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Chapter 3

Electric Utilities in the 1990s:
Planning for an Uncertain Future

INTRODUCTION

Overview

In the early 1970s, the U.S. electric power in-
dustry entered a new era. Long a stable force in
the U.S. economy, the industry as a whole
emerged in the 1980s under considerable financial
stress and uncertainty, precipitated by skyrocket-
ing fuel prices, escalating capital and construc-
tion costs, and a declining and erratic demand
growth.

Even as utilities recovered from the shocks of
the 1970s, it was clear that they would not re-
turn to business as usual, circa 1960s. The highly
uncertain decision environment has forced util-
ities to reexamine their traditional business strat-
egies as they look to the 1990s and beyond. in-
deed, the basic procedures traditionally used by
utilities in making future investment decisions

have, in many cases, been drastically changed
by the utilities themselves as well as by security
analysts, investors, regulators, and ratepayers.

In this chapter we examine the strategic options
being considered by utilities over the next two
decades and, in particular, focus on the circum-
stances under which investment in new gener-
ating technologies might play a significant role
for electric utilities through this period, compared
with other strategic options. These other cptions
include continued reliance on conventional sup-
ply sources, life extension and repowering of ex-
isting plants, increased purchases of power from
neighboring utilities, or diversification to other
nonutility lines of business (see figure 3-1). In ad-
dition, we review the arguments for and against
the use of alternative technologies under differ-
ent planning scenarios.

Figure 3-1 .—Utility Investment Alternatives
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The extent to which new generating technol-
ogies might play a role in electric utilities in the
1990s depends on how favorably such technol-
ogies compare with capital investments in con-
ventional generation alternatives. It also depends
on the managerial skills and financial resources
of individual utilities. The role of nonutility pro-
ducers of electricity is discussed later.

A number of 1982 surveysl suggested that util-
ities are not very interested in investing in new
generating technologies. A variety of contingen-
cies—such as persistent cost-control problems
with large, central-station coal or nuclear plants
now under construction or increased environ-
mental control requirements, e.g., to reduce acid
rain—however, are beginning to make such
investments look much more appealing to utili-
ties in the 1990s.

Currently, much of the investment in new elec-
tric generating technologies in the United States
is not being undertaken by utilities at all, but by
nonutility owners generating power under the
provisions of the Public Utility Regulatory Policies
Act of 1978 (PURPA) (see box 3A). To date, much
of this investment has gone into cogeneration.
in some utility service areas, e.g., in California,
the rate of growth of new generating technologies
is steadily increasing (see figure 3-2).2 Hence, the
degree to which nonutility investment in new
generating technologies (and load management)
affects the total generation mix is also an impor-
tant ingredient in the future of the U.S. electric
power system.

The ultimate penetration of new technologies
over the next two decades in many regions may
well hinge on the relationship which evolves be-
tween uti l it ies and nonutil ity owners. It wil l
depend on the stringency of the utilities’ inter-
connection requirements and on the rates the

1“Plans and Perspectives: The Industry’s View, ’’EPR/ journal, Oc-
tober 1983; Douglas Cogan and Susan Williams, Generating Fnergy
Alternatives: Conservation, Load Management, and Renewable
Energy at America’s E/ectric Uti/ities (Washington, DC: Investor
Responsibility Research Center, Inc., 1983); A Review of Energy
Supply Decision Issues in the U.S. Electric Utility Industry (Wash-
ington, DC: Theodore Barry & Associates, September 1982).

ZTh is rate of growth has been so fast in California that the State
declared a temporary moratorium on cogeneration  projects in late
1984; the figure shows both utility and nonutility involvement in
alternative technoloev Droiects.

nonutility  electricity producers receive for their
electricity from the utilities. At present, these re-
quirements and rates vary greatly across the
United States (see chapter 7).

“, , J
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Figure 3-2.— Alternative Power Generation in California (utility and nonutility owned capacity)

Wind Geothermal Small Cogeneration IGCC Biomass—
hydroelectric

1996 2004

operating characteristics in the industry. Perhaps
the most important feature of this legislation was
not so much its guidelines for standardization,
but more its general mandate for the industry:

Provide an abundant supply of electric power
with the greatest possible economy and with re-
gard to proper utilization and conservation of
natu rat resources.

In practice, this mandate was interpreted as re-
quiring the provision of power at any time of day
and in any quantity demanded.4 As a result, the
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primary objective of electric utility operations in
the United States is to meet the collective demand
presented by all of its customers. The Federal
Power Act required that this demand be met in
an economically efficient manner both in dis-
patching generators to meet the daily load as well
as in developing plans for new construction.

Until the late 1960s, electric utilities had been
able to reliably and economically plan additions
to their installed generating capacity to meet fu-
ture demand while retiring aging plants. Until that
time, demand growth forecasts had been reason-
ably accurate, powerplant construction lead
times had been reasonably predictable, and con-
struction as well as fuel cost changes had been
small. Construction costs (per kilowatt installed)
in fact decline as power-plants are scaled up in
size. Electric utilities were viewed as sound in-
vestment opportunities by the capital markets.
Thus, capital was available at relatively low cost.

Since the late 1960s, however, several factors
have combined to create problems for the elec-
tric utilities. Both their financial performance and
ability to make system planning decisions using
the planning tools of the past have deteriorated
as a result. Among these factors (discussed in
more detail in the next section) are: 1 ) the grow-
ing difficulty of making demand forecasts—the
industry as well as nearly all interested parties
consistently underestimated the potential for con-
servation, i.e., the price elasticity of demand; 2)
the dramatic increase in environmental protec-
tion costs resulting from the public’s growing con-
cern over the environmental effects of electric
power production, especially air pollution from
coal; 3) the unprecedented and escalating cost
of new powerplants, especially nuclear power-
plant construction due to unexpected delays, in-
flated capital costs, stricter safety standards (espe-
cially after Three Mile island), unpredictable
regulation, and uneven project management; and
4) high as well as uncertain fuel prices and sup-
plies. The legacy of this traumatic period has been
an industry in which both investors and utility
managers are acutely aware of the industry’s fi-
nancial fragility and uncertain demand outlook
and are therefore more cautious about commit-
ting their capital to large new coal and nuclear
plants.

The prognosis for the power industry is uncer-
tain. While it is possible that demand growth rates
may increase once again over the next decade,
it is also possible that changing industry fuel
choices, saturation of electricity use in buildings,
and improved efficiency of electricity use in all
sectors of the economy as well as other conser-
vation measures may moderate demand growth
to less than 2 percent per year. Most current esti-
mates range from 1.5 to 5 percent per year (see
figure 3-3). The issue of uncertainty in demand
growth is discussed in more detail in a previous
OTA assessments

In the following, the impact these interrelated
financial, regulatory (including environmental),
and cost escalation stresses have had on the deci-
sionmaking environment in the electricity indus-
try are sketched in more detail.

Increasing Fuel Prices and
Supply Uncertainty

Figure 3-4 shows the national average fossil fuel
prices paid by electric utilities in the United States
over the last decade; weighted average fossil fuel
prices more than tripled between 1970 and 1980.
Those utilities relying on significant levels of oil
and natural gas (principally the East and South-
west—see figures 3-5 and 3-6) are shifting their
generation mix to more capital-intensive nuclear
and coal generation due to the uncertain future
costs and supply of oil and natural gas. The re-
cent stabilizing of oil and natural gas prices and
excess supply of natural gas has only added to
the uncertainty about future supply and prices.b
(The regional variations in generation mix, fuels
and other factors are discussed in chapter 7.)

Increasing Powerplant
Construction Costs

Increased attention to environment and safety
issues over the last decade has contributed to
both extended lead times in the siting, permit-

w,s. congress, office of Technology Assessment, Nuclear Power
in an Age of Uncertainty (Washington, DC: U.S. Government Print-
ing Office, February 1984), OTA-E-216, ch. 3.

