analogy. Let us assume that we want to produce a
painting of something (i.e. a decision) and attempt
to get a consensus from a diverse group on what the
painting is showing. First of all we get a canvas
and frame and paintthe basic background. This is
the foundation for the painting (i.e. the economic

parameters). Once the foundation is laid we can add
the details using fine brushes and various colors to

begin to bring out the various components of the
painting (i.e. tons of emissions, safety factors,
environmental, social, political attributes). If
sufficient time and care is spent on these details,

the painting really takes form and becomes
recognizable to most, but not all people. In an
attempt to put on the final touches, so that
eve or_ will be able to see what the painting is
about, we take out a six (6) inch wide house
painting brush, dip it in a big bucket of black
paint and proceed to apply a.half dozen full-width
passes over the entire painting (i.e. weighting and
scoring).

Get the point! Things were proceeding fairly well
(but not perfectly) up to a point. What we have to
realize is that no system is perfect. Decision
makers have based their decisions on somewhat

subjective factors in the past and will continue to
do so in the future. As planners, we need to

recognize and accept this fact and attempt to
conduct our planning in such a way as to give as
much support and information to the decision makers
as we can, without introducing additional confusion
or foundation for alienating the various groups who
influence their decisions.

NSP has found that the process it now uses works fairly
well and most importantly promotes communication and
discussion among groups. With this philosophy, NSP has
become a utility industry leader for innovative projects
such as:

* Demand-Side Management Implementation
* Major Hydro Plant Redevelopment
* Fluidized Bed Combustion
* Waste Wood Utilization
* Whole Tree Burning Research
* Wind Farm Research

* Refuse Derived (RDF) Utilization
* Transmission System Upgrades
* Development of a Small, Modular,

Pre-engineered, Fluidized Bed Coal Plant



NON-QUANTIFIABLE RISK ASSESSMENTWORKSHEET _ Version 6/90 Attachment I
Northern States Power Company

Optton Name/Description

Evaluated By

Name Posttlon Date

HEALTH

None/ Slight Moderate Significant Great/ Quantity
No Yes ....

Particulate Emissions
Toxic Emlsslons ....
Carcinogenic Emissions
Radon/Indoor Pollution
Hazardous Waste Discharges

Proximity to Population Centers
Electromagnetic Fields

l FATAL FLAW? I (Characteristic which could outweigh everything else)

Comments:

General Outcome

Negative ! " "!
Neutral
Positive

_ _ °

SAFETY None/ Slight Moderate Significant Great/ Quantity., ,:
NO YES ._., • .'i.":_'

Potential for Fire, Explosion,
or Electrocution

Potential for Other
_.ccldents - Type.

Exposure:
Public "'

Employee

Comments:

General Outcome

Negative _
1 Neutral

Positive



RELIABILITY None/ SI , Moderate Significant Great/ ,
NO YES Quantity

.....

Impact on Outage Rates '"
Dependence on Customer Action ........ -
Potential for Regulatory Delay .............. ,,,
Effect on Peak Demand ..... ,.
Potential for Teohnlcal Failure _.

FATAE,:;',E_W?

Comments:

General Outcome

Negative
Neutral
Positive

ENVIRONMENTAL None/ Slight Moderate Significant Great/ Qua'nii_ ' '"
NO YES ' .

Wetland Impacts
Forestry Impacts --
Agricultural Impacts
Recreation Area Impacts ....
Engangemd Species Habitat Impacts ,,
Water Quality Impacts
Surface
Groundwater

Acid Deposition Impacts , '
Fish/Wildlife Impacts
Aesthetlc/Vlewshed Impacts - ""
Noise Level Impacts
Construction Impacts

Comments:

General Outcome

Negative _
Neutral

2 Positive
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FUEL None/ Slight Moderate Significant GreaV Quantity

NO YES

Renewable

Availability: ....
Present , ,

Future ....
Price Stability ,,

Efficiency of Fuel '"
Best Societal Use of Fuel

Comments:

General Outcome

Negative INeutral I
Positive I _J

SOCIAL None/ Slight Moderate Significant Great/ Quantity
NO YES

Customers Creating Load are
those Pdmadly Affected '"i

Loss oi Agricultural Land ___
Displacement of People "
Landowners Affected
Public Lands Encroachment

Negative Public Attitudes
Impact on Customer Lifestyle
Impact on Customer Comfort
Public Goodwill Generated
Jobs Created Locally

Impact on Productivity

FATAL FLAW? 1

Comments:

General Outcome

Negative I _iINeutral ,3 Positive _ .
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ECONOMIC None/ Slight Moderate Significant ,Great/ Quantity

NO YES
i , ,

Jobs: Created ....,,,,

Displaced
impact on Local Taxes', , ,,

Increase .... ' ' ,, ,,

Decrease
Potential for Secondary Businesses
Local Work Force Used "
Increased Rates
Lost Revenue
Economic Benefit: in State ,,

Out of State
Potential to Delay Major

Capital Investments ...... ,,

Diversification Opportunities
Customer Investment Required

r FATAL. E_LA_._,

Comments:

General Outcome

Negative
Neutral
Poslttve

POLITICAL None/ Slight Moderate Significant ' Great/ ,Quantity
NO YES i ' ,:

....

Difficulty Obtaining Perrnrts
Extent of Permitting Necessary
Involvement of Other States -- "
Involvement of Counties ,-- "
Involvement of Townships .......
Involvement of Federal Gov't ....
Publlc Acceptance

FATAL FLAW? i

Comments:

General Outcome

Negative

Neutral
4 Positive



FLEXIBILITY/RISK
None/u _,i_'ht Moderate Significant Great/ Quantity
NO YES :.

Adaptable to ChangesIn: ...........
Load Growth ...........

Inflation ....................
InterestRates ............... -
Future Planning .......... '

Easeof Dispatch .................. --
Lead Time Required ........... ..,
Modular Design ,. --
Degree of Overall Risk . --

I ATAL' Fa i
Comments:

General Outcome

Negative _
Neutral
Poslttve

TECHNICAL INNOVATION None/ Slight Moderate Significant Great/ .l*a,Ua'l_tlty'.,"
NO YES ..

New/ImprovedMethodof Generation .. .....
New Design for Transmission ..
New Design for Distribution
New Technologiesfor End Use

Efficiency Improvements _ .........
R & D Opportunities -_
Value of InformationAcquired

I FATAL:F_w?I

Comments:

General Outcome
Negative

 ou ra,1Positive , '



NON-QUANTIFIABLE RISK ASSESSMENT WORKSHEET
Northern States Power Company

Option Name/Desorlptlon

General Overview by Category

Fatal Flaw
CaIegory Negative Neutral Positive Potential

,(Minor/Major)

HEALTH

SAFETY _ ' ................................................

.......................... i ..... , ,, , , , , , , , ,

RELIABILITY , °

i ,,,, , ...... • = ,,,,, , , , .....

ENVI RONM ENTAL

........ , ,,, ..............

FUEL

, ................ ,....... l ,,.

SOCIAL

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

ECONOMIC

,,, , ,, , _ ..... ,,,,,L,....... , ,

POLITICAL

, , , ,,,

FLEXIBILITY

, | .... ,......... ,

TECHNICAL INNOVATION

............
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PREFACE

The attached paper is an excerpt from the Environmental
Externalities section of the Department of Public Utilities'

Order in D.P.U, 89-239 (August 31, 1990). D.P.U. 89-239 was the

proceeding through which the Department promulgated its final

integrated resource management ("IRM", called Least-Cost

Planning by some other states) regulations. The presenter was
the director of the project leading to the promulgation of the

final IRM regulations, and was the lead technical staff person

responsible for the environmental externalities portion of the

Department's Order.

ENVIRONMENTAL EXTEI_NALITIES

A. Introduction

The Department defines "the cost of environmental
externalities as the cost of environmental damages caused by a

project or activity for which compensation to affected parties

does not occur, regardless of whether the _osts are imposed
within Massachusetts borders or elsewhere. In D.P.U.

1 We assume that the cost of mit:[gating environmental damages

required by federal, state, and local regulations are
internalized in a resourc, e dc_veloper's production costs

and, therefore, in the prices bid by developers and

electric companies. Any residual damages that occur after

compliance with basic environmental regulations and
standards are assumed to occur w:lthout compensation to

affected part:les and, therefore, c,,onstitute an external
cost. D.P.U. 86-36-G, p. '7'7.
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86-36-F, the Department required electric companies to include

environmental externalities to 'the fullest extent practicable

and quantifiable in their evaluations of C&LM programs and other

resource options. Xd., p. 22. In D.P.U. 86-36-G, the

Department reaffirmed its decision to incorporate environmental
externalities in the evaluation of alternative energy resources

by finding that
I'

electric utilities' evaluation of alternate energy

resource options must take into account environmental
externalities to avoid the selection of resources that

impose high costs not internalized in the prices bid by

competing resource developers. In addition, explicitly
incorporating the value of environmental externalities

in resource decisions encourages resource developers to
consider 'the value of environmental resources in

project proposals and enables projects that are

relatively environmentally clean to compete fairly with
lower-priced energy projects that have high

environmental impacts.

ld. pp. 79-80.

The Department stated in D.P.U. 86-36-G that it would

establish a regulatory framework that takes environmental

externalities into consideration and that does so 'through
the application of either price or non-price criteria.

Id., p. 80. We stated that utilities should identify and
quantify externalities as thoroughly as is reasonable for

purposes of comparing resources, but we also expressed our

willingness to consider alternative regulatory schemes that
either, (a) put externalities in dollar "terms and add them

to the price of the resource (!_., a monetization
approach), or (b) select a weight for environmental

externalities and a method for ranking the range of

externalities in much the same way that factors other than

price (e__., reliability) are handled within the framework

of the Department's existing QF regulations (i.e., a

weighting and ranking approach). Id.

B. Comments and Discussion on Environmental

Externalities

Many of the comments submitted in D.P.U. 89-239 are

devoted to the treatment of environmental externalities in

the IRM process. There is a virtual consensus among
commenters that including environmental externalities in

the resource evaluation process is a positive development

that would allow resources with varying degrees and types

of environmental impacts to be compared more accurately.

In addition, most of the commenters agree that

environmental externalities should be evaluated using a



common framework and set of values for all utilities. Only

BECo advocated giving each utility the flexibility to

develop its own environmental scoring methodology (BECo
Comments, 2/23, pp. 20-21).

The oommenters, however, disagreed on a variety of issues

involving the method of implementing an environmental component

in the evaluation of energy projects. The issues raised by the
commenters include:

- Using an impaet-based versus a technology-based initial

ranking system;

- Monetizing versus weighting and ranking externality values;

- Valuing externalities at the marginal cost of control versus
cost of actual damages;

- Determining the weight of environmental externalities

relative to other project selection criteria;

- Extending externality evaluations to site-speclfic faci:ors;

- Extending externality evaluations to include entire fuel
cycle costs;

- Extending externality evaluations to include euonomic and
social externalities; and

- Finalizing the transitional policy for environmental
externalities.

The first four issues concern the method by which

environmental externality values are estimated and incorporated

into the resource selection process. The next three issues
concern the scope of the externality evaluation. In this

section of the Order, the Department shall discuss issues with

regard to the method and scope of estimating environmental

externalities for use in the IRM process. The final issue,

transition policy, will be dealt with more fully in the

transition section of this Order. See Section IV.B, infra.

i. Estimating and Incorporating Environmental
Externalities into the IRM Process

a. An Impact-based Versus a Technology-based Scoring
System

In D.P.U. 86-36-G, the Department outlined three alternative

methods for incorporating environmental externalities in the

resource evaluation process. These methods included a
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2
technology-based, impact-based, and hybrid scoring systems.

