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MINUTES OF THE _House COMMITTEE ON __Energy and Natural Resources

The meeting was called to order by David J. Heinemann at
Chairperson

3:30 X¥./p.m. on January 30 184 in room _313-5  of the Capitol.

All members were present exgeptX

Committee staff present:
Ramon Powers, Legislative Research
Theresa Kiernan, Revisor of Statutes,
Pam Somerville, Committee Secretary

Conferees appearing before the committee:

Amory Lovins, Rocky Mountain Institute

The meeting was called to order by the Chairman who in turn
introduced Mr. Amory Lovins, Rocky Mountain Institute, to address
the committee on the economic status and policy options of the

-

Wolf Creek Nuclear Power Generating Facility.

Mr. Lovins began by stating that utilities are in the business
of selling electricity, and at present, Kansas rates are, in equivalénce
to oil, approximately $100 per barrel. He then turned attention to
the Wolf Creek Nuclear Generating Station and addressed their

present economic feasibility.

Presently, Wolf Creek is at 67 to 70% completion with construction
costs amounting to approximately $50 million per month or $1.3 million
per day. In terms of consumers, the average cost is $4.00 per day.

He stated that "utilities are literally bleeding to death very
quickly" and if the plant were not completed, rate payers could save
about .9 billion dollars, minimum estimate, which is worth approximately

3¢ per killowatt hour over the life of the plant.

Mr. Lovins stated that when one looks at the financial condition
of the utilities (KG&E, and KCPL) their recorded net income was 89

million but nearly all of the income was that of an entry that is

called "allowance for funds used during construction'". It 1is not

cash income, but rather "funny money'". He stated that when one looked
at what cash was actually earned, KG&E had a negative figure and KCPL
had approximately $5 million. 1In addition, KG&E has been borrowing

money to pay dividends to their stockholders.

Unless specifically noted, the individual remarks recorded herein have not
been transcribed verbatim. Individual remarks as reported herein have not
been submitted to the individuals appearing before the committee for

editing or corrections. Page _.1:_._ Of _.__.2-__
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In closing, Mr. Lovins stated that "If he had any of their stock,
I'd sell it immediately," and that Wolf Creek should be "scrapped"
before it produces the first kilowatt of electricity. (See Attachment 1).

A question and answer period followed Mr. Lovins presentation.

There being no further business before the committee, the meeting

was adjourned at 5:00 p.m.

The next meeting of the House Energy and Natural Resources

Committee will be held January 31, 1984 at 3:30 p.m. in Room 519-S.

A

David J./ﬁeinemann, Chairman
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% OF TOTAL DELIVERED ENERGY (Heat Supplied Basis)
REQUIRED IN VARIOUS FORMS IN SELECTED
INDUSTRIAL COUNTRIES ~1975

. _ Av. W4,

Ferm required USA Canada Japan Swedsn UK  France FRG Europs
Heat —fotal.......... 58 69 68 71 68 61 75 7
<100° C.......... 35 39 22 . 48 55 36 50 45
100 - 600° C....... 15 21 K| 14 6 14 12 13
>600° C..... e 8 9 15 .9 5 11 13 13
Portable liquids...... 34 24 20 9 - 26 29 18 22
Electriclty - specific.. 8 7 42 10 8 10 7 7
Industrial motors... § 4 7 6 4 6 4 4
Other electrical*.. 3 3 5 4 4 - 4 3 3

Suppliedasslectrlelty 13 " 17 46 - 48 44 42 43 1"

*Lights, electronics & telécommuhlcdtlons, electrochemistry,

electrometallurgy, household non-thermal appliances, electric
rallways, arc-welding, etc. |




REFRIGERATORS

~44-46 113 ( ~ 400 - 460 | ), auto- or semi-autodefrost

with top freezer

Approximate kW-h electrical use per yeqr:

1950
1975

- 4976

1980

1977
1984

1980
1980
1979
1983
1982

1983
1682

U.S. average (manual-defrost freezer)............ 750
UsS. average...... e F 1800
California minimum efficiency standard......... 1400
US. market: worst . .....ooiiiiii ittt iiiee 1580
best. ... ..ot 900 - 1100

A.D. Little, Inc. est. technical potential............ 680
Japanese market: typical ............... 0. 700
. best (Toshiba 4141A)............ 550

A.D. Little, Inc. est. improved prototype........... 420
Norgdrd est. cost-effective.................. e 240
Schliussler prototype (measured)................. 288
Schlussier commercial (measured).............. 175
Schlussier prototype (measured)................ . 64
Schlussler prototype (est., under construction). ... . . - 15
- Seasonal-storage icebox................uvie. 08

A typical frost-free refrigerator uses over $400 worth of
electricity per year. U.S. refrigerators now use 17 GW(e) —

about half the output of ail nuciear power plants.
SOURCES: M. R. HOLT, U, S. DEPARTMMENT OF ENERGY, Jan. ‘82

D. GOLDSTEIN, TECHNOLOGY REVIEW, pp 36 - 46, Feb./March 1983

L. SCHLUSSLER, P.E. (726 Bayside #6, Arcata, CA 98521),
. i PERS. COMMS,, 1980-83



SOME MAJOR OPPORTUNITIES | };
| FOR SAVING ELECTRICITY v i\
| Appllcoﬂon ' . %savingin ~years payback against "
- ' thatuse  8¢/kW-h (1980 $) nominal \
. | , - marginal delivered price :
Industrlol motors (US., UK., FRG) ........ 280 3-4 o ;
sizing, coupling, comrols clutches ‘ o
Household appllances: redesign. . >70 4 (for costllest Increment i
(Danish analysls) - ' of effielency) ‘
Lights: comfortable levels, task» 76-90 4.5
~ and daylighting, efficient bulbs & '
fixtures (U.S.)
S : Alumina smelters: swiich to Best....... 926-40(100 §:40
| process (U.S., Europe) '  with Mitsui
1 | D Blast furhace)
Electricity now used far low-........... =400  1-10

femperalure heating & ¢oéling
(113112 of all electiical demand
in many OECD esuntiies): iepiace
with effiélency lfﬁpreveméﬂh &
passiva ssiar
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Implementing the SERI ““Sawhili Report” couid,
by the year 2000,
— gt least double U.S. energy productivity,

— reduce primary energy demand by g quarter, and -
demand for nonrenewable fuels by nearly haif, even
with a two-thirds increase in real GNP;

-— make energy supply at least one-third renewable
(now 7+ %)]);

— require gross investment of ~$0.8 trilljon (1980 $).

But that ~$0.8 trillion invesiment would

- avoid the need for 2$4.0 frillion (1980 $) in new
central-electric facilities;

— eliminate oil imports and, if desired, nuclear powerﬁ

— leave 252ftrillion worth of ceal, oll, and gas in
the ground;

- avoid the social costs of mining, trcnsportmg. and
burning those fuels; and

- go far towards making the energy system mherenﬂy
resilient. |

Upwards of 90% of the ~$0.8 trillion investment siream -
cculd be financed just by

— savings on electric bills and

— loansfroma revolving fund ccpitclized only by electric
utmﬂes retained earnings (at 1he 1980 rate).

Thus less thon $100 billlon net would be needed, over 18
yedars, from the capital marketplace — not much more than
is now investad In energy supply each YEAR. Net resuif: an
EXPORT of the order of $2 trillion (1980 $) from the energy
sector back into the capital marketpiace. -




FIGURE 20. FIGURE 21.
Installed electricity generating capacity, 2025 (GW) Annual slactricity supplied to nationai grid, 2025 (PJ)
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PREPARED TESTIMONY ON LONG~TERM DEMAND FOR ELECTRICITY

Given at Washington DC before the Subcommittee on Enerqgy Conservation and Power,
Committee on Energy and Commerce, U.S. House of Representatives, 7 February 1984

Amory B. Lovins and L. Hunter Lovins
Rocky Mountain Institute
Drawer 248, 0ld Snowmass, Colorado 81654

Summarx

Long-term demand for electricity is very uncertain. Building enocugh power plants
to hedge against the risk of high demand is prohibitively costly: one percentage
point of uncertainty in the growth rate is equivalent by 2000 to about a quarter
of today's total generating capacity, costing over 300 billion 1983 dollars. An
affordable utility strategy must therefore seek to reduce future demand, its un-
certainty, and the cost of insuring against that uncertainty. Plants costing

billions of dollars and taking ten years to build are too risky to invest in.

The Chiles Report claims that the U.S., which has ordered no large power plants
since late 1981, must now order one per week--a trillion dollars’' worth (1982 $)
by 2000. We find that claim without foundation. The Report's econometric meth=-
odology could not forecast the future even if done right: only a disaggregated,
end-use~based, engineering/economic analysis can reveal what savings are possi-
ble and worthwhile. In fact, the Chiles Report's structure and assumptions are
fatally flawed. It supposes that energy demand is quite insensitive to price,
that electricity will be relatively cheap, and that this relative cheapness will
cause electricity to double its 1972 market share (a key assumption embodied in
a single undocumented number). The Report's assumptions that power-plant costs
and interest rates will be low and stable regardless of world oil prices, and
that demand is guaranteed to provide enough revenue to amortize all power plants
built, are wishful thinking. The conclusion that electricity use must grow at
least in step with GNP has proved false in five of the past ten years. The fur~
ther conclusion that the electricity/GNP ratio will drop in the next twenty
years only five percent as much as it rose in the past twenty years can only be
sustained by ignoring changes in economic structure, actual post~1973 trends in
energy savings and alternative supply, and the enormous scope for using electri-
city more efficiently. New technologies have made possible a 75% potential sav-
ing throughout the economy, at a cost below that of just running existing coal
or nuclear power plants. Far from being short of capacity, utilities are thus
likely to experience declining demand and a need to write off $100-200 billion
of uncompetitive thermal power plants. But the Chiles Report dismisses without
analysis the prospect of saving much electricity and does not even mention a
massive Federal study which reached the opposite conclusions.

The Congressional Research Service report paralleling the Chiles Report begins
with a similarly flawed methodology (albeit using somewhat more sensible assump- .
tions), then supplements it with a cursory review of some efficiency options.
That review reveals the fragility of Chiles's findings. But its assumptions too
ignore most of the best new ways to save électricity. Those savings opportuni-
ties have already made every thermal power plant in the country uncompetitive.
Building more, even costlier plants will only make that problem worse and
everyone poorer. Utilities need instead to follow those industry leaders who

are now saving themselves and their customers money by reallocating capital to
least-cost investments.



PREPARED TESTIMONY ON LONG-TERM DEMAND FOR ELECTRICITY*

Given at Washington DC before the Subcommittee on Energy Conservation and Power,

Committee on Energy and Commercé, U.S. House of Representatives, 7 February 1984
Amory B. Loving and L. HBunter Lovins

Rocky Mountain Institute

Drawer 248, 0ld Snowmass, Colorado 81654

Introduction

We appreciate this Subcommittee's invitation to comment on how and why the
divergept views of long-term elec;rical demand reflected in the Chiles Reéort
[DOE/PE-0045, June 1983] and in the Congressional Research Service (CRS) study
(98-M, August 1983] differ from the findings of our own analyses. Attachment
One summarizes our professional qualifications.

The Department of Energy's Report of the Electricity Policy Project (the

"Chiles Report") is of remarkably low analytic quality, even coming from a group
whose title--Policy, Planning and Analysis--accurately describes‘i;s apparent
priorities: polic? first, analysis afterwards.

Assessing the Chiles Report is like peeling an onion: its errors are
wrapped in‘successive layers, each going more to the'heart of the matter and
being a cause for greater regret. We will, however, summarize the Report's main
structural problems in reverse order, from the heart outwards to the more trans-
parent and superficial layers. Our critique deals almost entirely with the

demand projections which underpin the entire Report; we note problems with other

sections only in passing, not from exhaustive review. But we console ourselves

with the reflection that being based on assumptions which cannot withstand ele-

mentary scrutiny, those parts probably neither require nor deserve much review.

*The authors are greatful to Seth Zuckerman for editorial assistance.
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The Chiles Report gives the wrong answer to the wrong question. It funda-
mentally mistakes the strategic context in which utility managers find them-
selves. The Report's first error is in its basic approach. It extrapolates how
much electricity Americans might use in 2000, how many power plants it would
take to generate that much electricity, and how those "needed" plants can be
paid for. This is the wrong question in two fespegts: first, because it pro=-
vides a type of answer that is useless for planning under pervasive uncertainty;
second, because it deals with the single type of energy which utilities sell
rathér than with _.the type of energy market which exists: a market in which peo-
ple choose from among many ways of pfoviding each enerqgy service they want.

After digcﬁssing these two respects in which the Chiles Repért is irrele-
vant, this testimony will explain why it is also analytically invalid; comment
briefly on the CRS report; and sumﬁarize our own views of what sorts of futures

utilities need to prepare for.