%ee U.S. Congress, Office of Technology Assessment, U.S. Mt-

ural Gas Avai/abillty:  Gas Supply Through the Year 2000 (Wash-
ington, DC: U.S. Government Printing Office, February 1985),
OTA-E-245,
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Figure 3.3.—Projections of U.S. Electric Load Growth

Summer peak demand projections
comparison of annual 10-year forecasts

(contiguous United States)

Net  energy pro ject ions

comparisons of annual 10-year forecasts
(cont iguous Uni ted Sta tes)

.

1 I I I 1 1 1 1 1
74 76 78 80 82 84 86 88 90

Average annual
growth rate (o/o)

projecting 10-years
1974 -7.6
1975 -6.9
1976 -6.4
1977 -5.7
1978 -5.2
1979 -4.7
1980 -4.0
1981 -3.4
1982 -3.0
1983 -2.8
1984 -2.5

Average annual
growth rate (o/o)

projecting 10-years
1974 -7.5
1975 -6.7
1976 -6.3
1977 -5.8
1978 -5.3
1979 -4.8
1980 -4.1
1981 -3.7
1982 -3.3
1983 -3.2
1984 -2.6
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Fiqure 3-4.—National Average Fossil Fuel Prices

7An investor-owned electric utility today requires about $2.86 of
investment per dollar of annual revenue compared with a dollar
or less of investment per dollar of revenue for manufacturing in-
dustries; the electric utility industry (investor-owned) in the United
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Figure 3-5.— Regional Net Generation of Electricity by Fuel Type, 1984
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Figure 3-6.—U.S. Generation Mix by Installed Capacity and Electricity Generation
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Figure 3-7.—Electric Powerplant Cost Escalation, 1971-84

1971 1978 1982-84
Year

Key:

tion has been permitted by some utility commis-
sions. The issue of allowing CWIP in the rate base
is discussed in more detail in chapter 10. Today,
over a half of the total earnings nationally by
investor-owned utilities is AFUDC (see figures 3-
11 and 3-12).

The generaI deterioration of financial perform-
ance of utilities has strained stockholder confi-
dence. Indeed, in an effort to maintain this con-
fidence many utilities have actually borrowed at
short-term high interest rates to pay out dividends
to shareholders.lo Likewise, the consistently high

loperhaps a Milestone irl recent utility history was Consolidated
Ediwn’s  missed dividend payment in 1974 (see Foley, op. cit., 1983);
more recently missed dividends by Public Service of New Hamp-
shire, Consumers Power, and Long Island Lighting Co. are signal-
ing concern to investors.
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Figure 3-8.–Capital Intensity
Utilities, 1982

I

of Electric

“

Electric Fabric Primary Telephone Petroleum Motor Aircraft

3-1 3). Again, these ratings have increased since
1983, but remain below the 1960s’ levels. And,
it did not go unnoticed by investors that the
largest municipal bond default in American his-
tory occurred within the electric power industry
in 1983, when the consortium of utilities known
as the Washington public Supply System de-
faulted on $2.25 billion of bonds on two nuclear
powerplants. Many of the important financial in-
dicators are summarized in table 3-2.

Financial Impacts of the
Nuclear Experience

Beginning in 1983, the difference in financial
performance between utilities involved in nuclear
construction programs and those who are not has
became particularly apparent. It is reflected, for
example, in stock price—see figure 3- I 4. Since
early 1983, the market-to-book ratio for the in-
dustry as a whole has risen substantially, but util-
ities involved in major nuclear projects have
lagged behind. For nearly half of the industry cur-
rently involved in nuclear construction programs,
the status of these projects and the economic reg-

Figure 3-9.— Electric Utility Market to Book Ratios, 1962-84

, .O  2 . 5 3 m
U.S. electric utilities

m Standard & Poor’s 400
Companies

r - l n

’62 ’63 ’64 ’65 ’66 ’67 ’68 ’69 ’70 ’71 ’72 ’73 ’74 '75 ’76 ’77 ’78 ’79 ’80 ’81 ’82 ’83

Year
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Table 3-1 .—Electric Utility Rate Applications and Approvals, 1970-84 (millions of dollars)

Number of rate Amounts Amounts Percent
Year increases filed requested approved approved
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Figure 3-11 .—CWIP As a Percentage of Total Investment
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Figure 3-12.—AFUDC As a Percentage of Total Earnings”
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ulatory response to cost overruns, plant abandon-
ments, and excess capacity if the plants are com-
pleted, will weigh heavily on these utilities’
financial performance over the next decade. De-
spite the fact that some utilities have demon-
strated that the difficulties with nuclear technol-
ogy are not insurmountable, 11 OTA concluded
last year that:

Without significant changes in the technol-
ogy, management, and the level of public ac-

— .
1 ITlle 85 nuclear plarrts  operating in the United States today gen-

erally have an economical and reliable operating history; this is rein-
forced by the 227 nuclear plants now operating in foreign coun-
tries (a total of 531 plants are now operating, on order or under
construction worldwide); see E. Meyer, et al., “Financial Squeeze
on Utilities: Who Really Pays, ” Public Utilities Fortnight/y, vol. 114,
No. 12, Dec. 6, 1984, pp. 31-35.

ceptance, nuclear power in the United States is
unlikely to be expanded in this century beyond
the reactors already under construction.lz

Moreover, if utility commissions consider gener-
ating reserve margins excessive, they may not in-
clude all or part of expenditures in the rate base
for some plants currently under construction.

The consequences of economic regulatory
treatment of such plants could range from utility
bankruptcies to large rate increases, often re-
ferred to as “rate shock” for customers. Such de-
cisions will bring the issue of the ratepayers’ versus
stockholders’ interests into sharp focus over the
next decade; indeed many alternative proposals

12oT_A, NUC/ear  power in an Age of Uncertainty, op. cit.,  1984.
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Figure 3-13.— Electric Utility Bond Ratings,
1975-84

1975 1980 1983 1984

I JSee, for example, National Science Foundation, Division of pol-
icy Research and Analysis, “Workshop on Alternative Electric Power
Plant Financing and Cost Recovery Methods, ” Washington, DC,
May 7, 1984.

And finally, management of nuclear power-
plant construction projects in the utility industry
has been very uneven. Problems have occurred
in all phases of nuclear construction programs
from project design through quality control and
cost control .14

Summary

The current state of affairs in the electric util-
ity industry is one of considerable uncertainty
over future demand growth, powerplant costs,
and cost of capital. As a result, few utilities are
willing to increase their investment risk and many
have canceled or at least deferred large-scale,
long lead-time construction programs. And inter-
est by the industry in alternatives to the traditional
strategy of building conventional large-scale gen-
eration plants is growing. In particular, these aker-
natives include intensified load management and
conservation (either through direct load control
or indirectly through the rate structure); rehabili-
tation of existing generating plant; and increased
interconnect ion with neighbor ing ut i l i t ies .
Another alternative being considered is construc-
tion of smaller, and possibly decentralized, gen-
eration facilities that permit more flexible track-
ing of demand growth and reduced exposure to
inflation and capital market fluctuations; more-

lqsee,  for example, James Cook, ‘‘Nuclear FoI lies, ” ~Ofbe5, vol.
135, No. 3, Feb. 11, 1985, pp. 82-1 00; and OTA, Nuclear Power

in an Age of Uncertainty, op. cit., 1984.