See Id., pp. 88-93, for a full description of these methods.

Most of the commenters3strongly favor an impact-based or a
hybrid scoring system. The commenters' main objection to a

technology-based system is that it scores all projects using the

same fuel or turbine/boiler configuration equally, regardless of

a developer's attempt at mitigating emissions from a project.

Many commenters state that under a technology-based scoring

system, no incentive exists for the developer to invest in

cleaner technology (Mass. Audubon Comments, 2/23, pp. 2-3; CLF

Comments, 2/26, pp. 23-24; WMECo Comments, 2/26, pp. 42-44 and

5/4, pp. 21-22; Altresco Comments, 5/4, pp. 12-14).

The Department agrees that a project evaluation system that

distinguishes energy project proposals by their particular

expected emission levels is preferable to scoring systems that

allocates fixed points based on technology types. Scoring

systems based on impact levels recognize project-specific

• reductions of environmental impacts generally associated with

energy projects of a particular turbine/boiler configuration and

fuel type, and enables developers to evaluate more accurately

the trade-offs between emission or resource-use levels, and the

cost of controlling such emissions or reducing the level of

resource use. Also, such a scoring system provides incentives

for the development and procurement of cleaner technologies.

Accordingly, the Department finds that electric companies should

implement an environmental externality evaluation methodology

that recognizes, to the greatest extent possible, the expected
level of environmental impacts associated with particular

project proposals. The following sections of this Order will

discuss how the'value of environmental impacts associated with

particular energy projects should be estimated, including
whether such values should be monetized, and whether these

values should be based on the value of environmental damages or

the cost of controlling emissions that cause damages.

2
In this context, "impact" means emission or resource-use
levels.

3
A hybrid system assigns general categories of technologies
(e._., coal, oil, gas, nuclear, renewable, C&LM) base

environmental impact scores (as in a technology-based
system), but allows each proposal to improve its base score

by reducing impacts over several categories of

environmental impacts (as in an impact-based system).
D.P.U. 86-36-G, pp. 91-93.
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b. Monetizin _ Environmental Externalities

The commenters who support a monetization approach argue

that placing dollar values on externalities makes the underlying

Judgments clearer and more understandable to the public.

Although those that argue for a monetization scheme recognize

that externality values are highly uncertain, they maintain that

a weighting and ranking scheme simply obscures the monetary

values implied by the scheme. In addition, these commenters

oppose methods that assign a fixed weight to the externality
category of the project selection criteria because such a method

sets a cap on the maximum influence environmental externalities

can have relative to prices bid by project developers (MassPIRG

Comments, 2/26, pp. 14-15; MCSE Comments, 5/4, p. i; DOER

Comments, 3/2, pp. 12-13; CLF Comments, 2/26, pp. 33-35;

Representative Alexander Comments, 5/18, pp. 6-7; The Department

of Environmental Protection, Division of Air Quality Control

("DAQC") Comments, 5/25, pp. 3-5).

Several commenters support the weighting and ranking scheme

proposed by MECo, with the environmental externality category

accounting for 15 percent of the total project score (BECo

Comments, 2/23, pp. 20-21; ComElectric Comments, 5/4, pp. 15;
WMECo Comments, 5/4, pp. 21-22; Wheelabrator Comments, 3/8

Letter to MECo). Altresco supports the MECo plan, but with a 30

percent weight for the environmental externality category

(Altresco Comments, 5/4, pp. 12-14); EECo supports the plan with

a I0 percent weight for the environmental externality category
(EECo Comments, 5/4, pp. 5-6).

The MIT Energy Lab asserts that monetizing intangible
environmental impacts is an unnecessary complication of an

already challenging analytic task (MIT Comments, 3/13,
pp. 4-5). It asserts that lower costs, lower sulfur dioxide

emissions, as well as increased employment and reliability are

generally preferred. Accordingly, it argues that any strategies

that perform better along all of these measures independent of

any weighting and ranking scheme are better (id.). Accordingly,
the MIT Energy Lab recommends that the Department adopt a

system-based, multi-attribute evaluation technique (id., p. 2).

• The multi-attribute evaluation technique recommended-by the MIT
Energy Lab uses "distinct measures of cost, environmental

4
We note our appreciation for the considerable assistance in

developing metho(Is and estimates of environmental

externalities prepared by the commenters, especially Boston

Gas Company ("BGCo"), DOER, MECo, and the MIT Energy Lab.
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impacts, and reliability in the evaluation of resource

portfolios to identify the full range of a strategies' impacts

while avoiding controversy over the v@luation of environmental
and other externality effects" (id.)_ _

The Department finds that effective weighting and ranking

approaches could be designed to account for the variation in

environmental impacts among various energy resources. However,

in order to design an effective weighting and ranking approach,

environmental impacts and the value of those impacts would have

to be estimated so that appropriate weights could be
determined. If weighting and ranking systems require

5
The MIT Energy Lab states in its comments that resource

strategies that focus exclusively on improving end-use

efficiencyperform poorly in reducing sulfur dioxide,

nitrous oxides, and particulate emissions when compared to

resource strategies that balance efficiency improvements on

both the supply-side and the demand-side. According to

research conducted by the MIT Energy Lab, it was found that

resource strategies aimed at increasing combustion

efficiency as well as end-use efficiency appear to be

robust in mitigating local, regional, and global

environmental impacts (MIT Comments, 3/27, p. I). It

states that these results appear to stem from the fact that

over-subscribing to demand-side resources might lead to

electric companies keeping older fossil-fueled generators
(with high heat rates and emission levels) in service

longer. Investing in new generation technology (with low

heat rates and emission levels) allowed electric companies

to retire old fossil-fired generation, thus reducing
system-wide emission levels. The Department finds that the

concerns raised by the MIT Energy Lab can be accommodated

during the optimization phase of project evaluation and

modification. Accordingly, the Department's final

regulations require electric companies to optimize the
ranking of proposals to take into account interactive

effects between resources. The Department directs

companies to expand the examination of interactive effects

to include the interaction between new and existing
resources, and to evaluate the collective environmental

impacts of various committed and proposed resource

combinations when preparing t_eir draft initial resource

plans and when optimizing the ranking of proposals.

6
The Department notes that, ultimately, this is true for all

project selection criteria including those presently

i designated as "non-price" criteria.
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quantification of externality values in order to determine the

appropriateness of the weights, forming weights becomes
unnecessary because the quantified externality values could be

monetlzed and added directly to project costs to assist the
determination of the mix of resources that minimizes cost and

environmental impact simultaneously.

Accordingly, the comments in this proceeding convince the

Department that externalities should be monetized to the
greatest extent possible, and that such values would be added to

direct resource costs (i.e., price bids of proposed resources,

and the avoidable costs of existing and planned resources) for

the purposes of evaluating and comparing alternative energy

resources during Phase II. In categories of environmental
impacts where estimates of externality values are absent, the

utility must make its best effort to estimate monetary values

with magnitudes appropriately weighted relative to better known

values. These relative values mugt be estimated using the best
information reasonably available.

As we stated in D.P.U. 86-36-G, the Department realizes that
monetizing externality values does not constitute the

elimination of subjective judgments in the evaluation of

externalities. We expect that as externality values are

proposed by utilities and interested parties for use in the IRM
process, that the proponents of such values reveal all

assumptions and judgments so that their merit can be discussed

in the appropriate public forum.

c. Cost-of-Control Versus the Value of Environmental

Damages

In D.P.U. 86-36-G, the Department defined environmental

externalities as the costs associated with damages caused by a

project for which compensation to affected parties does not

occur. Assuming that the cost of pollution controls required by

7
All externality evaluations submitted to the Department in
D.P.U. 89-239 omit environmental externalities associated

with nuclear and renewable (most notably large hydro and
waste-to-energy projects) energy production, and with load

management programs. The Department directs each electric

company to propose environmental externality values

associated with nuclear and renewable energy production,
and load-management projects, and to include such values in

its first Phase I filing pursuant to the attached
regulations.
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government law, standards and regulation is internalized into
the prices offered by alternative suppliers of generation, the
value of environmental externalities equals the value of damages

associated with residual emissions that manage to escape into

the environment despite required pollution control

technologies. For example, a conventional coal-fired power
plant that Just meets federal New Source Performance Standards

for sulfur dioxide emissions will still emit significant and

specific amounts of sulfur dioxide into the atmosphere. These

residual emissions cause environmental degradation and,
therefore, we find that these must be taken into account in an

electric company's choice of energy resources.

The purpose of estimating environmental externality values
is to enable decisionmakers to compare, on a consistent basis,

the social costs associated with alternative energy resources

offering different prices, environmental impacts, and non-price
characteristics. To illustrate the value of externalities,

assume a situation where there are two generating facilities

that meet federal emission limits and are alike in all respects

(e.g., price, reliability) except that one facility emits
significantly less pollution than the other. Most would agree

that the facility with lower emissions would be preferred. If

the value of environmental externalities resulting from
emissions permitted by federal statute were zero, we would be

completely indifferent between these two generating facilities.
Since we would not be indifferent -- that is, we would prefer

the less-polluting generating facility -- externalities must
have an economic value that we need to consider in our resource
choices.

Moving from this example, consider a comparison of two

facilities that each meet government emission and resource-use
requirements, but one pollutes more than the other. The value
of lower environmental externalities associated with the cleaner

resource would equal the maximum difference in price between two
resources (where the price of the dirtier resource is lower than

the price of the cleaner resource) that would be acceptable

before society preferred the dirtier resource. In theory,

before society opts for the dirtier resource, the difference in

prices (and presumably the costs) between the dirtier and

cleaner resources (i.e., the amount by which the price of the

dirtier resource is lower than the cleaner resource) must be

greater than the value of the incremental environmental damages
associated with the dirtier resource relative to the cleaner

resource. If the value of the incremental environmental damage
associated with the dirtier resource is smaller than the

difference in price, it would be to society's net benefit to

prefer the dirtier resource. However, if the value of the

incremental environmental damage associated with the dirtier

resource is larger than the price difference, society would be
worse off with the dirtier resource. In this case, it would be
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to society's net benefit to prefer the cleaner resource even

though its internal price may be higher.

In order to compare different energy resources on a

consistent basis, therefore, an estimate of environmental damage

values associated with each resource would appear _o be

necessary. Given that the costs of environmental d_mages are
difficult to estimate, methods other than direct damage cost

assessments have been used to estimate externality costs.

Most of the commenters who support a monetization scheme

state that using cost of actual damage values (e._., health care

costs, loss of natural resources, reduction in the quality of
life) is the preferab le method for valuing externalities, and

argue that where these values are known, they should be used
(CLF Comments, 2/26, pp. 37-39; DOER Comments, 5/2, pp. 6-8;

DAQC Comments, 5/10, Preface; BGCo Comments, 5/18, Attachment i,

p. 4; MassPIRG Comments, 5/25, p. 3). In areas where damage
costs are unknown or are uncertain, some of these commenters

argue that a reasonable alternative to direct damage valuation
is to use the marginal costs of control to reflect the values of

environmental impacts implied by pollution standards set through

other political processes (i_dd.). These commenters argue that
this approach provides conservative estimates (i.e.,
underestimates) of the externality costs and thus represent a

proper starting point (i_dd.).

