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Chapter 3

The Uncertain Financial and Economic Future

If significant new electric-generating capacity
is needed in the 1990’s and beyond, and if nu-
clear power is to provide a major fraction of that
capacity, utilities must order reactors some time
before the end of the decade. Utility executives
will compare the reliability, safety, and public ac-
ceptance of nuclear power (issues that are ex-
plored in other chapters in this report) relative
to other types of generating capacity, especially
to coal. But above all, they will treat the ques-
tion of whether to order a nuclear plant as a stra-
tegic decision to be taken in the context of ex-
pected demand for electricity and the current and
future financial status of the utility. Utility ex-

ecutives will compare the risks and returns from
construction of more nuclear powerplants with
the risks and returns of several other options for
meeting their public obligation to provide ade-
quate electric power.

This chapter will explore the elements of stra-
tegic choice for utilities that arise from the uncer-
tainty of future rates of growth in electricity de-
mand, the uncertainty of economic return on in-
vestment, and the uncertainty of construction and
operating costs of nuclear powerplants. The chap-
ter will also assess the regional and national im-
plications of individual utility choices.

THE RECENT PAST: UTILITIES HAVE BUILT FAR LESS
THAN THEY PLANNED

Utilities have built far less new electric-generat-
ing capacity in the 1970’s and early 1980’s than
they expected to a decade ago. In 1972, the peak-
year of generating capacity forecasts, utilities
overestimated construction in the last half of the
1970’s by 25 percent and overestimated construc-
tion in the first half of the 1980’s by 60 percent
(46). Utility predictions of future generating ca-
pacity declined over the decade but still greatly
exceeded actual construction. The actual gener-
ating capacity of 580 gigawatts (GW) * in the sum-
er of 1982 was about 75 GW lower than what
had been forecast as recently as 1977 (70).

Both nuclear and coal plants were canceled in
the late 1970’s and early 1980’s, but nuclear
plants were canceled in far greater numbers and
with far greater cost in sunk investments. Over
100 nuclear units were canceled from 1972 to
1983, more than twice the number of coal units
(29,35). Almost $10 billion (1982 dollars) in invest-
ment costs was tied up in the 26 sites (some with
2 units) where at least $50 million per site had
already been spent (35). Another 11 nuclear units
totaling $2.5 billion to $3 billion in construction
—

*One gigawatt equals 1,000 MW (1,000,000 kW) or slightly less
than the capacity of the typical large nuclear powerplant of 1,100
to 1,300 MW. GW as used in this chapter always refers to GWe
or gigawatts of electricity.

costs are expected to be canceled and another
5 units with $3 billion to $4 billion costs may be
canceled (35,53).

Of 246 GW of orders for nuclear plants ever
placed, about 110 GW have been canceled. All
of the 13 orders placed since 1975 have been
canceled or deferred indefinitely and no new
orders have been placed since 1978.

Utilities expect to complete many of the nu-
clear plants under construction but have not
planned to build any more. Utilities still, however,
are planning to build new coal plants. A total of
about 43 GW of coal construction is planned for
completion from 1988 to 1991 (see fig. 3) but only
11 GW of nuclear capacity is planned (much of
which is likely to be canceled) (68).

One obvious reason for so many canceled and
deferred plants is that from 1973 to 1982, elec-
tricity load grew at less than half the pace (2.6
percent per year) that it had grown from 1960
to 1972 (7.1 percent per year). Most utilities in
the early 1970’s used simple trend-line forecasts
that took neither gross national product (GNP)
or response to electricity price into account. They
were unprepared for the change in electricity
growth rates. Figure 4 shows a remarkable down-

29



30 ● Nuclear Power in an Age of Uncertainty

Figure 3.– Planned Construction of Coal and Nuclear-
Generating Capacity, 1982=91
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1983 1985 1987 1989 1991

SOURCE: North American Reliability Council, Electric Power Supply and
Demand 1982-1991, August 1982.

Figure 4.—Comparison of Annual Ten-Year Forecasts
of Summer Peak Demand (contiguous U.S.)
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SOURCE: North American Electric Reliability Council, Electric Power Supply

and Demand, 1981-1991, August 1982 and advanced release of the
projections for 1983-1992 in April 1983.

ward trend in utility forecasts of future load
growth. it is no surprise that utilities, making plans
in the late 1960’s and early 1970’s, and unable
to foresee the economic changes of the 1970’s,
planned to build more generating capacity than
was eventually needed. Even with all the cancel-
lations and deferrals, there was almost a
50-percent increase in electric-generating capac-
ity from 1973 to 1982 while the average reserve
margin* increased from about 21 percent in 1973
to about 33 percent (68,70). In between, the
reserve margin peaked at about 37 percent as util-
ities completed and brought online plants that
had begun construction before the slower load
growth was recognized as the norm rather than
as an anomaly (58).

In addition to the slowdown in electric load
growth, powerplants also have been canceled
and deferred due to the widely acknowledged
deterioration in the financial condition of utilities.
At the beginning of the 1970’s, utilities enjoyed
good financial health. Almost 80 percent had
bond ratings (Standard and Poors) of AA or AAA.
Utility stock sold well above book value so that
there was little difficulty financing new generating
capacity from new issues of either debt or equity.

By 1981, however, utilities were in a greatly
weakened financial condition. Currently, there
are no electric utilities with AAA bond ratings and
less than a fourth with AA ratings. At its low point
in 1981, utility stock sold on average at only 70
percent of book value. This meant that any issue
of new stock to pay for new generating plant
would dilute the value of the existing stock (see
box A later in this chapter). The financial deterior-
ation was influenced in part by the general finan-
cial conditions of the decade, especially the rapid
rates of inflation and the poor performance of the
stock market. Beyond the influence of general
economic conditions, however, the financial
status of utilities deteriorated because of the enor-

*“Reserve margin” is defined as the percent excess of “planned
resources” over “peak demand” where “planned resources” in-
cludes instaIled generating capacity plus scheduled capacity pur-
chases less sales.
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mous strain of financing requirements for new
plants. Despite many cancellations and deferrals
of powerplants, new plant financing increased
from about $10 billion in 1970 to over $28 billion
in 1982, of which more than two-thirds had to
be financed externally (45).

The biggest incentive for utilities to cancel and
postpone more nuclear than coal plants, was the
more than fivefold increase in the constant dollar
cost of nuclear plants from plants completed in
1971 to plants scheduled for completion in the
1980’s compared to the approximately threefold
increase in the constant dollar cost of coal plants
(55,56). Another incentive to favor coal plants
was their shorter Ieadtime, an average of 40 to
50 percent fewer months than for a nuclear plant
(l).

Looking ahead, the prospects for substantial
numbers of new central station powerplants ap-
pear fairly uncertain. The prospects for more
nuclear plants appear even more uncertain. The
reasons why this is so are laid out in the rest of
the chapter. The next section describes the uncer-
tainty about the future growth rates in electrici-
ty demand. With some assumptions about the
future it is reasonable to expect that the fairly slow
growth rates (1 or 2 percent per year) of the past
few years will continue. With equally plausible
assumptions, however, electricity load growth
couId resume at rates of 3 to 4 percent per year.
The sources of uncertainty are described in the
next section.

The third section explains why utilities can af-
ford to wait awhile before ordering powerplants
in large numbers, since reserve margins are now
so high. Sooner or later, however, as this section
points out, some number of new powerplants will
need to be built to replace aging powerplants and
meet even modest increases in electric load.

The fourth section of the chapter presents an
argument that there may be systematic biases in

rate regulation that discourage those types of
generating capacity that are of high capital cost
and high risk relative to other types. Over the long
run such rate regulation would discourage fur-
ther construction of large coal and nuclear plants
even when increased load and replacement of
existing plants would make it sensible to construct
central station plants, for which capital costs are
high relative to fuel cost.

The fifth section of the chapter lays out the un-
certainties involved in constructing and operating
a nuclear plant which discourage utilities from
ordering more nuclear plants even when they
decide to order more central station powerplants.
Construction costs have risen much faster than
general price increases and vary severalfold from
plant to plant even when built the same year. In
addition, there is a financial risk of at least several
billion dollars from an accident that disables a
powerplant and more from one that causes dam-
age to public health and property. To date insur-
ance is available to cover only a fraction of this
risk.

Given the uncertainties of demand and nuclear
construction cost, utility decisions to cancel nu-
clear powerplants and some coal plants have
been sensible, and in the short-term interests of
the ratepayers. Over the long run, however, if
ratemaking discourages electric-generating tech-
nologies of greater capital cost and greater risk,
further investment in nuclear powerplants could
be discouraged even if it were in the longer term
interests of ratepayers.

The final section of the chapter describes the
choices utilities have and the choices they seem
to be making. Under a few specific assumptions
about changes in outside circumstances and rate
regulation incentives, utilities could order nuclear
plants again. It appears now, however, that they
will avoid central station construction as long as
possible and then build coal plants.

THE UNCERTAIN OUTLOOK FOR ELECTRICITY DEMAND

From 1973 to 1982, annual increases in elec-
tricity demand averaged 2.6 percent. If these

growth rates were to continue for the next 20
years, they would provide no more than a weak
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stimulus to further building of central station
powerplants, including nuclear powerplants. (See
the detailed discussion of capacity requirements
in the next section.) It would be possible for most
utilities, with some effort, to avoid building cen-
tral station powerplants altogether until the late
1990’s by encouraging conservation, load man-
agement, cogeneration, and small sources of
power from hydro and wind; or by purchasing
from U.S. utilities with excess capacity or from
Canadian utilities; or by keeping existing plants
online past normal retirement age. These strate-
gies are discussed later in the chapter.

What are the chances that the average elec-
tricity demand growth rate will be significantly
higher or lower than 2.6 percent per year? A sig-
nificantly lower growth rate would make it diffi-
cult to justify any major construction of central
station powerplants. A significantly higher growth
rate would make a strategy of little or no power-
plant construction difficult to sustain.

Published projections of electricity demand
reflect considerable uncertainty about future
growth rates. As is clear from figure 4 above, the
utilities’ own estimates of future peak demand
have dropped each year since 1974 and now
average an annual increase of 2.9 percent from
1983 to 1992 (70). Some studies (e.g., the Energy
Information Agency and Starr and Searl of EPRI)
project higher rates of electricity growth than the
electric utilities do, although none project more
than 4 percent annual growth through 1990 (27,
51 ,83). Only one (Edison Electric Institute) pro-
jects more than 5 percent from 1990 to 2000. Sev-
eral studies (e.g., Audubon and the Solar Energy
Research Institute) on the other hand, project
very low rates of annual electricity growth of O
to 1.5 percent (77,84).

One of the reasons for this range is different
assumptions about the future growth rates in
GNP. The projections of faster electricity growth
assume a range of 2.5 to 3.0 percent annual GNP
growth per year (51). The projections of slower
electricity growth assume somewhat slower
growth rate in real GNP, a range of 2.0 to 2.8
percent per year (77). In general, however, all
these projections assume that the United States
has a “mature” economy and increases in real

GNP faster than an average of 3.0 percent per
year are not likely.

The projections disagree more significantly
about the likely future relationship between
growth rates in GNP and growth rates in elec-
tricity demand. Projections of faster electricity
growth assume that electricity will increase faster
than GNP. Projections of slower electricity
growth asume that electricity demand will in-
crease significantly less fast than GNP.

The ratio between electricity growth rates and
GNP growth rates has indeed dropped since the
1960’s. As is shown in figure 5, electricity growth
rates were about double GNP growth rates in the
1960’s and approximately equal to GNP growth
rates (except for recession years) in the 1970’s.
Those expecting fast growth rates in electricity
regard the late 1970’s as an anomaly and expect
a resurgence of a ratio of electricity to GNP
growth of more than 1.0. Those expecting slow
growth rates in electricity assume that the ratio
of electricity growth to GNP growth will fall still
further, well below 1.0. They expect that electrici-
ty will continue to behave like other forms of en-
ergy for which ratios to GNP have dropped stead-
ily since 1973.

The sources of uncertainty in electricity de-
mand forecasts are very evident from a look at

Figure 5.—A Comparison of the Growth Rates of Real
GNP and- Electricity Sales, 1980=82

1 1 1 1
1960 62 64 66 68 70 72 74 76 78 80 82

SOURCE: Craig R. Johnson, “Why Electric Power Growth Will Not Resume, ”
Public Utilities Fortnigfhtly, Apr. 14, 1983 from data in the EIA, Annual
Report to Congress 1982 and the Edison Electric Institute,
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the uncertainty surrounding the factors under-
lying the forecasts. The uncertainty exists both
in conventional macroeconomic approaches to
forecasting which relate electricity growth to ex-
pected changes in GNP, electricity prices and the
prices of competing fuels. (This is sometimes re-
ferred to as the top-down approach.) There is
comparable uncertainty about the factors under-
lying engineering or end-use projections of elec-
tricity use. This approach (sometimes called bot-
tom-up analysis) identifies possible technical
changes in the use of electricity that are econom-
ically feasible—such as improvements in appli-
ance and electric motor efficiency, opportunities
for fuel switching, and new electricity-using in-
dustrial technologies–and then estimates the
likely market penetration of these changes.

The Top-Down Perspective on
Electricity Demand—Sources

of Uncertainty

One of the advantages of top-down analysis of
electricity demand is that uncertainty is confined
to only a few powerful variables—future growth
in GNP, changes in electricity prices, and changes
in the prices of competing fuels and the respon-
siveness of electricity demand to each.

The Influence of Economic Growth. -Future
growth of GNP is a major source of uncertainty,
both because income and industrial production
are assumed by economists to have major im-
pacts on electricity demand, and because of some
deep uncertainties about the future direction of
the economy. Even the fairly narrow range of
GNP growth rates of 2 to 3 percent that has been
assumed by the major electricity demand projec-
tions implies a range of electricity demand growth
rates (assuming no price influence) of about 2 to
3 percent over the long run if electricity demand
follows the income response patterns identified
in the past (79). Many observers concede the
range is even wider, Those with private misgiv-
ings about the future health of the economy ac-
cept the possibility of an annual rate of GNP
growth lower than 2 percent. Optimists about
economic renewal and increased productivity
suggest the potential for a higher rate of growth.

Regional uncertainties about economic growth
are more extreme than national ones. Income
and industrial output have fallen in some regions
as a result of the recent recession and the extent
of long-term recovery from the recession in these
regions is unclear. Rapid population growth is ex-
pected to occur in the South and Southwest.

Electricity Prices.– Future electricity prices and
their impacts are a second source of uncertainty
about electricity demand growth. This is both be-
cause there is disagreement about future change
in electricity prices and because there is uncer-
tainty about how electricity demand responds to
electricity prices.

From 1970 to 1982, average electricity prices
increased in constant dollars at about 4 percent
per year, reversing a 20-year trend of decreas-
ing real prices (26). There is considerable dis-
agreement about the future course of electricity
prices even though they should be easier to pro-
ject than oil or gas prices because they are largely
determined by regulatory rules that are predict-
able. The Energy Information Administration in
the Department of Energy (DOE) has consistent-
ly projected very slow increases in real electrici-
ty prices of less than 0.5 percent per year until
1985 and 1.4 percent per year after that (27). The
Office of Policy Planning and Analysis, also of
DOE, projected somewhat more rapidly increas-
ing electricity prices, at 2.4 percent per year un-
til 1995 with level prices after that (20). Finally,
Data Resources Inc. (DRI) has projected sharply
increasing electricity prices for both industrial and
residential users of 3.7 percent per year until the
mid-1 980’s, slower increases until 1990 and less
than 0.5 percent per year from 1990 to 2000 (18).

Forecasts of electricity prices disagree principal-
ly about the future cost of coal for electricity, the
future construction cost of nuclear and coal pow-
erplants and the future rate regulation policies
of Public Utility Commissions. Stabilizing of elec-
tricity prices in the 1990’s is expected to occur
because of a growing share of partially depreci-
ated plants in the rate base and little new con-
struction. (See the discussion of these factors in
later sections of this chapter.)
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Response of Electricity Demand to Electricity
Prices.—There is generally less agreement about
the impact of electricity prices on electricity de-
mand than there is about the impact of changes
in GNP. Most analysts agree that the short-run
response of electricity demand to an increase in
electricity prices is very limited—l O to 20 percent
of the price increase. Based on comparisons from
State to State, however, analysts estimate the
long-run response to be much greater–50 to 100
percent of the price increase. (The response to
a price increase is always a decrease in demand.)
For example, an increase of 2 percent in elec-
tricity prices would be expected to result in a
short-run decrease in electricity demand of 0.2
to 0.4 percent (from what it would have been
otherwise), but a long-run decrease in electrici-
ty demand of 1 to 2 percent.

Prices of Competing Fuels.–Very few analysts
have attempted to estimate the long-run response
of electricity demand to changes in the prices of
other (and competing) forms of energy of which
the principal competitor is natural gas. Of these
attempts, the consensus is that electricity demand
would be expected to increase (over the long run)
about 0.2 percent for every 1 percent increase
in natural gas prices.

The Energy Information Administration projects
that natural gas prices will increase at more than
10 percent a year (in constant dollars) until 1985
and more slowly, at 5 percent per year after that
until 1990 (27). DRI, on the other hand, projects

somewhat slower increases of about 3 percent
per year through the 1980’s and 1990’s (18).

In some areas, especially New England, oil is
the chief competitor to electricity and the chief
source of uncertainty. Oil prices are now higher
than natural gas prices and are projected to in-
crease but more slowly than natural gas prices.

The Impact of Prices on Demand .–The com-
bined effect of uncertainty about future electric-
ity and natural gas (and oil) prices and uncertain-
ty about how electricity demand responds to
changes in electricity prices is enough to explain
a range of uncertainty in electricity demand from
very slow growth to quite rapid growth. This is
illustrated in table 3. If GNP is projected to grow
at 2.5 percent (the midpoint of the range assumed
in current forecasts) and the long-run response
to increases in income is assumed to be 100 per-
cent, the effect of price and price response as-
sumptions is to produce a projection of 1.1 per-
cent annual increase in electricity demand, at the
low end, and of 4 percent at the high end. It
would be possible, for example, for electricity de-
mand to grow at 4 percent per year, if electricity
prices increase at no more than 1 percent per
year (in constant dollars) while natural gas prices
increase at 10 percent per year, and there is a
relatively small long-run decrease in demand in
response to an electricity price increase (defined
as a long-run elasticity of – 0.5).