Table 3.2.–Financiai  Condition of Electric Utilities, 1952-84

“Golden age” “Transition” “Hard times”
Characteristic 1952-66 1966-73 1973-75

Ratio of internally generated funds to capital
expenditures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 0.5 0.3

Interest coverage ratio (pretax) . . . . . . . . . . . . . . . . . . . . >5.0 3.0 2.4
Interest rate ( 0/0). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < 4 . 6 6.0 8.5
Inflation rate ( 0/0) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25 4.5 8.0
Common stock price (o/o of book value) . . . . . . . . . . . . 250 150 95
Construction activity initiated . . . . . . . . . . . . . . . . . . . . . Average Heavy Cutbacks

Electric rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Decreasing Steadily Accelerating
increasing

Average return on equity (o/o):

Including AFUDC.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 12 11
Excludina  AFUDC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 9 7.2

“Recovery” “Present”
1980 1984

0.42
3.0

15.27
13.5
73

Increased
cutbacks
Increasing

0.42
3.38

10.79
3.5

95
Very
little
Still

increasing

11.4 13.9
7.4 7.35

SOURCES: Rand Corp., E/ecfric  UtWty  Dec/s/orr  Mak/rrg  and  the Nuclear OptIon  (Santa Monica, CA: Rand Corp., 1977); Edison Electric Institute (EEI),  Statistical Year.
book of the Electric  Utility /rrdustry/1983  (Washington, DC: EEI, December 19S4); and Marie R. Corlo  and Alice E, Condren, “Utilitles-Electric: Basic Analysis,”
Standard and Poor’s Industry Surveys, Mar. 1, 19S4.
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Figure 3-14.— Stock. Price Performance of Nuclear
and Nonnuclear Utilities

130

over, the smaller facilities enter the rate base
more quickly. Also, utilities are increasingly in-
terested in the potential contribution of new gen-
erating technologies which use both conventional
and renewable energy resources. The question
is how utilities will incorporate the characteris-
tics of these new technologies into both their
planning and operations, because they are gen-
erally quite
generating
owners are
role in the

different from those of conventional
alternatives. In addition, nonutility
likely to play an increasingly crucial
application of these technologies.

The next section reviews the traditional deci-
sionmaking process in the electric utility indus-
try and the forces that are changing that proc-
ess. Of particular importance to the industry over
the next two decades will be the ability of any
given utility’s management to answer the follow-
ing questions:

●

●

●

Are the benefits of smaller scale, shorter lead-
time plants—their lower financial risk, short-
term financial sustainability, and greater flex-
ibility in filling unpredicted demand—com-
pelling enough to consider them more care-
fully as an alternative to conventional
large-scale, long lead-time plants?
If the benefits of smaller, shorter lead-time
plants are considered sufficient along with
other benefits such as increased efficiency
or reduced emissions, what conventional
small-scale alternatives and what unconven-
tional new technologies will be considered?
To what degree will use of conventional
alternatives preclude significant use of new
technologies?
If unconventional new technologies are per-
ceived as potentially important in a utility’s
future resource plan, what institutional
changes might be necessary to accommo-
date these technologies? Will nonutility
ownership be encouraged? How?

INVESTMENT DECISIONS BY ELECTRIC UTILITIES:
OBJECTIVES AND TRADE-OFFS

Introduction Investment Decision Objectives

in the most general terms, the principal objec- Maintaining System Reliability
tives of utility decisionmakers are to: 1) ensure
that system reliability is maintained, 2) minimize
their ratepayers’ burden over time, and 3) main-
tain the financial health of their companies. Any
decision analysis of investments must address
these objectives. Of increasing importance, par-
ticularly in evaluating the potential for new tech-
nologies, is the degree of uncertainty affecting the
company’s future demand, cost of service, and
performance. Accounting for this uncertainty is
becoming a much more important component
in the decision making process of most utilities.

I Sother  measures  are reported in General Electric CO., 17e/;ab;/-
ity /nd;ces  for Power Systems, final report prepared for Electric
Power Research Institute (EPRI)  (Palo Alto, CA: EPRI, March 1981),
EL-1773, RP1 353-1.



analyze peak demand predictions, at full as well
as partial outage estimates of their generation and
major transmission facilities, in order to project
reserve margins required to meet the LOLP con-
straint.

The critical uncertainties in this reliability anal-
ysis include: 1 ) the annual peak demand forecast,
2) scheduled and forced outage occurrences of
needed generating units, 3) the power output of
needed generating units, 4) the on-line dates of
any new generating capacity that may be planned
for the period in question, and 5) the availability
of purchased power. Other factors such as load
management or conservation efforts and dis-
persed sources of generation, e.g., cogeneration,
add an additional element of uncertainty to the
utility’s reliability analysis. (See chapter 6.) This
is because there is uncertainty regarding the ex-
tent to which conservation will moderate elec-
tricity demand and load management will alter
demand patterns. Further, there is uncertainty
about the market penetration that wil l  be
achieved by load management devices and by
dispersed sources of generation. There is also un-
certainty about their reliability.

In recent years, the traditional treatment of
reliability as a fixed constraint—the prescribed
LOLP level described earlier–is being called into
question. In particular, the trade-off between total
cost and quality of service is becoming an increas-
ing concern. 16 The argument being advanced is

that electricity should be treated more as a com-
modity in a segmented market (different customer
classes), one aspect of which is quality of serv-
ice which should be reflected in the commodity
price. The current debate, therefore, centers
around whether electricity should be available
at a uniformly high level of reliability or at increas-
ing degrees of reliability for increasing price
levels.

Minimizing Electricity Rates
The second objective of utility decisionmakers

is to minimize their electricity rates. They must
show their efforts to achieve this objective in their

16 For example, see M. Telson, “The Economics of Reliability for
Electric Generation Systems, ” Bel l  Journa l  o f  Economics,  vo l .  5 ,

No. 2, autumn 1975, pp. 679-694.

applications for changes in rates to State public
utility commissions. Generally accepted ratemak-
ing practices are discussed in chapter 8 (box 8A).
The objective of minimizing rates is often meas-
ured in terms of revenue requirements or the total
cost per kilowatt-hour of electric energy gener-
ated. The principal cost elements to be consid-
ered when meeting this objective are:

1.

2.

3,

In

fixed costs associated with the recovery of
capital invested in generation, transmission
and distribution facilities;
fixed and variable production costs associ-
ated with operation, maintenance and fuel
expenses for supply facilities; and
overhead costs associated with general
administrative expenses and working capi-
tal allowances.

order to compare lifetime rate requirements
of different generating technologies, utilities pro-
ject, over the lifetime of each plant, each com-
ponent of cost– return on capital, debt service
cost, fuel and operating cost, and share of over-
head–and then they apply a discount rate to
each year’s costs to calculate a Ievelized annual
cost. Utility decision making is complicated by the
fact that pIants with the same Ievelized cost can
have very different year-to-year costs, and that
utility rates are not set according to Ievelized cost
but projected actual costs. During times of high
inflation and high interest rates, the return on cap-
ital and the cost of capital-expensive plants is con-
centrated in the early years of a plant’s life. For
fuel-expensive plants the opposite is true–the
year-to-year cost is initially low but increases over
time. The implications of such trade-offs are dis-
cussed in more detail in chapter 8.

Maintaining Corporate Financial Health

The third objective of utility decision makers—to
maintain the financial health of their compa-
nies—is typically assessed in terms of some key
parameters such as growth in earnings, debt serv-
ice coverage ratios, and return on common equity,
System planning decisions which satisfy the two
objectives discussed earlier (i. e., maintaining sys-
tem reliability while minimizing ratepayers’ bur-
den) are also evaluated in terms of their impact,
over time, on these measures of corporate finan-
cial health.

38-743 0 - 85 - 3



Since the electric utility business is so capital-
intensive, it relies heavily on its ability to raise
capital from debt and equity sources. The avail-
ability and cost of this capital depends, to a large
degree, on a utility’s financial health as evaluated
by security analysts and investment houses.