Deciding Under Uncertainty

The strategic concept of reducing both the degree of uncertainty and one's
vulnerability to it are central to modern utilities' planning and survival. The
Chiles Report's failure to appreciate these critical concepts casts the most
serious doubt on its validity and usefulness.

The Report suggests that the lights will go out sometime in the 1990 s~-per-
haps sooner in some regions--if this nation does not immediately begin ordering
$1 trillion (1982 §) worth of additional power plants, or more than three times
the utilities' existing net asset base. The CRS study casts doubt on whéther
those new power plants would be necessary or economic. Our own work implies
that most utilities' problem cver.the next few decadgs is likely to be not a
shortage but a surplus of generating capacity--a surplus so large and so uncom-
petitive that approximately $100-200 billion worth* of thermal power plants will
somehow have to be written off. Such is the range--by no means pressed fully to

its limits--of the uncertainty which utility planners face.

*In net historic mixed current dollars.
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What matters here is not which analyst is right--which nbbody can know
until it happens=--nor even which analyst is believed ' to be right. (Our own
record of foresight about declines in energy demand is probably better than that
of any analyst in the energy industries, but we too overestimated demand; we
~were just less wrong than they Qere.)

' No, what ma£ters is not which of the many current forecasts .one trusts; it
is rather the consequences of the very wide margin by which they (and many
others) disagree. Even a far narrower range of uncertainty would be economical-
ly devastating. ?he Chiles Report, for example, predicts that electrical demand
will grow by‘3%‘per year, plus or.minus one percentage point--a relatively nar-
row margin of.claimed uncertainty. But that one percentage point amounts, by
2000, to the equivalent of a fourth of today'’'s total generating capacity, with a
current capitalvcost of about a third of a trillion 1983 dollars.

Nobody' can afford to hedge a risk of that size, in either direction. It is
therefore necessary to reduce the size of the uncertainty (especially on the
side where insurance requires investment), or the cost of hedging a given amount
of uncertainty, or both. Consistent with this view, the best utility managers
now believe that long~term demand for electricity is inherently unknowable
within very wide limits, and that the cost of being far wrong either way ié
unacceptable. They conclude that the onl& sensible strategy is to behave so
that demand uncertainty hardly matters--and that this is best done not by
building more big power plants, but rather by acquiring resources and capabili-
ties which can respond very quickly and relatively cheaply to volatile future
demand. (This is, for example, the new Bonneville Power Administration policy.)

In this view, any capital-intensiye, long-lead-time investment is a stra;
tegic blunder, while any cost-effective measure which has relatively low capital
intensity, short lead time, small scale, modularity, and high velocity of cash-
flow is a vitél means of preserving flexibility in the face of inherent uncere-

tainty. This view, which we have long put forward, was endorsed by some of
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America's leading utility heads three months ago at the Sundance Symposium (a
"summit meeting" organized by Stewart Udall for the Institute for Resource

Management) . The Chiles team, marching stolidly into the 1950s, apparently never

considered it.

How Efficiency Can Reduce Uncertainty

Reducing the range of uncertainty against which one must otherwisge Quy
costly hedges requires policy instruments which will improve end-use efficiency
to an extent and at a rate that are fairly predictable. Federal or state appli-
ance standards offer a simple example. Consider refrigerators--the biggest
single ccmpopent‘of the electric bill in homes whose space and watér heating are
not electric.' Electric demand for refrigeration is simply the number of refrig-
erators times the average demand of each unit. The rates at which the refriger-
ator stock expands and turns over are known from demographic and market-satura-
tion studies, subject only to a narrow range éf uncertainty from income elasti—
city. (That uncertainty is less than that of income itself, since ownership of
refrigerators is already highly saturated.) If an appliance standard puts an.
upper bound on the electric consumption of each new refrigator sold, then the
trumpet-shaped spread of forecasts of future electric demand for refrigerators
is dramatically narrowed. If a more sophisticated system of rebates, PURPA
efficiency buybacks, or similar measures provides an incentive for buying units
better than the minimum standard, the uncertainty is narrowed further--ana in a
way that can operate quickly, at a rate known from a considerable bpdy of utili-
ty rebate ;xperience. Such measures thus offer a short-term backstop which
insures against unexpectedly rapid growth in demand from each end-use category,
and therefore from all end-uses combined. By ignoring means of influencing the
degree and cost of uncertainty in future electrical demand, the Chiles Report

neglects the most effective tool available for making residual, unavoidable

uncertaintiés'affordable.



5

Is There Demand for Electricity?

The Chiles Report's forecasting methodology presupposes that there is a

demand for electricity--for kilowatt-hours--whose future pattern*cén be inferred

érom how many kilowatt~hours people bought in the past. The Chiles group did
not use the alternativé methodology of analyzing the demand for energy services
(comfort, light, shaftpower, electrolysis, etc.) which electricity, amon¢; many
other options, has been used to provide. That is, the Report's approach is
- based not on end use and least cost--on how much of what kind of energy can do
each task cheapest-~but rather on extrapolat;ng historic patterns of gross ener-
gy consumption, and of électricity's-share of that derived demand. This approach
ignores the sinéle most important conclusion of the past decade's experience of
enexrgy modelling: that the only way to understand future patterns of demand for
any form of energy is a highly disaggregated, end-use-based, engineering/econom-
ic assessment which provides supply curves for each desired task, listing the
marginal contributions and marginal costs of each way of doing that task, and
thus enables one to choose the best buys first--just as the marketplace will
eventually do. This state-of-the-art method permits, for example, California
utilities and regulators to agree quite closely in their demand fbrecasts, to
feel confident about them, and to achieve far greater accuracy than p;eviously.
Only 8% of delivered energy uses in the U.S. (and a similarly small frac-
tion abroad) require electricity and can use this special, exceptionally costly
formm of energy to economic advantage. Yet 13% of U.S. energy is now delivere§
in the form of electricity, with the balance being used (in cur view, uneconomi-
cally) for* low-temperature heating and cooling. Many utilities do not perceive
the difference between how much electricity is sold and how much is the right
form of energy to do each task at least cost: they just see people who, at least
for the time being, are buying kilowatt-hours. But there is no demand for raw
kilowatt-hours, for electricity per se, any more than there is a demand for
barrels of sticky black goo. If people'want comfort, kilowatt-hours are only
one of man§ méans to that end, and if comfort can be' more cheaply obtained from

roof insulation than from electricity, it is only a matter of time before people
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will find that out and buy less electricity. In short, electricity planners will -
continue to come unstuck as they have done for years=-during 1974-79, private

utilities' forecasts of peak demand one year ahead overstated actual growth by

160%=-until they appreciate that what they are competing with is not mainly oil
and gas, but weatherstripping. -To assess such competition requires an assess-
ment of the cost and performance of a myriad options available in the energy
service marketplace. This is hard work, but there is simply no substitute. And
if'a team of four private British analysts, with no institutional support, can
do this (as they recently did*) in the greatest detail so far achieved in the
world-—a SOOO-séctor model done just with sharp pencils and hand calculatorg=-
the American éa#payer deserves no less. from DOE with its far greater resocurces.
Central to such(analysis is an acknowledgmegt of the primacy of microeco~
nomic logic. Np.prediction of what even a very imperfect market,eqonomy will do
can long avbid coming to grips with the minutest details of what people may find
it sensible to buy. As one of us (ABL) wrote to Secretary Hodel in response to
his request for our comments on the Chiles Report:
I suspect the policy directions implied by the Report, and the present
policies of this Administration--essentially higher prices and subsidies
for electricity-—will complete'the economic destruction of this vital in-
dustry by making its product even more uncompetitivé and its investments
even less able to be amo;tized from revenues. Before your Department pro-’

?

ceeds, therefore, with measures to encourage orders for big power plants at
a rate averaging one plant per week from now on--in a country that has or-

dered no such plants since 1981--you need an electrical market review that

takes economics seriously.

What would competent analysts in DOE have found if they had taken economics

seriously--and had sought to peer into the future by a method that does not just

parrot thevéast?

*In the Olivier report, discussed belcw on pp. 33 and 39.

.
I
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Econometrics Cannot Forecast

Central to the Chiles Report is the notion that the future is like the past
--only more so. This approach is hallowed by eighty years of utility planning
that achieved fair accuracy, until about 1970, by simply applying a straightedge
to semilog graph;paper. Nowadays the graph-paper and the straightedge live more
discreetly in the bowels of a nomputer program, but the program's basic premise
is unchanged: thag future behavior can be deduced from historic behavior without
reflecting their different circumstances in more detail than can be captured by

a few simple'summary numbers, such as GNP and price.

The method by which the Chilgs Report extrapqlates past into future behav-
ior is essentiaily econometric. Econometric analysis seeks to explain historic
data by equations whose independent variables are usually real prices and aggre-
gate income or economic activity. The fit yields coefficients (elasticities)
which are simply a shorthand way of summarizing the aggregate effect of millions
of decisions made in the past, by complex individual people, under conditions
which no longer exist. Unfortunately, econometrics cannot, even in principle,
foresee the development of new energy-saving or -using technologies, new atti-
tudes, or new institutional conditions which help or hinder particular techno-
logical choices. It assumes a static society with eternally fixed values, life-
styles, economic structures, and development patterns. Where real life is rich
in slow variables, econometrics sees only constants, and is thus blind to even
the most profound chanqes'in how people think and act. Thus, for example, data
from a period in which people did not much care about energy, real prices were
falling; numerous barriers hindered efficient investment, and most of the best
energy-saving measures now known did not yet exist*, can hardly anticipate peb-
ple's responses to psychological energy shocks, perceived insecurity of supply,

rising real prices, the emergence of a.freer market in energy services, and a.

dizzying array of cost-effective ways to wring more work from our energy than we

ever thought possible.

*More than half the best energy-saving measures known now did not exist two
years ago.
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Econometrics, though it has.little predictive value over decades, has a
methodology which most analysts apply in a clear and rigorous fashion. The
Chiles Report, however, has reshaped econometrics in a most peculiar way. Ordin-
arily, econometrics assesses a commodity's "own-price" elasticity of demana (how
clogely demand for it depends on its own price) and "cross-price" elasticities
(which quantify substitution among different commodities according to their rel-
ative prices). The Chiles Report nowhere expresses, nor does it provide enough
data to calculate accﬁrately from the results, an own-price elasticity of demand
for electricity. The implicit elasticity that'we estimate, though, is very low.
The Report implies on p. ES-6 that its own-price elasticity is comparable to
those of other,‘lower-démand projections. We do not believe it. A utility
survey of the .econometric literature through 1976, for example, found historic
long-run own=-price elasticities of sectoral demand for electricity ranging up to
=2.11*, with a mean of =1.2 (Philadelphia Electric Co., Exh. WCH=1, Pp. 28-33,
Limerick Invest;gation, Pa. PUC Docket I-80100341, 1982]. The Bonneville Power
Administration thinks some Northwegt end-uses have own-price elasticities as
strong as -2.4 (residential electric space heat) or =3.6 (aluminum smelting)
[BPA, "Analysis of Alternatives Related to WNP=-3," 26 May 1983, p. 18]. The
Chiles Report evidentlj asgsumes a price~demand coupling 5=10 times weaker.

The only own-price elasticity the Report considers is that of "aggregate
energy"--a variable which includes and hence is not independent of electricity.
This elasticity is claimed to be =0.5 to =0.7 (meaning that a 1% increase in the
real price of "aggregate energy"--a commodity which dobody can actually buy--
will reduce its long-run demand by 0.5 to 0.7%)t. Even this very small price
response is assumed to take a very long time, expressing two-thirds of its ef=-
fect in.twélve years and the remainder in the ensuing twenty-four years--so the
elasticity during the Report's time. horizon (1981 to 2000) is probably in the

vicinity of -0.35 to -0.50. Both this and the full long=-term response assumed

*This means that, other things being equal, a 1% increase in the real price of
electricity will reduce long-rund demand for it by 2.11%.

*The elasticity is actually given, e.g. on pp. 3-6, 3=7, and 3-43, as positive
--meaning that the more energy costs, the more people buy. Such an assumption
would help to explain the model's_results: but we presume the Chiles team actu~
ally assumed a conventional, negative elasticity and just wrote it sloppily.
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span a far narrower elasticity range than is reported in responsible studies
throughout the econometric literature. And of course any assumed own-price
elasticity suffers from éll the defects noted above, such as omission of most of
the worthwhile energy-saving measures now on the market. We will quantify this
omigssion later: suffice it to say that some very new technologies can reduce
demand far below what was possible before they became available.