Timing of Response to Prices.–Unfortunately
no analyses have been published of the long-run

Table 3.—Growth Rates in Electricity Demand Given Different Price Responsesa

Annual increase in electricity
demand given:

Rates of electricity and gas Low long-run High long-run
price increase price response price response

1. High electricity prices (2%/yr)
Moderate gas prices (3%/yr) . . . . . . . . 2.1%/yr 1.1%/yr

2. Low electricity prices (1‘\O/yr)
Moderate gas prices (3%/yr) . . . . . . . . 2.6%/yr 2.1%/yr

3. Low electricity prices (1%/yr)
High gas prices (5%/yr). . . . . . . . . . . . . 3.0%/yr 2.5%/yr

4. Very high gas prices (10%/yr)
Low electricity prices (1%/yr). . . . . . . . 4.0%/yr 3.5%/yr

aAl~O ~alled price  elaStiClt&.  See Assumptions.

Assurrrptlons:  GNP increases at 2.5 percent par year; Income elasticity of electricity demand - 1.0; response of electricity
demand to gas price (cross-elasticity) - 0.2; response of electricity demand to electricity price (own-elasticity): a) low
= 0.5, b) high = –1.0.

SOURCE: Off Ice of Technology Assessment based on a presentation by James Sweeney to an OTA workshop.
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response of electricity demand to electricity
prices in the crucial decade since the 1973 oil
embargo. The estimates mentioned above were
all based on data up to 1972. The chief reason
is because this analysis cannot be done without
consideration of the timing of the long-run re-
sponse. Not only have electricity prices (in con-
stant dollars) changed from decreasing to increas-
ing, but competing fuel prices (which also affect
electricity demand) changed from decreasing to
increasing even more dramatically.

The length of time it takes for the long-run price
response to be felt is crucial to making any esti-
mate of this response. If the “long run” is 3 to
4 years, we have already seen much of the re-
sponse to the price increases of the 1970’s. If the
“long run” is 10 years or longer, we are just now
beginning to witness the effects of actions taken
in response to those price increases.

This lack of understanding of how long it takes
for the full long-term response to increases in
electricity prices makes it difficult to predict what
still remains of consumer and industrial responses
to the increasing electricity prices of the last
decade. If the response takes 10 years or longer,
the effects will last until the early 1990’s.

Electricity Rate Structure.-The uncertainty of
price impacts is further complicated because fore-
casts of average electricity price do not fully cap-
ture the potential price changes that will influ-
ence electricity demand. Decisions of industry
and consumers are also influenced by the price
of an additional unit of electricity, that is the mar-
ginal price of electricity. Utilities have recently
begun to shift from “declining block rate” struc-
tures (in which each additional block of units of
electricity costs less than previous blocks) to in-
creasing block rate structures (in which each ad-
ditional block costs more than previous blocks).
There is no current survey of data on utility rate
structures, but a crude estimate can be made that
as many as one-fifth of all utilities may have in-
creasing block rates for households. The number
of such utilities is likely to continue to grow.

Regional Differences in Demand Response to
Price Increases for Individual Utilities. -Another
source of uncertainty is that individual utilities will
have very different experience in electricity prices

from the national average. A recent regional anal-
ysis of projected changes in electricity prices
shows a mixture of declining electricity prices in
some regions and increasing electricity prices in
others (48). Real electricity prices in the Moun-
tain region are forecast to drop by an average of
more than 3 percent per year (in constant dollars)
until 1987 and then stay nearly stable until 2000.
Meanwhile, in the West South Central region
electricity prices are projected to increase by an
average of 4.6 percent per year until 1991 and
then taper off slowly until the year 2000. Price
changes as different as these will inevitably in-
duce a wide regional variation in demand growth
rates. Declining rates in the Mountain region
should eventually stimulate increases in electricity
demand while the opposite occurs in the West
South Central region. This regional variation in
both present and projected electricity prices will
complicate and perhaps delay industry’s invest-
ments to improve efficiency.

The Bottom-Up Perspective on
Electricity Demand—Sources

of Uncertainty

Within an overall framework of economic
growth rates and changes in relative energy
prices, bottom-up or end-use analysis offers a
closer look at how electricity customers might ac-
tually change their patterns of electricity use in
response to prices and income changes. Industrial
customers purchase the most electricity, about
38 percent of the approximately 2.1 billion kwh
sold in 1981. * Residential customers are close
behind with 34 percent of all sales in 1981. Com-
mercial customers and other customers pur-
chased 24 and 4 percent, respectively.

Given a range of plausible assumptions about
how customers are likely to change their patterns
of electricity use over the next two decades,
growth rates in electricity demand that range from
1 percent per year to as high as 4 percent per
year are possible.

From a close look at each sector it is clear
that a few variables are far more important than

* 1981 data are used because industrial purchases had fallen to
35 percent of the total in 1982 as a result of the economic recession.



36 ● Nuclear Power in an Age of Uncertainty

others. Industrial electricity sales will be strong-
ly influenced by the output experience of several
key industries such as steel and aluminum, by the
market penetration of greater efficiency in the use
of electric motors, and by the success of several
important new electrotechnologies for replacing
oil and natural gas sources of industrial process
heat.

The future rate of household formation will also
strongly influence residential sales. How fast the
use of electric heat and central air-conditioning
spreads into new and existing housing units is also
important, as is the success of high-efficiency ap-
pliances, air-conditioners, and heat pumps.

For future commercial sales of electricity the
important future influences will be: the rate of
construction of new commercial buildings; the
prospects for significantly more efficient air-con-
ditioning and lighting; and the potential for signifi-
cant increase in electricity used for computers
and other automation.

Utilities, in fact, are beginning to monitor such
variables more closely in the effort to reduce
some of the uncertainty about future growth rates
in electricity. Utilities are increasingly turning to
end-use modeling of future demand. This is in
part because such models can be used to assess
the impact of utility conservation and load man-
agement programs, but it is also possible to moni-
tor important indicators of future customer be-
havior. Some utilities and State governments are
indeed undertaking load management and con-
servation programs in order to directly influence
customer behavior and reduce future uncertainty.

There is general acceptance that the high and
low end of the bottom-up range is influenced by
the key variables of price and income (GNP) used
in top-down analysis. Slow increase in electrici-
ty prices is a weak stimulus to improvements in
the efficiency of electricity use even if they are
technically feasible, while rapid electricity price
increases are a strong stimulus to efficiency im-
provements. Similarly, rapid increases in natural
gas prices relative to electricity prices will stimu-
late the adoption of new electrotechnologies that
substitute for natural gas. Less rapid price in-
creases will provide less stimulus.

Industrial Demand for Electricity .-The elec-
tric-intensity of U.S. industry (electricity used per
unit of output) has held steady since 1974. This
is despite a steady decrease for more than two
decades in the overall use of energy per unit of
industrial output. The steady relationship of elec-
tricity to industrial output is the product of two
opposing trends: a steady increase in electricity-
use in industries which are heavy users of elec-
tricity, and a steady decrease in the proportion
of output from those same industries relative to
total U.S. industrial output (58). Looking ahead,
there is considerable uncertainty about both
these trends.

Electricity use in industry is concentrated. Just
13 specific industrial sectors* consume half of all
industrial electricity. These are: primary alumi-
num, blast furnaces, industrial inorganic and or-
ganic chemicals not elsewhere classified, petro-
leum refining, papermills, miscellaneous plastic
products, industrial gases, plastics materials and
resins, paperboard mills, motor vehicle parts, al-
kalis and chlorine, and hydraulic cement.

Future rates of output growth in several of these
industries are highly uncertain. For example, the
industrial output of primary metals, which in-
cludes both aluminum and steel, decreased by
about 1.0 percent per year between 1972-74 and
1978-80 (57). Capacity expansion plans for both
steel and aluminum are down about two-thirds
from their level a decade ago (50).

Within the chemicals industry, electricity is
used heavily in the production of several basic
chemicals such as oxygen (where it is used for
refrigeration), and chlorine (where it is used for
electrochemical separation). Although the chemi-
cals industry as a whole grew by an average of
4.5 percent per year from 1974 to 1980, the
production of these basic electrically produced
chemicals grew only 1 to 2 percent per year (ox-
ygen and chlorine) or actually decreased (acet-
ylene and phosphorus) (1 1). Observers of the
chemical industry expect this trend to continue
as demand for basic chemicals becomes saturated
and some production moves overseas. The U.S.

*As identified by four-digit Standard Industrial Classification (SIC)
codes.
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chemical industry is expected to concentrate in-
creasingly on small volume specialty chemicals,
which use relatively little electricity for produc-
tion.

Since chemicals, iron and steel and primary
aluminum alone account for more than a third
of electricity use in industry, a 2 percent lag in
growth of these electricity-using industries behind
general industrial output would alone cause a lag
of about 0.5 percent in electricity demand behind
overall growth in industrial output.

In addition to being concentrated by type of
industry, electricity use in industry is also con-
centrated by function. Uncertainty about the di-
rection of trends in electricity use in electric-
intensive industries comes about because elec-
tricity use will probably become more efficient
in two of the functions (electric motors and elec-
trolysis) and is likely to expand into significant
new uses in the third function (electricity to supp-
ly or substitute for process heat).

About half of all electricity use in industry is
used for electric motors, including compressors,
fans and blowers, and pumps (3). Improvements
in the efficiency of electric motors are likely to be
continuous for 10 to 15 years through improve-
ments in the motors themselves and through im-
proved efficiency of use which takes advantage
of new semiconductor and control technology.
Thus, electricity use per unit of output for these
purposes could decrease by 5 percent (if there
is little price stimulus) or up to 20 percent (if there
is significant price stimulus). Some of this im-
proved efficiency should come about as a result
of past price increases, as capital stock turns over.
impetus for the rest will depend on future elec-
tricity price increases, and the cost of installing
the control technologies.

Another 15 to 20 percent of all industrial elec-
tricity is used for electrolysis of aluminum and
chlorine (3,81 ). Aluminum electrolysis is more
likely to decrease than increase as a fraction of
industrial use, because efficiency improvements
of 20 to 30 percent are technically possible from
several technologies and are probably necessary
(given sharply increasing prices for electricity in
the Northwest, Texas, and Louisiana where plants
have been located) to keep aluminum produc-

tion in the United States competitive with alumi-
num production overseas (81).

Electric process heating in industry accounts for
only about 10 percent of current uses of electrici-
ty but has great potential to become much more
important as new electric process heating tech-
niques are developed that make better use of
electricity’s precision and ability to produce very
high temperatures. In some important high tem-
perature industries such as cement, iron and
steel, and glassmaking, electricity makes up 20
to 35 percent of all energy use and could as much
as double its share.

Some techniques being developed could have
very large impacts on electricity demand. These
include plasma reduction and melting processes
for primary metals production, and induction
heating for shaping and forging. Other techniques
such as lasers and robotics, however, are likely
to have small impacts on electricity demand be-
cause only small amounts of electricity are used
for each application. The biggest lasers, for ex-
ample use only about 1 to 2 kW. Most use under
100 W. Table 4 shows an assessment of the rela-
tive impact likely from each of the newer tech-
niques (81).

Great uncertainty surrounds the contribution
to industrial electricity demand from the most im-
portant new electrotechnologies. The iron and
steel industry could experience the greatest in-
crease in electricity demand. Production and
profit levels, however, in that industry are uncer-
tain. Overall growth in the steel industry is pro-
jected to be only about 1.5 percent per year to
2000 (81 ). The contribution of electric arc steel-
making from scrap iron is expected to increase
from approximately one-fourth to at least one-
third of the total, but the potential for plasma
reduction and melting is more uncertain partly
because there may be too little capital to take ad-
vantage of technological advances (81). If new
technologies penetrate slowly, the impact on
electricity demand could be minimal until the late
1990’s. It is conceivable, however, that rapid pen-
etration could occur with a few very successful
new techniques which in turn may increase the
U.S. steel industry’s competitive position and
prospects for growth. In such circumstances,
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Table 4.—Estimated Impact of Industrial Electrotechnologies in the Year 2000

Rough estimates of
GW of capacity Change Load Level of

1983 2000 to 2010’ factor uncertainty

3.
4.

5.

6.

7.
8.
9.

10.
11.

12.
“ 13.

14.

15.

16.
17.

18.

19.
20.

Arc furnace steelmaking. . . . . . . .
Plasma metals reduction . . . . . . .
Plasma chemicals production . . .
High-temperature electrolysis
(aluminum and magnesium) . . . .
Induction melting
(casting) . . . . . . . . . . . . . . . . . . . . .
Plasma melting . . . . . . . . . . . . . . .

Induction heating (forging) . . . . .
Electro slag remelting. . . . . . . . . .
Laser materials processing . . . . .
Electron-beam heating . . . . . . . . .
Resistance heating
and melting . . . . . . . . . . . . . . . . . .
Heat pumps . . . . . . . . . . . . . . . . . .
Electrochemical synthesis,
electrolytic separation,
chlorine/caustic soda . . . . . . . . . .
Microwave and
radiofrequency heating . . . . . . . .
Ultraviolet/electron-beam
coating . . . . . . . . . . . . . . . . . . . . . .
Infrared drying and curing . . . . . .
Electrically assisted
machining and forming. . . . . . . . .
Low-temperature plasma
processing . . . . . . . . . . . . . . . . . . .
Laser chemical processing . . . . .
Robotics . . . . . . . . . . . . . . . . . . . . .

3.5-4.5
0
0

8-9
3-4

0.05

5-7
0.075

0.0005-0.001
0.006-0.008

0.3-0.5
0.1

4-5

0.5

0.01-0.02
0.4-0.5

<0.001

<0.001
0

<0.001

5-7
2-4
3-5

9-12
4-5

? b

8-10
0.15

0.001-0.002
0.015-0.02

0.4-0.6
1-3

4-5

7

0.5-1
0.5-1

<0.001

<0.001
<.5GWC

<0.001

+
+
+

O or –
o

+

o
+
+
+

O or –
+

o

+

+
o

—

—
—
—

High
High
High

High
Low and
off peak
High

Moderate
Moderate
Moderate
Moderate

High
High

Low
High
High

Low
Moderate

Very
high
Moderate
Moderate
Moderate
Moderate

Low
Moderate

High Low

Moderate High

Moderate Moderate
Moderate Low

—

— —
— —
—

aExplanation.  “ + “ = Increase to 2010; 4’0”  = stable to 2010; “ – “ = decrease to 2010,
bAny  capacity  in plasma melting directly competes with electric arc furnace steelmaking.
cThis will  probably  only  be used  in U.S. Government-owned  f’CilltleS for Uranium isotope Separation.

SOUR C E: Table prepared by Philip  Schmidt, based on research for a repori publicized by EPRI in early 19S4, Electricity  and  Industrkl Productivity: A Technica/  and
Economic Perspective (81).

there could be a substantial impact on electrici-
ty demand by the early 1990’s.

The role of cogeneration* in satisfying future
industrial electricity demand is a final source of
uncertainty. (Cogeneration is discussed further in
the section on utility strategies and was a sub-
ject of a recent OTA report Industrial and Com-
mercial Cogeneration (72).) A recent study by
DOE estimated that cost-effective opportunities
existed in industry for about 20 GW of self-con-
tained cogeneration without sales to the outside
electrical grid, a potential increase of slightly more
than the current installed capacity of about 14
GW with about 3 GW additional capacity in the
planning stage (72). if fully realized, an increase

*The combined production of electricity and useful steam (or hot
water) in one process.

in cogeneration of this magnitude would reduce
the growth rate of purchased electricity by about
0.5 percent per year. Cogeneration is being
adapted more slowly than the market potential
indicated earlier partly because the success of in-
dustrial energy conservation programs has re-
duced industrial requirements for steam.

For the 1980’s, the highest growth rate in indus-
trial electricity demand is likely to be no more
than equal to industrial output, and growth rates
could fall as low as 2 percentage points below
industrial output growth. For the 1990’s, it is quite
possible that electricity demand could grow faster
than industrial output (20). The reasons for possi-
ble faster growth in industrial electricity demand
in the 1990’s than in the 1980’s should be clear
from the above discussion. The output of such
electricity-using industries as steel and aluminum
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is likely to continue to grow very slowly during
the 1980’s, but may grow more rapidly in the
1990’s. Technologies for improving the efficien-
cy of use of electric motors are also likely to have
the greatest impact in the 1980’s, while new elec-
trotechnologies for substituting electricity for
process heat are not likely to have a big impact
in the 1980’s because they are now a small share
of total electricity use. Even if they grow rapidly,
they cannot have a major impact on overall in-
dustrial electricity demand until they are a larger
fraction of the whole, sometime in the 1990’s.

Residential Demand for Electricity .-From a
bottom-up perspective, what happens to future
electricity demand from households depends
both on how fast the total number of households
increases and on what happens to electricity use
per household.

There is uncertainty, first of all, about the rate
of household formation. Over the decade from
1970 to 1980, the U.S. population formed house-
holds at a rate much faster than population
growth. In current census projections, this trend
is expected to continue through the 1980’s, re-
sulting in a fairly rapid rate of household forma-
tion of 2.2 percent per year and a further drop
in household size from about 3.2 people per
household in 1970 to 2.8 people in 1980 to 2.5
people per household in 1990. On the other
hand, were the U.S. taste for living in smaller and
smaller households to become less important, the
growth rate in household formation could fall to
1 percent per year or less.