When evaluating a utility’s financial health,
these analysts weigh a wide range of qualitative
and quantitative factors (see table 3-3). They
seem, though, to emphasize five quantitative fac-
tors:

1.
2.
3.

4.

5.

earnings protection—debt coverage,
leverage–equity share of total capitalization,
cash flow and earnings quality—share of
AFUDC in total earnings,
asset concentration—shares of generating ca-
pacity compared to shares of the rate base,
and
financial flexibility .17

In addition, they generally consider five qualita-
tive

1.

2.
3.
4.
5.

factors:

prospects for demand growth in the service
territory,
diversity of fuel supply,
quality of management,
operating efficiency, and
regulatory disposition.

Variations Among Utilities and
Conflicting Objectives

Prior to the early 1970s, maintaining reliabil-
ity was treated as a prescribed constraint and util-
ities generally had little trouble earning their
allowed rate of return while achieving steady re-
ductions in the cost of electricity, as discussed
earlier. In other words, the three investment ob-
jectives could in effect be simultaneously pursued
with little conflict, and the process just described
generally explained utility investment decisions
quite well, at least with respect to technology
choice.
—

I ~homas  Mockler  (Standard & Poor’s), “Workshop on Investment
Decisionmaking in Electric Utilities,” sponsored by U.S. Congress,
Office of Technology Assessment, Washington, DC, Apr. 17-18,
1984.

Table 3.3.—Elements Considered in the Utility
Financial Rating Process

Economic analysis of service territory:
Population
Wealth
Employment
Size of service area and outlook
Historic and estimated load growth
Demand and energy sales

Type of system:
Self generation
Distribution
Combination
Wholesale and bulk power

Facilities:
Fuel mix, cost, availability, and price
Capacity and reserve
Operating cost
Operating ratio
Dispatching strategies

Capital improvement plans:
Realistic construction cost estimates
Alternatives to own construction

Rate structure:
Likely regulatory climate
Comparative rates
Ability to adjust

Bond security:
Revenues
Debt service reserve
Contingency fund
Capitalized interest
Rate covenant
Additional bonds covenant
Power contracts
Asset concentration

Key ratios:
Environmental concerns
Net take-down
Interest coverage
Debt service coverage
Debt service safety margin
Debt ratio
Interest safety margin
Percentage AFUDC
Percentage internal cost generation

SOURCE: Standard & Poor’s, “Standard & Poor’s Bond Guide for 1983, ” 1983.
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The actual implementation of a decisionmak-
ing process varies across utilities, but there ap-
pears to be little difference among utilities in the
generally accepted practices for making deci-
sions. The differences, rather, are mostly in
characterizing the alternatives to be considered.
A recent survey of utility decision making18 re-
ported that, in spite of the wide diversity of types
of firms in the industry (see box 36),

there is a high degree of uniformity in the
Plant investment decision making practices fol-
lowed by U.S. electric power firms, both public
and private, as well as other regulated utilities.

In chapter 8 the analytical tools routinely used
by utilities in making investment decisions are dis-
cussed. Also discussed are the differences among
utilities, particuIarly with respect to differences
in cost of capital (considerably different, for ex-
ample, between public and private utilities), in
discount rates, and in attitudes toward and meth-
ods for dealing with risk.

How utilities account for risk is important be-
cause it explains in part what might otherwise be
a noneconomic choice in selecting a new tech-
nology. For example, uncertainty about demand
growth, long-term financing conditions, or other
“state of the world” factors may prompt more
severe discounting for long-term risk against long
lead-time projects. This has certainly been the
case in recent years in the industry. Similarly, of
particular relevance to this assessment, concern
over a specific technology may swing a close in-
vestment decision one way or the other. The Edi-
son Electric Institute19 has classified the critical,
supply-option, technology risks facing utility deci-
sionmakers, these are summarized in table 3-4.

In addition, and reflected in some of these risks,
factors relating specifically to regulatory approval
are of increasing concern and have prompted
utilities to carry out what is often termed “short-
period analysis. ” In such an analysis, planners
examine how specific areas of uncertainty, such
as future environmental regulations or fuel avail-

113G. Corey, “Plant Investment Decision-Making In the Electrlc
Power I nciustry, Discounting for Time and Risk in Energy Policy
(Washington, DC: Resources for the Future, 1982), pp. 377-403.

19 Ed i~on E led rlc I nsflt ute ( EE I ), Strategic /mp/lCaliOnS OfA/~ern~~-
tl~e Generat/rrg Technologies (Washington, DC: EEI, April 1984).

ability, might affect the financial performance in
the early years of a project’s life.

This new, more complex investment decision
environment of the 1980s has brought with it the
possibility of conflicting objectives in making in-
vestment decisions. It has become possible that
utilities could decide not to pursue the lowest
projected lifetime cost option (minimizing rates)
for future investments because of its implications
for short-term financial performance (maintain-
ing financial health). In the long run, maintain-
ing financial integrity does indirectly affect the
ratepayers’ burden, but the relationship is less
clear.

Perhaps to avoid such conflict, some utilities
in recent years have made substantial changes
in the way they make future investment decisions.
For example, Pacific Gas & Electric’s (PG&E) key
corporate planning goals published in 198320 state
an “adopted direction” including:

● operation within revenue and expense levels
provided by rate case decisions,

● minimize capital expenditures, and
● avoid major commitments of capital to new

energy supply projects.

For PG&E, this meant that “the company will
not be committing capital to any major new elec-
tric supply projects, although minimal capital ex-
penditures may result from efforts to keep options
open .“ Variation in how a utility sets its basic
direction for resource planning depends on reg-
ulatory pressure, financial position, and, perhaps
most importantly, the character of utility manage-
ment. Some utilities have substantially modified
their “decisionmaking” mechanisms to better ac-
commodate uncertainty and trade-offs in invest-
ment decisions, e.g., the “short-period” analy-
sis described earlier.

The trade-offs among future investments are
likely to be a fundamental issue of debate over
the next decade, and this debate’s outcome
could profoundly affect the deployment of new
technologies as they mature. Another recent in-
dustry survey, cited earlier21 reports that, for the

‘Zopacific  Gas A EleCtriC  CO.,  Long  Term P/arming l?ewks: 1984-
2004, May 1984.

jlTheocfore  Barry & Associates, Op. cit., ? 982.
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Table 3-4.—Technology Risks for Electric
Utility Decisionmakers

1.

2.

3.

4.

5.

6.

7.

8.

.

Technical risk: the probability that a new generator will fail
to come on-line at its anticipated capacity rating.
Lifetime risk: the probability that a new generator’s life-
time will be significantly shorter than anticipated due either
to technical problems or regulatory decision problems.
Cost risk: the probability that a new generation technolo-
gy will cost significantly more to construct or operate than
anticipated.
On4ime completion risk: the probability that a technolo-
gy will not come on-line when anticipated because of tech-
nical or regulatory problems.
Lead-time risk: the probability construction end time will
be longer than planned. One problem is that events change
such that the probject will no longer be needed or econom-
ically viable.
Obsolescence risk: the probability that a given technolo-
gy will be economically obsolete prior to its planned life-
time. This is analogous to the lifetime risk and could result
from fuel cost changes or new technologies being in-
troduced, etc.
Third-party ownership risk: the probability that a genera-
tor owned by a third party will become unavailable to
produce electricity for any reason related to the ownership
by a third party, e.g., bankruptcy of the corporate entity
owning a cogeneration facility so that the steam no longer
exists and the facility is uneconomic without the steam
demand,
Reliability and performance risk: the probability y that a par-
ticular technology will be significantly less reliable than
planned.