The Report estimates how much of the "aggregate energy” bought at a parti-
cular price will be electrical energy, not by assessing what share makes sconom-
ic sense, but by assuming a cross-elasticity of 0.25 (p. 3-42) or 0.23 (p. 3-
64)*, with an unstated time-lag and no stated range. Although this assumption

is not considered significant enough to list among "Major Input Assumptions” (p.

3-43), and Although no sensitivity test is provided, this single, undocumented,

but extremely sensitivet assumption appears to drive all the model's results.

The model calls for an additional 438 GWe by 2000 chiefly because it assumes
that electricity will be cheap relative to aggregate energy (44% below its 1972
ratio and 15% below today's) and that people will have a great propensity to
substitute electricity for direct fuels. These assumptions result in a doubling
of electricity's 1972 market share by the year 2000 (p. 3=63). Other anélyses
find less electric demand because they assume lower cross-elasticity, or a high=
er ratio of long-run electric to aggregate energy price, or--cocmmonly=--both.

Efficiency: If In Doubt, Leave It Out

How does the Report model people's tendency to use energy more productively
when it costs more--a trend which has, in the past decade, reduced by about one=~

fourth the aggregate energy used to make a dollar of GNP? Apparently by shuf-

-

*The definition used in the Report is unstated, obscure, and ambiguous. We
suspect it means that a 1% increase in aggregate energy price will increase de-
mand for electricity by 0.25% or 0.23%, other things being equal. Since, how=-
ever, the aggregate and electric price variables are not independent--the former
includes an ever—increasing share of the latter--the definition is meaningless.
Worse, ‘it risks implicitly and invisibly including a significant element of pos=
itive own-price elasticity of electric demand, wrapped up in the cross-elastici-
ty that is supposed to shoﬁ only the deéree of electric substitution for fuels.
tThe dotted line in Fig. 3-31 (p. 3=-63) implies that raising the 0.23 cross-
elasticity to 0.43 could increase electricity's market share by about a thifd.
Choosing a lower cross-elasticity, as the other cited studies do, would probably
reduce the share by congiderably more. These inferences, however, are indirect.
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fling it between categories until it falls through the crack. The Report says

on the ocne hand that higher aggregate energy prices yield curtailment of uses or
substitution "between energy forms" (pp. 3-5, 3-8)~=apparently defined to ex-
clude higher end-use efficiency. Efficiency gains are implied on p. 3-13 to be
somehow included in own=-price eiasticit;, but are lumped in with privation. The
authors do not seem sure quite where they have stuck it. Apparently they con-
sider efficiency improvement a "competing energy form" for purposes of saying it
is small, but ignore it when considering the array of options against which
electricity must compete (p.\3-40)-~even though they predict that electricity
price will by 1995 be 40% (in real terms) above its 1981 average level, or equi-
valent in ter;s of 1983 average prices to about 114¢/kW-h, approaching Manhattan
rates. This should elicit plenty of efficiency, since most efficiency improve=-
mgnts cost (we ghall suggest) only about a tenth that much.

How does income affect demanq for electricity? This time the Report does
not use electricity's share of the "aggregate energy” market (sensitivelf deter-
mined by the mysterious cross—elasticity) and that aggregate demand's assumed

income elasticity, whatever that might be. Rather, the Report assumes an in-

come elasticity for electricity alone--but nowhere states what it is. (The near-

est to an explanation, on p. 3-43, says only that whatever the income elasticity
is, it is assumed to rise suddenly by 50% over its 1980 level when GNP reaches
twice its 1980 level. 'l‘hat\dou.bling happens, at the assumed GNP growth rates,
early in the next century, so it probably does not affect the model's behavior.)
Since the model apparently does not include explicit saturations (p. 3-1Q), it
is free to generate arbitrarily large numbers of refrigerators per house, houses
per person, etc. That is, since the mpdel does not consider end-use, the model-
lers never have to say what all that electricity is being used for, and thus can
never discover whether, for example, they are unwittingly as;uming that each
person is Qatéhing two televisions, driving three electric cars, operatinq a
" home computer, and using seven lights and an Orgasmatron, all simultaneously.
What about technological change? Apparently the model assumes that this

can only increase electrical demind (pp. 3-12ff). The text states at p. 3-14:
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In PPA's demand modeling, a technology-related cross~elasticity in favor

of electricity was postulated and given alternative values in different

runs. However, the model combines the technology-related elasticity and

the income-related elasticity so...they cannot be varied independently.
That is, the addition of new electricity-using processes and gadgets is impli-
citly assumed*--in a way that is opaque to readers, since technical change is
inseparably lumped into rising income. In contrast, a new device which uses
less electricity than the device it replaces is left to carve out its own niche
within the already shriveled own;price and cross-elasticities. The assumptions

made about technological change and income are further obscured by being nowhere

stated in the Report.

Electricity and GNP

In essence, the Report concludes that electrical demand will grow at about
the same rate as real GNP. It assumes that GNP growth, in turn, must and will
be rapid, since more modest rates 'of economic swelling would, it claimg=-=like
energy conservation--imply "major changes in the way.in which Americans live"
{p. 1=3]. 1In cqntrast, wasteful energy use, or economic scenarios implying five
cars, a boat, and a helicopter in every garage, would presumably imply no life=-
style cﬁanges--aside, perhaps, from.those implicit in Los Angelizing the planet.

Does the assumed correlation of electricity and GNP make sense? Consider
first the actuai patterns of electrical demand shown in the Report for each
sectog. During 1973-80, the electricity used by the average American home rose
only 0.80%‘per'year (p. 3-24): three-~quarters of the sectoral demand growth was
due, not to more intensive use, but to more households (p. 3-74), and the demo-
graphic trends which brought this about are slowing. The extra electrical
demand of. additional air-conditioners and electric space~heaters, touted as a
reason for high demand forecasts, has (as the Report states on pp. 3=-25 and

3-71) been offset since 1973 by more efficient buildings and appliances. (Not

*In a 17 November 1983 NARUC speech, the Chiles group's Staff Director praised
"the miriad [sic] of cost effective measures which will serve to expand the use
of electricity rather than contract it." He gave no examples of the latter and

only one of the former--electric heat, which he assumed is cost-effactive.
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knowing what to assume about the continuation of these trends, the Report appar-

ently assumes more electric space~conditioning without more efficiency. 1In par-
ticular, new homes are assumed [p. 3-79] to be a major source of new electric
heating and cooling loads, not a source of new efficiency improvements. The
awkward fact that the number of.new housing starts using electric heat fell by a
third during 1970-81, or that the average thermal efficiency both of those new
houses and of older ones has dramatically improved, is ignored.)

The commercial sector shows a similar trend during the recent éeriod of
increasing real electricity price: electric demand rer commercial customer grew
only 1.25%/y during 1973-80, and 62% of sectoral demand growth came from more
floorspace, ﬂgt greater intensity per square foot (p. 3=27). Again, since 1975
the electric usage per customer has flattened out and actually begun to drop.

In industry, the same pattern is even stronger. Du;ing 1975-50, electric
demand per hn;t of indugtrial output fell by 1.05%/& (p. 3-31). wWith U.S. popu-
lation growth rates declining, and with specific demand in each sector—=-demand
per house, per commercial customer, and per unit of industrial output-—essenti=~
ally flat during the economic growth of the past six to ten years, whe?e is the
projected 3% annual electric demand growth supposed to come from?

The mindset which produces that result is the same one which led to procla-
mations, in the early 1970s, that energy and GNP are inektricably linked. That
myth was punctured by the mid=-1970s and utterly deflated by 1980. Nonetheless,
thé ratio of electricity to GNP, having risen at gradually decreasing rates dur-
ing period; of declining real electricity price, held fairly éteady for longer,
with electricity sales growing some 3% more than GNP during 1973-83. The elec-
tricity/GNP ratio leveled out in 1973 {p. 5-49), fluctuated in a narrow range
during the mid-1970s, and has since generally been declining to its present
level, which is well below that of 1975-77 and (with due allowance for 1983's
100-year-re§ofd,summer heat wave) is still falling. It is true, then, that the
electricity/GNP ratio has been more durable than the energy/GNP ratio was. Why

might this be?
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A little refiection suggests eight reasons why the electricity/GNP ratio

should have been slower to change than the energy/GNP ratio:

1. Power plants take so long to build that, with rolled-in pricing, it
takes many years for marginal costs to work fully through into average
prices--far longer than' for most increasesbin costs of fuel supply.

2. Higher fuel prices hit fuel consumers with full force, whereas their
impact on electricity prices is diluted by high fixed (capital) charges.

3. Electricity is probably the most heavily subsidized form of energy.

4. Many utilities still have, or have only recently abandoned, declining=-
block rates and other promotional tariffs. |

5. Many utilities still promote electric sales. (We understand the Edison
Electric Institute is planning a major new sales drive.)

6. More electrical than fuel-using equipment is bought by people who will

not use it and do not care about its running costs. Most people, for
example, buy their own cars and can shop for fuel-efficient ones,'but
more than half of household electrical appliances are boughp by a build-
er or housing authority {(or a landlord: about 35% of all households are
renters). Similarly, most‘commercial air-conditioning ahd other méchan-'
ical eéuipment is installed by lessors, not chosen by lessees.

7. In particular, about half the new houses being built are electrically
heated-~a major source of projected demand growth--because, even though
few utilities still giQe kickbacks to builders to install electric heat,
many buildefs think it reduces their up~front cost, thus apparently pro-.
viding a cheape? house for which more buyers can qualify for mortgages*.

8. Although the important fuel-saving measures--insulation, weatherstrip-
ping, better cars, etc:-are nothing new, most of the important techno=-

logies for saving electricity have only come on the market in 1982-83.

*But default looms when utility bills exceed mortgage payments: the bank risks
being stuck with a house nobody can afford to live in. In fact, not only would
the house cost less to build if superinsulated so it could be heated by a few
light bulbs, but the competitor for the builders' next loan is the utility's

offsite investment. This is so enormous that, on the data given in Attachment
Two, it probably costs a nuclear utility more to build the capacity to serve a
baseboard heater than it costs the contractor to build the entire house!
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By ignoring these warning signs, the Chiles Report is able to assume (on p.
3-90) that the electricity-GNP ratioc will decline only about 5% as much in the
next twenty years as it increased during the past twenty: that is, that a very
electricity-intensive economy, having been once achieved, is somehow "locked
in." 1Indeed, the Report states' (p. 3-~16) that electric demand growth "consis=-

tently outpaced GNP growth during the 1960-89 period."” But a glance at the

actual EIA data reveals that this ceased to be true’in 1973. The absolute value

of electricity/GNP elasticities fell below 1.0 in 1973-4, '76-9, and '82-83.

.Electrical demand grew more slowly than real GNP in five of the past ten vearg=-

hardly reéson to suppose a stable, let alone increasing, ratio in the future.
Obseased_with what its Staff Director has fancifully called* "the current

forecasting chsensus" that electricity use is forever locked to GNP, the Report
Seems at every turn to misconstrue what is actually happening. On p. 3-75, for
example, the Report recognizes the "long-term trend toward a more service-orien-
ted economy," especially "in the white-collar portion of the commercial sector.”
The Report concludes that this means both continued growfh in commercial floor-
space and ."a gradual increase in the more electric~-intensive types of floor
space.” Yet the Report fails to note that, according to Eric Zausner [Booz,

Allen, & Hamilton], service industries use, on average, only about a quarter as

much electricity per worker as do manufacturing industries. Such key shifts are

not considered under "Composition of GNP" (pp. 3=-3ff), and some appear not ﬁo
be considered at all.

Shifts in composition of industria; output were apparently not analyzed. 2a
decline in‘*the most enérgy- and electricity=-intensive industries as (for exam-
ple) aluminum smélters go offshore and the steel industry rationalizes was not
modeled (p. 3-15), but only included implicitly, and probably very incompletely,
via the DRI macro-modeling of GNP growth and aggregate price elasticity (pp. 3=~
79/80). No data are presented to show that, as claimed, such shifté in composgi-
tion do not significantly affect the reéults; They Qere the largest source of
reductions in'French industrial energy intensity during 1960-78, and are offici-

ally projected nearly to equal all German industrial efficiency gains to 2030.

*J. Steven Herod, 17 November 1983 address to NARUC, Detroit.
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Fishy Data
‘ Many of the Report's dubious conclusions would bave looked less plausible

even to its authors had they troubled to include data after 1980. The Report,
dated June 1983, is right up-to-date with, for example, a contractor study on
industrial energy demand dated May 1983 (p. 3-93 n. 6). Yet all the data series
used to justify the Report's results end in 1980--too soon to show the effecﬁs
of the dramatic rises in real price which hit most sectors, someﬂfér the first
time, in late 1979. Reference to national reserve margins of 30-35% "in the
1980s" (p. ES-8) gives today's readers a similar feeling of déjé vu, given that
weather-corrected average margins are over 40% and climbing fast.