The potential for increased use of electricity per
household largely comes about because the num-
ber of households with air-conditioning and elec-
tric heating is still increasing. This is shown in
figure 6. As of 1979 only 16 percent of all house-
holds had electric heat, but about half of new
dwelling units were heated electrically. As new
dwelling units replace existing ones, the percent
of total dwelling units with electric heat could
double or triple. A doubling of the share of all
households heated electrically (assuming no in-
crease in the efficiency of space heat) would add
about 0.7 percent per year to household growth
in electricity demand. The potential for increased
use of electric space heating, however, will be
influenced by the relative cost of electric heat

Figure 6.—Penetration of Air-Conditioning  and Electric
Heating in Residential Sector

1940 1950 1960 1970 1980

r Percentage of new Percentage of new
households with air households with
conditioning central air

conditioning

Percentage of new

I
Percentage of new

households with households with
electricity for heat pumps
primary heating

 P e r c e n t a g e  o f  t o t a l  -  -  - Percentage of total
households with households with
air conditioning electricity for

primary heating

SOURCE: Department of Energy, The future of Electric Power in America.
Economic Supply for Economic Growth, Report of the Electricity
Policy Project, June 1983, This graph was prepared from data in the
EIA residential energy consumption surveys

which will in turn be reduced by increases in
electric heating efficiency. About 70 percent of
new households have air-conditioning compared
to about 55 percent of existing households, so
modest increases in electricity use from air-
conditioning are also likely.

The use of electricity to heat water may expand
beyond the 30 percent of households that now
use it and could as much as double if there is a
big decrease in the relative cost of electric and
gas-heated hot water. The demand for other elec-
tric appliances is considered largely saturated and
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unlikely to expand substantially beyond the de-
mand caused by increases in new households.
Most (98 percent) of all households have refriger-
ators, 45 percent have freezers, and sO percent
have electric ranges (10).

What makes projecting household electricity
use highly uncertain is the difficulty of knowing
how much electricity use per household will be
reduced because of increases in appliance and
lighting efficiency. From a comparison of the most
energy-efficient appliances and lighting available
in 1982 with the more typical appliances and
lighting available (table s), it is clear that efficien-
cy increases of more than so percent can be
achieved for all types of appliances, except
freezers for which efficiency improvements since
1973 have already increased almost 50 percent
(42). Some of these highly efficient appliances
cost up to 100 percent more than the typical ap-
pliance, but the extra cost would normally be
paid back in electricity savings in 4 to 8 years.

Continued increases in electricity prices will in-
crease the demand for these high-efficiency prod-
ucts. Since some regions will have much larger
electricity price increases than others, these may
well create a large enough market to bring the
prices of the high-efficiency products down. In
some regions, market incentives will be aug-
mented by local utility programs: rebates to pur-
chasers of energy-efficient appliances (e.g., Gulf
Power Co. in Florida) or rebates and bonuses to
dealers who sell them (e.g., Georgia Power Co.)
(42). Most observers agree that some improve-

ment in appliance efficiency will occur. With
modest increases in electricity prices, refrigerators
are expected to reduce their average per unit
electricity use by 10 percent. With stronger price
incentives and perhaps utility market induce-
ments electricity for refrigerator use may decrease
by so percent both because of greater efficien-
cy and smaller volume refrigerated. There is a
similar range of possibilities for other appliances.

Commercial Demand for Electricity .-The
commercial sector is the smallest of the three but
is growing the fastest in electricity use. Sales of
electricity to the commercial sector increased 3.9
percent per year over the decade from 1972 to
1982, faster than sales to either the industrial or
residential sector, although less than half the rate
of increase in commercial-sector sales of the pre-
vious decade (26).

One of the reasons for uncertainty in project-
ing future commercial demand for electricity is
that there is no reliable source of data on how
fast the commercial building stock is increasing.
From the one available source (a 1979 survey of
nonresidential building energy consumption
(33)), it appears from the number of recently built
buildings that commercial building square foot-
age increased by about 2.7 percent per year
from 1974 to 1979, somewhat slower than GNP
growth of 3.8 percent per year over the same pe-
riod. Over the same period, electricity sales in-
creased about 4.2 percent per year, a rate faster
than GNP and much faster than the increase in
building square footage. If the same trends con-

Table 5.-Efficiency Improvement Potential From Typical to Best 1982 Model: Household Appliances

Percent
Typical Most efficient increase in

1982 model 1982 model efficiency
Heat pump: C. O.P.a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.
1.7 2.6 + 53

Electric hot water heater: C. O.P.a . . . . . . . . . . . . . . . . . . . . . 0.78 2.2 + 182
Room air-conditioner: EERb . . . . . . . . . . . . . . . . . . . . . . . . . . 7.0 11.0 + 57
Central air-conditioner: SEERC . . . . . . . . . . . . . . . . . . . . . . . 7.6 14.0 +84
No-frost refrigerator-freezer: energy factord . . . . . . . . . . . . 5.6 8.7 +55
Chest freezer: energy factord . . . . . . . . . . . . . . . . . . . . . . . . . 10.8 13.5 +25
Bulb producing 1,700 lumens: efficacy (lumens/watt)e. . . 17 40 + 135

ac,o,p,  ,s the coefficient of performance,  kWh  of thermal output divided by kWh  of electrical inPUt.
bEER  ls the  energy efficient ratio obtained by diwding  Btu/hr  of cooling Power by watts Of dedrical POwer  InPut.
CSEER  IS a seasonal energy-efficient ratio  standardized In a DOE test procedure.
dEnergy factor ,s the corrected volume divided by dally electricity consumption, where corrected volume  IS the refrigerated space PIUS 1.63 times the freezer sPace for

refrigerator/freezers and 1.73 times the freezer space for freezers.
el  ,7~ lumens iS  the Output  of a l(lfl-watt  incandescent bulb.

SOURCE: Derived from Howard S. Geller, Effmenl  Res/derrtm/  Appllarrces ” Overwew of Performance afrd  POIICY  Issues,  American Council  for an Energy Efflctent
Economy, July 1983.
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tinue, and commercial square footage continues
to grow more slowly than GNP, commercial elec-
tricity use will only increase as fast or faster than
GNP as long as electricity use per square foot
continues to increase.

Electricity use per square foot in commercial
buildings may continue to increase for several
reasons. Only 24 percent of existing commercial
building square footage but almost half (48 per-
cent) of the new building square footage is elec-
trically heated (33). If these trends continue the
share of buildings that are electrically heated
could double.

Air-conditioning in commercial buildings is
probably saturated. About 80 percent of all build-
ings have some air-conditioning. Small increases
in electricity use per square foot can come about
by air-conditioning more of the building and by
replacing window air-conditioners with central
or package air-conditioners. Window air-condi-
tioners cool 20 percent of the existing building
stock, but only 9 percent of the newest buildings
(33).

Greater use of office machines and automation
might increase electricity use both to power the
machines and to cool them in office buildings,
stores, hospitals, and schools. Machines, how-
ever, are less likely in churches, hotels, and other
categories of commercial buildings.

The potential for increased efficiency of elec-
tricity use in commercial buildings is less well
known than for residential buildings because
commercial buildings are very diverse and the
potential for increased efficiency depends part-
ly on success in balancing and integrating the
various energy loads: lighting, cooling, heating,
refrigeration, and machines. OTA analyzed the
theoretical potential for reductions in electricity
and fuel use in commercial buildings in a recent
report, Energy  Efficiency of Buildings in Cities (71),
and found that electricity use for lighting and air-
conditioning in commercial buildings can be re-
duced by a third to a half. Heating requirements
also can be reduced substantially by recycling
heat generated by lighting, people, and office
machines from the building core to the periphery.
There is still very little verified documentation of
energy savings in commercial buildings, however,

and therefore, considerable uncertainty remains
about the potential.

The results of the bottom-up analysis for the
commercial sector indicate a demand for electric-
ity that will increase for a few years at about the
rate of increase of GNP but with wide ranges of
uncertainty. It could be higher as a result of faster
penetration of electric space heating and more
air-conditioning and big loads from office ma-
chines, or lower as a result of big improvements
in the efficiency of commercial building electric-
ity use. By the 1990’s, however, when the de-
mand for electric heat in commercial buildings
will be largely saturated, the trend rate of growth
in electricity demand is likely to settle to the
growth in commercial square footage, somewhat
less than the growth rate of GNP.

Conclusion

Utility executives contemplating the construc-
tion of long Ieadtime powerplants must contend
with considerable uncertainty about the probable
future growth rates in electricity demand, The
range of possible growth rates encompasses low
average growth rates of 1 or 2 percent per year,
which would justify very few new large power-
plants, up to fairly high growth rates of 3.5 to 4
percent per year, for which the pressure to build
several hundred gigawatts of new large power-
plants is great, as will be clear from the discus-
sion in the next section.

The sources of uncertainty are many. Future
trends in electricity prices are viewed differently
by different forecasters, because there is disagree-
ment about future capital costs of generating ca-
pacity, future rates of return to capital and future
prices of coal and natural gas for electricity. There
also is uncertainty about how consumers and in-
dustry will respond to higher prices, given many
technical opportunities for improved efficiency
in appliance use and industrial electricity use and
increasing numbers of promising new electro-
technologies that could substitute for the use of
oil and natural gas for industrial process heat. Sev-
eral of the industries, such as iron and steel, how-
ever, where the new electrotechnologies could
have the greatest impact, face an uncertain fu-
ture.
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At present, utility strategy for supplying ade- ficulties and regulatory disincentives for large cap-
quate electricity is influenced heavily both by the ital projects. The influence of utility rate regula-
recognition of uncertainty about future growth tion and current utility strategies are discussed
in electricity demand and by recent financial dif- Iater in the chapter.

RESERVE MARGINS, RETIREMENTS, AND THE
NEED FOR NEW PLANTS

Powerplants are planned and ordered many
years in advance of when they are needed. in
order to produce power for sale by 2000, nuclear
powerplants on a typical schedule would have
to be ordered by 1988, or 1990 at the latest, and
coal plants or nuclear plants on an accelerated
schedule, must be ordered by 1992 or 1993.
Sources of generating capacity with shorter lead-
times, such as gas turbines or coal conversion,
need not be ordered before 1996 or 1997.

There is considerable disagreement about how
many new powerplants will be needed by 2000.
Those who believe that large numbers of new
powerplants will be needed (several hundred
GWs) anticipate rapid growth of electricity de-
mand (3 or 4 percent per year), expect that large
numbers of existing plants will be replaced
because of deterioration in performance or retire-
ment due to age and economic obsolescence,
and expect only modest contributions from small
power production (20,83).

On the other hand, some believe that no new
powerplants or very few (a few dozen GW) will
be needed before 2000 because they anticipate
only slowly growing electricity demand (1 or 2
percent per year), expect little or no need to
replace existing generating capacity, and expect
substantial contributions to generating capacity
from small sources of power such as cogenera-
tion, geothermal, and small-scale hydropower
(83).

This section lays out the range of possibilities
from no new powerplants to several hundred
gigawatts of new powerplants arising out of dif-
ferent combinations of growth in electric demand
and varying utility decisions about powerplant
retirements and use of small power sources.

The electric utility industry currently projects
average growth in peak summer demand of 3.0
percent per year between 1982 and 1991 (68). *
The industry has also planned for an increase in
electric-generating resources of 158 GW by 1991
bringing the total generating capability up to 740
GW (68). Only 13 GW of scheduled retirements
have been included in the 1991 estimate (69). At
the same time the current reserve margin** of
33 percent is forecast to fall to 20 percent. As a
rule, utilities like to maintain a reserve margin
of 20 percent to allow for scheduled maintenance
and repair and unscheduled outages. Individual
regions may require higher reserve margins if they
are poorly connected to other regions, if they are
dependent on a small number of very large plants
or if they are dependent for a large share of gen-
erating capacity on older plants or plants that
burn expensive oil and natural gas.

As shown in figure 7, the planned resources of
740 GW scheduled for 1991 would allow a re-
serve margin of 20 percent to be maintained un-
til 1996 if electricity peak demand grows only at
2 percent per year, or until 2000 if electricity de-
mand grows only at 1 percent per year. On the
other hand, the average reserve margin will fall
below 20 percent by 1987 if electricity demand
increases at 4 percent per year.

However, the number of new powerplants that
must be built to maintain a given reserve margin
does not depend only on the rate of increase in

*This had dropped to 2.9 percent per year for 1983 to 1992 in
the 1983 North American Electric Reliability Council Forecast of
Electric Power Supply and Demand (70).

**’’ Reserve margin” is defined as the percent excess of “planned
resources” over “peak demand” where “planned resources” in-
cludes: 1 ) installed generating capacity, plus 2) scheduled power
purchases less sales.
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Figure 7.—Projected Generating Capacity and Alternative Projections of Peak Demand
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scheduled capacity purchases less capacity sales; 3) less total generating capacity out of service in deactivated shutdown status.
“Reserve margin” given here IS the percent excess of “planned resources” over “projected peak demand. ”

SOURCE” North American Electric Reliability Council, Electric Power Supply and Demand 1982-1997, August 1982 and Off Ice of Technology Assessment

electric peak demand. It also depends on how
much existing generating capacity must be re-
placed because powerplants are retired, due to
age or to economic obsolescence, or because ex-
isting powerplants must be derated to lower elec-
tricity outputs.

Retirements Due to Age.–The “book lifetime”
of a powerplant, used for accounting purposes,
is usually 30 to 40 years. Over this period the
plant is gradually depreciated and reduced as a
recorded asset on the utility’s books until, at the
end of the period, it has no more book value and
produces no return on capital. However, in prac-
tice powerplants may continue to operate for 50
years or more. As of 1982 there were about 10
GW of generating capacity that were more than

40 years old, more than a quarter of the total
generating capacity that was in service 40 years
ago.

In fact, the bulk of the current generating ca-
pacity of the United States is comparatively new.
Over half has been built since 1970, as shown
in figure 8. The number of plants that would be
retired by 2000 varies greatly with the assumed
plant life. In the unlikely event that a 30-year life
would be used, over 200 GW would be retired
by 2000 (see table 6). A 50-year schedule would
retire only 20 GW.

Economic Obsolescence. -From 1965 to 1979
a large number of steam-generating plants using
oil or natural gas were built (see fig. 8). They were
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Figure 8.–The Energy Source and Age of Existing
Electricity Generating Capacity

Energy source

Other

Nuclear

Water

Gas

Coal

Oil

Before 1950- 1955- 1960- 1965- 1970- 1975- 1980-
1950 1954 1959 1964 1969 1974 1979 1982

SOURCE: Energy Information Administration. Inventory of Power Plants in the
Ufnited States, 1981 Data from the ‘Generating Units Reference File:

Table 6.—Possible Needs for New Electric.
Generating Capability to Replace Retired

Powerplants, Loss of Powerplant Availability, and
Oil and Gas Steam Powerplants

Cumulative replacement
capacity

(GW) needed by:

1995 2000 2005 2010

If existing powerplants
are retired after:
30 years. . . . . . . . . . . . . . . . 155 230 395 510
40 years. . . . . . . . . . . . . . . . 55 105 155 230
50 years. . . . . . . . . . . . . . . . — 20 55 105

If all 011 and gas steam
capability is retired as
follows:
All . . . . . . . . . . . . . . . . . . . . 152 152 152 152
Half . . . . . . . . . . . . . . . . . . . 76 76 76 76
All oil and gas capacity
above 20 percent of region
(3 regions) . . . . . . . . . . . . . . 55 55 55 55

If average coal and
nuclear availability
slips from 700/0 to:
About 65% . . . . . . . . . . . . . 21 21 21 21
About 600/0 . . . . . . . . . . . . . 42 42 42 42

SOURCE: Office of Technology Assessment.

ordered before the 1973 oil embargo. Under cur-
rent price forecasts, oil prices are expected to re-
main fairly stable until the late 1980’s or early
1990’s and then increase substantially (by about
60 percent) from 1990 to 2000 (27). The price of

natural gas to utilities is expected to increase
steadily through the 1980’s as the long-term con-
tracts for natural gas sold at relatively low prices
expire and are replaced by contracts for more ex-
pensive gas.

As of 1981, there were 152 GW of oil and natu-
ral gas steam-generating capacity. Together they
totaled 27 percent of all generating capacity but
produced only 22 percent of all electricity. As
shown in table 7, oil-fired steam plants produced
only half as much electricity relative to their share
of generating capacity. Natural gas-fired steam
pIants, on the other hand, produced a greater
share.

Even though oil and natural gas will be expen-
sive, plants burning these fuels can be used as
part of the reserve margin. Oil and gas are, in fact,
just about 20 percent of two regions, the South-
east (SERC)* and the West (WSCC). The fraction
of oil- and gas-generating capacity, however, is
much larger than 20 percent in three regions:
Texas (ERCOT) about 72 percent, Southwest
Power Pool (SPP) about 56 percent, and the
Northeast Power Coordinating Council (NPCC)
about 51 percent (68). If oil and gas steam plants
were retired continuously in these regions until
they formed no more than 20 percent of total
generating capacity, the total retired would be
about 55 GW.

Loss of Availability of Generating Capacity.–
The percent of time that nuclear and fossil base-
Ioad plants were available to generate electrici-
ty averaged around 70 percent** over the decade
of the 1970’s (67). If there were a reduction from
70 to 65 percent in the average availability of
nuclear and coal powerplants this would be the
equivalent of a loss of 21 GW out of a total cur-
rent coal and nuclear-generating capacity of 294
GW (see table 6).

A recent study for DOE assesses the prospects
for changes in average availability (82). Statistical

*These are the regions of the Northeast Electric Reliability Council
(NERC).

**The availability figure used here is equivalent availability and
includes service hours plus reserve hours less equivalent hours of
partial outages. (66) From 1971-80, nuclear pIants and coal plants
over 575 MW averaged 67.8 percent in equivalent availability and
coal plants from 200-574 MW averaged 74.3 percent in equivalent
availability.
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Table 7.—installed Capacity and Net Electricity Generation by Type of Generating
Capacity, 1981-82

Net
Installed electrical

generating energy
capabiIity, Percent generation, Percent

summer of 1981-82 of
1981 (GW) total (billion kWh) total

Steam — coal . . . . . . . . . . . . . . . . . 243 42 1,177 52
Steam — oil . . . . . . . . . . . . . . . . . . 89 16 190 8
Steam — gas . . . . . . . . . . . . . . . . . 63 11 320 14
Nuclear power . . . . . . . . . . . . . . . 51 9 274 12
Hydro electric . . . . . . . . . . . . . . . . . 66 12 261 12
Combustion turbine — oil . . . . . . . 34 6 3 —
Combustion turbine — gas. . . . . . 6 1 7 —
Combined cycle oil . . . . . . . . . . . . 3 — 2 .
Other . . . . . . . . . . . . . . . . . . . . . . . . 17 3 26 1

Total . . . . . . . . . . . . . . . . . . . . . . 572 100 2,260 100

SOURCE North American Electric Reliability Council, Electric Power Supply and Demand 1982-1991, August 1982.

evidence from the past two decades would sup-
port an estimate of a loss of 3 to 5 percentage
points of average availability for every 5-year in-
crease in average age of coal plants. Looking
ahead, there could also be losses in availability
of several percentage points due to emission con-
trols and requirements for low sulfur coal that is
at the same time of lower combustion quality.