As utilities emerge from the financially stressed
period of the 1970s and early 1980s, the trade-
offs between financial performance and the rate-
payers’ burden will be a subject of continuing de-
bate that may affect the structure of the industry
itself .22

The Current Context for
Alternative Investments

Most utilities have been forced by economic
and regulatory uncertainties to broaden the scope
of their analysis of future investments, but this has
not yet led, in most cases, to investment in new
generating technologies.

——
zz~n one hancf, some economists argue that a solution to the

utility ind ustry’s  financial problems over the long term rests in
deregulating portions O( the power generation side of the business:
on the other hand, others (e.g., U.S. Department of Energy (DOE),
Report of the Electrlclty Policy Project, The future  otE/ectrlc  Power
In America: Economic Supply for Economic Growth (Washington,
DC: National Technical Information Service, June 1983), DOE/PE-
0045) argue that agglomeration of existing firms into larger regional
entities addresses the financial problems more efficiently.

A 1982 EPRI survey of member utilities23 posed
the question of what strategic options were con-
sidered likely in the event of limited capital avail-
ability over the next decade. Options involving
new technologies fell well down the list of pri-
orities, behind strategies such as increased con-
servation, deferral of retirements, rehabilitation
of existing plant, 24 and increased participation in
joint ownership of large conventional plants, The
survey did suggest, however, that utilities are con-
sidering new technologies as an option to pur-
sue in the event of unexpected contingencies and
that “utilities revealed an increased willingness
to consider a host of new technologies for gen-
eration before the end of this century. ”

Some utilities25 think that there are three ma-
jor contingencies that could more or less signifi-
cantly affect the relative attractiveness of new sup-
ply technologies over the next decade:

●

●

●

�✎

Sudden increases in demand growth.–
Demand growth in the United States in 1983
was 1.9 percent and in 1984 it was 4.6 per-
cent; demand predictions for the next dec-
ade vary from 1.5 to 5 percent.
Major reductions in allowable pollution
emissions.—Acid  rain and other legislative
initiatives could alter the kinds of coal-bu rn-
ing technologies and fuels used over the next
decade.
Limited availability of petroleum.–While
the shortages and price increases of the
1970s prompted considerable shifts away
from oil in U.S. electric power production,
over 10 percent of the Nation’s installed ca-
pacity is still oil-fired (see figure 3-7 earlier).
Any dramatic changes in oil availability will
affect the rate at which oil use declines i n
power generation. This issue is discussed in
depth in a recent OTA assessment.26

. . —
ZjTaylor Moore, et a!., Electric Power Research Institute (EPRI),

Planning and Evaluation Division, “Plans and Perspectives: The in-
dustry’s View, ” EPR/)ourna/,  vol. 8, No. 8, October 1983, pp. 14-19

24Although  AFBC  retrofits of existing units I nvolvf?s a new tech-

nology; this option is being pursued aggressively by many utillties,
~sFor example, Southern Company Services, Inc., Research and

Development Department, “Assessment of Technologies Useful In
Responding to Alternate Planning Contingencies, ” unpublished,
December 1983.

ZGU .S. congress,  Office  of Technology Assessment, U.S. v’u/ner-
abi/ify to an Oi/ /mporr Curfai/menf  (Washington, DC: U.S. Gov-
ernment Printing Office, September 1984), OTA-E-243.
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In the more distant future three additional con-
tingencies could change utilities’ investment deci-
sionmaking priorities:

●

●

●

Natural gas availability .–There is still con-
siderable uncertainty in the domestic re-
source base for natural gas, although opti-
mism is growing. 27 If reserves are significantly

greater than previous estimates suggest, then
natural gas might once again become an at-
tractive fuel for electric power generation,
although this would require modifications to
the Fuel Use Act.
Dramatic changes in interest rates.–As dis-
cussed earlier, due to the industry’s capital
intensity, high interest rates have caused
electric utilities much financial stress. Dra-
matic decreases in interest rates could
dampen the current interest in short lead-
time, modular design technologies relative
to larger central station plants; however, it
could stimulate the interest of non utility pro-
ducers in such technologies.
Significant technological advances.–Al-
though much less Iikely than in other indus-
tries such as communications or computers,
breakthroughs in technology could improve
the likelihood of utility adoption of new tech-
nology over the next several decades. The
opportunities for advances in the technol-
ogies considered in this assessment are dis-
cussed in chapter 4.

In addition, changes in Federal policies such
as the tax system, PURPA, and the Powerplant
and Industrial Fuel Use Act could have a signifi-
cant impact on investment decisions as well; such
changes are discussed in chapter 10.

While at the current rate of development ex-
tensive deployment of new technologies under
any circumstances is unlikely in the 1980s, the
first three contingencies are likely to affect util-
ity decision making with respect to new supply
decisions; the latter three contingencies are not
likely to affect utility decisions until the 1990s.

270TA,  (-/.s.  ~atura/  GaS Availability: Gas Supply Through the
Year 2000, op. cit., 1985.

Tradeoffs in Allocated Investments
and Strategic Planning

In light of economic and regulatory uncertain-
ties surrounding the industry, many utilities are
now considering, along with traditional central
station powerplants (including joint ventures in
such plants with other utilities), such options as
dispersed generation, increased levels of pur-
chased power, load management (or other end-
use related actions), diversification into entirely
new businesses (see figure 3-1 earlier), and new
generating technologies as possible investments.

With an expanded spectrum of investment al-
ternatives along with an uncertain decision envi-
ronment, the problem then becomes one of com-
paring options that differ considerably in terms
of production characteristics as well as in terms
of financial risk and return; La for example, how
does one compare a kilowatt of peak-load reduc-
tion achieved through load management to a kilo-
watt of new capacity from wind power?

If, for the moment, one takes the quality of serv-
ice to be provided by a given utility as a pre-
scribed constraint, as utilities have traditionally
done, investment decisions hinge on the relative
importance of the remaining objectives, namely
minimizing the ratepayers burden and maintain-
ing financial health. In recent years in the elec-
tric utility industry, as implied in the last section,
the latter objective has taken on added com-
plexity.

Generally, a utility strives to earn a rate of re-
turn at least equal to its cost of capital. There-
fore long-term profitability could be defined as
the difference between the return on equity (ROE)
and the cost of capital29 (k). Short-term cash flow
implications of new investments have emerged
as important concerns for many utilities in recent
years, i.e., a utility must generate enough cash

zBDiscUSSecj  in Cjetail  in D. Geraghty, “Coping Wi th  Changing Risks

in Util ity Capital Investments, ” unpubl ished paper ,  E lect r ic  Power

Research Ins t i tu te ,  February  1984.
2glf  a utility’s rate of return equals its cost of cap i ta l ,  s tockholders

stil l earn a competitive return; see D. Geraghtv,  “Coping With Risk

in the Electric Utility Industry: The Value of Alternative Investment
Strategies, ” Second International Mathematics and Computer So-
ciety (IMACS)  Symposium on Energy Mode/ing and Simulation,
Brookhaven National Laboratory, New York, Aug. 27, 1984.
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flow to maintain operations, Therefore, sustain-
ability could be defined as the difference be-
tween funds generated and funds used at a given
time.

The above definitions of profitability and sus-
tainability are used in figure 3-15 to show the fi-
nancial performance of utilities over the last two
decades. If profitability is measured on the verti-
cal axis and sustainability on the horizontal axis,
the regulatory target is the origin, i.e., where re-
turn is equal to the cost of capital and where
funds generated equal the funds received. In the
1960s, utility investments were both profitable
and sustainable. With the precipitous rise in fuel
prices in the early 1970s, investments became
less sustainable as production costs became un-
expectedly higher. With the increase in the share
of earnings earmarked as funds used during con-

struction (AFUDC), investments also became less
profitable. In the 1970s the cost of capital in-
creased further to the point where this industry
could be considered both unprofitable and un-
sustainable. Current utility steps to increase prof-
itability include requests for increases in allowed
rate of return and efforts to reduce cost; steps to
improve sustainability include requests for CWIP
costs to be included in the rate base and avoid-
ance of new construction projects.