Peculiar‘ways of presenting data=-Fig. 2-1 on p. 2=-3, for example--mislead
the authors into stating such absurdities as that “Toda}, more than 37 percent
in the industrial sector and mgre than 50 percent of the energy consumed in the
commercial sectﬁr are used in the form of electricity."” These are of course
shares of primary energy, some two-thirds of which is thrown away at the power
station as warm water and cooling-tower plumes; the 1982 electric share of end~-
bse energy (that which is actually used as stated) in the industrial sector was
actually only 12%, and the primary share was not 37% but 33%, its highest level
so far. (The distortion in the commercial-sector data is similar, but ETA no
longer supplies commercial data separated from residential.) Such confusion
encourages DOE analysts to project, as successive National Energy Policy Plans
have done, futures in which about two-thirds--in some cases as much as five-
sixths--of.projected primary energy growth goes to conversion aﬂd distrihut;on
losses, mainly from electrification, and hence never reaches consumers at all.

Some crucial data are not prgsented at all. A glaring omission, for exam=-
ple, is any mention of the assumed cos£ of capital=--on which the conclusions
about aéequate sources for a trillion-dollar program are doubtless based. It
seems unlikely that the Report actually assumes real interest rates consistente-

say around 8%/y--with the high rates of return it calls for.
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The Report seems to have similar trouble with definitions. It seems on pp.

2-11 and 3-1, for example, to misunderstand the nature of baseloading. Under
the normal utility procedure of "economic dispatch,"” a baseload plant is not one
of any particular size or fueling type, but one which has a low running cost and
is thus dispatched whenever available. (Renewable sources, regardless of size
or availability, are generally best in the merit order and are therefore treated
as baseload, even though they--like central stations=~are not available all the
time. Big thermal plants are "baseload" only in contrést to high-running-cost
combustion turbines.) It is equally wrong to use a fixed value for desirable
reserve margin:ﬂthe Report assumes 20%) without specifying the size, dispersion,
and outage statistics of generating units, the desired standard (or spectrum of
standards) of -dispatch reliability, and assumptions and algorithms for economic
optimization of reserve margin. This one decision would govern an investment
program that could easily exceed $100 billion. An& it is wrong to conclude (p.
SfS) that utilities are becoming less capital-intensive without factoring out
the effects' of post-Eisenhower tax subsidies which now, for example, socialize
approximately 167% of the lifetime cost of money, or about 42% of the lifetime
capital charges, of a marqinal nuclear plant built by a private utility*.

Conclusion By Assumption

The Chiles Report is riddled with assumptions which are critical to its
findings but are unsupported, and often unsupportable, by rigorous analysis. We
offer three examples.

First, the Report states on p. ES-4, and purports to show in Chapter 5F and
elsewhere, that "Future electricity prices are expected to céntinue to be rela-
tively stable in most regions" (the stated exceptions being the Northwest, with
its old chéap hydropower, and the Southwest, with its gas dependence). This
conclusion flows from the‘assumption on p. 3-65 that the long=run cost of elec~- |

tricity is determined chiefly by the price of coal and the cost of capital. But

*This counts only investment tax credit and accelerated depreciation (EPRI’
Technical Assessment Guide 1982, P-2410-SR, Tables VI), interest deductions, and
dividend reinvestment exclusions. It does not count Federal budget line-item
subsidies to the nuclear industry, cheap financing of Federal projects,
Price~Anderson liability limits, etc. See A.B. Lovins, "Note on Subsidies to US
Nuclear Power Systems," Rocky Mountain Institute, 19 October 1983.
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three tacit assumptions, all arguably false, also underlie the finding: essen-

tially zero real escalation in plant capital cost, positive price elasticity of

revenue, and constant (and low) long~term interest rates. The first of these

assumptions=-that after factoring out inflation in factor input prices (person=-
hours, tons of concrete and steel, etc.) + the real cost of installing an addi-
tional kilowatt of central-station generating capacity is constant--has been
empirically false for a long time, even in such centrally planned économies as

France and the Soviet Union. In the U.S., for example, between the year-ends of

1971 and 1978, the reai cost of an installed kilowatt increased by 142% (13.5%/
y) for nuclear plants and by 68% (7.7%/y) for coal plants [C. Komanoff, Power

Plant Cost Escalation, Komanoff Energy Associates, New York, 1981]. Komanoff

has indeed explained 93% of the observed scatter in the costs of all commercial
nuclear plants commissioned through 1978, and 68% of that for 116 comparable
coal plants, by a multiple regression which provides that the more plants are
built, the more each kW costs. The reasons for this correlation are fundamental;
Its results can be summarized by the following supply curves. The solid
portions show eﬁpigical data; the dashed portions show a moderated continuation
of pre=1979 trends. For comparisoh, the shaded areas show the Chiles Report's
approximate assumptions; the "x" shows utilities' mid-1983 estimates of the
average completion cost of all U.S. nuclear plants now under construction (note

that this average is well above the costs projected from past data).

?igure A.3 Plant construction cost (1979 steam-plant dollars per net electric kxlo- o
watt of installed capacity, without interest during construction)
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Clearly, only by a dramatic break with paét trends can the Report's assumption
of constant long-term real capital costs be satisfied. On the contrary, what»
appears to be happening is a further speeding of real cost ;scalation (at least
for nuclear plants), to a level well above that~predicted from historic behavi-
or. The empirical direct constfuction cost (1983$) 6f the nuclear plants nowy
under construction already averages $2000/kW--at least a fourth greater than the
Chiles te;m assumed for the next two decades.

The second assumption vital to constant long-term real electricity prices
is long-term demand sufficient to generate enough revenue to amortize all the
plants built. If more plants are built, but people choose not to buy that much
electricity, tﬁen the increased fixed charges of the plants must be spread over
fewer kilowatt-hours seld, raising the price of each. The Report assumes, with
no analytic basis, that demand will be as robust as forecast, despite the sup~
posed 40% increase in real electrigity price (or whatever increase actually oc-
curs if plants apd money turn out to cost more than assumed).

The third key assumption is constant long-term interest rates. If real
interest rates rise from the ?ate (unstated but apparently low) assumed in the
Report, so will the cos£ of electricity from newly financed plants. This phen-
cmenon has been such a burden on utilities, especially in the past few years,
that it is extraordinary that the Report should assume it away--the more so in

out-years in which military spending and hence Federal budget deficits are pro=-

jected to swallow up essentially all private savings.

.

Another type of fallacy, with a similar root, is that the long=term reél
price of electricity is very insensitive to world oil prices (p. 3-37). This
assumption drives the finding that electricity will become much cheaper relative
to aggregate energy (p. 3-65), which in turn drives the conclusion that electri-
city wiil double its 1972 market share, as described above. One problem w;th
the basic aésﬁmption, though, is that expensive oil--especially if the price

rises as quickly as it did in 1973-74 or in 1979~-=tends to drive interest rates
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Steeply upwards, making new power plants prohibitively expensive (as spggested
in the previous paragraph). At the same time, oil price shocks, and costly
energy generally, tend to elicit more energy efficiency, cutting markets for all
kinds of energy including electricity. This is just what happened after both
the oil shocks of the 1970s. The nuclear industry was certain that the oil
price rise of 1973 would greatly expand the its market because nuclear power,
whose price was considered independent of that of oil, would become more compet=
itive. 1In fact, annual nuclear orders plunmeted from 38 (1972 and 1973) and 34
(1974) to 4 in 1975, dwindling to zero after 1978 (even before Three Mile Ig-
land) . An industry aware of macroeconomics would not have been surprised. The’
Chiles team, apéarently, has learned nothing and forgotten nothing.

A third unsupported assumption, developed at length in Chapter 5, is that
over their lifetimes, new coal or nuclear power stations {treated in the Report
as economically_equivalenﬁ and interchangeable) will cut rates; that not build-
ing those new plants will raise rates; and that investing in the plants offers
ratepayers a 16-40% internal rate of return (presumably in real terms). These
suppositions rest on a false comparison--coal or nuclear versus inefficient oil-
fired power stations, rather than all three of those versus least-cost alterna-
tives. That is, if it is cheaper to shut down oil=-fired power plants by using
electricity more efficiently than to replace them by coal or nuclear power
plants, then those plants are a bad buy regardléss of whether they make cheaper
electricity than the oil-fired plants. In terms of opportunity cost, the coal
or nuclear plants indeed offer a negative rate of return: every dollar spent on
them slows‘'down oil replacement because the same dollar cannot be spent on other
measures (more efficient buildings, lights, motors, appliances, etec.), which
will save more electricity, and more oil, faster and cheaper. For example,
weatherization and accelerated scrappage of inefficient light vehicles could
each, over the next decade, save about five million barrels per day--about ten
times as much as all the oil now burned.in U.S. power plants. Each of these two
oPportunitiés‘would be like finding in the U.S. an oilfield equal to Saudi

Arabia's largest, with a lifting cost of only a few dollars per barrel.
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Further, the economic assumptions which lead the Report's authors to sup~
_ pose that new coal and nuclear plants are worth buying are disingenuous. The
upper énd of the range of capital cost assumed for a marginal coal plant ($1000-
1600 /kWe, 1982 $) is not too unreasonable at the margin, and the coal cost
($2.10/106 BTU or about 21 m$/kW-h) and O&M costs (0.6 m$/xwW=-h) [pp. 5-25,
5-271, though at the low end of most prudent forecasts for the 1990s, are not
utterly insupportable. If the capacity factor (unstated) is at a reasonable
level-~say 65% or thereabouts--the fixed charge rate used must be around 10%
real, also a good round number if one supposes long~term real interest rates as
low as about 4%/y. But then the 4.475.5¢ busbar price stated must élso b; real,
without addiné back the assumed inflation rate to exéress the resulting génera-
tion cost in nominal dollars of 1982 or any other year-~as if to say that inves-
tors were repaid in real rather than nominal dollars. (At the sort of nominal
fixed charge raﬁg normal in utili;y accounting-=-say about 18% levelized==the
4.4-5.5¢ would become 5.9-7.9¢, with the upper bound a much morelréasohable
estimate than the lower one--but also reversing the coal-vs.-oil conclusion,
especially for cambined-cycle oil plants.)

Where Chapter 5 becomes really meretricious, however, is in treating coal
and nuclear plants as equivalent. The data do not support the theology: as
Komanoff has shown from utilit;es' reports of actual costs, the real marginal
capital cost of nuclear plants is at least 2.5 and possibly nearer 3.0 times
that of coal plants, and the empirical average capacity factor for large nuclear
plants is ;nly 0.55. 2aside from capital cost--which is arbitrarily assumed to
be well below the $2000 (1983 $, interest excluded) average for all reactors now
under construction--the Report states none of its nuclear-economics assumptions,
so it is hard to analyze them. (The c;ntractor study cited, which we do not
have, apparently deals with only threebplants.) But we can say definitively that

no set of assumptions consistent with actual experience could possibly yield the
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result stated. New nuclear plants, on average, have sent out costlier electri-
city than contemporaneous coal plants in each year since about 1975, and the gap
is widening rapidly*. Attachment 2 sﬁmmarizes our own conclusion that with em-
pirical data and EPRI accounting (including the assumption that the real cost of
capital is only 3.7%/y, far below today's market), the marginal capital cost of
a complete nuclear power system is about $9,020 (1983 $) per delivered kilowatt.
The delivered price of its electric output would then be about 1i.i¢/kw—h using
a 9.1% real fixed charge rate; and with a nominal fixed charge rate of 17.6%,
that price becomes aboﬁt 19.8¢/kW-h (nominal 1983 $§), equivalent in heat content
to oil at about $320 per barrel. In fact, utilities report that delivered
prices of electricity from the nuclear plants being completed during 1982-84 are
ranging from about 7¢ to more than 20¢/kW-h (nominal 1983 $), not counting many
césts in our analysis (such as presenﬁ-valued net capital additions).