Offsetting these tendencies to reduced availa-
bility, however, there are also forces that might
increase average availability. The utility industry
has completed a period of construction of coal
plants with poor availability, and the newest
plants (from the late 1970’s and early 1980’s)
should have substantially higher average availa-
bility. If this were to continue, overall availabili-
ty could increase. If utilities invest in higher avail-
abilities (e. g., by converting forced draft boilers
to balanced draft), this will also increase availabili-
ty (82). It is clear that attention to fuel quality and
good management also can raise availabilities.
Some Public Service Commissions (e.g., Michi-
gan) are including incentives to improve availa-
bilities in utilities’ rate of return formulas.

On balance, it is unlikely that availability will
increase or decrease dramatically. If a change in
availability should occur, however, it would have
a noticeable impact on the need for new capaci-
ty. A 10-percentage-point change could imply an
increased (or reduced) need for powerplants of
more than 40 GW by 2000.

Summary-The Need for New Powerplants.–
the need for new powerplants depends on both
the growth rates in electricity demand and on the
need for replacement of existing generating ca-
pacity. Table 8 summarizes most of the range of
disagreement and its implications for new power-
plants. Estimates of growth in electricity demand
range from 1 to 4 percent per year. (The table
shows the implications of electricity demand
growth rates of 1.5 to 3.5 percent.)

judgments about replacement of existing plants
can, somewhat arbitrarily, be divided into high,
medium, and low replacement. A high-level re-
placement of about 200 GW by 2000 would be
necessary to: offset a slippage of about 5 percent-
age points in availability, meet a schedule of
40-year life expectancy for all powerplants, and
retire about half the oil and gas capacity in this
country (see table 6). A low-level replacement of
50 GW would meet a 50-year schedule, retire a
little oil and gas capacity and would assume no
slippage or an actual increase in average availa-
bility.

If these alternative replacement assumptions
are combined with alternative growth rate as-
sumptions (table 8), they lead to a wide range of
needs for new plants. About 454 GW of new ca-
pacity would be needed, for example, by 2000
(beyond NERC’s planned resources for 1991) to
meet a 3.5 percent per year increase in peak de-
mand for electricity and the high replacement re-
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Table 8.—Numbers of 1,000 MW Powerplants
Needed in the Year 2000

(beyond current utility plans for 1991)

Levels of replacement Electricity demand growth

of existing plants 1.5%/yr 2.5%/yr 3.5%/yr

Low: 50 GW; Replace all
plants over 50 years old . . 9 144 303

Moderate: 125 GW; Replace
all plants over 40 years
old; plus 20 GW of oil and
gas capacity . . . . . . . . . . 84 219 379

High: 200 GW; Replace
plants over 40 years plus
95 GW of oil and gas
capacity . . . . . . . . . . . . . . 159 294 454

NOTES: 1. Planned generating capacity for 1991 is 740 GW, 158 GW more than
1982 generating sources of 582 GW. Starting point for demand calcula-
tions is 1982 summer peak demand of 428 GW.

2. The calculations assume a 20- percent reserve margin, excess of plann-
ed generating resources over peak demand.

quirements, as is pointed out in recent work at
the Electric Power Research Institute (83). On the
other hand, a low replacement requirement com-
bined with only 1.S percent demand growth per
year would require almost no new capacity.

This then is the dilemma for utility strategists.
A shift of only 2 percentage points in demand
growth combined with a more stretched out
retirement schedule can reduce the requirement
for new powerplants from hundreds of gigawatts
(a number requiring a capital outlay of $0.5
trillion to $1 trillion 1982 dollars) to almost
nothing. Some of the factors affecting utility
choice of strategy, given this situation, are dis-
cussed in the next sections.

SOURCE. Office of Technology Assessment.

RATE REGULATION AND POWERPLANT FINANCE

Although the national average reserve margin
will not dip below safe limits until well into the
next decade, individual utilities may consider
ordering powerplants before 1990 for any of three
reasons: to replace expensive oil or natural gas
generating capacity, to anticipate growth in their
region, or to start a long Ieadtime plant well be-
fore it may be needed in the 1990’s. This section
describes the framework of rate regulation with-
in which such a decision is made. The next sec-
tion explores the broader strategic options for
utilities.

Utilities’ Current Financial Situation

Although the financial situation of utilities is im-
proving slowly, they are still in a greatly weak-
ened financial condition compared to their situa-
tion in 1970. The series of figures 9 through 14
prepared for the Department of Energy shows the
origins of the financial difficulties of the 1970’s
until the relative improvement of 1982 (described
below).

Utilities raised enormous amounts of capital in
external financing in the 8 years from 1973-81,
more than double the requirements of the tele-
phone industry-the next most capital-intensive
industry (fig. 9). In the process, more and more

of utility assets became tied up in construction
of new generating capacity (fig. 10), which equaled
a quarter of all utility assets as of 1981. At the
same time, even with high rates of inflation the
nominal return on equity was kept constant. Thus
the real value of utilities’ return on equity de-
clined sharply (fig: 11).

As a consequence of high inflation, enormous
amounts of investment and large fractions of
assets under construction, there was weakening
of many indicators of financial health that are
watched closely by investors. The amount of
earnings paid out as dividends increased, leav-
ing less for retained earnings to finance future
projects. The ratio of operating income to interest
on debt—pretax interest coverage—fell to disturb-
ingly low levels. The cost of capital from issues
of new stock and bond sales rose accordingly.
After 1973, far more utility bonds were down-
graded than upgraded; the number of utility
bonds rated only “medium grade” BBB, in-
creased from 10 to 43 (fig. 12). A lower rating
usually means that investors require a higher yield
in order to purchase the bond, and institutional
investors may not be willing to purchase the bond
at all (45). Similarly, the average market value of
utility stock fell steadily from its high of about 2½
times book value in 1965, to a level equal to book
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value in 1970 to less than book value in 1974
(fig. 13). When stock sells below book value,
there are two consequences. The utility must
issue more stock, (and pay out more dividends)
to raise each new unit of capital than the value
of each existing unit of capital, and the value of
stock for the existing stockholders is diluted. (See
box A for a discussion of market-to-book ratio and
stock dilution. )

One of the most serious problems for utilities
has been a steady squeeze on cash flow. As
shown in fig. 14, almost 50 percent of utilities’
nominal return on equity was paper earnings in
the form of allowance for funds used during con-

struction (AFUDC). (See box B.) One result is that
utilities have retained less and less of their earn-
ings. The share of earnings paid to stockholders
as dividends—the dividend payout ratio—
increased from 68 percent in 1970 to 77 percent
in 1981, For some companies it was above 100
percent, which means they paid out more than
they earned (45).

In 1982 and 1983, there was some improve-
ment in utility financial health. As of December
1983, market-to-book ratios were up to an aver-
age 0.98, and 51 out of 103 utilities had market-
to-book ratios of more than 1.0 (59). Although
more bonds are being downgraded than up-



48 . Nuclear Power in an Age of Uncertainty

The History of the Deterioration in the Financial Health of Electric Utilities, 1960=82

Figure 9.—The Electric Utility Industry is Dependent on Externally Generated Funds
to a Greater Extent Than Other Large Capital Users
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Figure 10.–Since 1967, the Fraction of Utility Assets Tied Up in
"Construction Work in Progress" Has Steadily increased
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Figure 11.— Beginning in 1972, the Utilities' Real Return on Equity Has Been Eroded by Inflation
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Figure 12.—Since 1973, the Average Utility Stock has Sold Below its Book Valuea

2.21 I

62 64 66 68

1.39 1.41 1.29

I I
70 72

1.09
0.91

74 76 78 60 62

cAverage of high and low value for the Year..
‘August 1962.

Figure 13.—ln 1970, A Majority of Utilities Were Rated AA or Better in 1982, a Majority Are Rated A or Worse
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Figure 14.-Over Time, the Share of AFUDC in Total Earnings Has Increased and the Share of Cash Has Fallen
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SOURCE: Booz-Allen & Hamilton Inc., The Financial Health of the Electrlc Utility Industry, prepared for the Department of Energy October 1962, using data from Utility
Compustat; U.S. Department of Commerce, Survey of Current Business; Edison Electric Institute, Statistical Yearbook of the Utility Industry; Standard and
Poor’s Bond Guide; Energy Information Administration, Statistics of Privately Owned Utilities.
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graded, the number of net downgradings has
been reduced sharply. By late 1983, the average
earned return on common equity for the 100
largest electric utilities was up to 14.1 percent,
more than 200 basis points higher than the
earned return in 1980 (59).

Implications of Utilities’
Financial Situation

There are two ways of looking at the current
financial situation of the utilities and the incen-
tives to build more plants. From one perspective
the electric utilities have shared in general eco-
nomic problems and have not fared as badly as
some industries. The market-to-book ratios of all
industrial stocks fell over the 1970’s, although on
average the industrial stocks stayed well above

a market-to-book ratio of 1.0. For the first part
of 1982, the return on investment of the electric
utilities ranked 14th out of 39 industries, well
above the average for such industries as chemi-
cals, appliances and paper (41).

From this point of view, there is no need for
further concern about near-term utility solven-
cy. The worst of the utilities’ problems are com-
ing to an end, and their financial situation should
improve gradually. Public utility commissions
(PUCs) have responded by increasing the allowed
rate of return to utilities, and the Federal Govern-
ment has provided additional relief from cash
flow shortages in the 1981 Economic Recovery
Tax Act through liberalized depreciation allow-
ances. The tax law further mandates that these
must be “normalized” (retained by the utility)
rather than “flowed through” to the consumer
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in lower electricity rates. Further relief for those
utilities, with problems selling their stock to
finance large construction programs, has also
been available from the 1981 Tax Act benefits for
reinvestment of dividends in purchases of new
utility stock. Over the next few years, external
financing needs should diminish gradually, as
total construction expenditures decrease slight-
ly and internal funding–from retained earnings,
depreciation and deferred Federal taxes–in-
creases.

From another perspective, however, there is
still cause for concern. Inflation has brought
about several distortions in the ratemaking proc-
ess that may need to be corrected before the next
round of orders for new generating capacity.
From this point of view, the issue is not whether
utilities need rate relief to keep from going bank-
rupt, but whether the treatment of capital in rate
regulation needs to be adjusted for the impact
of inflation in order to prevent allocation of utility
resources away from capital-intensive electrici-
ty-generating processes—beyond the point where
it would be beneficial to the ratepayer.

It is not enough, from this perspective, for utili-
ties to recover their financial strength during the
coming decade of slowed construction programs.
In the 1990’s, when the utilities need capital again
for construction, investment advisors will have
models that predict a deterioration in financial
health associated with a large construction pro-
gram unless rate regulation can be expected to
give an adequate return on capital right through
the construction period.

The concern that electricity rate regulation
needs to be adjusted for the impact of inflation
can be summed up in several points. The first
problem is erosion in the definition of cost of
capital. Back in 1962, electricity demand was
growing rapidly. There was relatively little infla-
tion, and unit costs of generating electricity were
decreasing. Utilities were allowed an average
11.1 percent return on equity and actually earned
slightly more than that—about 11.3 percent—
right in line with the average of Standard & Poor’s
400 industrial stocks (45).

By 1973, this situation had changed. Demand
for electricity was growing more slowly, inflation

had increased greatly, and the unit costs of pro-
ducing electricity had begun to increase. From
1973 to 1981, the return on equity earned by
utilities (10.9 percent) fell substantially below the
return on equity allowed by State PUCs (1 3.3 per-
cent). Although the allowed return came close
to the return on equity earned by the 400 indus-
trials (14.3 percent), the earned return fell well
below. If the return on equity is designed to ex-
clude AFUDC-deferred paper earnings, it fell far
below the return on industrials (see fig. 14).

For utilities to earn a return on equity signifi-
cantly below that earned by industrial stocks rep-
resents a change from past regulatory practice.
The basis for determining rate of return has its
legal foundation in two cases–the 1923 Bluefield
Water Works* case and the 1944 Hope Natural
Gas Co. case.** These cases established three
principles:

1. the utility can charge rates sufficiently high
to maintain its financial integrity;

2. the utility’s rates may cover all legitimate ex-
penses including the cost of capital; and

3. the utility should be able to earn return at
a rate that is comparable to companies of
comparable risk.

Although in principle PUCs allowed rates of
return on equity comparable to companies of
comparable risk, in practice they failed to adapt
rate regulation practices to accommodate infla-
tion. The practice of using an historical test year
rather than a future year to determine income
and expenses is one example. Politically, it often
was difficult for PUCs to grant full rate increases
requested by utilities when inflation caused them
to return year after year. As precedents accumu-
lated in each State it became harder for individual
Commissioners to argue for a restoration to the
full Hope/Bluefield definition of cost of
capital. * * *

● Blue field Water Works and Improvement Co. v. West Virginia
Public Service Commission, 262 ‘US 679, 692 PUR 1923D il.

**Federal Power Commission v. Hope Natural Gas Co. (1944),
320 US 591, 60351 PUR NS 193.

***It is in this context that one Wall Street partici ant in an OTA
rworkshop recommended a high-level commission o rate regulators,

utility executives, and investment advisors to reexamine the
Hope/Bluefield  principles, determine the problems of implement-
ing the principles in times of inflation, and make recommendations
that take into account the political realities of a Federal system.
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A second problem, exacerbating the first, is that
of “rate shock” which arises from the front-end
loading of rate requirements for large capital in-
vestments. This phenomenon (explained in box
C) is noticeable at low rates of inflation and is
striking at high rates of inflation. Assuming 7 per-
cent inflation, for example, the cost of electrici-
ty in constant dollars from Nuclear Plant X shown
in box C would be 9.5¢/kWh the first year and
only 1.5¢/kWh the 20th year. For large plants
entering the rate base of small utilities, the in-
crease can be 20 to 30 percent the first year. This
problem is exacerbated the more AFUDC (see
box B) is included in the cost of the plant as it
enters the rate base. (AFUDC is described further
in the next section on the risks of constructing
nuclear plants because the impact of AFUDC is
largest for plants with the high capital cost and
long duration of nuclear plants.)

The combination of the very high rate require-
ments in early years and low rate requirements
in subsequent years discourages multidecade
planning of generating capacity. While short-term
rate increases must be tolerated to realize long-
term reductions in real electricity rates, there are
intense political pressures on public utility com-
missioners to hold down these short-term rates
(88).

A final cause for distortion in utility rate regula-
tion is the generally practiced fuel pass-through
which allows utilities to pass changes in fuel
prices onto consumers without going back to the
PUC for an increase in rates. This has been a use-
ful device for avoiding damage to utility cash flow
from the volatile changes in fuel (oil and natural
gas) prices in the 1970’s but it has had the in-
advertent effect of shielding utilities from the ef-
fects of inflation in fuel costs while they have not
been shielded from increases in the cost of capi-
tal. For a utility faced with capital expenditures
to avoid fuel costs—through rehabilitating a plant,
building a new one, or investing in load manage-
ment—there is a theoretical incentive to stick with
the fuel-burning plant as long as fuel costs are
recovered immediately and capital costs are re-
covered late and not fully.

Many utilities continue to base their generating
capacity decisions on what will minimize lifetime
costs to ratepayers. However, some utilities are

beginning to say openly (seethe later discussion
of utility strategies) that they are attempting to
minimize capital requirements rather than total
revenue requirements, to protect the interests of
their stockholders to the possible long-term detri-
ment of the ratepayers.

Possible Changes in Rate Regulation

There have been many specific proposals for
utility rate regulation. Some are designed to en-
courage conservation, load management, or the
rehabilitation of existing powerplants. Others are
designed to encourage the construction of new
powerplants, especially when they are intended
to displace powerplants now burning oil or nat-
ural gas.

This assessment does not deal with the com-
plex subject of rate regulation reform in any de-
tail. However, it is useful to describe briefly some
of those reform proposals that are specifically in-
tended to offset those aspects of rate regulation
that discourage capital-intensive or risky projects.
These reform proposals would be most likely to
improve the prospects for more orders of nucle-
ar powerplants.

Construction Work in Progress (CWIP).–The
simplest of the proposed changes in rate regula-
tion is to allow a large fraction or all of a utility’s
CWIP in the rate base. CWIP is advocated be-
cause it reduces or eliminates AFUDC. This in
turn increases utility cash flow and the quality of
earnings and reduces the likelihood of rate shock
because the rate base of the new plant includes
little or no AFUDC.

One argument for including CWIP in the rate
base is that electricity rates come closer to reflect-
ing the true cost of incremental electricity de-
mand, providing a more accurate incentive for
conservation. Opponents of CWIP in the rate
base, however, fear that utilities will lose the in-
centive to keep plant costs down and to finish
them on time. Furthermore, opponents claim,
utilities may return to overbuilding. Many PUCs
have responded to these concerns by including
only a portion of CWIP in the rate base (62).

Phased-in Rate Requirements. -At least six
States have developed methods of phasing in the
rate requirements for large new nuclear power-
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Box C.—Utility Accounting and the Origins of “The Money-Saving Rate Increase”1

The conventions of utility accounting have created a dilemma that affects all investment choices
between a capital-intensive plant (e.g., a nuclear or baseload coal plant) and a fuel-intensive plant (e.g.,
a combustion turbine or an oil or gas steam plant}. if two plants (one of each type) have equal Ievelized
annual cost, and equal Iifecycle cost, the capital-intensive pIant will cost consumers far more in early
years and the fuel-intensive plant will cost far more in later years. This situation causes a dilemma for
oil- and gas-using utilities who wish to substitute coal or nuclear plants for their oil or gas plants. When
their analysis convinces them that the Iifecycle cost of the coal or nuclear plant will be less, they still
must face a “money-saving rate increase” to cover the early years extra cost of the capital-intensive plant.