MECo disagrees with the assumption that using the cost of

control provides a conservative estimate of externality costs
and asserts that cost of control methods for estimating the

value of externalities should be rejected because it suffers

from fundamental illogic (MECo Comments, 2/23, pp. 18-19). MECo

asserts that the use of a cost of control method to estimate the

value of externalities systematically tends to overstate the

value of externalities (MECo Comments, 5/8, p. 2). MECo argues

that society has already mandated restrictions on emissions such

that the point has been achieved where the marginal cost of

controlling emissions equals the marginal value of potential
environmental benefits (ld., pp. 4-7). Subsequently, MECo

states that the marginal--cost of abating any additional

pollution must be greater than the marginal benefit society
receives from such abatement (i_dd.).

MECo also states that cost of control methods

inappropriately equate two separate and distinct concepts, the
cost of controlling emissions and the value of environmental

externalities (id.). In addition, MECo claims that the cost of

control varies w-idely between utilities and that selecting one

estimate as representative of all utilities constitutes an

arbitrary exercise unlikely to reflect a given utility's actual
cost of control (id.).
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The method proposed by BGCo and DOER to estimate the value
of environmental externalities equates society's willingness to

pay for pollution control (and hence, society's demand to avoid
costly environmental damages) with the cost of controlling

pollution to comply with government-mandated emission limits.
The basic rationale for using cost of pollution control as a

measure of the value of pollution reduction is that the cost of

pollution controls required by the government provides an
estimate of the price that society is willing to pay to reduce

the pollutant (BGCo Comments, 1/5, p. 8; DOER Comments (Update),

5/18, pp. 4-6).

For example, if legislators, as society's representatives,

require measures that cost four dollars to reduce a pound of

emission, it seems reasonable to assume that the value or worth

of reducing emissions is four dollars per pound. Presumably,

society is willing to pay four dollars to avoid a pound of
emission in order to avoid at least four dollar's worth of

external environmental damages. Methods that estimate society's

demand for pollution abatement using government-mandated
emission limits are referred to as implied valuation methods.

As mentioned above, MECo states that implied valuation
methods overstate the value of environmental externalities.

MECo argues that the marginal cost of abating any additional

pollution beyond that required by government regulation must be

greater than the marginal benefit society receives from such
abatement (MECo Comments, 5/8, pp. 4-7). Since marginal

pollution control costs tend to increase and marginal pollution
abatement benefits may tend to decrease with increasing levels

of pollution control, MECo asserts that to control emissions

significantly beyond the intersection of the marginal cost and

marginal benefit curves of pollution control theoretically would
diminish net societal benefits. Accordingly, MECo requests that

the Department reject the implied valuation method.

However, the Department finds that MECo's argument is not

relevant to the problem that the implied valuation method is

attempting to address. Implied valuation methods attempt to use

a proxy to estimate the value of residual pollution so that the

societal cost associated with various energy resources (e.g.,

fossil-fuel generation, renewable-resource generation, nuclear

generation, C&LM) can be compared on a consistent basis. MECo's

argument implies that pollution emitted by resources meeting
government-mandated emission limits cause no loss to net

societal values and, therefore, need not be taken into account

in the comparison between alternative energy resources.

Clearly, this is not true (and MECo does not assert it is). As

discussed above, if society were presented with the option to

purchase either a relatively dirty or a clean resource (assuming
that both resources comply with government-mandated emission

limits), and these resources were alike in all other respects,



society would prefer the cleaner resource to avoid costly

incremental environmental damages. If we were to accept MECo's

argument to its logical conclusion, we would be unable to
compare the differing levels of environmental externalities

caused by different energy resources that comply with government
emission standards.

As a theoretical matter, MECo is correct to state that

controlling emissions significantly beyond the intersection of

the marginal cost and marginal benefit curves8of pollution
control could diminish net societal benefits. The

Department, however, disagrees with MECo's assumption that the

decisions that have led to the setting of government standards

for controlling emissions or natural resource use are based

solely on economic considerations of marginal costs and

benefits. The level of pollution control presently mandated by
legislation is based on many considerations besides an

assessment of the economics of environmental damages, and,

therefore, may not necessarily represent society's willingness

to pay for controlling environmental damage. We acknowledge

that because of the difficulties of measuring the value of
environmental damages directly, it is unlikely that the level of

pollution control mandated by legislation reflects society's
willingness to pay to control environmental degradation. Absent

better evidence, however, it is through the political process

that government-mandated levels of pollution control provides a

reasonable, rough proxy for of what society is willing to pay to
avoid environmental externalities.

Further, we disagree with _ECo that the implied valuation
method overestimates the value of environmental externalities

and, thus, would force power-plant developers to install

pollution control equipment costing more than the benefit of

abating the additional pollution. Economic theory posits that
it is appropriate to value the avoidance of environmental

externalities at the intersection of the marginal cost and

marginal benefit curves of pollution abatement. It is at the

intersection of the marginal cost and marginal benefit curves of

8
As a practical matter, the level of pollution associated
with energy resources used to serve Massachusetts

electricity demand represents a very small amount of global
environmental externalities. Even if MECo's analysis and

assumptions were entirely correct, and a large amount of

pollution associated with Massachusetts electricity

consumption was abated, the amount by which the incremental
cost of pollution control exceeded incremental benefits

would be very small when viewed from a global perspective.
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pollution control where societal value is maximized and, thus,
defines the market-clearing price or _quilibrium value of

avoiding environmental externalities.

At quantities of pollution abatement greater than the

quantity at which the marginal cost and benefit curves
intersect, the amount society is willing to pay for pollution
control is lower than the marginal cost of controlling that

amount of pollution. In this case, societal v_ue is enhanced

by lowering the quantity of pollution control.

In the IRM process, project developers installing pollution

controls whose actual cost per unit of reduced emissions is

greater than the per unit dollar value associated with avoiding
environmental externalities would incur costs higher in

comparison with any credit they would receive for having reduced
emission levels. In this situation, the overall economic value

of the project would be reduced and the project would receive a
lower score in the IRM process. Valuing environmental

externalities at the marginal cost of control would enable

power-plant developers to make decisions about fuels and

pollution controls in the overall context of competing with
other project developers on price, environmental, and non-price
variables.

The purpose of estimating the value of environmental
externalities is to allow consistent comparisons between various

energy resources with differing prices, environmental impacts,

and non-price features. This is especially important when

comparing energy conservation resources that have relatively
little or no environmental externalities against generation

resources that have significantly higher externalities. But it

is also essential for comparing different generating facilities

9 The implied valuation method serves as a proxy to establish

the point of intersection between the marginal cost and

marginal benefit curves of pollution abatement, even though
the actual control costs may not be at the intersection of

such curves given our assumption that other factors besides

marginal costs and benefits of pollution abatement entered
into the determination of government pollution-control

standards.

i0 Conversely, at quantities of pollution abatement less than

the quantity at which the marginal cost and benefit curves

intersect, the amount that society is willing to pay for

pollution control is higher than the marginal cost of
controlling that amount of pollution. In this situation,
societal value is enhanced by increasing the quantity of

pollution control.

i



whose fuel and teohnologlcal differences lead to significantly

different pollution impacts. Estimating environmental
externalities using the implied valuation method and using such

values in the IRM evaluation process would give developers of

generation technologies the incentive to design generation
systems that decrease emission levels at costs lower than
the value of environmental externalities. If residual emissions

allowed by government regulation were valued at zero, there
would be little economic incentive for innovation of this type.

Without reasonable estimates of environmental damage costs,
we cannot know with precision that the marginal cost of control

at levels mandated by the government under- or overestimates

society's demand for a cleaner environment. However, based in

part on the comments in this case, it does not appear that using
the results of the implied valuation method as a proxy has a

significant risk of overestimating the costs of environmental
externalities. Given the ongoing movement to make environmental

standards more stringent rather than less stringent, and given

the increasing sensitivity of the public to environmental

issues, it is more likely that the marginal costs of controlling

pollution are below marginal benefits at the present level of

pollution control mandated by the government. As a consequence,

using the cost of control as a proxy for the value of
externalities is most likely a conservative estimate of

society's willingness to pay for controlling externalities.

Since cost of control estimates, using the implied valuation

method, is the best available proxy at this time (and clearly a
better estimator of damage costs than the current assumption

that the value of such damages is zero), we direct electric

companies to use such control-cost estimates as a proxy for
environmental damages in the absentee of comprehensive damage
cost estimates. In this record, both BGCo and DOER estimated

the value of environmental externalities associated with various

pollutants using the implied valuation method (BGCo Comments,

1/5, p. 13; DOER Comments (Update), 4/18, p. 33). For SO ,
COm, and particulate emissions, both BGCo and DOER estimated
similar environmental externality values. For NO and CH

ted s n fica
emissions, however, BGCo estima _ i ntly _igher 4
externality values compared to DOER.

ii That is, systems that use various combinations of fuels,
fuel treatments, combustion configurations, and pollution

control technologies.

12 BGCo estimates the value of externalities associated with

NO x and CH 4 emissions to be about $4.00 and $0.84 per
pound, respectively (BGCo Comments, 4/13, Exhibit i,

pp. 12-14). In comparison, DOER estimates the value of
these externalities to be about $3.25 and $0.ii per pound,

respectively (DOER Comments (Update), 4/18, pp. 12 and 29).
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With regard to BGCo's estimate of the value of externalities

associated with NO x emissions, it appears that BGCo
misinterpreted NO emission reduction data associated with

selective catalytic reduction technology (i.e., the marginal

technology needed to attain a 9 ppmv emission standard) (BGCo

Comments, 4/13, Exhibit i, p. 14; DOER Comments (Update), 4/18,

p. 12). The difference between BGCo's and DOER's estimate of

the value of CHa externalities results from the method by
which the impac_ of rapid global climate change was factored

into the analysis (BGCo Comments, 4/13, Exhibit l, pp. 11-13;

DOER Comments (Update), 4/18, pp. 29-31). Although DOER is not

convinced that the discounting method used by BGCo is the

correct way to account for the impact of rapid global climate

changes, DOER acknowledges that the rate of climate change may

have comparable importance to overall climate change (DOER

Comments (Update), pp. 30-31). Since DOER did not take the rate

of climate change into account, its estimate of externalities

associated with CH 4 emissions is probably understated. At
this time, however, the Department will accept DOER's estimate

of externality values associated with CH_ emissions as a
baseline value absent better evidence. In future cases, the

Department expects parties to develop and propose more

reasonable methods to account for the impact of rapid global
climate change resulting from greenhouse gas emissions.

At this time, the Department will accept DOER's estimates of

environmental externality values. Accordingly, the Department

directs electric companies to use the environmental externality

values proposed by DOER in this case for all electric company

filings involving resource cost-effectiveness tests (including,

but not limited to, preapprovals of utility C&LM and generation

programs, QF RFPs, power purchase agreements, third-party C&LM
contracts, IRM filings), unless it can be demonstrated in

subsequent proceedings that other values for these or for other

environmental externalities are more reasonable. See Table i,

infr__aa. Electric companies may update such values, subject to
Department review, on a case-by-case basis. Our ultimate

objective, however, is to use comprehensive damage costs as the
basis for environmental externalities where feasible.

d. _lication of the Price/Externality Criterion

In D.P.U. 86-36-G, the Department stated as one of its goals

that all companies use consistent categories and weights of

environmental impacts because the relative value to society of

global environmental impacts is not generally a matter subject
to utility-by-utility variation. Id., pp. 86-87. Given that
the Department has found that envir-onmental externalities should

be monetized to the greatest extent possible, the value of

externalities relative to prices bid by resource developers
would be consistent across all electric companies. The



Department's finding, however, opens 'the question of how to set

the weight of the combined price/externality category relative

to the weight of the other, "non-price" ranking criteria such as

reliability and system compatibility.