Refutation by Emphatic Dismissal

The Chiles Report disposes of results inconsistent with its theology by
saying they are wrong. It states, for example, that the "spiral of impossibili-
ty" or "death spiral" hypothesis is "unsupportable” (p. ES=12). (The hypothesis
--described in 1976 by E. Kahn et al. of Lawrence Berkeley Laboratory [LBL-4474]
and ocurselves--states that if costly power plants take much longer to build than .
it takes consumers to respond to the higher price charged during their construc-'
tion to pay for them, consumers will use less electricity by the time the plant
is built than they were expected to do, leading to a shortfall in revenue. That
shortfall then requires higher prices, which further depress the growth or even
the level of demand, requiring still higher prices, etc.) To reﬁd the Report,
one might suppose that this hypothesis is still hypothetical. The managers of
the Bonneville Power Administration, Britain's Central Electricity Generating

Board, and many other utilities wish it were: they struggle daily with its ef-

*As economist Charles Komanoff has shown in detail. Contrary data issued by

the Atomic Industrial Forum, and blessed by such organizations as ERDA/DOE, used
a biased sample which omitted the best coal plants (more than half those in op~
eration) and the worst nuclear plants, and used a bizarre accounting convention
whereby worse nuclear plant performance would reduce the imputed price of coal
power and vice versa. The AIF has not published such annual comparisons since
Komanoff was unkind enough to point out their chicanery, though some DOE offi=-
cials noticed neither their recent absence nor the reasons for it.
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fects. On page 1 of The Times of London, 1 March 1980, for example, the Chairman
of the CEGB lamented: "We face a‘disturbiné prospect: a vicious circle of rising
electricity prices causing further reductions in demand, which in turn would
push up prices still more." Moreover, the Department of Energy sponsored an
excellent study at Los Alamos Nétional Laboratory which confirmed that, in the
circumstances we stated, the "spiral of impossibility" is real [A. Ford & A.
Polyzouw, "Simulating the Spiral of Impossibility in the Electric Utility Indug-
try," LA-UR-81-3383, 1981]--even though the model omitted such impoftant effects
as a higher cost of money for utilities in trouble. Such work is nowhere cited;
the Report only cites as counterexamples some anecdotal spot data from a biased
sample of 522£ of the nation's five thousand-odd utilities.'

Proof by Vigorous Assertion

Pages 4-46ff repeat the five-year-old canard that it is safer to overbuild
than to underbuild: overbuilding means some trivial extra carrying charges,
while underbuilding means enormous blackout costs. We had thought that this

thesis, advanced in 1978 by E.G. Cazalet et al. (EA=-927, EPRI, and EPRI Journal,

May] , was degervedly dead and buried long ago. It is an artifact of poorly con-
structed computer models which assume that all forms of generating capacity are
expanded at the same rate, so that baseload shortages automatically incur outége
costs rather than building or running more the array of peaking or intermediate-
load-faétor plants.» The models' use of planning reserve margin as the key
dependent variable obscures the choice between plants of different lead times.
The Los Al;mos researchers, for example, like most smart utility planners today,
prefer to gggggpuild long-lead-time plants, then make up any shortfall with
short-lead-time plants at lower cost. -The models which underlie the Report's
findings assume low capital costs and charges for big plants, so that even very
large overcapacity does not greatly increased fixed costs. Outage costs are
treated as hoﬁogeneous, as if it were as serious to'cut off an electric water

heater as a hospital operating theater. (It would make more sense to install .

local backup in critical applications, as hospitals do, or to market interrupti=-
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ble power to users with low outage costs.) Uncertainties are assumed to be sym
metrical with respect to over- or under-production, although policy instruments
are available (like appliance standards and efficiency buybacks) to reverse this
assumption. Any serious analysis of the over- vs. under-building issue must at
least consider the contrary views put forward in a substantial body of litera-

ture: for example, the work of A. Ford and I.W. Yabroff (LA-UR=-78=3228 and Ener-

gy Systems and Policy 4(1-2):57-98 (1980)], E. Kahn ["Project Lead Times and

Demand Uncertainty: Implications to Financial Risk of Electric Utilities," E.F.
Hutton Fixed Income Research Conference on Public and Investor Owned Utilities,
New York, 8 Marcﬁ 1979], and R. Boyd and R. Thompson ["The Effect of Demand Un=
certainty on the Relative Economics of Electrical Generation Tecﬁnologies with

Differing Lead Times," UCDavis and Ca. GSA]. The Chiles group seems simply ig-
norant of the whole dispute. ‘

Equally devoid of analytic support is the notion that the elect?ic utility
industry can spend an average of about $65 billion per year (1982 $)(p. 6=19)==
two-thirds more than its average 1977-82 rate of construction expenditureg--
without crowding out other borrowers. The $42 billion (1982 $) per year spent
in the 1970s8* is no precedent: utilities were then increasing construction eight
times as fast as cash earnings, confiscating equityholders' assets by selling
, cammon stock below book value, and borrowing to pay dividends which the Report
states (p. ES-=21) were two-fifths larger than cash earnings. During 1977-82,
investor-owned utilities spent $30.4 billion per year on plant and grid con-
struction. Of that, only $17.2'$illion, or 57%, was raised in the market: the
rest came from liquidating themselves to build power plants they don't need,
can't afford, and won'; be able to pay for. To sustain construction expenditures
tﬁo-thirds‘larger than that unsustainable level would require far more external
capital, or make the companies devour themselves faster, or both.

Most glaring among the Report's omissions is any discussion of least-cost

analyses on their techhical merits. With the partial exception of some work by

*We assume this Chiles figure to be corfect, but note that the the EEI 1982
Statistical Yearbook gives the total expenditures by investor-owned utilities
(about 78% of the entire utility industry) for building generation, transmis-
sion, and distribution to be only $27.1 billion per year in the 1970s, implying
about $35 billion per year for the entire industry (1982 $).




24

the Sant group, no such alternative study is even identified as having been con-

sidered (pp. 5=72ff). Chapter 3 blandly dismisses low=-demand futures in general
(p. 3-66) because they "underestimate users’ propensities for substituting elec=-
tricity for other energy forms" (a propensity no doubt known to the Chiles team
by divine revelation) and because they do not project "a conﬁinuation of the
(electrification] trend which has been seen through much of the twentieth centu~
ry to date and now appears likely to continue through 2000." Who can deny that
trend is destiny? And who will dare to suggest that electricity might enjoy a
stable or increasing share, but of a dwindling market for total energy=--as has
lately been the case?

Chapter 5 goes further'by admitting that the authors have read "several"
least-cost studies, but says they were studied and found to be wrong. "Some" of
these unnamed but doubtless sinister studies did not mix their options in the
way the Chiles ;eam would have liked (that is, they gave too little emphasis to
the need for building power plants despite conservation programs). The Report
presents results which purport to show that it is worth mixing cheap power
plants with costly conservation in the case of one anonymous oil-fired utility,
based on numerous unstated assumptions and no sensgitivity tests. "Some" least-
cost studies, too, "were analytically flawed." Only one example of one flaw, in
an unnamed study, is given: that comparisons were made only through the early
1990s, and were thus #iased against a new coal plant by not reflecting its long=-
term oil and gas displacement.' If costs were not levelized, the complaint miéht
be legitimate; but then it woﬁld be equally true to say that the oil and gas
displacement by the efficiency alternative was not reflected in adequate propor-
tion to its front~end cost.

Nowhere, ho@ever, does the Report state which least-cost studies it gxaﬁ-
ined, what they found, how they differ. from its own findings, who is right, and
why. The most elementary requirements of scholarship remain unfulfilled. The
main findings on pp..5-75 and 5-85--that no efficiency improvement is worthwhile
in all utilitf service territories, that not building more big power plants will

raise long-term costs--rest on the thinnest of hot air.
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Alternative Generation

Analyses by such groups as OTA have found a large technical potential (usu=
ally in the vicinity of 100-200 GWe by 2000) and, given avoided-cost buyback, an
economic potential of tens to hundreds of GWe, for industrial cogeneration. 'The
Report baldly states, with no ahalysis or citation, that "given the energy pri-
ces assumed..., cogeneration...is unlikely to increase very much” (p. 3-81).
This apparently means (p. 4-34) no more than about 7 GWe over the next seven
years; post-1990 cogeneration is simply ignored. Other generating alternatives
get even‘shorter‘shrift. "Current utility plans, which extend tHrough 1991,"
are said on p. 4-34 to include 0.4 GWe solar, 0.4 GWe wind, 0.9 GWe biomass/
municipal solid waste, é.4 GWe geothermal, and 1.4 GWe net hydroelectric. These'
plans, based on a 1982 NERC report, amount to a total of 5.5 GWe.

For comparison, as of 28 October 1983 a single utility, Southern California

Edison Company, was ahead of schedule on its plan to acquire 2.15 GWe of firm
renewable and alternative generation by 1992. According to its President*, this
one utility had already built, is building, or bas obtained contractual commit-
ments for about 1.54 GW of alternative generation (not counting its 0.1-GWe
coal-gas project)=-=116 pfojects,'including 0.70 GWe biomass and cogeneration
(0.24 GWe now operational), 0.06 MWe solar (0.011 GWe operational), 0.56 GWe
wind, 0.12 GWe geothermal, and 0.10 GWe small hydro. Pacific Gas & Electric
Company had achieved broadly sim;lar commitments. (Both of these utilities,
incidentally, have underreported their own hydroelectric programs to NERC by
about a factor of ten.) It appears likely that utilities in California alopé,
with a tenth of the country's lcads, will achieve the 1992 alternative-genera-
tion goals which the Chiles Report envisages for the entire country, even though
some of those Califc;nia utilities, notably Edison, pride themselves on paying

less than full avoided cost.

*Howard P. Allen, 28 October 1983 text of § November talk at Sundance Symposium.



Further analytic errors are evident in the renewable-source cost assump~
tions reported in notes 48-49 on pp. 4-62 and 4-63. Dispersed phptpvoltaic
power, for example, is reported to cost (in 1983 $) 524/kW-h in 1980, 21¢/kW-h
in 1990, and 14¢/kW-h in 2000. In fact, Intersol Power Corporation, a Martin-
Marietta spinoff in Lakewood, Colorado, is prepared today to install 100 MWe of
tracking 70-sun Fresnel photovoltaic modules, each producing 5.4 net kWp, at a
turnkey price of $2300/kWe (1983 $) including some power conditioning and stor—
age. In Colorado this price is equivalent to busbar power at 124¢/kW-h at a 17.8
%/y nominal fixed charge rate--well below the likely marginal nuclear cost. Sim=’
ilarly, the Report states that centralized wind generation cost (in 1983 §) 43¢/
kW=h in 1980 and is projected to fall to 9¢/kW-h by 2000, with decentralized
wind generation following a similar pattern. Most of the wind machines now com-
peting on the grid in at least six states have already beaten the 9¢ price; some

on the market can do 4-6¢ in good sites. Such studies as our Brittle Power:

Energy Strategy for National Security [Brick House, Andover MA, 1982, Appendix

3] document many competitive renewable sources, both electric and nonelectric,

now on the market--and caution against point estimates of cost, since differen-
ces-of marketing structure, technical complexity, and integration with end-use

efficiency improvements can change costs by up to a thousandfold or more.

Failures Too Numerous to Mention

It is almost superfluous to mention further flaws in the Chiles Report, but
a few more examples may illustrate the diversity of its problems:
e The Report mentions (p. 5-3) "diminished economies of scale," and then

proceeds to ignore them, whatever they are. Appendix One of Brittle Power

documents approximately fifty effects of scale on the economics of energy
(especially electrical) systems. Most of these effects penalize large

scale. Their net effect, in all but a very few exceptional cases with
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large point loads, is a strong net diseconomy--meaning that if one found
an instance where it was cost-effective to build a power station, it
would be cheaper to build it small (tens of MWe or less) than big.
The Report implies that outages are caused by insufficient generation.
In fact, some 95% are due to grid failures. No major outage in U.S. his-
tory has been caused by lack of generating capacity. On the other hand,
further central electrification would greatly reduce the resilience and
increase the brittleness of the grid. This threat to national security,

documented in a report for FEMA [Brittle Power, op. cit.] and the subject

of GAO reports and three Congressional hearings, is ignored.

On pp. 5-80ff, the Report converts a misuse of the concept of avoided
cost into an argument againstvits correct use. (That said, if a utility
can elicit enough alternative generation, at a fair return to the outside
entfepreneurs. by paying less than avoided cost, it cpuld well do so and
rebate the saving to its ratepayers and shareholders. Ideally, utilities
would run an auction t§ ask who would supply how much alternative.saving
or generation at each of an increasing series of prices, until demands
are met-—-presumably at below full avoided costs.)

The Report consistently omits many elements of the capital cost of a com-
pleté electricity-delivering system (see examples in Attachment Two).

The Report éuggests that good regulation means allowing all rate hikes
propptly and encouraging construction of many new power stations. Serious
consider;tion of long=term utility economics suggests that rate hikes and
construction probably make virtually any utility worse off. Many utility
managers who dp'not think more construction and higher rates are in their
own financial interest feel, rightly, that present regulation tends to
penalize their vision and to rewérd exactly the kind of poor, profligate
management which the Chiles Report favors. The Report will doubtless be

cited in support of encouraging outmoded management approaches.