An Example. The dilemma is illustrated by a specific example in table Cl. A nuclear plant called
Nuclear Plant X has been constructed for $2 billion (including accumulated AFUDC) and is about to
be placed in service to replace an oil plant that produces the same amount of electricity. The oil plant
is old and fully depreciated and earns no return to capital. When the nuclear plant goes into service
there will be a net fuel saving the first year of $263 million, which equals the value of oil saved less
the cost of nuclear fuel for the nuclear plant. At the same time, accounting and ratemaking conventions
dictate that the first-year capital charge for the nuclear plant will be $471 million, or $208 million more
than the fuel savings. In the fifth year the capital charge has dropped to $364 million, less than the
fuel savings for the first time (if the cost of fuel escalates at 9 percent per year), and by the eighth year
the cumulative capital charge of the nuclear plant will be less than the cumulative savings resulting
from lower fuel costs. In the 15th year, the nuclear plant costs only $268 million in rate requirements
and saves $878 million in fuel costs.

If fuel costs escalate more slowly (at only 5 percent per year), the results are shown in the right-
hand columns in table Cl. Annual capital charges for Nuclear Plant X drop below annual fuel savings
during the sixth year and Nuclear Plant X breaks even on a cumulative basis by the 12th year. In both
cases, Nuclear Plant X will cost less over the 30-year life of the plant (if a discount rate of 12 percent
is used). In the first case (with 9 percent fuel escalation), Nuclear Plant X will cost about $3.1 billion
in lifetime discounted rate requirements and will save $5 billion. In the second case (with 5 percent
annual fuel cost escalation), Nuclear Plant X will save $3.5 billion. In both cases the electricity ratepayers
would be better off with Nuclear Plant X over the long run. However, consumers would be worse off
in the short run, because of the high capital charges at the beginning of plant operation, which translate
into high electricity rates.

Two Other Examples. To take another example of this phenomenon, which is sometimes referred
to as “front-end loading” of capital costs, suppose another Nuclear Plant Y, with identical construction
cost (in 1982 dollars) as Nuclear Plant X had been placed in the rate base 8 years before, in 1974. By
1982, the capital charge for Plant Y in the eighth year of operation would have diminished so much
(using the same schedule of capital charges) that it would cost  $0.03/kWh while the first-year capital
charge for Nuclear Plant X, put in service in 1982, would be $0.09/kWh. Part of the reason for the dif-
ference is that the book value (see explanation below  of Plant Y is only $1.1 billion, the equivalent
in 1982 dollars to the $2 billion cost of Nuclear Plant X. The  rest of the difference is that the capital
charge for the eighth year is only 0.15 of the original cost; compared to 0.24 in the first year. 

In still another example, if Nuclear Plant X is replaced in its 30th year of operation by another identi-
cal plant, the first-year capital charge for that plant will& $3.6 billion, more than 20 times the capital
charge of $170 million in the 30th year of Nuclear Plant  X.

Why Utility Accounting Practice Produces This Result.  T he main reason for this result is that the
value of a plant is carried at original cost  (book value) not at replacement  cost (market value) on a util-
ity’s books. The annual capital charge used in computing rate requirements has a series of components,

‘The analysis in this box is bed on two ankles by My  Hunt Waiter, ‘~rendhgthe  Rate  be;’ PuLrk  Utilities Fbttnightiy,  May 13, 1982, and “Avokiingthe  h40ney
Saving Rate Increase,” Public Uti/ities hrtnighdy,  June 24, 1962.

25-450 0 - 84 - 5 : QL 3
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Figure Cl .—Rate Base and Revenue Requirements Under Original Cost Accounting
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Figure C2. -Rate Base and Revenue Requirements Under Trended Original Cost Accounting
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plants which would cause significant early year
rate increases under conventional rate treatments
(75). Two of these (New York and Illinois) have
developed plans for “negative CWIP.” Under
these schemes, some CWIP is allowed in the rate
base for several years before a plant comes on-
line and then an equal amount is subtracted from
the rate base for the first few years after the plant
comes online. After the first few years the rate
base returns to what it would have been in the
absence of any CWIP.

Pay-As-You-Go for Inflation Schemes.—Re-
cently, a series of proposals have been made to
adapt the sequence of rate requirements for a
capital-intensive plant, (e.g., a nuclear plant)
more explicitly to inflation (54,88). In effect, these
proposals would eliminate the front-end loading
of capital return for capital-intensive plants in time
of inflation and replace the “downward slope”
of annual rate requirements in constant dollars
(shown in fig. Cl in box C) with a horizontal or
gentle upward slope more like the sequence of
annual rate requirements for an oil plant (shown
in fig. C2 in box C).

Some of these proposals would do this direct-
ly by using a rate of return net of inflation and
adjusting the rate base for inflation (this is called
“trended original cost” ratemaking in contrast to
“original cost” ratemaking), Others would do it
indirectly by deferring certain operating or de-
preciation expenditures until later so as to ap-
proximate an upward slope of rate requirements.

The Obstacles to a Long-Term Commission
Perspective.– In principle, these latter proposals
would all make it easier for PUCs to increase
the authorized real return on equity because rate
increases for new powerplants are less likely.
Increasing the authorized return should
in turn improve the incentives for constructing
new powerplants when it is in the long-term in-
terests of the ratepayers. All these proposals, how-
ever, rely on an implicit agreement between in-
vestors and PUCs that a particular way of deter-
mining revenues will be maintained over dec-
ades. Under Trended Original Cost schemes, utili-
ty investors accept a lower rate of return in early
years with the promise that the rate base will be
fully adjusted for inflation. Under indexed rate
of return schemes, investors accept a somewhat

lower than market rate of return as interest rates
are going up, in return for enjoying a somewhat-
higher-than-market rate of return as interest rates
are coming back down.

It is just this implicit agreement that seems to
be missing from today’s rate regulation proce-
dures. in some cases, the PUC may be willing to
work out a sensible approach to rate determina-
tion over the long term, but is blocked by the
State legislature. The Indiana PUC, for example,
introduced a graduated rate increase incor-
porating trended original cost principles to bring
Marble Hill, a large nuclear plant, into the rate
base of Indiana Public Service. The plan was ex-
plicitly blocked by the State legislature. Eight
States, by vote of the State legislature or by
referendum, have banned CWIP inclusions in
utility rate bases for just the reasons described
above (41).

Furthermore, commissioners may lack the time
or motivation to grasp the long-term view. Penn-
sylvania is one of the few States with 1()-year
terms for its appointed commissioners. Many
States have reduced PUC terms of 6 or longer to
4 or 5 years. An increasing number of States have
elected rather than appointed commissioners. For
most commissioners, electric utility rate cases are
only a few among hundreds or thousands of cases
from local as well as statewide utilities, that pro-
vide water, sewer, telephone, and gas as well as
electricity. Often, electric utilities and their con-
sumers must take time to educate commissioners
about the issues surrounding electricity supply,
demand and rates over the long term.

It is interesting to note (see ch. 7) that the
United States is the only one of all the major de-
veloped countries with a Federal system in which
retail electricity rates are regulated at the State
level. In many countries, electricity rates are un-
regulated. In West Germany, State electric au-
thorities set their own rates subject to Federal ap-
proval. In the United States, State regulation leads
to the result that the cost of utility capital (return
on equity) varies among the different States from
12 to 17 percent, even though the market for cap-
ital generally is recognized as national. Because
of the strong U.S. Federal tradition, however, any
proposals for regional or Federal determination
of the cost of capital or other regulation on State
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regulation must be developed in the context of
longstanding legal traditions about the Federal
regulation of commerce.

The Impact of Changes in Rate Regulation in
Electricity Prices.–Changes in rate regulation to
increase the return to capital, utility cash flow,
and/or quality of earnings, in turn would increase
electricity rates. How much rates would increase
is important to know for two reasons. It would
help to weigh current consumer interests against
future consumer interests. It would help also to
identify the likely future course of electricity
prices and the resulting impact on electricity de-
mand. Uncertainty about future electricity price
increases is a key source of uncertainty about
how much electricity demand will increase.

Most of the attempts to estimate the impact of
changes in rate regulation on electricity rates have
focused on regions (48,85). There appears to be
minimal impact on average regional electricity
prices from increasing the return to capital and
including CWIP in the rate base—an increase in
average regional electricity prices of 2 to 3 per-
cent. Regional analysis of rate impacts, however,
combine the experiences of quite different util-
ities.

For two individual utilities, examined as case
studies in a recent analysis, the impacts of rate
reguIation changes wouId be significant but fair-
Iy short-lived (2). Increasing the average rate of
return in 1982 from 12 to 16 percent, for exam-
ple, would have caused a 1 -year increase of 3.3
percent in the rates of a Southeastern utility and
a 6.2-percent increase in rates for a Midwestern
utility. Rates would have stabilized in the follow-
ing years.

The impact of CWIP on rates is estimated to
be greater but also fairly short-lived. Including
CWIP in rate base in 1982 would have increased
rates 5 percent for the Southeastern utility and

14.2 percent for the Midwestern utility. Eight
years later, however, in 1990, the rates would be
only 0.4 percent higher than without CWIP for
the Southeastern utility and would actually be
lower for the Midwestern utility. Although short-
Iived, the increase in rates is large enough that
there would be a substantial impact on electrici-
ty demand, spread out, to be sure, over a number
of years.

Before PUCs can tackle fully the long-term im-
plications of possible rate regulatory changes, it
would be useful to have a more complete under-
standing of the impacts on rates and potential de-
mand responses.

Conclusion.– Because of the financial deteri-
oration experienced in the 1970’s, utilities do not
have the financial reserves that they had in the
late 1960’s and must therefore pay more atten-
tion to the impact of their future construction pro-
grams on their future financial health. Although
their finances are improving, utilities are likely
again to find themselves in weakened condition
similar to that experienced in the 1970’s if they
embark on another round of large-scale construc-
tion later this century. This is especially true if in-
flation increases again and exacerbates the im-
pact of AFUDC and the front-end loading of rate
requirements for such capital-intensive projects
as nuclear plants.

The last section of the chapter discusses utility
strategies. One element of choice for both utilities
and PUCs is the tradeoff between short-term price
increases from rate regulation policies designed
to be more attractive to capital and longer term
price decreases projected to come about from
construction of central station powerplants (in-
cluding nuclear) which are expected to be the
lowest cost source of baseload power over their
lifetimes.

THE COST OF BUILDING AND OPERATING
NUCLEAR POWERPLANTS

In addition to the bias against capital-intensive major financial reasons to be wary of investing
generation caused by current ratemaking prac- in nuclear powerplants. First, the cost of building
tice, investors and utility executives cite several a nuclear powerplant has increased rapidly over
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the past decade. The estimated cost of the aver-
age nuclear plant now being completed is so high
that the average coal plant, in most cases, would
produce electricity more cheaply over a lifetime
(although in most regions the lowest cost nuclear
plants are still competitive with coal plants). Sec-
ond, the average construction time* of a nuclear
plant has increased much faster than the average
Ieadtimes for a coal plant, and this makes it hard-
er for nuclear plants than coal plants to match
demand. Third, since the Three Mile Island ac-
cident, it has been widely recognized that a ma-
jor accident can disable an entire plant for an ex-
tended period of time and require more than $1
billion in cleanup costs, as well as other expenses
to restart the plant and pay for replacement pow-
er. Major disabling accidents at coal plants are
both less likely and less costly to cleanup and
repair. Finally, the current political climate for
nuclear (described in ch. 8) is a major source of
financial risk. The output of a several billion dollar
investment in a plant could be lost for a year or
more if regulatory commissions refuse to put it
in the rate base, or if a statewide anti-nuclear
referendum passes and the plant is shut down.
Nuclear accidents or near-accidents in plants
owned by other utilities can lead to a new series
of safety regulations (discussed further in ch. 6)
requiring backfits that may cost a sizable fraction
of the original cost of the plant.

The Rapid Increase in Nuclear
Plant Cost

In the early 1970’s, nuclear powerplants were
completed for a total cost of about $150 to $300/
kW. ** As of 1983, seven nuclear powerplants al-
most complete and ready to come online will cost
from $1,000 to $3,000/kW, an increase of 550
to 900 percent. General inflation alone would ac-
count only for an increase of 115 percent from
1971 to 1983. Inflation in components of (labor
and materials) used to build nuclear power-
plants*** would account for a further increase
of about 20 percent.

*Defined as follows: for nuc/carp/ants, issue of construction per-
mit to commercial operation; for coal plants, order of boiler to com-
mercial operation.

**In “mixed” dollars, see explanation below.
* **As measured by the Handy-Whitman index. See below.

Several attempts have been made to document
and understand the increase in cost of nuclear
power over the past decade (6,7,1 7,37,55,61 ,76).
The task is difficult because the cost data cited
above cannot be used for comparing plants over
time. The above estimates are composites of con-
struction expenses paid in different years with dif-
ferent dollar values, referred to as “mixed” dol-
lars. Most also include some interest that has been
deferred during construction, capitalized, and
added to the total capital cost (see box B in the
previous section on CWIP and AFUDC). The
amount of interest that is capitalized varies from
State to State and interest rates vary from year
to year.

The increase in costs of nuclear powerplants
through the 1970’s was analyzed in a carefully
documented study by Charles Komanoff (55). The
costs exclude interest during construction and
were adjusted for inflation, permitting com-
parisons from year to year. * Figure 15 is a plot
of the costs per kW (expressed in 1982 dollars)
of individual powerplants with construction per-
mits issued from 1967 to 1971. (It is more accu-
rate to group the different generations of nuclear
powerplants by start date than by completion
date. Later completion dates, by definition, will
have a disproportionate share of the delayed, and
therefore probably more expensive, plants.)

For plants with construction permits issued
around 1967 (and generally completed in 1972-
74), the direct costs in 1982 dollars ranged from
$400 to $500/kW. For plants with construction
permits issued 3 years later, in 1970-71 (and com-
pleted in 1976-78) the direct cost in 1982 dollars
had more than doubled to $900 to $1,300/kW.

A comparable analysis by Komanoff of the costs
of plants currently under construction has been
completed but will not be published until early
1984 (56). Preliminary results show that the cost
of a typical plant continued to increase, and the
range of cost experiences also has increased since
the early 1970’s. Figure 16 compares “typical”
plants completed in 1971 and 1978 (these are

*As described in Komanoff’s Powerplant Cost Escalation (55) app.
C, a standard pattern of cash payments was assumed for each plant
and then deflated using the Handy-Whitman index developed to
make inflation estimates of components used in powerplants.
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Figure 15.–Costs of Nuclear Units With
Construction Permits Issued, 1966-71

(without interest during construction)

● *

0
1967 1968 1969 1970 1971

Construction permit issue date (by midpoint of year)

NOTE: Plant costs in mid-1979 dollars were escalated to mid-1962 dollars
using the Handy-Whitman index for nuclear plant components (multi-
plying by a factor of 1.276).

SOURCE: Updated by OTA from data In Charles Komanoff, Power Plant Cost
Escalation, Komanoff Energy Associates 1961, republished by Van
Nostrand Reinhold, 1962.

constructed from a composite of characteristics
associated with average and not high or low
costs) with the full range of costs estimated for
a group of 32 plants under construction for com-
pletion in the 1980’s. The cost (in 1982 dollars)
of a typical plant increased from about $430/kW
in 1971 to $1,020/kW in 1978, to a range of $840
to $3,540/kW for plants under construction in
1983. The median plant of this group is expected
to cost $1,725/kW and the average cost is some-
what higher ($1,880/kW) reflecting the wide vari-
ation in costs at the upper end of this wide range.

The same increase also is evident in pairs of
plants built by the same company and intended
to be identical except for regulatory changes and
some construction management improvements.
The cost of Florida Power & Light’s St. Lucie 2
when completed in 1983 ($1,700/kW in 1982 dol-
lars) was about 50 percent more than that of St.
Lucie 1 completed in 1976. Commonwealth Edi-
son’s Byron 1 and 2, to be completed in 1984
and 1985 at an estimated cost of $1,100 to

Figure 16.—Total Capital Costs for Nuclear Plants
Completed in 1971, 1978, and 1983=87 (estimated) in
1982 Dollars Without Interest During Construction
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NOTES: “Plant” is defined as a single nuclear site or station with one or more
reactors, The plant costs in-mid-1979 dollars from Komanoff’s book for
1971 and 1978 plants were stripped of interest and escalated to mid-1962
dollars using the Handy-Whitman index for nuclear plant components
(multiplying by a factor of 1.276). The costs for the plants to be com-
pleted in 1963-87 are based on mid-1963 utility estimates for a group of
32 sites (stations) with a total of 50 reactors and excludes: Marble Hill,
Waterford 3, Susquehanna and all Washington Public Power System
(WPPS) plants except WPPS 2.

SOURCE: Charles Komanoff, Power Plant Cost Escalation, Komanoff Energy
Associates, 1981, republished by Van Nostrand Reinhold 1982; un-
published analysis from forthcoming report by Charles Komanoff
and Irving C. Bupp to be published in the winter of 1984, and the
Off Ice of Technology Assessment.

$1,150/kW (in 1982 dollars) will cost about 90
percent more than the company’s Zion 1 and 2,
completed in 1973 and 1974.

Until the early 1980’s, nuclear plant costs in-
creased steadily with each generation of plants
(55,61,75). However, Komanoff’s analysis shows
no tendency for plants scheduled for completion
later in the 1980’s to have significantly greater
expected costs than plants being completed in
1983-84. In part, this may be due to underestima-
tion of costs for plants still far from completion,
but it also is probable that factors other than time
now are more influential on powerplant cost. (A
complete list of the mixed-dollar cost for plants
in various stages of completion is given in app.
table 3A.)
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The variation from lowest to highest cost nucle-
ar powerplants in the current generation is strik-
ing. Construction costs per kilowatt are expected
to be over four times higher (in 1982 dollars) for
Long Island Lighting Co.’s Shoreham at $3,500/
kW than they are for Duke Power’s McGuire 1
and 2 at $840/kW. For the current generation of
pIants, Komanoff found some variables that ex-
plain much of this large variation (56). For exam-
ple, estimated plant cost decreases about 15 per-
cent for every doubling of the number of mega-
watts at a single site. Estimated plant cost also
decreases 8 to 10 percent for each previous plant
site built by the same utility. Based on these
results, a utility that had built on 5 previous plant
sites should be able to construct its next plant site
for 30 to 40 percent less than a utility with no
experience. Plant cost also varies by manufac-
turer (as much as 15 percent) and is significantly
higher (30 to 40 percent) for plants located in the
Northeast region due primarily to higher labor
cost and shorter construction seasons.