Financial Criteria for Investments
in Capacity

Utilities concerned about both short-term sus-
tainability and long-term profitability of their oper-
ations can evaluate investment options in terms
of their impact on a number of measurable pa-

Figure 3-15.—Profitability-Sustainability in Electric Utilities

SOURCE
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rameters that relate either directly or indirectly
to sustainability and profitability. These parame-
ters include the debt service coverage, return on
equity, percent internal cash generation, and
growth in earnings.

For example, an important parameter used in
evaluating future cash flow implications is the
debt service or interest coverage ratio which re-
flects the ability of the utility to repay its debt obli-
gations and is a crucial factor in determining a
utility’s bond rating. s” Table 3-s demonstrates
relationships between interest coverage ratios,
utility bond rating, and average cost of these
bonds. In this connection, year-to-year cash flow
will fluctuate least when new generating plants
are built in small increments and with short lead-
times. Therefore, a utility aiming for a stable debt
service coverage ratio could choose not to build
long lead-time, large powerplants even when
their cost per unit power may be less than the
smaller plants because of engineering economies
of scale (see chapter 8).

Prior studies give some insights into the trade-
offs between short lead-time, smaller scale addi-
tions to generating capacity and long lead-time,
large powerplants. Ford and Youngbloodsl show

JOThe interest coverage ratio accounts for as much as 80 percent

of a bond rating decision; see Rand Corp., E/ectric  uti/ity  Decision
Making and the Nuclear Option (Santa Monica, CA: Rand Corp.,
1977) or Standard & Poor, Standard& Poor’s Bond Guide for 1983
(New York: Standard & Poor, 1983).

JIAndrew  Ford and Annette Youngblood, “simulating  the plan-
ning Advantages of Shorter Lead Time Generating Technologies, ”
Energy Systems and Po/icy,  vol. 6, No. 4, 1982, pp. 341-374; and
Andrew Ford and Annette Youngblood, “Simulating the Spiral of
Impossibility in the Electrical Utility Industry, ” Energy Po/icy,  March
1983.

Table 3“5.—Electric  Utility Debt Cost and Coverage
Ratio Relationships

Coverage ratio Bond ratina Averaae vield
3.0-3.5 AA 1 1.0%0
2.5-2,75 11 .3’?/0

2.0 B#B 12.1 ‘Yo
SOURCES: Standard & Poor, “Standard& Poor’s Bond Guide for 1983,” 1983; and

L. Hyman, Amedca’s  Electric Utilities: Past, Present, and Future
(Washington, DC: Public Utilities Reports, Inc., 1983).

that utilities that build plants with short lead-times
can maintain a lower ratio of capacity under con-
struction to installed capacity, when year-to-year
changes in demand growth are very unpredicta-
ble. A lower ratio of capacity under construction
would, in turn, allow a higher debt service cov-
erage ratio. (Short lead-times for purposes of this
analysis were defined as 1 to 2 years planning and
permitting and 3 to 4 years construction.)

32Carl E. Behrens, “Economic Potential of Smaller-Sized Nuclear
Plants in Today’s Economy,” Congressional Research Service pa-
per prepared at the request of the Honorable Paul Tsongas, Wash-
ington, DC, Jan. 20, 1984, 83-621 ENR.

~JEEI, Strategic /rnp/ications of Alternative Generating Technol-

ogies, op. cit., 1984.
JoThe scenario employed assumed a utility with a 5 GW peak

demand, 6 GW of installed capacity, a load factor of 65 percent,
total embedded capital (excluding CWIP)  of $9.6 billion (average
yearly cost of 10 percent–real discount rate) and embedded oper-
ating costs of 3 cents/kWh. The large plant was 1,000 MW with
a 7-year lead-time at a cost of $2,000/kW  (1980 dollars including
interest during construction); small plants were 100 MW with in-
stalled costs of $2,200/kW.



Introduction

The spectrum of alternative investments cur-
rently available to many utilities was briefly out-
lined in the last section. This section highlights
the most important considerations in each of
these options. As mentioned earlier, to the ex-
tent that new generating capacity is planned at
all over the next decade, the industry as a whole
appears to prefer traditional conventional power
generation technologies (e.g., pulverized coal-
burning technologies and combustion turbines)
as the mainstay for strategic planning. The EPRI
Annual Industry Survey for 1982, compared with
the corresponding survey for prior years, did in-
dicate, however, that more efficient use of energy
has emerged more prominently in utility strate-
gic plans than in previous years.

The EPRI survey also revealed an increased will-
ingness to consider new generating technologies
before the end of this century, particularly in light
of the future contingencies (see previous section)
that could affect the viability of conventional
alternatives. In some utilities where available
renewable resources are particularly attractive
and plentiful, alternative technologies such as so-
lar, geothermal, and wind may contribute signif-
icantly to future resource plans, but continued
development of these technologies was viewed
by the survey as benefiting only a handful of util-
ities over the next several decades.

Strategic options such as rehabilitation of ex-
isting plant and increased purchases of energy
from neighboring utilities have emerged as im-
portant alternatives for utilities in the next dec-
ade, particularly where capital is in short supply.

Overall, therefore, in considering alternative
strategic options for utilities, it is important to
keep in mind that new generating technologies
now appear to fall well down the list of priorities
for most utilities, though interest in them is in-
creasing as utilities plan for dealing with future
uncertainty.

The business strategies of U.S. utilities, while
actually a continuum, can be classified roughly
into four basic, but not exclusive, categories:35

●

●

●

Modified grow and build strategy .-A num-
ber of utilities have continued to view com-
pletion of large nuclear and coal plants
initiated in the 1970s as their best option. Al-
lowing for changes in the fuels used in gen-
eration, this is a continuation of the strategy
of virtually the entire industry since its be-
ginning. Some utilities, confident of renewed
demand growth in the 1990s, are planning
for continued expansion.
Capital minimization.–Many utilities in the
United States are now reacting to the cur-
rent regulatory and financial climate in the
industry with a strategy of minimizing capi-
tal expenditures by canceling plants both
planned and currently under construction,
increasing use of purchased power, partici-
pating in joint ventures if construction is nec-
essary, selling existing capacity, rehabilitat-
ing existing plant, and increasing attention
to load management. This strategy is de-
signed to minimize corporate risk.
Renewable and alternative energy supply.–
A few utilities have embarked on a strategy
of significantly increasing reliance on renew-
able energy sources as well as cogeneration
from conventional sources in an effort to use
small, modular pIants to better track uncer-
tain demand growth and reduce construc-
tion lead-times (other reasons are discussed
later). The two large utilities (PG&E and
Southern California Edison) that have made
reliance on these sources an announced part
of their strategy both come from California
where renewable resources are relatively
abundant and avoided energy costs are high.
Many more utilities have initiated increased
research and development programs in new

jJThese categories are defined by S. Fenn,  America’s E/ectric Uti/-
ities:  Under Siege and in Transdion,  op. cit., 1984).
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●

technologies (discussed later). How many of
these will go on to base a significant part of
their strategic planning on alternative sources
is uncertain.
Diversification.–A majority of investor-
owned utilities have begun to diversify their
business interests by investing revenues in
potentially more profitable ventures outside
the electric utility business (see table 3-8).
While the level of expenditures in such activ-
ities is as yet very small, a large number of
utilities are exploring new business ventures
on a small scale in areas such as real estate,
telecommunications, oil and gas exploration,
and business services.