In order to evaluate and rank various resource proposals,
monetized externality values could be directly added to the

price bid by the resource proponent to determine a project's

direct costs to society. If price and monetized externalities

were the only orlterla by which to rank projects, those projects

with the lowest price, including externality cost, would be

given the highest ranking. As other project selection criteria

are recognized and are assigned weights to reflect their

importance to the electric company, projects with positive

non-prlce features (e_z_., highly reliable projects) may be g_en
preference over those projects with low price/externallties.

In addition, the relationship between the combined

price/externality criterion and all other criteria that have not

been monetized (i.e., non-prlce criteria) may vary across

electric companies under a weighting and ranking scheme. For

exan_ple, an electric company that generates a high proportion of
its electricity from oil may wish to pay a higher price for new

resources that do not use oil, as compared to a company that
generates its electricity from a diverse set of fuels. As a

result, the weight of the price/externality component of the

scoring system relative to the fuel diversity component would
differ between these two companies; we believe such a difference

could be appropriate.'

The Department finds, therefore, that monetizing externali%y

values, placing them on a consistent basis with price, and then

allowing the relative weights of the price/externality and
non-price criteria to vary in accordance with an electric

13
Although the Department views the monetization of

environmental externalities as a priority over monetlzing
other resource attributes, the Department also sees merit

in efforts to monetize other "non-prlce" factors. Although
the Department directs electric companies to monetize

environmental externalities to the greatest extent

possible, the Department will welcome, but not now require,
efforts to quantify the dollar values associated with other

resource evaluation criteria (e._., reliability, security,

risks or benefits associated with fuels or fuel diversity)

that presently are incorporated in the initial ranking
formula using a weighting and rating scheme.
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companies' actual circumstances and incremental needs, is
more appropriate than fixing the weight of the externality

component, or the price/externality component, at any particular
level vis-a-vis other non-price factors for all electric

companies. By fixing the weight of the externality component to
achieve consistency between utilities (e.__., 20 percent of total

project score), the relationship between externalities, price
and non-price factors could be severely distorted leading to

inappropriate resource choices. Irl addition, fixing 'the weight
of the externality component to a fixed percentage of total

score may systematically under- or overestimate the real value
of the externality component relative to price and other

non-price criteria.

Rather than directing electric companies to use

environmental externality weights that are equal across all

companies, the Department will seek consistency in the monetary
values used by electric companies to estimate the value of
environmental externalities. Accordingly, the Department's

final regulations do not require the weight of the combined

price/externality category as a percentage of a project's total
score to be equal across all electric companies. The final

regulations allow the electric companies to propose, and for the

Department to review, the weights of the various categories of

project selection criteria. The weight of the combined

price/externality category could vary between different electric
companies as the values of the non-prlce criteria vary relative

to the price/externality category. Although a decision by 'the

Department on externality values for use by a company in a

single case will have precedentlal value for that and other

companies on a golng-forward basis, electric companies arld
interested parties will have the opportunity to propose such

values on a case-by-case basis.

2. Determining the Scope of Environmental Externalities

a. Site-specific Externalities

The commenters were divided on the question of whether

site-speciflc externalities (e.__., visual, noise, and wetland

impacts) should be considered in the IRM process. Some argue
that site-speclfic factors should be included, otherwise local

community groups will be alienated because the issues with which

they are most concerned would not be addressed (Representative
Alexander Comments, 5/18, pp. 13-14; MassPIRG Comments, 2/26,

14
Of course, the Department would review and determine the

appropriateness of the particular weights used in the

project evaluation criteria.
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pp. i0..ii; MCSE Comments, 2/23, p. 5; Mass. Audubon Comments,

2/23, pp. 2-3). Others argue that slte-specific factors should
not be included in an externality scoring scheme. Some claim

that site-specific factors will determine whether a project can

be licensed and financed, and that such factors would be

internalized by resource developers when developing bids

(Altresco Comments, 5/4, p. i0; WMECo Comments, 2/26,

pp. 40-41). DOER argues that although it would be desirable in

principle to include all impacts within the resource evaluation

process, it becomes increasingly difficult in practice to

evaluate such impacts as the focus shifts from global to local
effects (DOER Comments, 3/2, p. 4).

In D.P.U. 86-36-G, the Department proposed that the
environmental externality criteria in the IRM structure focus

primarily on the impacts of a proposed facility that occur

regardless of the characteristics of the site where it was

proposed "to be located. Id., p. 87. The Department agrees with

DOER that adding local, slting-specific environmental impacts

into the evaluation process would be infeasible at this point.

At the time a project proponent submits a project proposal to

the utility for consideration in the IRM process, it may be

impossible to assess site-specific factors for all project

proposals because project developers may notl_ave acquired sites
before a power sales agreement is finalized. In addition,

site-specific environmental impact issues associated with large

generating facilities would be investigated by the EFSC with a
full and fair opportunity for local communities to voice their

concerns. Accordingly, the Department will not consider

site-specific environmental externalities in the IRM resource

evaluation process.

b. Fuel-Cycle Externalities

Some of the commenters recommend that costs associated with

the entire fuel cycle (i.___ee.,fuel extraction, fuel

transportation, facility construction, plant operation, waste

disposal) should be included in the resource evaluation process

(MassPIRG Comments, 2/26, p. ii; MCSE Comments, 5/4, p. 2; Mass
Audubon Comments, 2/23, pp. 1-2; Representative Alexander

Comments, 5/18, p. 16). Others state that it is appropriate to
limit the examination of environmental externalities to

externalities directly associated with plant operation (WMECo
Comments, 2/26, pp. 40-41).

15
Additionally, for generating facilities at least i00 MW in

size and proposed to be located in Massachusetts, the

EFSC's statute requires consideration of, and a specific
proposal for, an alternate site.
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The Department finds that ideally, all environmental

externalities associated with energy production and use should

be incorporated in the resource evaluation process. It would be

difficult, however, at least at the present, for the Department

to estimate externalities associated with early stages of the

fuel cycle (i.e., externalities incurred before plant

operation). To complicate the problem, externalities associated

with early stages of the fuel cycle for each fuel type have

varying degrees of site-specific attributes (e.g., different
mining techniques such as deep mining and strip mining, local

geology, land reclamation practices and land use practices, will
influence the level of externalities associated with coal and

uranium mining; the cost implications of potential oil spills

may vary with each shipping lane).

Given the sizable task of estimating environmental

externalities associated with power-plant operation, the

Department finds that it would be unnecessarily burdensome and
complicated at this time to require an estimate of environmental

externalities associated with early phases of the fuel cycle.
The D_partment finds that a priority should be placed on

estimating environmental externalities that are the direct

result of power-plant operation including all downstream effects

(e.g., solid-waste disposal, waste-water disposal). The

Department directs electric companies to consider in the project

evaluatio_6Process all impacts resulting from plant
operation including air, water, solid wasteand spent fuel
disposal impacts, and resource use.

As we gain more experience and confidence with estimating
externality values directly associated with power plant

operation, the Department will consider proposals to expand the

scope of the kinds of externalities so _s to incl_e those
associated with earlier stages of the fuel cycle.

16
Such impacts should include, to the extent practicable,

those environmental externalities resulting from the

possibility of accidents associated with plant operation.

17
BGCo estimated the value of environmental externalities

associated with oil spills at S0.20 per MMBTU (BGCo

Comments, 1/5, Appe_ndix A, pp. 85-87; 4/13, Exhibit i,

p. 16). While the Department acknowledges that

environmental externalities associated with oil spills are

potentially substantial depending on the nature of the

spill, significant environmental externalities may exist

for other major fuel types (e__., environmental
_
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c. Economic and Social Externalities
q

}j

Some commenters argue that it is hard to create a level

playing field for different resource options unless the full
extent of economic and social factors are included. These costs

include government subsidies (e.g., research and development,
military support, tax benefits, clean-up support), economic

development factors, and resource depletion. In addition, many

commenters assert that special consideration should be given to

projects which aid in the creation of local jobs (MassPIRG

Comments, 2/26, pp. 12-14; MCSE Comments, 2/23, p. 6; Mass

Audubon Comments, 2/23, pp. 1-2; Representative Alexander

Comments, 5/18, p. 16).

Most of the comments received in D.P.U. 89-239 with regard

to economic and social externalities request that the Department

give special consideration to resources that promote local job

creation as a source of external value. In Cambridge Electric

Light Company and Commonwealth Electric Company, D.P.U.
89-242/246/247 (1990), the Department treated economic and

social externalities (E.g., local job support) primarily as

transfer p_ments rather than as resource costs. Id.,
pp. 19-20. Accordingly, and consistent with our-decision to

externalities associated with coal and uranium mining, and
gas drilling). In order to avoid possible uneconomic fuel

preferences in the resource evaluation process by including
the environmental externalities associated with some fuels

and omiting those of other fuels, environmental

externalities associated with early stages of the fuel

cycle should be estimated for all major fuel types. We
will consider environmental externalities associated with

early stages of the fuel cycle on a case-by-case basis.

18
Constructing a power plant in Massachusetts supports local

employment and reduces employment opportunities in other

states and in Canada where power plants otherwise could be

built to serve Massachusetts ratepayers. Since supporting
local employment most likely means a reduction of

employment opportunities in other regions, net employment

gains may be negligible. Id. Similarly, although there

may be direct employment differences between the types of

resources implemented, a global perspective requires that
direct, indirect and induced jobs be included in the net

employment analysis. From a global perspective, therefore,

the net employment difference, including indirect and

induced employment, between resources requiring differing

numbers of direct employees may be smaller than it might _
appear.
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consider environmental externalities on a global perspective,

the Department finds that local job creation should not be
accounted for in the resource evaluation process.

At the same time, the Department recognizes that some
economic and social externalities, including a portion of

economic development costs and benefits, which represent

resource costs and benefits rather than transfer payments should

ultimately be accounted in the resource evaluation process

(e.g., resource depletion costs not incorporated in price). For

now, there is insufficient information available to order their
inclusion in theresource evaluation process. Rather, we

will permit RFPs to include such externalities in the resource

evaluation process if, on a case-by-case basis, the existence
and level of such costs can be determined.

C. Summary of Findings and Directives on Environmental
Externalities

The following summarizes the Department's findiDgs and
directives with regard to environmental externalities:

i. The Department agrees that a project evaluation system that

distinguishes energy project proposals by their particular

expected emission levels is preferable to scoring systems

that allocates fixed points based on technology types.

Scoring systems based on impact levels recognize

project-specific reductions of environmental impacts

generally associated with energy projects of a particular

turbine/boiler configuration and fuel type, and enables
developers to evaluate more accurately the trade-offs

between emission or resource-use levels, and the cost of

controlling such emissions or reducing the level of resource

19
We note that BGCo estimated the value of economic

externalities associated with oil imports at $2.26 per

MMBTU (BGCo Comments, 4/13, Exhibit i, p. 19). This figure
was estimated to reflect the vulnerability of the United

States to supply disruptions and price fluctuations (id.).
It is not clear to the Department whether risks associ-ated

with oil imports should be reflected in the resource

evaluation process as a monetized externality, or as a
component of the fuel diversity selection criteria. Rather

than deciding this matter at this time, we will consider

issues related to oil imports on a case-by-case basis. We

encourage electric companies to address this issue

explicitly in their first IRM filing. ,

--
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use. Also, such a scoring system provides incentives for

the development and procurement of cleaner technologies.