The importance of utility experience and site-
related experience for this latest group of pIants
is evidence of the impact of some of the utility
managerial experience described in chapter 5.
There seems to be a site-specific and company-
specific learning-curve for bringing plant costs
down.

Reasons for Increased
Construction Cost

Several different kinds of increase contributed
to the dramatic increase in average cost described
above. To begin with, these comparative cost esti-
mates exclude the influence of nuclear-compo-
nent inflation that compares the cost of equal-
quality nuclear components and materials over
time. Nuclear component prices increased 1 or
2 percentage points faster than inflation. *

Several changes account for the increase in
constant dollar cost. According to several related
DOE studies, materials used in nuclear plants
have increased, e.g., from an estimated 2,000
ft/MW of cable for a typical plant to be con-
structed in 1971 to about 5,000 ft/MW of cable

*This is measured by the Handy-Whitman nuclear index (55).

Photo credit: Duke Power Co.

Capital costs per kilowatt of identical plants at a single
site are usually lower than average. This photo shows
Catawba nuclear station, owned by Duke Power Co.,
which is expected to produce among the lowest cost

electricity of any plant in its timeframe when
it comes online in 1985

for the average of eight plants under construc-
tion in 1982-85. Figure 17 shows similar increases
in the use of concrete, piping and cable raceway
(supports for electric cable) (1 7). Increased ma-
terial requirements are due both to direct in-
creases in structural and electrical complexity and
to the increased rework necessary to meet more
stringent quality-control requirements.

Materials also have become more complex. A
whole set of seismic requirements to restrain pip-
ing systems during earthquakes was introduced
in the late 1970’s. Simple cast or machined pipe
supports (costing several hundred dollars) have
been replaced with very sophisticated restraints
called “snub bers,” with shock-absorbers, costing
many thousands of dollars. Pipe supports have
become more massive and have had to be fitted
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Figure 17.—Trends in Material Requirements in Estimates of PWR Construction Cost
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complete at that time The last column comes from a survey of eight plants under construction See source article for references and more description

SOURCE John H. Crowley and Jerry D. Griffith, “’U S Construction Cost Rise Threatens Nuclear Option “ Nuclear Engineering International, June 1982

with much tighter tolerances to the pipes they
support.

Quality-control procedures and paperwork
have added to the cost of materials and com-
ponents. Although there has been no compre-
hensive study, there are individual examples and
anecdotes to illustrate the claim that quality con-
trol represents a bigger and bigger share of
nuclear materials cost. In one such example (86)
structural steel supports now required for nuclear
plants cost between two and three times the cost
of the same quality steel supports that are still
used for general construction projects and that
were permitted on nuclear projects until 1975.
Of this amount, the quality control procedures
account for virtually all the increased cost.

Finally, there has been a steady increase in the
amount of labor required per kW, both manual
(craft) and nonmanual. For a series of typical
plants costed out over 15 years in a study for
DOE, craft labor requirements increased from 3.5
workhours/kW for a plant starting construction
in 1967 to 21.6 workhours/kW for the average
of 16 plants under construction for completion
in 1982-85 (17). Nonmanual field and engineer-
ing services also have increased dramatically. For
a slightly different series of typical plants,
estimates of field and engineering services in-
creased from 1.3 workhours/kW in 1967 to 9.2
workhours/kW in 1980 (16).

The increase in labor per kilowatt of capacity
is the result of complex interactions resulting from
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increasingly demanding regulations, quality-assur-
ance requirements and the subsequent utility
management response to these. These are de-
scribed in more detail in chapters 4 and 5 and
in several case studies (92).

There is large variation in material and labor
requirements from plant to plant, just as there is
large variation in overall capital cost. For a group
of 16 plants scheduled to be completed in
1982-86, craft labor varied from a low of 15
workhours/kW to a high of 33 workhours/kW.
Similarly, for a group of eight plants, linear feet
of cable varied from a low of about 3,300 ft/MW
to a high of about 7,300 ft/MW (see fig. 17).

The Increase in Nuclear
Construction Leadtimes

Nuclear construction Ieadtimes also increased
over the decade, making it increasingly difficult
to match nuclear plants to demand, adding to in-
terest and escalation costs, and exacerbating
problems with cash flow. At the same time, lead-
times for coal plants increased very little (from
an average of 58 to about 60 months) (1).

Documenting the increase in Ieadtimes for nu-
clear plants is made difficult by the fact that some
plants have been delayed deliberately by their

utilities because of slow growth in electricity de-
mand and financing difficulties. There also ap-
pears to be important differences in the regulatory
environments for different generations of plants
that must also be taken into account.

A recent study of Ieadtimes for EPRI took both
deliberate delays and regulatory stage into ac-
count* (1). The study identified from published
sources those plants that had been delayed delib-
erately more than a year by their utilities and
analyzed their Ieadtimes in a separate group. In
a more detailed case study of 26 of these plants
EPRI found that 8 had been delayed significant-
ly (averaging 27 months) while 22 had only been
delayed an average of 2.5 months.

Grouped by date of permit, it is plausible to
identify three generations of nuclear plants. For
the first generation, for which construction per-
mits were issued from 1966 to 1971, leadtimes* *
increased steadily from about 60 to 80 months.
This appears to reflect an increase in the designed
complexity of nuclear powerplants and possibly
the strains of rapid growth as well.

A second group of plants had their construc-
tion permits issued from 1971 to 1974. Leadtimes
for that group were much higher than the first,
averaging 120 months and ranging from 100 to
160 months. Leadtimes for plants without signifi-
cant deliberate delays averaged about 10 months
less than those with significant deliberate delays.
It appears that this group of plants suffered a ma-
jor increase in regulatory complexity (including
the 1974 Calvert Cliffs decision, the regulations
following the 1976 Browns Ferry fire and the 1979
accident at Three Mile Island) without the oppor-
tunity to develop construction and regulatory
planning techniques to handle the increased
complexity. They may have suffered as well from
some of the effects of rapid growth in the indus-
try, such as incomplete designs and inexperi-
enced supervisors.

Although the data are sketchy, it is possible that
a third generation of nuclear plants is now emerg-

*The study grouped the plants by date of construction permit
to avoid the obvious problem that later completion dates, by defini-
tion, include a larger proportion of Iong-leadtime plants.

* *Leadtimes for this analysis are defined as time from date of con-
struction permit to commercial operation.
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ing, with construction permits issued later, in
1975-77. After adjusting for deliberate delays and
excess optimism in time estimates, EPRI found
that this latest group of plants appears to have
somewhat shorter Ieadtimes than the 1971-74
group. Leadtimes for all plants in the group av-
erage about 100 months and range from 65 to
120 months. Plants without significant announced
deliberate delays average 10 to 15 months less
than the average. The plants with shortest lead-
times in this group are already in operation and
were completed faster than the shortest Ieadtime
plants in the earlier group (see fig. 18). The num-
bers are so small, however, that it is too early to
tell if these plants are anything but anomalies.
Those plants with longer Ieadtimes in this latest
group still may experience significant delays be-
yond the adjusted estimates calculated by EPRI.
At the same time there is some case study evi-
dence that the plants that were started later were
able to compensate for increased regulatory com-
plexity in the plant design and construction man-
agement and were also able to plan systematically

their dealings with the NRC. (Case Study 2 in ch.
6.)

The Impact of Delay on Cost

In a period of substantial general inflation char-
acteristic of the last 5 years, a delay in nuclear
plant construction can cause an alarming increase
in the current dollar cost of the plant. Increases
in the current dollar cost, however, must be dis-
tinguished carefully from increases in the real or
constant dollar cost of the plant (after the impact
of general inflation has been eliminated). These
in turn must be distinguished from increases due
to changes in regulations or other external influ-
ence during the period of delay.

For a hypothetical plant that has been expected
to be completed in 8 years but instead has been
delayed to 12 years, with no increase in complex-
ity or scope, there are two sources of increases
in total capital cost in constant dollars. One is that
nuclear components, materials and labor may

Figure 18.—Construction Leadtimes for Nuclear Powerplants
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have increased 1 or 2 percent faster than general
inflation (escalation). The second is real interest
during construction* that is capitalized and
added to general total plant cost as AFUDC (Al-
lowance for Funds Used During Construction).
(See box B above.)

Table 9 shows the increases in constant dollars
and in current dollars of several different cases:
5, 7, and 9 percent general inflation with no real
escalation in nuclear components and with 2 per-
cent real escalation and real interest rates of 3
percent and 5 percent above general inflation
(1 3). Several of the examples in table 9 can serve
as illustrations of the difference between increases
in current and constant dollars. For example, in
case 3, if a plant takes 12 years to build during
a period of general inflation of 7 percent, escala-
tion of nuclear components of 9 percent (2 per-
centage points faster than general inflation) and
an interest rate of 12 percent (a rather high real
interest rate of 5 percent), the “mixed current
dollar cost” of the plant will be 233 percent high-
er than its overnight construction cost. Two-thirds
of the increase, however, is general inflation. The
real constant dollar increase in the plant cost is
only 48 percent. Construction of the same plant
in 8 years time would cause a current dollar in-
crease of only 123 percent and a constant dollar

*Real interest is the nominal rate of interest less the rate of general
inflation, e.g., real interest is 5 percent for nominal interest rates
of 12 percent when general inflation is 7 percent.

increase of 30 percent. For this case, shortening
the plant’s Ieadtime would save about a third of
its current dollar cost but only about 12 percent
of its constant dollar cost. *

The Cost of Electricity From Coal and
Nuclear Plants

The steadily increasing capital costs of nuclear
power (including the increasing costs brought
about by increasing Ieadtimes) leads to a crucial
question: at what point does the increasing cap-
ital cost of nuclear plants make nuclear power
a more expensive source of electricity compared
to alternative generating sources, especially coal?
As long as it is likely that utilities will avoid the
use of oil and gas for base load electricity gener-
ation, the chief competitor to nuclear is coal.

Initially (for most nuclear plants completed by
the early or mid-1970’s) there was no doubt that
electricity generated from these plants was sub-
stantially cheaper than coal-generated electrici-
ty. Because of the way capital charges are recov-
ered in the rate base (see box C above), the cost
of electricity from these plants has become steadi-
ly cheaper relative to electricity from coal plants
built at the same time. As the capital cost of
nuclear plants has risen, however, the relative ad-

*In this case 2.23 (8 years) is about 67 percent of 3.33 (12 years)
and 1.30 (8 years) is about 88 percent of 1.48 (12 years).

Table 9.—Additions to Overnight Construction Cost Due to Inflation, Escalation
and Interest During Construction (in constant and current dollars)

Percent increase in Percent increase in
constant dollars current dollars

8-year 12-year 8-year 12-year
Ieadtime Ieadtime Ieadtime Ieadtime

Case 1: 7% general inflation,
0 escalation, 100/0 interest rate . . . . . + 12 + 19 +92 + 167
Case 2: 7% general inflation,
0 escalation, 12% interest rate . . . . . +21 +33 + 107 + 200
Case 3: 7% inflation, 2% escalation,
12% interest rate. . . . . . . . . . . . . . . . . +30 +48 + 123 + 233
Case 4: 5% inflation, O escalation,
100/0 interest rate. . . . . . . . . . . . . . . . . — +34 — + 140
Case 5: 90/0 inflation, O escalation,
14% interest rate. . . . . . . . . . . . . . . . . — +33 — + 273

NOTE: “Escalation” is defined as the increase in the unit costs of labor and components used in nuclear plants (with no change
in quality) above the rate of general inflation. For inflation of 7 percent, an interest rate of 10 percent corresponds to
a real interest rate of 3 percent, an interest rate of 12 percent corresponds to a real interest rate of 5 percent.

SOURCE: For the calculation, Wilfred H. Comtois, “Escalation Interest During Construction and Power Plant Schedules,”
Westinghouse Power Systems Marketing, September 1975.
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vantage of nuclear power has diminished. For
plants presently under construction, the average
capital cost is now so high that the typical nuclear
plant probably would produce more expensive
electricity over its life time than the typical coal
plant. Only electricity from the least expensive
nuclear plants still may be competitive with av-
erage cost coal-generated electricity. Average cost
nuclear plants, however, still can compete with
more expensive coal plants.

Comparing the costs of nuclear and coal-fired
electricity is made difficult by the different im-
pact of fuel and capital cost components for each
type of plant. Capital cost is a far more impor-
tant component of nuclear-generated electricity
than for coal plants. While the Ievelized cost of
fuel (uranium ore, enrichment, storage shipment
and disposal) and operations and maintenance
each run about $0.0075/kWh, the capital charge
(Ievelized charge* over the life of the plant) per
kWh for new plants may range from as little as
$0.01/kWh for older reactors to $0.10/kWh or
even more for the most expensive of today’s reac-
tors. The capital charge per kWh increases with
higher total construction cost (including the im-
pact of longer Ieadtimes), with higher interest
rates, and with a shorter capital recovery period.
The capital charge (as well as operations and
maintenance) per kWh also increases as the plant
capacity factor* * is reduced because there is less
output among which to apportion the annual
capital cost. Since the earliest nuclear plants were
built, there have been significant increases in all
the categories that increase annual capital
charges. The capacity factors of nuclear plants
also have been less than expected. (See ch. 5 for
more discussion of nuclear capacity factors.)

For coal-fired electricity, on the other hand, the
cost of the fuel is at least as important as the
capital cost in determining the price of electrici-
ty over the life of the plant. Operations and main-
tenance of coal plants cost somewhat less than

*Various techniques are used to “levelize” costs over a plant’s
lifetime. One simple method, used in the EIA study of coal and
nuclear costs, is to take the present discounted value of the stream
of costs and divide it by the number of years to get an annual level-
ized cost (36).

**Capacity factor equals the number of hours of actual opera-
tion divided by the hours in the year.

for nuclear plants. Fuel cost, however, may range
from less than $0.01/kWh in regions where plants
can be built near the coal mine to almost four
times that in regions located far from coal fields
(assuming rapid increases in coal prices). The rate
at which coal prices are likely to escalate over
several decades has a significant influence on the
forecast average cost of electricity from the plant
over its lifetime. Levelized electricity prices will
be about $0.015/kWh (in constant dollars), high-
er, on average, if coal prices escalate at a real
annual rate of 4 percent than if they don’t escalate
at all in real terms (36).

Unfortunately, there is no study of recent plants
using actual reported capital cost of coal plants.
In a DOE study (36) using coal and nuclear plant
model data on capital cost, the cost of electrici-
ty is about equal in five of the ten DOE regions,
slightly lower for nuclear in two of the regions
and considerably lower for coal in two of the re-
gions. There is reason to believe, however that
nuclear capital costs are higher and coal capital
costs may be lower than the study results. Capi-
tal costs of the typical nuclear plant reported in
the study are about 15 percent lower than the
average (in constant dollars) of the plants now
under construction. On the other hand, the capi-
tal cost of the typical coal plant reported in the
DOE study is more than 40 percent higher than
the capital cost of the typical 1978 coal plant (in-
cluding a flue-gas desulphurization scrubber) in
the 1981 Komanoff study updated to constant
1982 dollars. While it is possible that the capital
cost of coal plants may have increased 40 per-
cent since 1978, several factors make it unlike-
ly. Coal plant construction Ieadtimes (unlike nu-
clear plant Ieadtimes) have not increased since
1978. Since the cost of scrubbers already is in-
cluded in the 1978 typical coal plant capital cost,
it is unlikely that further pollution control im-
provements and design improvements would add
more than 20 percent. If, indeed, actual nuclear
construction costs are higher and actual coal
plant construction costs are lower than the plant
model results, the typical nuclear plant would be
expected to produce more expensive electricity
in all regions.

Low-cost nuclear plants, however, still would
be competitive with the average coal plant. Com-
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Nuclear fuel comes in pellets and is assembled into
fuel rods and then into fuel assemblies. Fuel for a
nuclear powerplant is compact and only transported
every 12 to 18 months. It is inexpensive compared to
the cost of alternative fuels such as coal, natural gas,
and oil. Each Vi-inch-long pellet of enriched uranium
shown here can generate approximately the same

amount of electricity as 1 ton of coal

monwealth Edison Byron plants are expected to
cost $1,100 to $1, 150/kW in 1982 dollars (without
interest during construction)* and Duke Power’s
McGuire and Catawba plants are expected to cost
$900 to $1,200/kW in 1982 dollars. When the
construction cost of a nuclear plant is no more
than 20 to 40 percent above that of a coal plant,
it can be expected to produce electricity more
cheaply, sometimes substantially, over the plant’s
lifetime.

*Costs of the Byron plants may go up, however, following a
January 1984 NRC decision to deny the plants an operating license.

However, there is a further element of the com-
petition between the costs of electricity from
nuclear and from coal. The pattern of costs over
the life of the plants are substantially different.
Under current accounting rules capital charges
are highest in the early years and decrease as de-
preciation charges are deducted from the asset
base. Coal costs on the other hand will increase
at, or faster than, the rate of general inflation over
the life of the plant. Thus for plants with the same
Ievelized cost of electricity, electricity from the
nuclear plant will cost more in the early years and
electricity from the coal plant will cost more in
later years (see box C above). The higher cost of
nuclear plants in the early years could be dis-
couraging to an electric utility that had faced
much opposition to rate increases.

Future Construction Costs of
Nuclear Powerplants

It is very unlikely that there will be any future
for nuclear plants of current average capital cost.
Nuclear plants, on average, are now so costly that
they are no longer likely to produce electricity
more cheaply than coal over their lifetimes. Given
the pattern of front-end loading of capital costs,
even with equal lifetime costs, nuclear-generated
electricity would not be cheaper than coal-gen-
erated electricity for 10 to 15 years. For this
reason, utilities are not likely to order more
nuclear plants if the capital cost of newly ordered
plants is expected to repeat that of the current
average plant.