Conventional Alternatives

The industry surveys cited earlier reveal that
if more capital is available to electric utilities over
the next decade and if emissions requirements
are not tightened, conventional pulverized coal
steam plants are generally the preferred invest-
ment option for future generation. The future of
nuclear power remains clouded by management
and regulatory problems as well as by technical
and financial uncertainties. The EPRI survey
found that “business decisions on new nuclear
plants will remain clouded’ ’until such uncertain-
ties are resolved. This conclusion is supported by
the recent OTA assessment on the future of nu-
clear power as well as by others. 36

As discussed earlier, the cash-flow drawbacks
of the long lead-time, large, conventional coal
and nuclear plants as well as the potential costs
of overbuilding due to uncertain demand growth
have prompted utility interest in designs for these
conventional technologies that permit installation
of smaller, modular units (200 to 500 MW rather
than 800 to 1,200 MW), even at a significant cap-
ital cost premium. In addition, in planning for cir-
cumstances such as increased regulation of pol-
lution emissions, other utilities have also become
interested in other modifications of conventional
coal technologies. These include limestone injec-
tion, advanced coal cleaning techniques, im-
proved scrubbers, and others.37 Such modifica-

MOTA, NUC/ear  Power in an Age of Uncertainty, op. cit.,  1984;

or Scott Fenn,  The Nuclear Power Debate: Issues and Choices (New
York: Praeger Publishers, 1981).

Jzsee the  Southern  CO. Services report cited earlier.

tions, while generally outside the scope of the
current study, could significantly affect the rela-
tive attractiveness of new technologies under all
the possible future contingencies cited earlier.
Considered in this assessment are advanced coal
conversion processes such as fluid ized-bed com-
bustion and integrated coal gasification/com-
bined-cycle units.

Load Management and Conservation

One of the surveys cited earlier38 found that
72 percent of the utilities they surveyed had ini-
tiated formal conservation programs and over
two-thirds have started formal load management
programs (see table 3-6). Fifty percent of these
load management and conservation projects have
appeared since 1980. Total investment in such
programs is expected to increase dramatically
over the next decade, particularly in load man-
agement. The survey suggests that “virtually the
entire industry will have incorporated such activ-
ities in a formal way” (see table 3-6). Conserva-
tion options are not considered in this report but
load management is discussed in chapter S.

Plant Betterment

Many utilities have found it useful to consider
measures of rehabilitating existing generation ca-
pacity or improving maintenance to extend their
useful lives.39 Indeed, some studies have found
a high correlation between maintenance expend-
itures, unit availability, and adjusted return on
equity, i.e., the difference between the earned
return and bond yields. @ Moreover, as life ex-
tension options are reviewed more carefully,
many units operating at derated capacities, since
they are approaching the end of their design lives,
can be restored to their original output and more
(up to 10 percent) with improved heat rates and
overall efficiencies.41 Some current researchaz

3Kogan  & Williams, Investor Research Responsibility Center, op.
cit., 1983

39 Lee Catalano,  “Utilities Eye Unit Life Extension, ” Power, vol.
128, No. 8, August 1984, pp. 67-68.

4oA. Corio,  National  Emncmic  Research Associates, research sum-

marized in “First Annual Maintenance Survey, ” E/ectrica/ Wor/d,
vol. 197, No. 4, April 1983, pp. 57-64.

AIG Fried lander, “Generation Report: New Life Available for old
T/G’s”and Boilers,” E/ectrica/ World, vol. 197, No. 5, May 1983,
pp. 87-96.

qzsummary of ongoing research by Temple, Barker & Sloane,  Inc.
given in “Optimum Use of Existing Plant, ” Uti/ity /nvestrnents  Risk
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Table 3-6.—Conservation and Load Management Programs of Leading Utilitiesa

Projected
annual

Generating increase Program Projected
capacity in demand adoption Program costs megawatts saved

Company 1982 through 1992 date(s) in 1982 (000) through 1992

32,076
14,526
12,865
16,319
8,085

12,966
15,345
5,899
9,023

0
3,371
9,194
2,736
6,749
5,359
6,162
2,144
7,904
9,458
3,522
2,774
2,495
6,470

10,564
2,751

1977
1975
1980

1976/77
1981

1978/80
1972
1980
1982
1980
1980
1976
1973
1976
1982
1979
1980

1977/81
1968/81

1977
1982
1980
1983
1975
1977

4,000
2,994
2,100
1,871
1,750
1,700
1,500
1,500

956
802
800
800
671
601
600
600
485
465
450
420
412
400
390
370
318

ity has been built since 1970. In addition, these
prospects vary considerably by region (see chap-
ter 7).

Increased Purchases

Interconnection among utilities has always
been common in the electric power industry but
in recent years buIk power transfers have in-
creased dramatically. I n fact, the total volume of
bulk power transfers increased by a factor of 30
between 1945 and 1980 while total electricity
production increased only by a factor of 10.43 In
general, bulk power purchases are undertaken
by a utility if the marginal cost of production in
an interconnected utility is less than it would cost
for the buyer to produce that power itself. The
most significant increases began to occur in the
early 1970s as oil prices forced many utilities

43u  S Depa  flrnen[  Of Energy,  Energy Information Ad WI i n Istratlon,

/nterutl/ity  Bu/k Po\~er Transac(lons, (Washington, DC: U.S. Gov-
ernment  Prlntlng Office, October 1983), DOE/EIA-0418.
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Table 3.7.—Replacement of Powerplants:
Selected Options

Cumulative replacement capacity
GW needed by:

1995 2000 2005 2010

If existing powerplants
are retired after:

30 years. . . . . . . . . . . .
40 years. . . . . . . . . . . .
50 years. . . . . . . . . . . .

If all oil and gas steam
capability is retired as
follows:

All . . . . . . . . . . . . . . . . .
Half . . . . . . . . . . . . . . .
All oil and gas

capacity above 20
percent of region
(3 regions). . . . . . . .

If average coal and
nuclear availability slips
from 70% to:

About 650/o . . . . . . . . .
About 600/0 . . . . . . . . .

155
55
—

152
76

55

21
42

230 395
105 155
20 55

152 152
76 76

55 55

21 21
42 42

510
230
105

152
76

55

21
42

SOURCE: US. Congress, Office of Technology Assessment, Nuclear Power in
an Age of Uncertainty (Washington, DC: U.S. Government Printing Of-
fice, February 1984) OTA-E-216; this analysis shows the sensitivity to
North American Electric Reliability Council data projected from 1983,

highly dependent on oil to seek lower cost power
from less oil-dependent neighbors and, as a re-
sult, the ratio of power purchases and wholesale
power sales to total electricity sales among utili-
ties varies by region as discussed in chapter 7.

While there are many different types of bulk
power transactions, most fall into one of three
categories:

1.

2.

3.

economy transactions that reduce operating
costs by displacing the buyer’s own higher
cost power with lower cost power from a
neighboring utility;
capacity transactions which permit a utility
to claim additional generating capacity from
a neighboring utility to supplement its own
for a specified period of time (sometimes
called firm power transactions); and
reliability and convenience transactions that
are negotiated to improve system operation
and reliability—e.g., emergency support.

Some utilities will clearly benefit over the next
two decades from increased reliance on pur-
chased power from neighbors that have excess
coal-fired and hydroelectric capacity and ade-
quate transmission capabilities, and this option
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Table 3-8.—Edison Electric Institute Business
Diversification Surveya

Venture Percent of total

Developing Supply and Storage
Technologies

The range of technologies considered in this
assessment that may show promise in electric
power generation through the 1990s are included
in table 3-9. A detailed evaluation of the prob-
able costs and performance of these technologies
is given in chapter 4. Considered here are some
of the generic characteristics of these technol-
ogies that might affect a utility’s decision to adopt
them or might encourage nonutility investment
in them.