28

o Table 5-10 fallaciously assumes that efficiency improvements which dis-

place utility oil and gas at a cost less than the fuel cost will not re-

duce rates, or that such a low cost is impossible, or both. The argument
is apparently (5-65) that it is a bad buy to save oil and gas by effi-
ciency when one could do’so instead by building a coal or nuclear plant.
If the efficiency costs less than oil, gas, coal, or nuclear, that argﬁ-
ment is clearly wrong. )

® The discussion of no~-losers tests (pp. 5-48, 5-58, 5-67f£f) consistently
confuses rates with bills. Conservation may increase rates but lower
bills, which after all are what people pay. Moreover, nonparticipants in
conserfation programs should help pay for cost-effective demand-reducing
investments for the same réason that nonpartigipants in demand growth now
help pay»for new power plants: all consumers ére marginal users (they
have' the option of reducinq their use), and the system should acquire
least-cost resources for everyohe's benefit. To the extent that nonpar-
ticipants bear costs without receiving personal benefits, they have an

incentive to go for the benefits too.

How to Spend 429 Pages Evading the Issue

The basic issue in‘forecasting long=term electric demand is how well elec~-
tric;ty can compete in an energy-service marketplace, particularly against a
rapidly expanding array of efficiency options. There must be fe& utility execu=-
tives or requlators in the country who are not aware that electric demand is
very anertain, or that its uncertainty arises largely from not knowing hoy mucb
electricity will be saved how fast. Great analytic effort has lately been
devoﬁed throughout the industry to trying to address these uncertainties. The
Report had an opportunity to contribute to the state of the art of that effort.

Instead, it copped out. Page 5-54 states:

We shall not attempt to define the amounts of different potential effi=-
ciency measures which are economically feasible in particular parts of the
country or in the country as a whole. Such a task is forbidding, if not

impossible, and is meaningless unless it is realistic.
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Fortunately, forbidding (if not impossible) though the task may be, it has al-

ready been done quite well, at public expense, in the monumental 1981 SERI study

A New Prosperity, which this Subcommittee asked the theq Deputy Secretary of
Energy to commission and which this Subcommittee was instrumental in bringing to
light after DOE tried to suppress it. The SERI analysis showed, in brief, that
reasonable rates of introduction of 1980 technologies, cost-effective against
the running cost of existing coal plants, could reduce U.S. electrical demand by
a quarter by 2000 despite a two-thirds increase in real GNP. Thus national gen=-
erating capacity would probably be adequate in 2000 if no new plants were com-
missioned after 1985, even if all old, oil- or gas-fired, and even nuclear
plants had by then been retired.

The SERI study is arguably the most detailed and sophisticated engineering/
economic analysis of eneréy and electricity demand done to date in this countfy.
Yet it is not among the three [noqgovernmental] studies which the Chiles Report
included for comparison (p. 3-94, n. 11). Since the Chiles team does not cite
the SERI analysis or discuss its contrary conclusions, one can only suppose that

it has been consigned within DOE to a sort of Index Librorum Prohibitorum-=not

to be mentioned, let alone read, on pain of instant excommunication.

The CRS Study: A Trifle Less Unréalistic

This Subcommittee asked'the Congressional Regearch Service to do a study
largely parallel to the demand portion of the Chiles Report. The resulting Com-
mittee Pri;t (987M, August 1983) helps to correct some of the Chiies Reportfs
more egregious absurdities, but still seriously underestimates the ‘scope for
rcost-effective electricity savings. The CRS report's problems can be briefly
sunmarized thus: ‘

® The methodology used (econometric regressions on GNP and on the ratio of

electric to aggregate energy price) remains crude and uninformative. (It
also runs the risk, in principle, of double-counting historic efficiency
improvements-=-though conservatisms in the technical assumptions, as noted

below, would more than outweigh any such effect.)
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e So is the‘assumption of point values for locad factor and reserve margin
to convert electrical energy demand to required generatiné capacity.

e Although CRS's ratio of electric to aggregate energy price spans a much
wider range than the Chiles Report's, and in particular considers hi§her
(more realistic) values, relia;ce on such ratios obscures the extent to
which electricity and fuels are uncompetitive with efficiency gains.

The use of higher ratios, however, does help to allow for the likelihood
that some combination of high capital costs, high interest rates, nega-
tive price elasticity of revenue, and fuel escalation may push long-term
electricity prices from new plants far above Chiles's low, stable levels.
¢ By assuming that efficiency improvements cost more than running existing
thermal plants (taking account also of grid costs and losses), the CRS
study concludes, incorrectly, that there is virtually no market for more
efficient electrical usé before 1990, thus understating its potential.

® Like the Chiles Report, the CRS report assumes (p. CRS-18) marginal elec-
tricity prices which appear in many casés to be unrealistically low. It
is also unclear whether the delivered price, not the busbar cost, has
been used for comparison with options installed at the point of end use--~
a possible difference of the order of 2¢/kW-h.

e It is conservative, but not methodologically justifiable, to assume (p.

CRS=19) a discount rate two points higher for "least-cost methods" than
fcr_new power plants. If anything, the balance of risk, and perhaps of
engineering lifetime, generally favors effiéiency and small sources [see
e.g. E. Kahn et al., LBL-11398, 1980].

¢ The use of the term "least-cost methods" as a catchall for efficiency and
alternative generation begs the question of what are the least-cost op~

tions, and obscures the choices between and among these two categories.

| ® The only specific example given in the section on efficiency gains (pp.
20ff) is outdated: much better light bulbs are now for sale (see p. 37

below).




e The assumption that new superinsulatéd housing cuts space~conditioning
loads by only 80% is very conservative. The further assumption that
"widespread adoption" of such construction practices is "unlikely before
the turn of the century unless a strong educational effort is made"* ig=-
nores the availability and the proven effectiveness of such efforts, e.qg.
in western Canada, Sweden, and Denmark, where thousands of new buildings
(and some retrofits) are already more efficient than the CRS assumptions.
In Saskatoon, for example, more than three=fourths of new housing starts
nNow use superinsulation methods that were invented only six years ago.

e The assumption that "the maximum potential for energy performance im-
provement [in commercial buildings is]...20 percent for existing build-
ings and [a total of 30] percent for new" is extraordinarily conserva=-
tive. Any able consultant can count with high confidence on 40+% savings
from retrofitting virtually any commercial bu;lding. Moreover, many new
commercial buildings are not just 20% better than the existing stock as
assumed but 60-90+% better. |

® Some of the most cost-effective electricity-saving measures, such as
service voltage equalizations, are apparently omitted. Integral-horse-
power indﬁstrial motors, which use about 40% of all electricity used in
the United States, receive no specific analysis, although they offer a
cost-effective potential saving of the order of 70 GwWe installed.

e The discussion on p. CRS=25 (load management by utility controls on air
conditioners) could have profited from utility experience: some innova-
tive utilities have readily approached the maximum theoretical saving.

e The'discussion of passive solar retrofit (pp. CRS=26/27) assumes much
higher cost and lower performance than many well-designed systems today.

e The use of a very restrictive "firm capacity" definition for windpower
and other renewable resources is asymmetrical and incorrect. All power
sources are intermittent and unreliable, in different degrees and for

different reasons. In fact, aggregates of renewable generators, especi-

*In his NARUC address (loc. cit., p. 14n supra), the Chiles Report's staff
Director says superinéulation "raises difficult political questions as to how we
¢an accomplish such sweeping changes in a democratic society." Apparently he
anticipates no such problems from building about 600 new power plants. In fact,
market forces alone are making su_per:l'.nsulation dominate on the Canadian prairie;
a national building code (requirihg cir. 1.5-2 btu/sq. Tt -ddf) does so in Sweden.
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ally dispersed ones, tend to be firmer power resources than large centfal
stations, because their outageé are shorter, milder, more predict;ble,
and statistically more likely to be compensated by increased output from
other renewable sources. Indeed, in some important markets, such as
Southern California, the output of wind plus photovoltaics is virtually a
perfect match to existing utility load curves (as CRS shows on p. 88).
The estimates of renewable supply potential seem very low in the light of
actual orders placed in the past few years. Indeed, it appears to us that
orders for small hydro and windpower since 1979 have exceeded orders for
all central power stations (19.6 GWe, or 14.5 GWe net of cancellations).
We know of no analytic basis for the assumption that only a third of U.s.
houses could cost~effectively use photovoltaics when arrays become cheap.
Indeed, some flat-plate arrays which now sell in bulk for $4.95 per peak
watt (1983 §) would probably be cost-effective in many areas today in a
very well-designed cogeneration mode, and would compete even at tﬁree
times their present price in community-scale cogeneration. VThe statement
(p. CRS=33) that photovoltaic power now costs about $1/kW-h apparently
assumes very costly storage and power conditionipg (many flat-plate sys-
tems can actually produce at about 40¢/kxW-h), and no waste-heat credits.
The éfatement (pp. CRS=34/38) that solar space;-conditioning becomes hard-
er to justify in more efficient buildings is exactly backya:ds. Greater
efficiency reduces both average and peak loads, increases thermal time
constants, and permits space-heating to be done by slightly oversizing a
solar water-heating system. In a superinsulated house, completely solar
(active) heating can indeed be cheaper than partly solar heating or than

any other non-passive kind of heating: see e.g. our Least-Cost Energy:

"Solving the CO., Problem (with F. Krause & W. Bach, Brick House, Ando=-

ver MA, 1982, pp. 114-116].



33

e The statement (p. CRS=34) that third-party renewable generators feeding
the grid look uneconomic withouﬁ storage reflects two fallaciesg. First,
renewables, being superior in merit order to thefmalvplants, are to be
used first as a fuel-saver, and later (at higher penetrations) as a
water-saver. Very efficient end-use makes the grid ultimately hydro-
dominated, making the storage essentially free. Second, for reasons set
out by such analysts as Sir Martin Ryle ("The Economics of Alternative
Energy Sources," Nature 267:111=117 (1977]), the storage problem ig
much worse for central stations than for dispersed renewable sources-—-re~
versing CRS's economic conclusion at PP. CRS=~34, 190ff, and pasgim.

e The air-pollution problem of cogeneration noted at p. CRS=-72 would not
nomally arise under the EPA "bubble concept”; moreover, cogeneration,
parﬁicularly with coal and other solid fuels, lends itself to very clean
fluidized-bed combustion.

® The cogeneration estimates on pP. CRS-78 are clearly low. Southern Cali-
fornia Edison alone has already contracted for 0.7 GWe (of which 0.24 GWe
is operational), including a 0.30-GWe Getty 04il projéct scheduled for
1986 completion. Edison's ta;get for 1992, 1.0 GWe, is now likely to be
exceeded; yet it is CRS's 1994 target for all of California. One company
alone, Applied Energy Services, now has over a half-billion dollars'
woréh of cogeneration under contract or letters of intent.

® CRS fails to draw the obvious conclusion (from Pp. CRS=-80 to =-82) that
smaller wind machines may well be more cost-effective than mﬁlti-MW ones.

o The assumption on p. CRS=110 th#t new building; can be far more efficient
than retrofits is correct with regard to ease but not to ultimate result.

Extensive work in Europe (see Least-Cost Energy, op. cit.) has shown that

it is well worthwhile retrofitting most existing houses to zero heat load
==a conclusion supported by Olivier et al.'s 5000-sector British analysis

(Energy-Efficient Futures: Opening the Solar Option, Earth Resources Re-

search Ltd. London, Januarj 1933
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® In view of the correct statement on P+ CRS=112 and pp. 116-117 that ex-
perienced contractors are building superinsulated houses for no greater
first cost than badly insulated houses, it is wrong to refer on p. CRS-21
to "the current level of added costs" as a deterrent. Indeed, some
superinsulation recipes appear to reduce first cost by eliminating the
need to install furnaces and other mechanicals.

® The real discount rates assumed (p. CRS=113) are probably much higher
than those which the Chiles Report uses to justify new power plants--a
likely source of the discrepancy in the two studies' demand estimates.

o The list of options on pp. CRS=117/118 assumes a shorter-than-realistic
lifetime for energy-saving meaéures, and appears not to assume the most
recent and cost-effective glazing technologies. .

e The prototypical house {p. CRS=115), 1974 vintage, is probably no better

_than‘half as thermally eff;cient\ag the average house being built today.
CRS has modified DOE's assumptions about existing insulation levels in a
way that understates the potential for further savings.

e The potential gains from more efficient refrigerators, lights, etc. {pp.
CRS-135£ff) do not assume the best available technology. Thus the savings
on p. CRS~159 are very far from the '"maximum potential," and similarly in
the industrial sector (p. CRS=166). We offer examples below.