There is considerable evidence that, with ef-
fort, the cost of an average nuclear plant can be
reduced substantially from the current level. The
lowest cost nuclear plants already cost substan-
tially less than the average. Within the present
framework of regulatory requirements for plant
design and quality control, a few utilities have
built enough plants to take advantage of a con-
struction learning curve and have developed
techniques for minimizing delays, rework, and
worker idleness. These techniques are described
in more detail in chapter 5. They involve careful
and complete engineering, careful and thorough
planning and project management (including the
use of sophisticated computerized tracking and
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inventory planning), and attention to motivation
for productivity and cooperation. If a separate
company is used to manage the project, there
must be explicit incentives to complete projects
on time and at budgeted cost. A reasonable goal
for such efforts could be to equal the capital cost
of Commonwealth Edison’s Byron and Braid-
wood plants and Duke Power’s McGuire/Cataw-
ba plants of $1,100/kW (1982 dollars) direct con-
struction cost plus another $200 to $250/kW for
interest during construction.

Looking overseas, there is evidence that a dif-
ferent approach to certain aspects of safety regu-
lation and quality control could bring construc-
tion costs down still further. Constructing a French
plant requires about half as many workhours/kW
as constructing an American plant (86). As is de-
scribed in more detail in chapter 7, the French
have standardized their plants and have built two
basic types of reactors (925 MW and 1,300 MW).
This avoids much of the rework that occurs in
American plants because the engineering is es-
sentially complete before each plant is started,
and because the first plant of each type functions
as a full-scale model to help avoid piping and
cable interferences and other problems of two
dimensional design. Within a far more centralized
and controlled approach to safety regulation (see
ch. 7) the French have also taken an approach
to earthquake protection that minimizes the im-
pact on construction. They also have a different
approach to quality control that minimizes delays
during construction (described in chs. 4 and 5).

A specific estimate of possible reductions in av-
erage plant cost was made in a recent study of
the U.S. nuclear industry viability (87). According
to this estimate, typical plant costs (including in-
terest during construction) could be reduced from
about $2,220/kW (in 1982 dollars) to $1,700 to
$1,800/kW (20 to 25 percent less). This estimate
assumes that the United States can go only part
way towards constructing plants with as few
workhours as is now done in France. The French
regulatory environment, and utility management,
and construction tradition are sufficiently different
that much is unlikely to be duplicated in the
United States. The proposed steps to bring con-
struction costs down would include:

●

●

●

Reduction in Construction Workhours. A
fully standardized pre-certified design and
emphasis on multi-unit sites could reduce
construction workhours from 14 million to
12 million per 1,300-MW plant, a number
which is still about 25 percent higher than
estimated construction workhours for a com-
parable French plant. This would come
about through progress up a learning curve
of construction management techniques.
Reduction in Engineering Workhours. Stand-
ardization and regulatory predictability also
could cut engineering workhours per plant
roughly in half from about 9 million to about
4.5 million, by reducing construction engi-
neering support by more than 80 percent
and quality assurance workhours similarly.
Engineering workhours would still be about
60 percent higher than those in France, re-
flecting the differences in U.S. construction
project organization.
Eight-Year Project Schedule. Reducing
average project schedules from 11 to 8 years
would reduce interest and real escalation
costs. Total construction cost in constant dol-
lars would be reduced by 7 to 15 percent
(see table 9).

The desirability of standardization in nuclear
plant design and construction is a complex ques-
tion that would affect far more than the capital
cost of nuclear plants. It was the subject of a
previous OTA report, Nuclear Powerplant Stand-
ardization (April 1981 ) and is discussed further
in chapter 4. One issue is whether standardiza-
tion can be achieved without sacrificing the adap-
tability of nuclear technology to new information
about designs that would benefit nuclear plant
safety or operation. A second issue is the institu-
tional obstacles to standardization in an industry
with more than 60 nuclear utilities, 4 reactor ven-
dors, and more than 10 AE firms.

While opportunities exist for reducing nuclear
construction costs, it should be recognized that
costs might also increase. Further serious ac-
cidents could lead to a new round of major
changes in regulation. There are still important
unresolved safety issues (discussed in ch. 4) that
could lead to costly new regulations. utility ex-
ecutives are well aware of this possibility.
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The Financial Risk of Operating a
Nuclear Powerplant

The Risk of Property Damage.–The accident
at Three Mile Island was a watershed in U.S.
nuclear power history because it proved that
serious accidents could indeed occur and cause
enormous property losses even without causing
any offsite damage. The total cost of the cleanup
is estimated at $1 billion, not counting the carry-
ing costs and amortization of the original capital
used in building the plant nor the cost of restart-
ing the plant. Of this $1 billion, $300 million was
covered by insurance from the insurance pool
(see table 10 for explanations). General public
Utilities (GPU) is now in the process of negotiating
the financing of the rest from various sources in-
cluding the utility industry through the Edison
Electric Institute, the rate payers as approved by
the Pennsylvania and New Jersey PUCs, the States
of Pennsylvania and New Jersey and the Federal
Government.

Since Three Mile Island, property insurance
coverage for nuclear pIants has increased to $1
billion, about half in primary insurance and the
rest in excess insurance (once a $500 million ac-
cident cost has been reached). Some of the pri-
mary insurance and most of the excess insurance
have been provided by two new mutual insur-
ance companies formed by groups of utilities,
Nuclear Mutual Ltd. (NML) and Nuclear EIectric
Insurance Ltd. (NEIL) –(see table 10). NEIL also
provides almost $200 million in insurance for pur-
chases of replacement power while a plant is
disabled.

Despite this threefold increase in insurance,
however, some of the expenses incurred in the
Three Mile Island accident still have not been in-
sured; namely, maintenance of the disabled plant
and carrying costs and amortization of the capital
tied up in the disabled plant. For the moment
these are being paid by GPU stockholders who
have not received a dividend since the accident
(44).

Table 10.—Nuclear Plant Property and Liability Insurance

Description Coverage

ANI-MAERP:
Commercial insurance consortium Reactors at 34 sites. “Primary”

of about 140 investor-owned insurance (responds initially
companies (American Nuclear to a loss) $500 million/site
Insurers - ANI) and 120 mutual $68 million excess
companies (Mutual Atomic Energy
Reinsurance Pool — MAERP)

NML:
Nuclear Mutual Limited is a Reactors at 27 sites, $500

mutual insurance company created million primary insurance/site
by several investor-owned
utilities and located in Bermuda

NEIL-I:
Nuclear Electric Insurance Limited — Reactors at 36 sites, $2.3 million/

extra expense insurance to pay week 1st year; $1.15 million/week
for replacement power from an 2nd year up to $195 million
accident covered in primary
insurance

NEIL-II:
Nuclear Electric Insurance Limited — Reactors at 32 sites. “Excess”

property damage excess damage insurance (covers damage above
above limit of primary insurance limit of primary insurance) $415

Liability insurance: million/site

ANI-MAERP:
Liability insurance required by All reactors. $160 million available

Price-Anderson from premiums, plus $400 million/
accident available from retroactive
assessments of $5 million/reactor/
accident

SOURCE: John D. Long, Nuclear Property Insurance: Status and Outlook, report for the U.S. Nuclear Regulatory Commission,
NUREG-0891, May 1982; papers presented at Atomic Industrial Forum Conference on Nuclear Insurance, Feb.
14-16, 1983.
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Further increases in insurance capacity are de-
sirable, given the increasing replacement value
of plants. However, they are limited by the assets
of the insurance companies and the utilities in
this country and by the reluctance of reinsurers,
such as individual syndicators in Lloyd’s of Lon-
don, to assume any more American nuclear risk.

The adequacy of current insurance is threat-
ened further by several other issues. Under public
pressure, Congress could stipulate that all prop-
erty insurance be used first to pay cleanup costs
and only then to pay carrying costs and the costs
of restarting the plant. This would mean that the
utility would have to turn to the PUC to obtain
higher electricity rates to cover all the other costs
of an accident or obtain the funds by withholding
dividends from shareholders. Another source of
uncertainty is the heavy reliance of the utility-run
mutual insurance systems on retroactive assess-
ments. These are premiums that the utility com-
mits itself to pay in the event of an accident. NML,
for example, may call on retroactive payments
up to 14 times annual premiums in the event of
a serious accident that depletes existing insurance
reserves. The willingness and ability of utilities
to pay these assessments has not yet been tested.
Some observers have expressed the fear that
PUCs may balk at allowing utility insurance ex-
penses “to pay for the other guy’s accident” (57).

The Risk of public Liability .–Since 1957, the
Price-Anderson Act has limited public liability, in
the event of a serious accident, to $560 million.
Pressure to increase this limit has been mounting.
Inflation alone would justify raising the limit to
about $1.9 billion assuming $560 million was an
appropriate figure in 1957. Pressure, however,
to go beyond keeping up with inflation, or even
to eliminate the limit altogether, arises from
several studies published over the last 10 years,
the Rasmussen Report (WASH-1900) in 1974 and
the 1982 Sandia siting study. Both analyze the
consequences from low probability accidents and
are described more fully in chapter 8. Part of the
Price-Anderson Act is due to expire in 1987. The
first round of debate in Congress on this issue may
begin soon, stimulated by the recent publication
of an NRC report on public liability.

Ironically, this pressure to increase the limit for
public liability comes just as the private insurance
resources of the industry have increased enough
to cover the current statutory limit fully. About
$160 million is available from the insurance
pools, and the rest (about $400 million) is avail-
able from a $5 million per reactor retroactive as-
sessment required in the Price-Anderson Act.
Under current law, the Federal Government has
guaranteed to provide any liability damages be-
yond the nuclear industry’s resources and up to
the statutory limit. Currently, because of the avail-
ability of private insurance funds and the increase
in the number of plants available to pay the $5
million assessment, the Federal Government has
no liability. if the limit were raised or eliminated,
there would be pressure for the Federal Govern-
ment to again assume the excess liability.

From the standpoint of the insurance industry,
the most serious issue is the growing pressure
from citizen’s groups to allow damage from nu-
clear accidents to be covered in homeowners’
policies. Currently, by consensus of all insurers,
all homeowners’ insurance policies specifically
exclude a nuclear accident as an insurable risk.
Homeowners, in effect, may make claims only
against the responsible utility and be paid from
the utility’s own insurance resources. For insurers,
this characteristic of nuclear insurance channels
the risk into a single category which can be iden-
tified and assessed. Since the potential damages
are both large and of unknown probability, insur-
ers are much more willing to provide fairly large
sums if the structure of risk is simple because a
given accident will result only in a claim from a
single utility, and not in hundreds of individual
homeowner claims through multiple insurance
companies. Were the homeowner’s insurance
exclusion to be removed by law, one probable
result would be a reduction in total private in-
surance resources available for a single accident.
This is because the resulting multiple sources of
liability (from millions of homeowner policies) in-
creases the perceived risk to the insurers, who
in turn respond by reducing the total amount
available.

Another financial risk of unknown size is the
possibility that workers exposed to radiation may

25-450 0 - 84 - 6 : QL 3
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file occupational health suits in future years,
based on a statistical link between low-level radia-
tion exposures and various diseases, such as
cancer, with long periods of development. In
some respects the nuclear power industry is bet-
ter prepared for such suits than industry has been
for comparable suits arising from exposure to
asbestos because detailed records are kept on
every worker’s exposure to radiation. Current-
ly, any court settlements due to workers’ expo-
sure to radiation would be paid out of ANl-
MAERP pooI insurance. If the size of such settle-
ments becomes at all substantial, however, utili-
ties and their insurers may move to establish a
fixed compensation program, comparable to the
basic workman’s compensation program, which

Photo credit: Westinghouse

One source of uncertainty about the future cost
of nuclear power is the possibility that workers
exposed to radiation may sue the nuclear plant
owners to recover damages from health effects of

radiation exposure

pays fixed sums for each type of injury. Since in-
jury in this case is based on a probability link to
levels of radiation exposure the level of prob-
ability would be included in the program, much
as has been proposed for compensation for vic-
tims of nuclear weapons testing.

Impact of Risk on the Cost of Capital

As previously noted, from an investor’s point
of view there are several reasons to be wary of
utilities with substantial nuclear operations:

●

●

●

since nuclear-generating plants take longer
to build, it is more likely that they will be
poorly matched to actual demand;
the cost of constructing them is harder to
estimate and control than it is for coal plants;
and
there is a small but finite risk of a major
disabling accident. Under current insurance
coverage and PUC rate decisions, a large
fraction of the many costs of such an acci-
dent would have to be borne by the stock-
holder.

A few attempts have been made to estimate the
impact of these three elements of risk on the cost
of capital to nuclear-owning utilities but the
results are not clear-cut. As of 1981, the highest
bond ratings belonged to utilities operating nu-
clear plants, although the lowest bond ratings
belonged to utilities with nuclear pIants under
construction. After Three Mile Island, there was
an immediate effect on the relative stock market
prices of nuclear and non-nuclear utility stocks.
The price of non-nuclear stock increased over 50
cents a share relative to nuclear stock. The ef-
fect persisted for at least 2 years (46). Financial
experts and utility executives agree, however,
that another serious accident could have very
serious financial consequences.

In the year following the Three Mile Island in-
cident, a study of investor attitudes towards
nuclear utilities (1 1,46) showed that investors
ranked the risks associated with nuclear power
as a serious problem but less than problems
caused by regulation, high interest rates and in-
flation. Twenty-five percent of institutional inves-
tors said the Three Mile Island accident had a neg-
ative impact on the weighting of electric utilities
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in their investment portfolios. I n general, port-
folio managers showed increased concern if utili-
ties had a high dependence on nuclear, but over
82 percent said they recommend companies with
some nuclear component in their fuel mix. It
would seem that investors are more concerned
currently about the risk of construction cost over-
runs and delays and the financial strains of plant
construction than they are about the financial risk
of a disabling accident (47). The recent indica-
tions that several nuclear plants such as Zimmer,
Midlands, and Marble Hill may never be completed
and licensed to operate has caused another
round of investor concern. * Between October

and late November 1983, stock prices dropped
in 36 out of 50 companies with nuclear plants
under construction.

In summary, utilities assume greater risks when
they build nuclear pIants than when they build
coal plants. Even if, due to standardization and
careful construction, the cost of nuclear power
over 30 years is estimated to be substantially less
than coal-fired electricity, utilities still might hesi-
tate to order more nuclear plants unless they are
compensated in some way for the additional risks.

*See Nuc/ear phobia, a research report by Merrill Lynch, Pierce,
Fenner  & Smith, Dec. 15, 1983.

NUCLEAR POWER IN THE CONTEXT OF UTILITY STRATEGIES

The decision to order a nuclear powerplant is
only one of many choices utility executives can
make given their companies’ load forecasts and
present and future financial situations. They could
instead order one or more coal plants; convert
an oil or gas plant to coal; build a transmis-
sion line to facilitate purchase of bulk power
from Canada or from elsewhere in the United
States; develop small hydroelectric sources, wind
sources, or other small-scale sources of power;
or start a load-management, cogeneration, or
energy conservation program (or some combina-
tion of all of these).

What utility executives choose depends on the
reliability of their load forecasts, the options for
retiring oil and natural gas plants, the availabili-
ty of reliable sources of purchased power, the na-
ture of rate regulation in the State in which they
operate, and their companies’ abilities to manage
large construction projects on the one hand or
successful load management and conservation
programs on the other.

From a recent survey of utility executives (90)
and the results of two OTA workshops, it is clear
that utility executives are now considering a
much wider variety of alternatives to construc-
tion of new large generating plants. Although

utilities do not seem to be avoiding capital invest-
ment at the risk of providing inadequate electric
supplies, nonetheless they are taking financial
considerations heavily into account, especially
the ability to earn a return on CWIP. Some ex-
ecutives say their companies have deliberate
policies of providing generating capacity with
either minimum capital cost or short Ieadtimes
or both.

One possible option is to delay any powerplant
construction as long as possible and then meet
any need for new capacity with combustion tur-
bines which can be constructed in 3 to 4 years
and cost only $200 to $300/kW (in 1982 dollars).
Such a choice is now less risky for future elec-
tricity rates because of apparent softening of na-
tural gas markets. Combustion turbines cost so
little that they could in theory be written off
quickly and replaced by longer Ieadtime plants
if electricity demand were increasing enough to
warrant longer Ieadtime generating capacity with
lower fuel costs.

In a recent study six utilities described two alter-
native sets of construction plans: one plan that
they would follow under financially generous rate
regulation and the other under financially con-
strained rate regulation (64). There is a somewhat
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exaggerated difference between the two sets of
circumstances*–but they do illustrate the range
of utility choice.

Under financially constrained circumstances,
the six utilities expect to rely on more use of pur-
chased power. One will invest in more transmis-
sion lines. The utilities also expect to keep old
plants on line and will defer the retiring of oil and
natural gas pIants. It is interesting that none ex-
pect to build combustion turbines to catch up to
demand growth.**

The preferred generating choice of the six utili-
ties under financially generous circumstances is
medium-sized coal units of 500 to 600 MW which
the six utilities plan to build in substantial num-
bers, over 17 GW by the year 2000. Although sev-
eral utilities expect to finish nuclear powerplants
under construction, only one of the six expects
to start a new nuclear plant. Utility executives at
the OTA workshops and in the survey now per-
ceive nuclear power to be too risky to include
in future construction projects even under a less
financially constrained future. Even for those
utilities that have experience in keeping construc-
tion costs under control, there are important
perceived risks from lack of public acceptance
and the possibility of one or more Three Mile
Island types of accidents. Utility executives said
they expect to make use of “cookie-cutter” coal
plants because of the greater predictability of their
operating and construction costs.

It is conceivable that other types of nuclear
plants than those currently available in the United
States would be more attractive to utility execu-
tives, Executives reported in an EPRI survey of
utility executives’ attitudes towards nuclear pow-
er that smaller nuclear plants would be desirable
because they would require a smaller total capital
commitment and could more easily be fit to un-
certain load growth (22).