Accordingly, the Department finds that electric companies

should implement an environmental externality evaluation

methodology that recognizes, to the greatest extent

possible, the expected level of environmental impacts

associated with particular project proposals.

2. The MIT Energy Lab states in its comments that resource

strategies that focus exclusively on improving end-use

efficiency perform poorly in reducing sulfur dioxide,

nitrous oxides, and particulate emissions when compared to

resource strategies that balance efficiency improvements on

both the supply-side and the demand-side. The Department

finds that the concerns raised by the MIT Energy Lab can be

accommodated during the optimization phase of project

evaluation and modification. Accordingly, the Department's

final regulations require electric companies to optimize the

ranking of proposals to take into account interactive

effects between resources. The Department directs companies
to expand the examination of interactive effects to include

the interaction between new and existing resources, and to

evaluate the collective environmental impacts of various

committed and proposed resource combinations when preparing

their draft initial resource plans and when optimizing the
ranking of proposals.

3. The comments in this proceeding convince the Department that

externalities should be monetized to the greatest extent
possible, and that such values would be added to direct

resource costs (i.e., price bids of proposed resources, and

the avoidable costs of existing and planned resources) for

the purposes of evaluating and comparing alternative energy
resources during Phase II. In categories of environmental

impacts where estimates of externality values are absent,

the utility must make its best effort to estimate monetary
values with magnitudes appropriately weighted relative to
better known values. These relative values must be

estimated using the best information reasonably available.

The Department also directs each electric company to propose
environmental externality value_; associated with nuclear and

renewable energy production, and load-management projects,
and to include such values in its first Phase I filing
pursuant to the attached regulations.

4. Since cost of control estimates, using the implied valuation
method, is the best available proxy at this time (and

clearly a better estimator of damage costs than the current

assumption that the value of such damages is zero), we
direct electric companies to use such control-cost estimates

as a proxy for environmental damages in the absence of

comprehensive damage cost estlmates. At this time, the
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Department will accept DOER's estimates of environmental

externality values. Accordingly, the Department directs

electric companies to use the environmental externality

values proposed by DOER in this case for all electric
company filings involving resource cost-effectiveness tests

(including, but not limited to, preapprovals of utility C&LM

and generation programs, QF RFPs, power purchase agreements,

third-party C&LM contracts, IRM filings), unless it can be

demonstrated in subsequent proceedings that other values for
these or for other environmental externalities are more

reasonable. See Table i, infra. Electric companies may

update such values, subject to Department review, on a

case-by-case basis. Our ultimate objective, however, is to
use comprehensive damage costs as the basis for
environmental externalities where feasible.

5. The DePartment finds that monetizing externality values,
placing them on a consistent basis with price, and then

allowing the relative weights of the price/externality and

non-price criteria to vary in accordance with an electric

companies' actual circumstances and incremental needs, is

more appropriate than fixing the weight of the externality

component, or the price/externality component, at any

particular level vis-a-vis other non-price factors for all

electric companies. Accordingly, the final regulations

allow the electric companies to propose, and for the

Department to review, the weights of the various categories

of project selection criteria. The weight of the combined
price/externality category could vary between different

electric companies as the values of the non-price criteria

vary relative to the price/externality category. Although a

decision by the Department on externality values for use by
a company in a single case will have precedential value for

that and other companies on a going-forward basis, electric

companies and interested parties will have the opportunity
to propose such values on a case-by-case basis.

6. The Department agrees with DOER that adding local,

siting-specific environmental impacts into the evaluation

process would be infeasible at this point. Accordingly, the

Department will not consider site-specific environmental

externalities in the IRM resource evaluation process.

7. The Department finds that a priority should be placed on
estimating environmental externalities that are the direct

result of power-plant operation including all downstream

, effects (9"_=q., solid-waste disposal, waste-water disposal).

The Department finds that a priority should be placed on
estimating environmental externalities that are the direct

result of power-plant operation including all downstream

effects (e.g., solid-waste disposal, waste-water disposal).
The Department directs electric companies to consider in the
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project evaluation process all impacts resulting from plant

operation including air, water, solid waste and spent fuel

disposal impacts, and resource use. As we gain more

experience and confidence with estimating externality values

directly associated W!t1_ _I._wer plant operation, the

Department will considerS: _roposals to expand the scope of
the kinds of externa!_itli_ sO' as to include those associated
with earlier stages 0_ tl'l% f3/el cycle.

8. Consistent with our decision to consider environmental

externalities on a global perspective, the Department finds

that local job creation should not be accounted for in the
resource evaluation process. At the same time, the

Department recognizes that some economic and social
externalities, including a portion of economic development

costs and benefits, which represent resource costs and

benefits rather than transfer payments should ultimately be

accounted in the resource evaluation process (e._z__.,resource

depletion costs not incorporated in price). For now, there
is insufficient information available to order their

inclusion in the resource evaluation process. Rather, we

will permit RFPs to include such externalities in the
resource evaluation process if, on a case-by-case basis, the

existence and level of such costs can be determined.

/
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TABLE 1

SUMMARY OF ENVIRONMENTAL EXTERNALITY VALUES 20

TO BE USED BY COMPANIES IN EVALUATING THE

EMISSIONS OF ENERGY RESOURCE OPTIONS

All Costs are in 1989 Constant Dollars

Northeast United States

S/ton $/ib

i. Nitrogen Oxides (NOx)

Ambient Air Quality $6,500 $3.2521
Greenhouse $ 0 $0.00

Total 86,500 $3.25
ii

2. Sulfur Oxides (SO) 81,500 $0.75x

3. Volatile Organic Compounds $5,300 S2.65

4. Total Suspended Particulates $4,000 $2.00

5. Carbon Monoxide (CO)

Ambient Air Quality S 820 S0.41
Greenhouse $ 50 $0.02

Total 870 S0.43

6. Carbon Dioxide (CO2) $ 22 $0.011

7. Methane (CH4) $ 220 $0.ii

8. Nitrous Oxide (N20) $3,960 $1.98

20
DOER Estimates (DOER Comments (Update), 4/18) based on

estimates prepared by Bernow and Marron, Valuation of

Environmental Externalities for Enerqy Plannin _ and
Operations, Ma_ 1990 Update. Tellus Institute, May 18,
1990.

'

21
For NO externality estimates, the summary table on

page 3_ of the above-mentioned study contained a

typographical error. The corrected value that appears in
this Order was taken from pages ii and ]2 of the

above-mentioned study.
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JOINT COMMENTS OF

THE NATURAL RESOURCES DEFENSE COUNCIL AND

THE PACIFIC GAS & ELECTRIC COMPANY

ON THE U.S. DEPARTMENT OF ENERGY'S

NATIONAL ENERGY STRATEGY

Executive Summary

Through these comments, a major environmental organization and

the world's largest investor-owned energy utility present their

recommendations on the treatment of energy-efficiency issues in the U.S.

Department of Energy's National Energy Strategy. This joint statement of
the Natural Resources Defense Council (NR,DC) and the Pacific Gas & Electric

Company (PG&E) is symbolic of a growing consensus on how to meet U.S.

energy needs at the lowest possible economic and environmental cost.

We begin by recommending a framework for the DOE Strategy, based

on least-cost energy planning methods that have evolved at the state level

over the past ten ye.:_':s. The goal is to ensure that market forces and

regulatory processes provide energy services at lowest cost, including

recognition of environmental effects. Least-cost planning recognizes that

energy savings created on a predictable schedule are energy resources,

jus_ like generators or oil fields or gas wells. If we see a need for

additional energy supplies, we should be weighing our energy-efficiency

options against our production technologies and picking the best buys first.

lt is in energy savings that both NRDC and PG&E see America's

largest, least-costly untapped resource option. The efficiency gains of the

last two decades, while considerable, have not come close to exhausting the

full potential for saving energy more cheaply than producing it. Studies

undertaken for the DOE Strategy basically confirm this point, but, we

believe, significantly underestimate the national energy-efficiency
resource.



In addition, these studies did not attempt to answer what NRDC and
PG&E both deem a crucial resource planning inquiry: What mix of

efficiency and production investments would minimize the economic and
environmental costs of the energy services needed to sustain a healthy
economy? And, if we took advantage of all feasible options for saving
energy more cheaply than producing it, how much would our need for new

' production facilities be reduced?

PG&E's own investigation of those issues dramatizes the importance

of the efficiency resource: At least three-fourths of the company's planned
increase in electricity capacity through the end of the century will be met
by investing in efficiency improvements, covering ali sectors of electricity
use. Comparable assessments are needed at the national level.

Also required are major policy reforms to ensure that energy
efficiency and energy production can compete on equal terms throughout
the United States, Price strategies alone will not yield a least-cost national

energy future, even assuming substantial changes in current policies
regarding rate structures and the internalization of environmental costs.
Regulatory and market barriers must be removed before more accurate
price signals can function as intended.

For example, extensive evidence has emerged of a structural bias

toward consumption, and against efficiency, throughout the energy

marketplace. That bias leads prospective investors in efficiency routinely
to decline or ignore opportunities with returns far better than those that

energy companies can earn on production facilities. Utilities that try to

level the field by investing directly in efficiency typically face unintended
regulatory barriers; in most states, successful utility-financed efficiency
programs are automatically unprofitable, because utilities' net revenues
are tied directly to tht,ir sales volumes.

To address these and related issues, NRDC and PG&E join in the

following specific recommendations for the National Energy Strategy:
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o DOE support for regulatory reforms comparable to those in

place or under development in California, which neutralize
the adverse effects of efficiency gains on net revenues, and

tie utilities' earnings in part to their success in promoting

cost-effective efficiency improvements;

o Upgraded federal efficiency standards for appliances,

manufactured housing, and federal buildings, with utility-

financed programs helping to bridge the gap between existing
standards and cost-effective technological advances that the

standards may not yet incorporate;

i

o DOE support for nationwide expansion of a PG&E initiative to

. promote construction of appliances that substantially exceed
current federal efficiency standards;

o Greater DOE support for research and development for

energy 'efficiency and environmentally preferable

renewable energy resources, including joint ventures

with PG&E;

o Widespread use of "all-source" bidding systems for acquiring

electrical energy resources, which are integrated with utilities'

• least-cost resource plans and accommodate both untapped

energy-efficiency options and environmental values;

o Removal of the threat of a discriminatory federal tax on

utilities' energy-efficiency investments; and

o Use of hedging strategies that anticipate the potential

environmental effects of greenhouse gases, including enhanced

energy-efficiency measures, further support for renewable

energy development, and other efforts to reduce the
environmental and economic uncertainties associated with

continued dependence on fossil fuels.

iii
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JOINT COMMENTS OF

THE NATURAL RESOURCES DEFENSE COUNCIL AND

THE PACIFIC GAS & ELECTRIC COMPANY

ON THE U.S. DEPARTMENT OF ENERGY'S

NATIONAL ENERGY STRATEGY

I. Introduction

This statement presents the comments of the Natural Resources

Defense Council (NRDC) and the Pacific Gas & Electric Company (PG&E) on

the role of energy efficiency in the U.S. Depanment of Energy's (DOE's)

National Energy Strategy. Our ability jointly to prepare and endorse these

recommendations is symbolic of a growing national consensus on the most

promising routes to a cost-minimizing energy future.