® The ISTUM results (p. CRS-167) were very conservative when done and are
more so now. They assume 1980 technologies=-an important shortcoming
because few of today's best electricity-saving measures existed in 1980.
Exxén's estimated potential for 110 TW-h/y (ca. 25 GWe installed) savings
just from variable-speed industrial motor drives is 73% of ISTUM's entire
1990 saving projected from all measures.

e While we dispﬁte that the calculated savings (pp. CRS=168/169), 32% of
projected electrical demand in 2000, are anywhere near the "maximum po-
tential” at up to marginal cost-;CRs has arbitrarily halved an underesti~-
mated ﬁotential--we consider even this very conservative estimate a use-
ful refutation of the Chiles results, which in practical effect ignore
even this modest potential. This would be clearer if the list of "uncon=

servatisms" on p. CRS~172 were complemented by a similar list of ways in

. which the CRS analysis undérestimates potential savings.
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e The technological discussion on pp. CRS-192ff is quite out of date. For
example, it omits passive cooling, mentions dependence on tax credits for
renewable but not for nonrenewable technologies, assumes oversized water
heaters, ignores simplified systems (such as th: batch DHW heaters now in
use on 11% of Japanese houses) and simplified marketing structures‘(see

Brittle Power, op. cit., Appendix 3), overstates present photovoltaic

prices by severalfold, ignores the synergism between renewables' cost-ef-
fectiveness and high end-use efficiency, and neglects photovoltaics with
modest concentration (e.gq. from Winston collectors) and waste~heat use.
It fails to note the cost-effectiveness of simple digh collectors for
cogeneration and even for direct steam generation (as Solar Steam of
Tacoma, wéshinqton has vividly demonstratgd).

e CRS states on p. 189 that ;bout 5% of U.S. "energy needs" are now ﬁet by
renewable sources. Based on published data from EIA and from Resource &
Technology Management, Inc. (Arlington VA), we think the correct fraction
of primary energy is between 7% and 8%. (We note with regret that the
EIA analysts who study wood use have not been allowed to include their
results in national aqgregatekdata--with the bizarre result that most EIA
statistics omit a source, woqd, now delivering about twice as much energy
as nuclear power, a source prominently featured in the statistics.)

'3 CRS~states on p. 213 that oil and gas now generate 25% of U.S. electri-
city. The actual 1982 figure was 20% (two-thirds of it gas) and faliing
-=17%, for example, in the first four months of 1983, including winter

peak months.

® It is not true--as Congress noted when establishing PURPA's fulle-avoided-
cost’ concept-=-that renewablesz have no capacity-saving value (pp. CRS-214, ‘
217). Photovoltaics can shave peaks (p. 214) when the sun shines on~peak

=—as it generally does on hot afternocons in summer-peaking areas.

e The contention (p. CRS-216) that solar units can raise capacity costs
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forgets that sunk costs are forever sunk. A utility which is in surplus
cannot blame its past overinvestment on future fuel-saving investments.

e The statement on p. CRS=217 that off-peak solar generation's displacement
of baseload capacity is "usnally an uneconomical situation for utilities
since baseload generation is their lowest cost production" reveals a ser-
ious misunderstanding of economic dispatch (echoed in the characteriza-
tion of "baseload"” on p. CRS=-221). Solar, not large thermal, plants give
the lowest-cost production and would be dispatched whenever available,
displacing all thermal plants up the load~duration curve.

e Transient (cloud-passage) photovoltaic outages are easily averaged over a
modest geographic area (p. CRS=-218); they are less of a load fluctuation
than,utiiities routinely deal with now from space-conditioners. CRS's
remarks on spinning reservé alsobapply more to thermal than solar plants.

e The discussion of load management by peak curtailment of air conditioning
(p. CRS=226) forgets that thermally efficient buildings have long thermal
time constants and thus automatically shift any residual space-condition=—
ing load to later times, typically in the middle of the night.

® It is incorrect (p. CRS=247) to imply that nuclear and coal plants, par-
ticularly large ones, have essentially identical availabilities. The ac~
tual a;erage capacity factor of large reactors to date, for example, is
0.55 (cf. p. CRS=-249), whereas 200-400 MWe coal plants have typically
displayed availabilities averaging around 0.70.

In summary, the CRS report contains many technical flaws; uses a metbodolo-
gy that cannot reveal most of the potential for saving electricity and money;
slightly tempers that choice by supplementary analyses of some aggregated
patterns of‘électrical use and savings; and makes such very conservative
assumptions in those analyses that the pétential for saving is still greatly

understated. We now summarize some of our own analytic results in this area.



37

How Much Electricity Is Worth Saving?

An unnoticed revolution in technologies to raise electrical productivity
has been accelerating over the past few years--the fruits of Rs&D bequn in the
mid-1970s. We have calculated that the full use of the best electricit&-saving
methods now on the world market (most of them available in this country) would
reduce electric demand, to provide the present U.S. economic output, by approxi-

mately three-quarters, assuming a cost of savings not above about 1.5¢/kW-h

(1981 $). This is less than the running cost alone for any type of new thermal

plant, even a nuclear one; so if one had just finished building one of those
200-cdd new nuclear plants the Chiles Report advoqaﬁ;s, it would save the
country money to write it off, never operate it, and buy efficiency instead.
The technoiogies we have agsumed in reaching this conclusion include:
bo Lights. Philips (Norelco)j"SL" bulbs. We hav§ used them in our owﬁ home
for the past year. They screw into a standard. socket, give better light
than normal bulbs (excellent color, no hum or flicker), use a quarter aé
much electricity, last ten times as 1on§, and pay back, at reasonably
high duty factors, in about a year or two at the U.S. retail price (about
$22; in Europe, about $1d—14). For fluorescent tubes, Luminoptics high-
frequency ballasts are "tunable” to mix natural and artificial light. We
assume task- and daylighting, and lighting at below headache level. The
U.S: cdmmercial lighting standard is seven times that of Sweden (which is
among the highest in Europe) and has no rationale: indeed, much of it
seems to stem from an uncorrected typographical error decades ago.
® Motors. Proper sizing and cont¥olling of industrial motors and the use
of better windingé and drive trains can typically double their practical
efficiency at a cost of about 0.6-0.8¢/kW=h, as shown e.g. by Murgatroyd
et al. at Imperial College (London) and by the German Fichtner-Studie.

Olivier et al. (op. cit.) have shown that in many applications, direct

hydraulic drive can treble original efficiency at similar or lower cost.
: !
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Just doubled industrial drive efficiency would save about 70 GWe of capa-
city, more than replacing every nuclear plant in the country.
Appliances. A typical U,S. 16-18 cu. ft. refrigerator today uses about
1300~-1500 kW=-h/y. The best model in U.S. mass-production uses 900-odd.
The best model (assuming unchanged size and performance throughout) in
Japanese mass-production uses about 520, having improved 5.5~fold in ten
years. The best model on the U.S. market--handmade for photovoltaic
homes--uses 175. The best U.S. prototype uses 64. Its next version, for
the first‘ time using a well-designed compressoi', is expected to use about
15. Passive models use zero. Highly efficient refrigerators whose cost
is similar to that of present ﬁodels would save about 25 GWe of capacity.
Similar redesign of all major household appliances would reduce residen=
tial electric bills by upwards of three-fourths, costing about 1.2¢/kW-h.
Smelters. The best aluminum=smelting pfccesses use about 40% less elec-
tridity per pound than current U.S. practice. An experimental Japanese

(Mitsul) process now being tested for commercial use uses no electricity.

Space conditioning. With the possible exception of special cases such as
computer centers, delicate instruments, hospital operating rooms, and the
like, we have been unable to find significant instances in which electric
space-conditioning, even with efficient heat-pumps, is economically jus-
tified at marginal costs. New technologies for heat recovery, new and‘
retrofit superinsulation, and glazing (our new home, for example, uses
R=5.3+ glazing that provides a net passive gain facing due north), and
the.rediscovery of classical methods of passive cooling, make this con=

clusion well worth realizing in practice. Co

Miscellaneous. We assume more charging of scrap to blast furnaces, as is

normal practice in Japan; more fluidized-bed heat treatment of metal
éarts; and cost-effective recovery of industrial process heat. We assume
slightly better office equipment; such as that which enables our 4000 sq
ft house/bioshelter/research center in the Colorado Rockies to draw a
projected average total electric load of about 0.8 kiWe for everything, or
about 0.2 W/sq ft=-a fifteenth of the loaq which the National Electric

Code requires wiring to supply for lighting alone.
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The cumulative effect of such technologies is stunning. Taken together,

these opportunities could gquadruple U.S. electrical productivity in the coming

decades, starting now. Most if not all of them cost less than just running
existing thermal plants (or even delivering very cheap power from old hydro
plants). We must conclude, therefore, that:

® every thermal power plant in the U.S. is probably economically obsolete;

® over 75%=-probably 80+% at average prices, or about 90% at marginal

prices~-of the electricity now sold is uncoqpet}tive;

® higher rates will probably reduce utilities' long=run revenues;

® more construction will therefore require more revenue but produce less;

e the Chiles Report's prescription is therefore a royal road to insolvenéy.
What matters are the relative prices, present and future, of electricity and its
real competitors--efficiency and some renewables--not those of electricity, oil,
and gas, which are all almost equally uncompetitive with efficient end-use.

Our findinés are not unique. Olivier's monumental least-cost study for
Britain, cited on p. 33, assumes the best 1980 technologies competitive with
running existing coal plant;; and finds that by 2025, the least-cost generating
capacity required is only one-=ninth of the official British Chiles-like projec=
tion. A simpler German analysis (Least-Cost Energy, op. cit.] showed that the

best 1980 technologies, nearly all cost-effective at. 1980 prices, could treble
electrical efficiency in the world's most heavily industrialized economy. Simi~
lar results are emerging in Scandinavia: in Sweden, the world's most energy-
efficient industries can cost-effectively double pregsent electric efficiencies.
 The critical question is not whether the potential for such vast improve-

ments in America's electrical productivity actually aexist=-that seems beyond
dispute=-but how fast that opportunity will be seized. The Chiles ﬁeport invites
utilities to play You Bet Your Company that their customers are too dumb to dig=~
cover most of the alternative investments in the next 50 years. History suggests
, otherwise.‘ Since 1979, this nation has actually gotten more than a hundred
times as much new energy from savings as from all expansions of energy supply
combined-~and more new supply from renewable sources than from any or all of the
nonrenewables. Whether these trends continue, slow down, or speed up depends
largely on policy=--on actions not just‘by the Congress and by Federal agencies
but especially by state and iocal governments, utilities, private groups, and '
canmunities. A trillion dollars for mofe power plants would stifle such initia-
tives, funnel scarce resources away from cheaper opportunities, reinforce utili-
ties' present surpluses and disdain for savings, and bankrupt at least the util-

ity industry if not the national economy.
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The Damocletian sword of skidding demand now hanging over the electric uti-
lity industry demands great caution. Higher prices will make the industry's
product--already priced well above a monopolist's profit-maximizing level--even
more uncompetitive than it is already. Higher ;ubsidies will only enable and
encourage utilities to make more imprudent and unaffordable investments. There
are no "black holes"--no infinite, inelastic markets=--to which to sell surplus
power. The only salvation in sight is the consistent enforcement, by utility
managers and their requlators, of a rigorous least-cost investment strategy;
insistence on prices that tell the truth; innovative programs of uﬁility and
third-party investment to channel energy capital to short-lead-time, fast-pay-
back opportunities; and systeﬁatic identification and purging of institutional
barriers to efficient investment at all levels.

As stated in our Mitchell Prize eésay, "Electric Utilities: Key to Capital=-
izing the Energy Transition" (reprinted, with many typographic errors added, in

Technological Forecasting & Social Change 22:153-166 (1982)], electric util-

ities today.must choose between participation and obsolescence; between being
obstacles to or vehicles of an historically unique transition to least-cost al-
ternatives as a 9ompetitive market emerges in energy services. By failing to
recognize this opportunity, by seeking instead to intensify all the trends and
policy errors that have brought utilities to the brink of disaster, and by cast-
ing economically conservative critics of these errors as "anti-technologists
bent on selling visions of radically different futures for electric power"
(Herod, loc. cit., p. fS], tﬁis Administration has so far been the most hostile
in history to the real economic interests of the utility and nuclear industries.
Itvis.to Secretary Hodel's credit that he has shown no noticeable enthusi-
asm for formulating, let alone advancing, the Chiles group's recommendations.
Let him now scuttle the Report for good; and let those responsible for such a
waste of public money be called to account. Let him be remembered as the Secre-
tary of Energy who had the vision to EEEE this nation's largest industry from
- going broke trying to build the unfinanceable to make the unmarketable to sell

to the unfoolable--the canny American consumer.

In summary, then, our responses to the questions put to us by this Subcom=-

mittee are as follows:
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1. Is the Chiles Report's forecast of 438 GWe of additional capacity need-
ed by 2000 valid? No; it vies with the Inhaber Report for Professor
John Holdren's déscription—-"the most incompetent technical report I
have ever known to have been distributed by grown-ups."