Some executives also believe that significant
safety improvements would make nuclear plants

*For example, the cost of capital is assumed to differ by 300 basis
points between the generously treated case which results in an AAA

bond rating and the constrained case which results in a BBB bond
rating.

* * Building a combustion turbine for use more than 1,500 hours

a year is still prohibited under the Fuel Use Act. In practice,
however, an increasing number of exemptions are being allowed.

less vulnerable to changes in regulation and ad-
verse public reactions and thus more attractive.
Several utilities are members of a gas-cooled reac-
tor council that supports research and develop-
ment of high temperature gas-cooled reactors
(HTGR) (described inch. 4). One executive testi-
fied for Florida Power & Light Co. (FP&L) in March
1983 that for FP&L’s crowded site in Dade Coun-
ty, an HTGR is the only option. Shallow water
and delicate ecology hinder coal transportation
and the closeness of the City of Miami and prob-
lems with raising the water temperature rule out
a light water reactor. FP&L does not want all the
possible headaches of building the lead HTGR
but might be willing to build the second plant
(91).

If utilities wish to avoid building powerplants
altogether they have several options (14). One
of these, featured in several of the six utility strat-
egies described in table 11, is to make better use
of existing powerplants. Ironically, the financial
weakness and excess capacity that had led utili-
ties to cancel new construction has also fostered
neglect of maintenance of existing powerplants.
In one recent survey of 80 GW of coal power-
plants there had been a decline of more than 12
percent in availability from 1970 to 1981 (1 5).
Pennsylvania is one of several States investigating
changes in regulatory policies that would en-
courage more efficient use of existing power-
plants (78).

Major investment may be needed to extend the
life of an existing plant well beyond the normal
retirement age of 30 to 35 years. A plant that has
been operating effectively for 40 to 50 years may
not have any of the same components as the orig-
inal plant. Nonetheless, substantial investment to
upgrade an existing plant will in almost all cases
cost far less than building an entirely new plant
of the same capacity.

Utilities can also substitute programs to reduce
peak demand for building new capacity. A recent
EPRI survey identified over 200 utilities that were
working with their customers on conservation
and load management programs (23). While
some of the programs were demonstrations,
others represented major corporate commitments
to load control. For example, the New England
Electric System’s successful experiments with on-
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Table 11 .—Six Sets of Alternative Utility Construction Plans

Projected
Utility and type growth in Plan A Plan B
(timeframe of plan) load (%/yr.) capital discouraging capital attraction

Utility A. Coal conversion 1.5
(1982-2000)

Utility B. Coal/nuclear
(1982-2005)

Utility C. Gas/coal
(1982-2000)

Utility D. Gas displacement
(1982-2001)

Utility E. Oil displacement
(1982-2000)

2.0

4.0

3.0

1.5

Utility F. Purchase/coal 3.0
(1982-2001)

Cost $4.1 billion
● Sell part of share of nuclear plant
• Convert 200 MW oil to coal
• Reduce sales to outside

customers
Ž Purchase 175MW
. Retire no old plants
Cost $23.9 billion
. Delay two-thirds of a new nuclear

plant for 4 years
. Double the amount of purchased

power
• Consume more oil and gas
. No existing plants retired

Cost $64.8 billion
● 3,000 MW coal capacity 1982-97
● 6,000 MW coal capacity

1998-2009
• Reserve margins 13°/0 1990; 9.60/0

in 2000
Cost $8.9 billion
● Finish large nuclear plants near

completion
. No plants retired
. Meet incremental demand

through purchased power

Cost $12.9 billion
● No construction projects
● Defer 2,000 MW of natural gas

and oil capacity

Cost $4.8 billion
• No construction
● Increase purchased power to

36°/0 of total
● Spend $1 biIIion on transmission

lines to wheel in power

Cost $9.9 billion
. Finish nuclear plant on schedule
• Convert oil plant to coal (800 MW)
● Build four 600 MW coal plants (two-

thirds ownership)

Cost $40.6 billion
● Complete several nuclear plants

without delay
. Build four 500 MW coal plants in

1990’s
● 75 ‘/0 share i n two 1,100 MW nuclear

units in 2000
● All plants retired on scheduIe
● Intermediate load coal plant
Cost $62.8 billion
● 5,000 MW new coal capacity in 600

MW increments 1982-97
● 5,000 MW more coal 1998-2009
. Reserve margin over 20°/0

Cost $30.5 billion
● 2,500 MW of coal capacity 1988-97

to displace gas
. Three large coal plants in

mid-1 990’s to meet additional load
● Oil and gas capacity retired on

schedule
● Finish large nuclear plants near

completion
Cost $22.1 billion
. Purchase share in large coal project

under construction
● Joint owner of coal plant online

early 1990’s
. Build transmission lines to

purchase power
Cost $7.6 billion
. Four new coal units of 500 MW

1988-97
● Purchased power shrinks to 7 ‘/0

of total capacity

SOURCE Peter Navarro. Long Term Impacts of Electricity Rate Regulatory Policies for DOE Electricity Policy Project, February 1983

site thermal storage of electric heat and home management and energy conservation by their
energy conservation led it to develop a 15-year customers. As described in the EPRI report and
plan aimed at reducing peak demand by over 500 others (14,23,42), these include programs to pro-
MW and average demand by another 300 MW vide rebates for the purchase of energy-efficient
over the 1980-95 period. The plan is expected refrigerators, air-conditioners, or heat pumps, low
to save utility customers about $1.2 billion over interest or interest-free loans and energy index-
that period (65). ing programs. For a utility interested in conserv-

ing capital, some utility-controlled load manage-
Utilities have successfully used a wide variety ment technologies offer strikingly low capital cost

of techniques to encourage investment in load ($110 to $200/kW). It takes thousands of installa-
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tions of such devices in buildings owned by hun-
dreds of different customers to equal one 100
MW powerplant (see table 12).

Utility executives interviewed for the Theodore
Barry survey cited above report that they are rely-
ing more and more on non-powerplant options
to meet the needs of future growth but they still
have concern about their long-term effectiveness
(90). Without extensive metering of components
of individual buildings, and extensive data collec-
tion on occupancy and patterns of use, it is dif-
ficult to determine how much of a given build-
ing’s change in electricity use is due to load man-
agement devices and how much is due to other
reasons that may be short-lived or unpredictable.

Utilities seeking to avoid costly capacity addi-
tions might also work to encourage power pro-
duction by cogenerators and other small power
producers in their service territories. (The poten-
tial for cogeneration to reduce electricity demand
was discussed above in the section on electrici-
ty demand.)

However, current estimates of market poten-
tial for small power producers are several times
higher than estimates of the central generating
capacity that could be displaced by small produc-
ion. This is because utilities can use small power
production to displace additional central station
generating capacity only if it can be counted on
to occur at times of peak demand. A recent CRS
study estimates the total capacity displacement
potential from cogeneration, wind, and small hy-
droelectric as ranging from about 5 GW to about
22 GW, even though the market potential for co-

generation and wind totals about 63 GW and the
technical potential for small hydroelectric is
estimated at over 45 GW (14). OTA recently es-
timated the full technical potential for cogenera-
tion as even higher, 200 GW (72).

It is worthy of note that the estimated market
potential for cogeneration alone of about 42 GW
is one measure of the market for using HTGRs
for cogeneration. As is discussed further in
chapter 4, HTGRs operate at far higher temper-
atures than do light water reactors and can be
used to supply steam and pressurized hot water.
The resulting high efficiency of operation and pro-
duction of both electricity and steam for sale can
offset their somewhat higher capital cost.

Implications for Federal Policies

As long as electric utilities are regulated there
is great potential to influence the strategic choices
they make by adjusting the way expenses and in-
vestments are handled in electricity rate deter-
mination. This report does not analyze all the
possible ways in which utility strategies other than
central station powerplant construction can be
influenced, but it should be recognized that
Federal and State regulation can be structured
to encourage cogeneration, conservation and
load management, and upgrading of central sta-
tion powerplants.

Utilities have several reasons to wait before
ordering more powerplants. The current high
reserve margins are one reason, and uncertain-
ty about the future growth of the economy and

Table 12.-Cost and Volume of Various Load Management Devices
(controlled by utilities)

Estimated number
of installations

to equal 100 MW
reduction in peak Cost/ Approximate

Device demand installation cost/kW

Water heater time switch , . . . . 91,000 $130-$240 $118-$218
Radio and ripple control 71,000 Radio $95-$108
(cycles water heater, air- (water heaters)
conditioners) . . . . . . . . . . . . . . . $67-$107

93,000 Ripple $100-$115
(air-conditioners)

SOURCE: Table published in OTA study Energy Efficiency of Buildings in Cities; based on John Schaefer, Equipment for
Load Management 1979; and other sources in contract report to the Office of Technology Assessment by Temple
Barker & Sloane.
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its impact on electricity demand is another. Al-
though electricity demand forecasting is a tricky
business at best, there is reason to believe, from
both a “top-down” and a “bottom-up” approach
to demand forecasting, that electricity demand
growth will be slower in the 1980’s than it will
in the 1990’s.

Each of the utilities, influenced by its State PUC
will make decisions about the proper rate and
type of generating capacity to add. What these
individual decisions add up to in terms of a na-
tional electric grid depends on the balance
among individual utility construction decisions.
For example, if all utilities choose to minimize
capital requirements and depend on purchase
power arrangements, the national reserve margin
would drop dangerously low and there could be
a scramble to build plants quickly. There could
be a short period of unreliable electricity supply.
On the other hand, if all utilities chose to build
long Ieadtime generating capacity to meet fore-
casts of rapid growth in electricity demand, and
demand growth failed to increase as forecast, the
current high reserve margins might reappear.
From a national point of view, it might be best
if the different States and utilities adopted a mix-
ture of these approaches.

From a perspective of long-range industrial poli-
cy, there may be reason for the Federal Govern-
ment to encourage steps that make electricity rate
regulatory policies handle inflation better, and in-
sure stable electricity prices over the long term
(see box C). Although average electricity rates are
forecast to increase smoothly and slowly over the
next one or two decades, this masks a set of off-
setting roller coaster rides for individual utilities,
that is reflected clearly in the differences among
forecasts of regional electricity rates (mentioned
in the section on electricity demand above). In
times of high inflation, utilities bringing new
powerplants online have rapidly increasing rates
for several years and then slowly decreasing rates.
The increasing rate phase may discourage the lo-

cation of industries, which might benefit over the
long run from the declining rate phase.

At the moment, if rate regulatory policies across
the country were to shift to favoring longer lead-
time, capital-intensive technologies, coal-fired
generation would be encouraged far more than
nuclear powerplants because utility executives
seem to prefer the smaller size, shorter Ieadtimes,
lower financial risk, and greater public accept-
ance of coal. The implications for the nuclear in-
dustry are bleak, and read as such by the industry
(87). Only a handful of orders for central station
powerplants of any kind is likely before 1990.
After that, if a modest number of powerplants are
needed, 10 to 15 GW/yr, coal may seem ade-
quate (unless there is a dramatic change in atti-
tudes and public policy about the impacts of coal-
burning on acid rain and carbon dioxide buildup,
and no significant improvement in coal-burning
technology).

If the amount of new capacity needed is much
larger, however (up to 30 GW/yr), utilities may
look to nuclear again as a way of diversifying their
dependence on a single technology (coal). In ad-
dition, now that natural gas shortages appear less
likely over the next decade, it is also possible that
combustion turbines, particularly high-efficiency
combined cycle plants will seem to be accept-
able sources of diversity. For those reluctant to
continue such reliance very long, or to depend
heavily on so-called new technology there could
be renewed interest in new nuclear plants begin-
ning in the 1990’s. By that time if the construc-
tion and operating risks of nuclear are significantly
better than they seem to utilities now, or if alter-
natives, namely coal, are significantly worse, util-
ities may place orders for more nuclear plants.
In particular, if nuclear plants can “match the
market more” (in the words of one OTA work-
shop participant) and come in smaller sizes, with
shorter Ieadtimes and predictable costs, they
might be a competitive option again for supply-
ing electric-generating capacity.
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Appendix Table 3A.– Estimated Costs of Nuclear Plants Under Active Construction in the United Statesa

A. 95°/0 or more complete:
Diablo Canyon 1, 1,064 MW, Pacific Gas & Electric . .$1,700/kW
Shoreham, 819 MW, Long Island Lighting Co.b . . . .$4,500 +/kW
Wm. H. Zimmer, 810 MW, Cincinatti E & G . . . . . . . . .$3,900/kW
Grand Gulf 1, 1250 MW, Mississippi P&L . . . . . . . . . . .$2,300/kW
Palo Verde 1, 1270 MW, Arizona PS Co. . . . . . . . . . . . .$2,300/kW
McGuire 2, 1160 MW, Duke Power Co. ... ... ... ... .$830/kW

B .90-95 °/0 complete:
Waterford 3, 1,104 MW, Louisiana P&L. . . . . . . . . . . . . . $2,400kW
Diablo Canyon 1, 1,106 MW, Pacific Gas & Electric . . $1,700/kW
Limerick 1, 1,1055 MW, Philadelphia Electric Co. . . . .$2,900/kW
La Salle 2, 1,078 MW, Commonwealth Edison . . . . . . .$1,100/kW
Catawba 1, 1,145 MW, Duke Power Co. , . . . . . . . . . . . . $1,700/kW
WPPSS 2, 1,100 MW, WPPSS . . . . . . . . . . . . . . . . . . . . .$2,900/kW
Comanche Peak 1, 1,150 MW, Texas Utilities (Dallas) .$1,700/kW
San Onofre 3, 1,100 MW, Southern California Edison .$1,900/kW
Fermi 2, 1,100 MW, Detroit Edison . . . . . . . . . . . . . . . . . $2,800/kW

C. 80410°A complete:
Clinton, 950 MW, Illinois Power Co. . . . . . . . . . . . . . . . . $3,000/kW
Byron 1, 1,120 MW, Commonwealth Edisonb . . . . . .$1,500+/kW
Watts Bar 1, 1,177 MW, TVA . . . . . . . . . . . . . . . . . . . . . . $1,500/kW
Palo Verde 2, 1,270 MW, Arizona OS Co. . . . . . . . . . . . . $2,300/kw
Callaway, 1,150 MW, Union Electric of Missouri . . . . .$2,500/kW
Bellefonte 1, 1,213 MW, TVA . . . . . . . . . . . . . . . . . . . . . . $2,300/kW
Wolf Creek, 1,150 MW, Kansas G& E/K.C. P&L . . . . . . . $2,300/kW
Perry 1, 1,250 MW, CAPCO Group (Ohio) . . . . . . . . . . .$2,200/kW
Midland 1, 522 MW, Consumers Power, Michigan . . .$2,700/kw

D .50-600/’ complete:
Midland 2, 811 MW, Consumers Powerb . . . . . . . . . .$2,700 +/kW

Bellefonte 1, 1,213 MW, TVA . . . . . . . . . . . . . . . . . . . . . .$2,300/kW
Byron 2, 1,120 MW, Commonwealth Edisonb . . . . . .$1,500+/kW
Seabrook 1, 1,500 MW, P.S. Company of New

Hampshire. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$2,800/kW
Watts Bar 1, 1,177 MW, TVA . . . . . . . . . . . . . . . . . . . . . . $1,500/kW
Braidwood 1, 1,177 MW, TVA. . . . . . . . . . . . . . . . . . . . . .$1,500/kW
Comanche Peak 2, 1,150 MW, Texas Utilities. . . . . . . .$1,050/kW
Harris 1, 900 MW, Carolina P&L . . . . . . . . . . . . . . . . . . .$2,500/kW
Beaver Valley 2 MW, 644 MW, Duquesne

Lighting Co. (Pa.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$3,700/kW
Susquehanna 2, 1,050 MW, PA Power & Light Co. . . .$1,900/kW
Nine Mile Pt. Pt. 2, 1,065 MW, Niagara Mohawk . . . . .$1,900/kW
Hope Creek 1, 1,67 MW, Public Service E&G (N.J.) . . .$3,600/kW
Braidwood 2, 1,120 MW, Gulf States Utilities. . . . . . . . $1,400/kW
River Bend 1, 934 MW, Gulf States Utilities . . . . . . . . . . 3,700/kW
Millstone 3, 1,150 MW, Northeast Utilities . . . . . . . . . . $3,000/kW

E. 49-59°10 complete:
South Texas 1, 1,1250 completed . . . . . . . . . . . . . . . . . . $3,000/kW
Marble Hill 1, 1,130 MW, PS Co. of Indianab ... ... .$3,100 +/kW
Palo Verde 3, 1,270 MW, Arizona P.S Co. . . . . . . . . . . . $2,300/kW
Perry 2, 1,250 MW, CAPCO Group (Ohio) . . . . . . . . . . .$2,200/kW
Catawba 2, 1,145 MW, Duke Power Co. . . . . . . . . . . . . .$1,700/kW
Vogtle 1, 1,150 MW, Georgia Power Co. . . . . . . . . . . . .$2,700/kW

F. Around 20°/0 complete:
Marble Hill 2, 1,130 MW, P.S. Co. of Indianab ... .. .$3,100 + /kW
South Texas 2, 1,250 MW, Houston L&P. . . . . . . . . . . .$3,100t/kW
Vogtle 2, 1,150 MW, Georgia Power Co. . . . . . . . . . . . . $2,700/kW

~ost data;s of December 1983, in mixed current dollars. Construction completion as of October 1982.
+” Is added where costs are likely to go higher than utility estimates.

cphysically  g50/~  complete, but potentiality subject to major rework.

SOURCE: Data comoiled bv Chartes Komanoff for a DaDer bv 1. C. BUDD and Charles Komanoff. The source of data is utilitv estimates of cost of comdete  nuclear
plants. The  costs  are in “mixed current dollars,” the sum of dollars spent In each year plus applicable capitalized inierest.  They are not mutuall~ comparable
due to different accounting conventions for  items such ss “constmction  work in Pro9ress” and interest capitalization and different time oerlods.  See ch.

1.

2.

3.

4.

5.

6.

3 for a discussion of comparable costs of these Plants. FuIIY  comparable data wlli  be published in early lw by Komanoff Energy Associates.
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