,

NRDC is a national, nonprofit environmental organization with more

than 130,000 members and a fifteen-year-old Energy Program that has

won several major national and regional awards. PG&E is the world's

largest investor-owned energy utility, with annual revenues of

approximately $9 billion; the company is also the world's largest private

institutional investor in energy-efficiency improvements. As a result of a

recently concluded collaborative process (hereafter "the California

Collaborative"), NRDC and PG&E have forged a partnership on energy-

efficiency issues that includes design of expanded systemwide programs, a

rigorous test of a variety of state-of-the-art efficiency measures in
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combined applications, and the construction of a major new efficiency

demonstration facility, l

II. The Purvose of a National Energy Strategy: Supportin_
Environmentally Preferab]_ Least.Cost Energy Decisions

The National Energy Strategy should provide a framework that

ensures market forces and state and local regulatory processes deliver

reliable energy services at lowest cost, including recognition of

environmental effects. Currently, new technologies are providing

expanded opportunities for improving energy efficiency. The strategy

should target technological, market and regulatory barriers to rapid

deployment of new ways to save energy more cheaply than producing it.

One of the clearest lessons of the last 15 years is that energy supply

can be expanded either by finding more fuel supplies or by using more

efficiently the supplies we already have. For purposes of meeting the

needs of a growing economy and population, energy savings created in

large quantity on a predictable schedule are energy resources, just like

generators or oil fields or gas wells. If we see a need for increased supply

or for replacing output from obsolete facilities, we should be weighing our

conservation options against our production technologies and picking the

best buys first.

1The process is described, and its results are summarized, in Repon of
the Statewide Collaborative Process, An Energy Efficiency Blueprint for

.CdtlJ.f.fl.f.,U._ (January 1990), available from Pacific Gas & Electric Company,
(415) 973-2092.

2
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This crucial principle has yet to guide national energy policy. The

federal government has tried pursuing essentially all energy options

simultaneously (1973-1980) and endorsing sole reliance on the

marketplace (1981-1988). Neither approach responds to current

budgetary and environmental imperatives.

A promising alternativehas emerged in Californiaand numerous

other states. In the course of long-standingregulatoryrelationships,many

statesand utilitieshave jointlyacquiredextensiveexperiencein

minimizing the cost of meeting futureelectricpower needs. The resource-

equivalenceof conserved and produced power is now well understood,and

techniquesfor comparing ways to do both have evolved under the rubric

of "least-costenergy planning."

To its now numerous practitioners, this term implies in part that the

public should not be asked to invest in new energy production until its

representatives have explored and exploited less-costly energy savings. If

electrical demand threatens to outstrip the current resource base, for

example, least-cost planners investigate whether efficiency improvements

in residences, commercial buildings and industxies could meet these needs

at a lower cost pcr kilowatt-hour delivered than additional power

generation. Costs arc evaluated over the anticipated life cycles of the

competing conservation and power plant options, from design through

construction and operation to retirement.

lt is not enough simply to identify hypothetical savings, of course;

means must be found to convert opportunities into tangible efficiency

3
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improvements. The last decade has produced a wealth of concrete

experience with the use of efficiency standards and incentive payments to

acquire cost-effective conservation. Rather than paying one group of

people to produce electricity or natural gas, utilities increasingly are

paying a much larger group of people to save it.

For purposes of such efforts, minimizing society's costs means more

than just comparing the projected dollar outlays for various resources,

including conservation. Also important are considerations of flexibility"

How long does a resource take to complete? How susceptible is it to mid-

course corrections if conditions change? Can it be built up gradually in

small amounts, or does it create an enormous "ali or nothing" proposition?

In an era of rapidly changing economic conditions, these considerations

carry growing weight. And at least some least-cost planners have

recognized that environmental costs and benefits also belong in the

balance.
/

//

At the national level, these analytical techniques provide the most

promising ways to develop energy policies capable of winning broad

support. A least-cost planning inquiry would allow winners and losers to

emerge on their merits. As we demonstrate in greater detail below, this

e.mphatically is no_; a call to produce an intrusive regulatory program out

of step with current political realities. The goal of a national energy policy

is to help obstructed markets work better, not replace them, and to ensure

a ra,ional allocation of the public resources that are already committed to

energy development.
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III, Enet'gv Efficiency is America's Largest. Least.Costly

0Untapped Resource Option

By finding ways to extract more work and wealth out of less energy,

Americans expanded their economy by more than 35 percent from 1973 to

19_6 without increasing their energy consumption. 2 If energy needs had

simply kept pace with economic growth, more than 40 percent of our

consumption would have had to be met with imports by the close of that

period (compared with 26 percent at the height of the 1973-1979 "energy

crisis"). 3 Instead, total energy imports for 1986 were lower in relative

terms than those for 1973. 4 California's efficiency record was even

stronger than that of the nation as a whole. 5

By the federal government's reckoning, an uninflated dollar of U.S.

economic growth required 27 percent less energy in 1986 than in 19'73. 6

A 1988 Scientific American analysis pegged the resulting reductions in the

i

2See, r_g.,., Testimony of Donna R. Fitzpatrick, Assistant Secretary for
Conservation and Renewable Energy, before the Committee on Energy and
Commerce, Subcommittee on Energy and Power of the U.S. House of
Representatives, at 1 (December 2, 1987).

3The calculations assume that consumption would have reached 101
quadrillion BTUs ("quads"), exceeding domestic production actually recorded
for 1986 by 37 quads. See U.S. Energy Information Administration, Monthly
Energy Review, at 3 & 12 (May 1989).

4U.S. Energy Information Administration, Monthly Energy Review, at 3
(May 1989) (import shares for 1973 and 1986 were 20 percent and 19 percent of
total energy consumption, respectively).

5California Energy Commission, Conservation Report, at 24 (1988). (For
example, from 1973-1985, the amount of energy required to produce a dollar of
California goods and services dropped by 35 percent.)

61d. 12
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national energy bill at $150 billion per year, which represented nearly

$2,000 for every household. 7 In large measure, the general abundance of

energy supply and weakness of energy prices reflect that achievement.

Nonetheless, NRDC and PG&E agree that certainly California and most

likely the nation's largest cost-effective efficiency gains still lie in the

future. Since 1986, total U.S. energy consumption has begun growing again '

in seeming lockstep with gross national product -- nine percent in just

three years -- as energy-efficiency efforts ha_,e flagged throughout much

of the nation.

The efficiency assessment prepared for the National Energy Strategy

by several of the National Laboratories -- "Energy Efficiency" How Far Can

We Go?" ("Assessment") -- is a good first step in identifying unexploited

efficiency opportunities, particularly given the time and resource limits

that constrained the work. However, it is simply not possible to determine

"how far we can go" in a two- or three-month study. The Assessment

limits itself to energy-efficiency trends in selected sectors; it shows that

large savings are available at modest cost, but does not inquire whether

much larger savings are worth pursuing as weil. What ali would identify

as extremely promising opportunities are addressed superficially or not at

all;8 these include commercial lighting (arguably the largest and cheapest

7Rosenfeld & Hafemeister, Energy-Efficient Buildings. 258 Scientific
American, at 78 (April 1988).

8See, r,.,g., Oak Ridge Laboratory, EnerKLvEfficiency: How Far Can We Go?
(January 1990) at 16: "Improvements to lighting may also yield substantial
savings, but these were not estimated for either the residential or commercial
sectors because of modeling limitations."
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efficiency resource), residential lighting, improved voltage regulation,

transportation mode shifts (panicul_ly urban transit, high-speed

passenger rail, and convertible _a'uck trailers/rail ears), use of waste heat

to generate electricity, and energy-supply efficiency increases. As for

appliances, limitations on analytical resources prevented tile Laboratories

from going beyond the record compiled in earlier DOE administrative

proceedings; the result is unsatisfactory even as a measure of current

efficiency opportunities, let alone those that may be expected over the

enext 20 y ars. 9 /

Most important, the Laboratories do not attempt to answer what
,/

NRDC and PG&E both deem a crucial resource planning inquiry: What mix

of efficiency and production investments would minimize the economic

and environmental costs of the energy services needed to sustain a hea!thy

economy? And, if we took advantage of ali feasible options for saving

energy more cheaply than producing it, how much would our need for new

production facilities be reduced? This is precisely the type of assessment

that PG&E is undertaking for its own service territory; the nation con:inues

to await and need a more global inquiry.

9According tO "How Far Can We Go?", efficiencies for refrigerators ar,d
electric water heaters top out at 590 kWh per year and 97 pe_'cent,
respectively. We bcliew that those figures should at minimum be hz!,,.e,5 and
doubled, respectively; (heat pump technology would readily allow 200 percent
efficiencies f_r water heating). The electric clothes dryer' projections exclude
microwave and heat p_amp clothes dryers; the treatment of electric ranges and
ovens leaves no piace for bi-radiant and related technologies. No savings are
projected for televis_!ons, computers or gas clothes dryers (where substantial
heat-recovery savings clearly are available).
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Also unavailable in the Laboratories' report to DOE is any discussion

of efficiency-oriented fuel switching options; just substituting high-

efficiency gas water heaters for thc_ 60 million electric units now projected

for2010 could save more than 1.8quads of energy.I0 DOE islikelyto ,.

overlooksuch opportunities,however, ifitrelieson the anomalous price

forecastsof the U.S. Energy InformationAdministration.These forecasts

anticipate20 years of fiatelectricitypricescoupled with natural-gasprices

that increaseby 85-175 percentnet of inflation.II

Finally,we are alsoconcernedabout the Laboratories'use of a

relativelyhigh discountrate-- 7 percentnet of inflation-- in evaluating

efficiencyimprovements, which effectivelydiscriminatesagainstthe

demand side of the nation'sresourceoptioninventory. From an accounting

perspective,costsof energy-efficiencyprograms are typicallycharged in

fullto the year in which they are incurred.By contrast,the costsof

generatingresourcesusuallyarc spreadover the lifeof the project.In

both cases,the benefitsare discountedover the productivelifeof the

resource(wheth,'."efficiencyor generation).Hence, in evaluatingenergy-

efficiencyprojects,a discountedstream of benefitsis compared to a first-

year expensed cost,while in evaluatinggenerationresources,both costs

and benefitsarc discounted. Higher discountrates,therefore,make

10"lhc calculationuses DOE's equipment efficiencyassumptions,which
yield 2.75 quads of resourceenergy for the electricwater heatersand 0.9 quads
for the high-efficiencygas replacements.

lIScc Encrm/-Efficicncv:How Far Can Wc Go?, at 53, Table B-l, citing
U.S. Energy Information Administration,Annual Encrm/ Outlook 1989. (For

example, from 1988 to 2010, projectedreal increasesin industrialenergy rates
for electricityand naturalgas are 3 percent and 178 percent,rcspcctivcly;the
comparable figures for the residentialsector arc 2 percent and 85 percent.)

8
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energy-efficiency projects relatively less attractive by reducing benefits

relative to costs, but may not impact supply=side evaluations, since both

benefits and costs are discounted at the higher rate. Under this

methodology, for example, improvements in air conditioner efficiency

would be rejected if their initial costs exceeded $513 per kw, even though

a utility would have to pay substantially more for equivalent new

generating capacity. 12

IV. pG&E's Strategic Plan is Dominated bv Energy Efficiency
and Environmentally Preferable Renewable Energy
Resources

I

PG&E's current strategic resource plan is a successful example of one

utility's efforts to achieve a least-cost plan integrating supply and demand

resources. The company's strategic plan for the 1990s relies on customer

energy efficiency to provide 2,500 of the expected 3,300 MW need for

additional resources. At least two elements of this strategic plan and its

development could serve as a model within the National Energy Strategy.

First, in PG&E's least-cost integrated planning approach, substantial

amounts of energy efficiency turned out both to be the most cost-effective

resources for the company, and to provide substantial environmental and

economic benefits for its customers. Second, the details of the expansion of

energy-efficiency programs were developed in an open, Collaborative

Process of negotiation with a diverse group of environmental and

consumer groups, whose involvement has both assured the programs'

acceptance and sped their implementation.