2. 1Is the Report's suggestion of buiiding 438 GWe of thermal plants a rea-
sonable strategy for meeting demand for electric energy services at
least cost? No; it nowhere considers what all or even most of the op-
tions are for providing those services, nor which will be cheapest.

3. How did DOE treat efficiency improvements? 1In essence, they didn't.

Is this a sound forecasting method? No; it's utterly fishbrained.

4. Is the CRS study right to say that the electrical demand implied by 3%

annual real GNP growth can generally be met without new power plants?

Yes, but to a much greater extent, and at lower cost, than CRS says.

This Subcommittee is to be warmly commended for appreciating the importance of

- these issues.  The United States spent last year three times as much money on
building nuclear power plants~-many of which will not, and all of which economi=-
cally should not, be finished--as it invested in its automobile industry. The
utility industry spends each year on uneconomic power plants about half as much
money as the Chiles Report suggests, but about twice as much as was invested in
all energy efficiency and renewables in 1980. The money needed to bring the
energy transition to maturity in a timely fashion is being poured down a rathole
-=-building giant power plants that cannot pay for theméelves, and each of which,
directly aéd indirectly, loses the economy about 4,000 net jobs*. This foolish-
ness has gone on at least one or two hundred billion dollars longe; than our
economy can afford. It is long past time that investors who bought WPPSS bonds
at 14%/y tax-free (an obvious risk premium) learned that the risk comes with the
premium; that utility managers stopped believing in Santa Claus; and that this
nation got on with the task of making iﬁself free to choose, so that the genius

of free enterprise can help us to do the cheapest things first.

* ¥ *

*According to input-output regressions by Prof. Bruce Hannon (U. of Illinois).
Being based on decade~old coefficients and costs, the figure is probably low.
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BIOGRAPHICAL SKETCH OF AMORY B. LOVINS AND L. HUNTER LOVINS

Amory and Hunter Lovins work together as analysts, lecturers, and consultants on
energy and resource policy in over fifteen countries. Their prophetic analyses
have placed them among (in Newsweek's phrase) "the Western world's most influen=-
tial energy thinkers." They received a 1982 Mitchell Prize for their essay on
reallocating electric utilities' capital more efficiently, and shared a 1983
Right Livelihood Award (the "alternative Nobel Prize").

Mrs. Lovins, 33, earned BA degrees from Pitzer College in political studies and
in sociology, and a JD from Loyola University [Los Angeles] School of Law, with
the Alumni Award for Outstanding Service. She is a member of the California
Bar. For six years she was Assistant Director of the California Conservation
Project ("Tree People"), which she helped to establish. She has served on the
City of Los Angeles Energy Management Advisory Board, lectured extensively,
published many papers, and coauthored four books with Amory.

Amory Lovins, 36, is a consultant experimental physicist educated at Harvard and
Oxford. A former Oxford don, he holds an MA (Oxon.) by- Special Resolution and
four honorary doctorates. He was Regents' Lecturer in the University of Cali-
fornia both in resource policy (1978) and in economics (1981); Grauer Lecturer n
the University of British Columbia; and 1982 Distingquished Visiting Professor in
the University of Colorado. In 1980-81 he served on the Energy Research Advis=-
ory Board of the'U.S. Department of Energy. He has briefed five heads of state,
testified to legislative and regulatory hearings in eight countries, and pub~
lished a dozen books and over a hundred technical and popular papers.

Mr. Lovins's clients have included several U.N. agencies, the OECD, the Interna=
tional Federation of Institutes for Advanced Study, the MIT Workshop on Alterna=-
unEmmy&mmﬁ%,mmums&rmeNWW,mm,m&Pum%mwmtm
Science Council of Canada, the Government of Lower Saxony, the Governments of
Alaska, Montana, and California, and others in the public and private sectors.

The Lovinses have long taken a special interest in the problems of electric
utilities, and work with utility managers and regulators in about thirty states
and several foreign countries. They have been invited reviewers of utility
analyses for the Secretary of Energy and the U.S. General Accounting Office, and
have addressed such groups as the Administrator and top management of Bonneville
Power Administration, the Corporate Planning Committee of Edison Electric Insti=-
tute, a strategic planning workshop of the American Public Power Association,
and utility conferences sponsored by E.F. Hutton, the California PUC, and the
Institute for Resource Management.

The Lovinses were 1982 Henry R. Luce Visiting Professors at Dartmouth College,
and have performed research contracts for the German Federal Environmental Agen-
cy and the U.S. Defense Civil Preparedness Agency. Their 16mm film "Lovins on
the Soft Path” has received blue ribbons at four film festivals. The Lovinses
are Policy Advisors to Priends of the Earth, sit on a wide variety of boards and
committees, and give about a hundred lectures each year. Mrs. Lovins is cur-
rently President and Executive Director, and Mr. Lovins is Director of Research,
of Rocky Mountain Institute (Drawer 248, Old Snowmass CO 81654), a nonprofit
foundation exploring the connections between enérgy, water, agriculture, securi-
ty, and economic development.



Attachment 2

The Approximate Short=-Run Mar 3 3l Cogt of a US Nuclear Power Syatem
© Amory B. Lovinsg, 15 November 1983

Economic assumptions: Constant 1983 USS$ throughout.

$1.04 (1983) = $1,00 (1982) (est. GNP deflator); $1.282 °
(1982) = $1.00 (1979); $1.508 (1982) = $1.00 (1977)%
Engineering agssumptions: Average light-water reactor of ca. 1 GWe net output;
10-year construction time (shorter than current); 30-year
operating lifetime (longer than likely); 0.55 levelized
lifetime capacity factorP; 6.91% grid loss®,
Financial assumggionsd: standard 1982 us private-electric-utility accounting
‘ with capitalization 50% debt, 15% preferred, 35% common.
Real %/y costs of money: 2.3 debt, 2.8 preferred, 6.3 com-
mon; discount rate 3.7 (5-5.5 would be more realistic),
Total net Federal and state income taxes 50%; property tax
and insurance 2%; no net salvage value; 8.5%/y inflation.
Rasulting parameters: real fixed charge rate/y 11.6% (year
1), 9.1% (30~y levelized); 30-y present-valued multiplier

to bay debt & equity returns, taxes, & insurance: x1.641
(with tax preferences, x1:231)e,

Cost assumptions: Nuclear plant, including land, construction to startup:
Direct construction cost = $2,000/net installed kwef
Interest-during-construction multiplier: x1.2069
Total plant cost: $2,000 x 1.206 = 32,412 /kWe

Initial core: $75/kwel
Net capital additions: $1‘24345we1
Incremental grid investment: $574/kWe installed]
Incremental investment in front-end fuel=cycle facilities
for reload fuel: $136 /e installed’
Decommissioning: $68/kWe .
Waste transportation facilities: $10 /kwe™
Waste storage/disposal facilities: $100 /kwe™
Total capital cost for complete system: $4,618/kWe net ingtalled
= 0.55 capacity factor = $8,396/kWe sent out
* 0.9309 for grid loss = $9,020/kWe delivered
x 0.091/y = 8766 h/y = 9.44/kW-h capital charge (real)

Assuming fuel costs ca. 0.6¢/kW-h, nuclear plant operating and maintenance costs

ca. 0.8¢/kW=-h, and grid O&M costs ca. 0.3¢/kW~-h (all consistent with empirical

US values at the short-run margin), this whole-system capital cost implies a

levelized delivered electricity price (at 9.18%/y real fixed charge rate) of ca.

11.1¢/kW~h real, equivalent in terms of heat contant to oil at $179/barrel, or
about six times the mid-1983 world oil price. Adding back the assumed inflation
rate to get nominal 1983 dollars makes the electricity price 19.8¢/kW-h (heat-
equivalent to over $320/bbl). In fact, the delivered electricity price from new
US reactors being commissioned in 1982-84 .ranges from about 7¢ to over 20¢/xW=h.

The agssumptions, believed to be realistic or congervative, omit capital cost of
reserve margin (often equivalent to about a third of nuclear capacity because
the plants are both large and unreliable); costs of security, R&D, -and regqula-
tion; and externalities such as occupational exposures, all risks of accidents

or sabotage, and the proliferation of nuclear bombsg.

DRAWER 248, OLD SNOWMASS. COLORADO 81654, (303) 927-3851



Notes

a. This is the Handy-Whitman Nuclear Production Plant Deflator for the typical
North Central region of the United States. That index is a weighted average of
specific inflation in factor costs for nuclear plant construction. ,
b. The cumulative average capacity factor to date for all U.S. commercial nucle-
ar power plants >800 MWe iz 0.545, based on original design ratings.

C. Average U.S. grid loss from plant busbar to all final purchagers (EIA data).
d. Electric Power Research Inst., Technical Asgegsment Guide 1982, P-2410-SR.

e. Since this analysis assesses 'social internal cost, it is computed without tax
subsidies; ref. d, Appendix A, Table VInoe A 108 investment tax credit, and

the 10-year tax life in the 1981 tax act, socialize/subsidize 64% of the cost-
of-money multiplier, making delivered nuclear electricity look ca. 1/5 cheaper.
£. This is the average of U.S. utilities' mid-1983 estimates of actual comple-
tion cost for all reactors now under construction and due to be commissioned in
or after 1982. The figure, based on detailed utility survey data, was supplied
by economist Charles Komanoff, ‘Komanoff Energy Associates, 451 Broome St, 11th
floor, New York NY 10013, who also provided helpful comments on this paper.

g. This applies the Comtois formula for 10 years at a low 3.7%/y real interest.
h. Assuming a 1-GWe PWR with:
Initial design enrichment 2.63% 235y; tailg agsay 0.3%; thermal efficien-
cy 0.325; capacity factor 0.55; burnup 33 GWt-d/TU; 3-y refueling interval.
Carrying charge 3.7%/y real, with lead times of 3 Y for yellowcake production

and conversion, 1.5 y for enrichment, and 0.6 y for fabrication.
Prices as asgumed for 198% by USDOE (Energy Information Administration, Pro-
ected Coats of Electricity from Nuclear and Coal-Fired Power Plants, DOE/
- EIA-0356/2, p. 56), converted from 1980 to 1983 $ by 1.206 GNP deflator,

yielding: (in 1983 $) $41/1b U30g, $6.9/kgU conversion, $150/SWU en=-
richment, and $183/kgU fabrication).

i. Present value of a stream of expenditures for refurbishm
water-cooled reactor commissioned in 1985. The annual values for years 1-=15 are
derived from a multiple regression on 49 US nuclear plants during 1970-80; all
explanatory variables have confidence levels >99.8%. (Energy Systems Research
Group, Report 83-14/B, Ch. 4, July 1983 {120 Milk S§t., Boston, Mass. 02109]).
Annual values are assumed constant in years 15-25, declining to zero in year 30.
The first-year value assumed, $29/kW, compares with the $24.7/kw (1983 $) actu- -
ally incurred by the average US nuclear plant in 1980 alone; and during 1970-80,
net capital additions per kWe increased (id.) by 15.9%/y real.

j. From 1978 Bechtel Corporation data documented by A.B. Lovins in notes 20-21,
‘"Bechtel Cost Data," Science 204:129 (1979) (g ¥. generally).

k. This assumes that decommissioning costs 10% of original direct construction
cost, and is multiplied by 0.34, i.e. discounted for 30 years at 3.7%/y real,
USDOE estimates are generally around 5% (see PP 273 and 271m in C. Komanoff, .
Power Plant Cost Egcalation (1981), ref. f), but USDOE in 1980 confirmed that a
detailed industry estimate of $167/kWe (undiscounted 1983 $) is "representative
of the most current...estimates® for dismantlement--the method favored by USNRC .
(see USEIA, Nuclear Power Requlation, DOE/EIA-0021/10 [1980], Tables 16 & 17).
The California Energy Commission assumes that 10% of original cost is realistic.
The latest industry study, by Pennsylvania Power & Light Co. for its Susquehanna
1 plant, shows 6.2%. Some expert estimates are much higher; the only empirical
data, from such reactors as Elk River (which ran at 20 MWe for only four years),
suggest that decommisgsioning costs about 24% of original ‘capital cost. )

m. Author's estimate of present value, consistent with a capital charge of about
$0.0013/kW=h, wall within the generally accepted range. The US General Account=
ing Office has estimated that waste transportation and permanent disposal, as~
suming no need.for interim storage, will cost, in undiscounted 1983 $, about.
$373/kgU (Comptroller General of the US, Economic Im act of Closing Zion Nuclear
Facility, 21 October 1981), equivalent to about 0.15-0.21¢/kW~-h at nominal burn-
ups; this cost includes both capital and operating components, but is probably

at least 90% capital cost. The author believes these cost estimates will probe-
ably prove to be much too low.

ent of a single salt-