' 12The calculation assumes an equipment lifetime of 15 years and
savings of 750 kWh/year at 7.5 cents per kilowatt-hour.

9
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PG&E's effortsarealsofocusedon maintaininga corporate

commitment to environmentalquality.This commitment features

improvingthe efficiencyof electricitygeneration,transmissionand end-

use,enhancingthe environmentalcompatibilityof operations,and

acceleratingrenewableenergytechnologydevelopmentto provideus with

both economicaland environmentallypreferredoptionsto choose from at

the time generatingadditionswillbe neededto continueto meet theneeds

of our growingeconomy.

The strategic plan builds on PG&E's experience as a world leader in

promoting customer energy efficiency and the use of renewable energy.

PG&E's extensive experience in energy efficiency is providing the

foundation for the steady increases in program expenditure which are part

j of the strategic plan for the 1990s. The company has invested over

$1 billion in energy efficiency and load management since the mid-1970s,

and estimates that its programs have produced results equivalent to 1,800

MW (a typical new coal-fired power plant is rated at 250-500 MW).

Through the Collaborative procedures described earlier, PG&E has joined

forces with environmental groups, energy-efficiency experts, and

regulators to deepen the company's commitment to energy efficiency

through the expansion of existing program's and the development of new

onesu Spending on efficiency programs is to increase to $150 million per

year by 1991, an increase of more than 50 percent from 1989. The

company expects a steady expansion of programs and expenditures for the

rest of this century.

10
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The potential availability of each supply alternative and of efficiency

improvements will vary from one utility to another. However, the PG&E

strategic plan would suggest a model for the National Energy Strategy in its

careful analysis of alternatives on an equivalent basis, its reliance on

energy efficiency, and the involvement of interested outside parties in its

development.

V. Policy .....Reforms are Needed to Ensure that Energy Efficiency
and Energy Production Can Compete on Eaual Terms

The eight subsections below ali support one overriding conclusion:

Price strategies alone will not yield a least-cost national energy future,

even assuming substantial changes in current policies regarding rate

structures and the internalization of environmental costs. Regulatory and

market barriers must be removed before more accurate price signals can

work to ensure a fair competition between efficiency and production

options.

V.A.Pervasive Market Barriers Block Cost.Effective Efficiencv
Imnrovements Throughout the Economy

Extensive evidence has emerged of a structural bias toward

consumption, and against efficiency, throughout the energy marketplace. 13

That bias leads prospective investors in efficiency routinely to decline or

ignore opportunities with returns far better than those that energy
? ,,,,,.--

13See g,._., sources cited in National Association of Regulatory Utility
Commissioners, Volume 2, Least-Cost Utility Planning Handbook, at II-1 to
11-15, (December 1988); Cavanagh, Responsible Pow¢r Marketinz in an
,[g£.z=.g,,s_glyComt_etitive Era, 5 Yale Journal on Regulation 331, 342-43 (1988);
Massachusetts Department of Public Utilities, D.P.U., 86-36-F (Nov, 30, 1988),

11
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companies can earn on production facilities. Consumers and businesses

typically expect long-lived efficiency improvements to repay their full

costs in three years or less, a return 0f more than 35 percent per year

(sometimes more than 100 percent) on the money invested.

Such expectations contrast sharply with those of investors in energy

production. Many large-scale energy projects do not even begin earning

income for a decade or more after cash begins to flow into the planning
)

and construction process. Investors here typically can expect returns of

15 percent or less. The discrepancy puts energy efficiency at an enormous

and unjustified disadvantage.

There are many rational explanations for the conservers' apparent

stinginess. For example, efficiency decisions often are made by people who

will not be paying the ensuing energy bills, such as landlords or developers

of commercial buildings. Other selections may be made under extreme

pressure, with little opportunity for life-cycle cost assessments, as

everyone knows who has ever replaced a broken water heater or

refrigerator or leased an office. Unassisted "conservation shopping" often

involves significant time commitments, inconvenience and uncertainty,

which understandably are resisted by those whose primary business lies

elsewhere.

As a result, according to analyses commissioned by the National

Association of Regulatory Utility Commissioners, energy prices would have

to increase more than seven-fold to overcome the gap that typically

emerges in practice between the perspectives of investors in energy

12
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efficiency and production, respectively. TM The sections that follow outline

a more palatable and promising route to a least-cost energy future.

V.B. Removin_ Regulatory Barriers Will Encourage Utility
Investment in Cost.Effective Energy Efficiency

The National Energy Strategy should include initiatives both to

overcome existing regulatory barriers which inhibit utility pursuit of

energy efficiency and to provide incentives which make energy-efficiency

investments at least as attractive to utilities as traditional supply

investments.

Several aspects of the regulatory system in most states impede

active utility involvement in customer energy efficiency. The most

important is that, for most utilities, reducing demand through efficiency

runs counter to the short-term interests of shareholders by lowering net

revenues. These net revenues decline because they are tied to total sales,

as an unintended but inevitable consequence of traditional ratemaking

practice.

The first step, therefore, in improving the regulatory system is to

decouple net revenues and profits from total sales. This was the step

taken in California beginning in the late 1970s, and it has been essential to

PG&E's renewed commitment to efficiency programs. Under this system,

the company's net revenues are insulated from fluctuations in sales,

14See National Association of Regulatory Utility Commissioners, note 13
above, at II-10 to II-12.
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whether duo to efficiency improvements, weather or unexpected demand

growth. This is accomplished through accounting mechanisms called the

Electric Revenue Adjustment Mechanism (ERAM) for electricity, and the

Supply Adjustment Mechanism (SAM) for gas. By adjustments made

through ERAM and SAM, the utility is made largely indifferent to either

increases or decreases in total sales of electricity or gas.

But utilities must be moved from neutrality to aggressive support of

customer energy efficiency. The ERAM/SAM system alone is not enough.

Some incentive mechanism is needed to provide the strong signal that will

lead utility planning in the right direction. Unfortunately, the traditional

regulatory system has rewarded utilities only for supply investments by

allowing a rate of return on capital invested in generation and

transmission facilities. Utilities can, of course, be required to carry out

customer efficiency programs, and expenses from these programs can be

fully recovered through rates. But, as in any private enterprise, the

attention, enthusiasm and expertise of the company's management will be

focused on those activities that provide clear benefits to shareholders. We

cannot expect the creativity and marketing skills of the utilities to be

focused consistently through time on areas where there is no return for

their owners.

The answer is to develop an incentive for demand-reducing

programs which can begin to match the incentives already available for

traditional generation. If such incentives are structured properly, the

utility will invest in customer efficiency improvements which reduce

long-run utility costs and ratepayer bills.

14
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No single incentive system is clearly the best for ali utilities. Each

stateand each utilityneeds to develop incentiveswhich fittheirparticular

circumstances. But recentCaliforniaexperiencesuggeststhatto be

successfulin the long term, an incentivesystem for the utilityneeds

regulatorystabilityand legislativesupport. Frequent revisionsin such

systems would undermine the management commitment needed to make

utilityefficiencyprograms successful.
r

The particularincentivemechanism which PG&E has proposed to the

CaliforniaPublicUtilitiesCommission (CPUC) willprovide substantial
L

benefitsto customers,shareholdersand the environment. The proposal

has two components: First,for programs providingconcreteresource

value,PG&E proposes thatthe expected savingsbe shared between

customers and the utility.Using assumptionsfixedin advance,the net

value15 of the energy-efficiencymeasures actuallyinstalledthrough

utilityprograms willbe calculated.Of the resultingnet dollarsavings,

85 percentwould be passed on to the ratepayersin the form of reduced

rates,and 15 percentof the savingswould flow to shareholders.This

mechanism would not only begin to redressthe balance between supply

and demand programs within the company, it would also provide an

incentive to the utility for vigorous marketing and careful cost control.

15The net value is the differencebetween the costs of new power plants
("avoided costs")and the cost to the utilityof the efficiencyprograms. Both
costs are calculatedas net pr:sentvalues per kwh and pcr kw over the
appropriate life-cycle. Efficiency program costs include utilityadministrative
and rebate costs.
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Second, there are certain programs which are either

undertaken for more reasons than efficiency alone, or which have

energy benefits which arc particularly hard to quantify. For

example, PG&E continues to carry out substantial programs for

wcatherizing the homes of its low-income customers, and to provide

on-site information and advice to ali customers on the benefits of
F

energy efficiency. To assure that these programs retain their

priority, the company has proposed that these programs be subject

to a second incentive mechanism. As long as those programs meet

performance standards agreed upon with the CPUC, the company

would recover 105 percent of the program cost, with the extra five

' percent flowing to shareholders.

V-C. Upgraded Government Efficiency Standards are an
Essential Component of Any National Energy Strategy

Rational energy pricing and vigorous utility programs can help

encourage production of efficient new homes, buildings and appliances.

But efficiency opportunities not captured at the time of installation can be

recovered only at substantially higher cost. Strong and timely government

standards are by far the most effective way -- and the most cost-effective

way -- to capture what otherwise would be very substantial "lost

opportunities." We encourage the Department of Energy (DOE) to include in

the National Energy Strategy a commitment to strengthening such

standards (at the national or state level, as appropriate) for residential

appliances and for ali new construction.

16
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Two of the key areas in which market barriers obstruct efficiency

are new constructien and residential appliances. In situations where the

builder of a new structure will not be the occupant (and often even when

builder and occupant are the same), the primary motivation of the builder

is minimum first cost. Even where the eventual occupant (whether

commercial or residential) is concerned about future energy consumption,

information about energy efficiency is difficult to obtain, and a structure's

other characteristics will often be more important in the purchase decision.

Similarly, the purchasers of residential appliances tend to place

higher priority on other product characteristics, such as color and brand

identification. In ali these cases, the owner's financial criteria typically

emphasize short-term benefits more than would either the utility or

society as a whole. Efficiency improvements not captured at the time of

sale are either tnuch more expensive or not feasible later in the life of the

building or appliance.

NRDC and PG&E support and encourage the DOE's efforts to establish

and improve economically-justified minimum efficiency standards for

residential appliances. We equally support the California Energy

Commission's (CEC's) standards for new construction, and would encourage

other states to adopt equally effective measures.

Utility efficiency programs can also reinforce and accelerate

government efficiency standards. The efficiency which can be achieved by

standards is limited since they must cover very diverse situations and are

achieved through a complex process of political negotiation, lt would also

17
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be unwise for efficiency standards to require the use of products or

materials which have not been well tested in the marketplace. Utility

efficiency programs can both achieve substantial additional savings, and

support the long-run standard-setting process by speeding the

development and acceptance of new products. As agreed in the California

Collaborative, "... utility programs should help bridge the gap between

existing standards and cost-effective technological advances that the

standards may not yet incorporate. ''16

Low-emissivity glass, for example, is a product with significant

potential in both residential and non-residential buildings. Costs are still

high, however, at least in California, and many customers are reluctant to

try new, unfamiliar window systems. We expect utility rebates for such

products to lower costs by increasing production, and to speed their

widespread market acceptance. Once such products are well-known and

produced by mature industries, incorporating them into building standa_-ds

will be more acceptableand cost-effective.

In addition to rebate programs for homes that exceed state

standards, PG&E is initiating the formation of CHERS, Inc. (California

Home Energy Rating System, Inc.). This non-profit organization

includes major California utilities, regulators, and building, lending,

and real estate interests working in partnership to develop a

statewide uniform home energy rating system. Providing

information on whole house efficiency with a uniform energy-

16An Energy_ Efficiency Blueprint for California, note 1 above, at 72.
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efficiency rating will help builders of highly efficient homes with

their marketing and allow lenders to justify higher loans or stretched

income/debt loan qualification ratios for homes where fuel bills will

be reduced. Utilities benefit through reduced load growth, the state's

standard-setting process will be accelerated as new technologies are

given a market, information to consumers is increased, and homes

become more affordable. CHERS, Inc. should be considered as a

model for voluntary, market-reinforcing cooperation to promote

home energy efficiency.
b

One additional role for federal and state agencies is to advance new

technologies through improvements to their own facilities. As with utility

programs, federal and state purchases can enhance market acceptance of "

advanced efficiency technologies, and provide a market to sustain early,

high-cost production cycles.

V.D PG&E Programs Establish the Foundation for a National
Initiative to Promote Construction of Annliances that
Substantially Exceed Current Federal Efficiency Standards

Through national efficiency standards supported by NRDC and PG&E,

the federal government has acted to remove the least efficient residential

appliances from the marketplace. But technical options abound for

substantially improving upon even the most demanding of the federal

standards. This creates a continuing dilemma: Until standards become

more stringent, manufacturers have little reason to invest in research and

new production facilities to support dramatically higher efficiencies; yet

19
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until new designs have been demonstrated in the marketplace, the federalJ

government is reluctant to tighten standards.

With NRDC's strong support, PG&E has assumed a national leadership

role in creating market-based solutions to the appliance dilemma. The

vehicle is a PG&E commitment to provide substantial rebates for the first

group of super-efficient refrigerators to appear in the marketplace over

the next several years. PG&E's target is a 25 percent improvement on the

federal government's refrigerator efficiency standard for 1993; initially;

qualifying units would earn a PG&E payment of $300. Such "market-pull"

rebates should receive a broad base of utility support throughout the

nation; they represent highly cost-effective resource acquisitions and

should be an important element of the National Energy Strategy.

Environmental as well as economic values are at stake in a

nationwide campaign to promote more efficient household appliances,

which account for more than one-fifth of U.S. energy consumption. For

example, the _ew York Times of July 1, 1990,17 provides a forum for the

latest in a series of claims that protecting the ozone layer will result in

higher electricity needs for refrigeration. Programs like PG&E's can help

induce appliance manufacturers to look beyond the cheapest but least

energy-efficient substitutes for ozone-depleting chlorofluorocarbons.

17M. Browne, Savin_ Ozone May Prove to be Costly. New York Tim_cs,
July 1, 1990, at 9, col. 1. The Times also reported that "refrigerators" will now
have to be bulkier and less roomy inside to accommodate the much thicker
substitute insulation that will be necessary," overlooking the availability of
vacuum-based technologies that should allow for _ and better insulated
refrigerator doors.
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V-E. The U.S. Department of Energy Should Substantially Expand
R&D Sunoort for Enerav Efficiency and Environmentally

Preferablg Renewable Energy Resources

J

Research and development (R&D) activities during the 1990s will be

critical in determining what the energy supply picture across the country

will be in the next century. By the end of the decade, utilities will likely

be looking at augmenting a portion of existing fossil capacity with new

generation. The objective of R&D efforts over the coming decade should be

to develop new energy-efficiency technologies, as well as supply

alternatives that Will be cost-effective, environmentally cleaner, and,

where possible, renewable.

Energy Efficierlq;y

DOE's collaboration would be welcome on a series of initiatives

recently begun by PG&E for demonstration of advanced energy-efficiency

technologies. These initiatives are collectively designed to demonstrate the.

practical applications of new technologies, and to assure both their

acceptance in PG&E's program, and their solid contribution to the

company's resource plan. One of the tests is the Advanced Customer

Technology Test (ACT 2 or ACT-squared) for Energy Efficiency, which will

involve installation and evaluation of state-of-the-art packages of

commercial and residential sector technologies that offer large savings

potentials. ACT 2 is a joint project of PG&E, NRDC, the Lawrence Berkeley
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O Laboratory and Rocky Mountain Institute. The list of attractive candidate
technologies will quickly exhaust the $10 million now available over the

next two years. We believe that DOE shares this project's objectives, and

we would welcome the agency's involvement in the continuation of this

project. ,,

Several other demonstrations will reinforce our program of customer

incentives and assure accelerated acceptance of new energy-efficient

tech ologies. PG&E is constructing a Customer Energy Technology Center to

sho_ architects, builders, engineers, and end users the advantages of

adva iced energy-efficiency technologies. The company is also building 28

highl t-efficient showcase homes with advanced efficiency and control

techrologies. These well-focused, localized demonstrations provide a

useful model for efforts that DOE might promote in other parts of the

country.

Renewable Energy

Opportunities exist during the 1990s to accelerate the commercial

readiness of renewable technologies so that they will be poised for

widespread utility application at the beginning of the next century.

Capitalizing on these opportunities depends heavily on the extent and

nature of government/utility industry collaboration. PG&E, and others in

the utility industry, are committed to support this process, particularly

with respect to the next generation of solar and wind technologies.

22



Nationwide application of California's experience with wind is

possible, including site identification, technical improvements, and plant

design and integration. Multiple sizes and configurations and further

advancements, such as the third generation, variable-speed wind turbine

currently being developed, are needed over the next ten years. Such

progress would improve operational flexibility and energy capture, reduce

levelized energy costs to less than 5.5 cents/kwh in good wind areas, and

exploit the variety of wind regimes in the United States.

To help facilitatethe development and commercialization of

renewable energy technologies, DOE must play a substantial role, as it has

in past and current DOE and industry programs. One such program that

PG&E has been pleased to be involved with is the highly successful

photovoltaics systems test initiative, Photovoltaics for Utility-Scale

Application (PV'USA). This program may be a model of what DOE, in

collaboration with utilities, can achieve.

A great deal can be accomplished within the limits of a technology

readiness initiative embracing several technologies. Key ingredients of the

initiative would be to follow up aggressively in areas of past cooperation

between DOE and utilities and to strive for significant capital cost

reductions in demonstrating the technologies for utility scale

demonstration. PG&E has expressed its willingness to collaborate

with DOE in such an initiative.

Wind, solar thermal and photovoltaics are some of the emerging

renewable technologies in which PG&E is actively interested. The output of

23



such renewable technologies generally tracks with California's daily load,

providing substantial pea.king benefits. +To enhance their development as
+

the backbone of the utility system, we envision uniting wind and solar

generation with storage plants, such as compressed air energy storage

(CAES): Fuel cells, though non-renewable, are a high-efficiency,
, ,

+ low-polluting generation option which would satisfy dispatchability needs

and supplement systems based on energy efficiency, renewabl:s and

storage. Each of these technologies is poised to have an early, significant

impact if aggressive steps are taken to address market entry .barriers,

There are other emerging supply, conversion and storage

technologies where active R&D cooperation between utilities and DOE

should be developed or continued. Examples, which would advance the

important objectives of environmental compatibility, efficiency, safety, and

utilization of indigenous resources, include advanced solid fuel technologies

such as biomass combustion, municipal waste utilization, and battery

energy storage.

V.F. Auction Systems for Acauirin_ Electrical Energy Resources- --

Should be Inter, rated With Utilities' Least-Cost Resource
Plans and Should Accommodate Environmental Costs and
Benefits

NRDC and PG&E have extensively analyzed alternative proposals for

using competitive mechanisms like auctions in utility acquisitions of new

electricity supplies. According to a recent survey, as of the end of 1989,
0
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"27 states have adopted or are developing competitive procurement

systems that, together with the access already granted by (federal law),

are restructuring the nation's electric power markets. "rB

'We agree that utilities should use all-source bidding to meet any

residua_ system needs for electricity that remain after accounting for the

contrib)_ftions of government efficiency standards, utility-financed

efficiency programs, and utility niche resources that lack any plausible

independent supplier. Any untapped conservation should have the

opportuni!_y to compete with new generation in these auctions, and credits

should be assigned to resource characteristics of demonstrable value to the

utility sym{,em. In addition to characteristics such as resource operating

flexibility, project location and fuel diversity, these credits should, though

difficult to quantify, reflect environmental impact.

V-G. TI;tI,..._LRS Should be Prevented From ImDosing Taxes on
_y.Efficiencv Imnr.ovementsv

We strongly recommend that the National Energy Strategy include a

legislative in!itiative to assure that customers are not penalized through the
I

tax system _Dr efficiency investments encouraged by utility programs.
|

J

Taxing utilivt, incentive payments to customers will add a substantial

additional h_lrdle to expanding acceptance of energy-efficient equipment.

18National Independent Energy Producers, Biddin_ for Power: The
F.anergence of Competitive Bidding irj: Electric Generation. (March 1990), at 1.
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The Internal Revenue Service (IRS) currently treats rebates paid by

utilities for energy-efficiency equipment as income to the customers,

rather than considering them to be price reductions (as is done with, for

example, car rebates). This interpretation not only adds yet another

hurdle to national efforts to promote energy efficiency, it penalizes

consumer actions that benefit society as a whole, and effectively raises the

cost of conserved energy to utilities. We endorse the legislation (HR 4249

and SB 2312) currently before the Congress which would overturn this IRS

interpretation.

V-H.National Energy Strategy Can Promote Customer Energy
Efficiency and Non,Fossil Resources as a Hedge
A_ainst the Potential Environmental Imnact of
Greenhouse Gases

The National Energy Strategy should recognize that the cost of
i

continued emissions of greenhouse gases, including carbon dioxide, cannot

be zero in/ali future scenarios. Although there is still a great deal of
_ L

I ,

scientific u_i!t_ertainty about the impact of greenhouse gases on global

climate, it is no longer prudent to plan for future energy resources without

considering tl_e policy and economic consequences of this potential

relationship, i _!i'here is sufficient concern among segments of the scientific

community tc W_rrant serious consideration of the energy policy

consequences of a global warming future in which greenhouse gases must

be regulated. The costs of committing to a fossil fuel strategy would

escalate significantly under this scenario.
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It is, therefore, important to factor into national energy policy the

environmental and economic uncertainty associated with continued

dependence on fossil fuels. It is too early to be sure of the economic value

of the avoidance of greenhouse gas emissions, but it is certainly not too

early to develop and pursue a hedging strategy against this uncertainty.

Non-fossil resources such as customer energy-efficiency programs and

renewable and alternative electric supply technologies are all key to

reducing risk in our national energy portfolio. These technologies add

value as they diversify the resource base and reduce our exposme to

potential cost increases associated with increased fuel demand, emission

fees, emission controls, or mitigation of impacts. One or all of these might

be expected under a global warming scenario.

This hedging strategy against future economic and environmental

disruption can be viewed as a bridging strategy to get us into the next

century when better information on global warming and further

development of clean technologies will offer us insight and options not

currently available. Relying on efficiency gains in both the end-use and

supply sectors, as well as encouraging the further development of

renewable technologies, will minimize additional investment in fossil

resources between now and the year 2000, and build the resource options

we will need in the future. During this period, a .renewed emphasis on

R&D, particularly in bringing down the cost and demonstrating the
+

commercial viability of the most promising non-fossil options, will position
=

us to meet both the environmental and energy needs of the next century

with a minimum of corrective costs. Besides making sound economic

choices by valuing the diversification of our energy portfolio, this strategy
27
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could piace the U.S. in a competitive position to meet the market demand
..... for clean technology, should a global warming scenario unfold.
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