Table 3-9.-Developing Technologies Considered in
OTA’S Analysisa

Photovoltaics:
Flat plate systems (tracking and nontracking)
Concentrators

Solar thermal electric:
Solar ponds
Central receivers
Parabolic troughs
Parabolic dishes

Wind
Geothermal:

Dual flash
Binary (large and small)

Atmospheric fluidized-bed combustors
Integrated gasification/combined-cy cle
Batteries:

Lead acid
Zinc chloride

Compressed-air energy storage (large and small)
Phosphoric-acid fuel cells (large and small)
aFOr description see box 2A, ch. 2 and ch. 4.

SOURCE: Office of Technology Assessment

Most of the developing technologies listed in
table 3-9 are small in scale relative to conven-
tional alternatives; hence they generally have
shorter lead-times and offer the following
benefits:

●

●

●

Modularity.–Modularity of units, both in
construction and in duplication of plants at
a single site, means that decisions to initiate
new capacity additions can be made closer
to the time the units are actually needed. As
a result, there is more flexibility in both track-
ing highly uncertain demand growth and in
bringing new capacity on line to correct for
temporary undercapacity. Several of the new
technologies considered in this assessment
(see table 3-9) lend themselves to modular
design–e.g., wind, photovoltaics, fuel cells,
and IGCC. Utilities consider flexibility in peri-
ods of highly uncertain demand growth to
be a primary motivation for examining new
technologies. 48 Combustion turbines have
traditionally been used by utilities to reduce
their exposure to risk during periods of un-
certain demand growth, but they involve
very high operating costs and use of pre-
mium oil and gas fuels. The gas industry is,
however, very optimistic about the future of
combined-cycle plants using natural gas.
Less “rate shock. ’’–Rate increases can be
moderate with small plants or units coming
on line and entering the rate base. If demand
growth is very large, however, many small
plants or units will be required and “rate
shock’ ’could be even more severe since
small plants or units of alternative technol-
ogies generally come at a capital cost
premium. A similar rate shock through fuel
adjustment clauses might be experienced
with a strategy of using combustion turbines
to meet such unpredicted, large demand
growth.
Increased reliability.–Generally speaking,
smaller units permit maintenance of a
smaller reserve margin since individual
forced outages of smaller units have less im-
pact, although if the system is mixed, i.e.,

4SW. Gould, 1‘Development of Renewable/Alternative Resou rces
of Electric Energy, ” unpublished, Southern California Edison Co.,
Rosemead, CA, 1983.



with some large and small generators, the
reserve margin must cover the possibility of
a forced outage of the large units. Moreover,
the potential of this benefit is complicated
if the small units are dispersed source gener-
ators as discussed in chapter 6.
Improved financial flexibility.–The amount
of capital tied up in construction is substan-
tially reduced by employing short lead-time
technologies. Security rating agencies are
concerned when a utility incurs a significant
“asset concentration risk, ” e.g., placing a
large amount of capital at risk on a single
project which could ultimately account for
50 to 60 percent or more of the utility’s rate
base but only 10 to 15 percent of its installed
capacity.
Improved quality of earnings.–Less capi-
tal tied up in construction translates into a
lower level of AFUDC reported in a utility’s
earnings. This, in the eyes of investors, raises
the quaIity of earnings since AFUDC is con-
sidered a “paper” earning.
Technology and fuel diversity .–Diversity of
fuel types and technologies employed by a
utility reduces not only technological risk but
also institutional risks such as the impacts of
a coal strike or an oil supply disruption,

addition, many new technologies offer envi-
ronmental benefits as well as adv~ntages of fuel
flexibility, increased efficiency, the potential of
reduced fuel transportation costs and, in many
cases, the possibility of cogeneration. Moreover,
if a small-scale technology is suitable for dispersed
siting near load centers, additional benefits are
possible:

● Reduced transmission requirements. -Siting
closer to load centers reduces the need for
transmission; large plants generally must be
sited much further away. The potential level
of transmission “credit” possible in small dis-
persed generating units has been the subject
of much research. 49

● Improved quality of service.-–Outages can
generally be serviced more quickly with dis-

dgsee, for example, S. Lee, et al., Systems COntrOl, Inc., /mPact

of Transmission Requirements ot Dispersed Storage and Genera-
tion (Palo Alto, CA: Electric Power Research Institute), December
1979, EM-1 192.

●

persed generation available to be dispatched
locally.
Improved area control.–lf decentralized
sources can be coordinated with energy con-
trol centers (where power flow to load centers
is controlled), the result will be better regu-
lation of area control error and hence im-
proved efficiency and quality of power (see
chapter 6).

While all of these potential benefits are in many
cases sufficiently attractive to warrant interest on
the part of utilities, alternative technologies also
pose complications for utility planners in addi-
tion to the risk of relying on new technology.
These include:

●

●

●

Load dependence.—The uncertainty associ-
ated with impact on the system load curve
of dispersed generating sources is com-
pounded by the fraction of this generation
coming from intermittent alternative energy
sources such as wind, solar, and low-head
hydroelectric systems. Unlike conventional
sources or fossil-based dispersed sources
which are largely independent of load char-
acteristics, alternative sources are often in-
terdependent with load due to such factors
as wind speed, solar energy flux, tempera-
tures, steam flow, etc.
Nondispatchable generation and utility
operations.—As mentioned earlier, nonutil-
ity or customer-owned equipment (actually
for both new as well as conventional tech-
nologies) operating under the provisions
established by PURPA are not generally in-
cluded in a utility’s economic dispatch sys-
tem. Most utilities have treated nondispatch-
able generation as an expected modification
of the system load curve in the same manner
as load management. As penetration of non-
dispatchable sources grows, however, utili-
ties will need to account for them more ex-
plicitly in dispatching strategies.
Nonutility generation and capacity plan-
ning.—As mentioned earlier, nonutility gen-
eration has traditionally been treated as a
modification to the system load curve. If sig-
nificant penetration of such generation is
considered a possibility, as might be the case
in a number of utilities, the capacity plan-
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ning process for these utilities could be af-
fected. The attitudes of utilities toward non-
utility generation varies markedly among
utiIities in terms of interconnection require-
ments and conventions for establishing of
avoided cost rates. Interconnection require-
ments such as insurance, control and safety
equipment, meters, and telecommunications
equipment can all vary according to size of
generating plant, approved design specifica-
tions or other factors (see chapter 6). Simi-
larly, avoided cost rates vary according to
procedures for capacity and energy credits,
and availability of “payment tracking mech-
anisms” that permit nonutility generators to
receive higher revenues in early years of the
project, as is the practice at Southern Cali-
fornia Edison. The ultimate contribution of
nonutility generation to the overall U.S.
power generating capacity depends on not
only the performance of the technology and
adequate financial incentives, but also on the
evolving attitudes of utilities, especially as
they apply to rates and interconnection with
nonutility generation. Indeed, interconnec-
tion requirements alone can increase nonu-
tility generation cost by over $1,000/kW for
small systems. so Some work is now being
done to incorporate nondispatchable tech-
nologies into long-term generation plan-
n i ng. 51

● Rate inequities .—The possibiIity of rate in-
equities also presents a potential problem in
the case of encouragement of a large pene-
tration of nonutility generation. Rate require-
ments are estimated for various customer
classes, e.g., residential, commercial, heavy
industrial, etc., based on the total revenue
requirements of the utility and the forecasted
demand of each customer class (including
time of day and cost of service considera-

~Osee  u .s. Congress, Office of Technology Assessment, /ndus-
tria/ and Cornrnercia/  Cogeneration (Washington, DC: U.S. Gov-
ernment Prlntlng Office, February 1983), OTA-E-  192; and U.S. De-
partment of Energy (DOE), Survey of Uti/ity  Cogenera[ion
/nferconnect/on Pro/t@s  and Cost–F/na/ Report (Washington,  DC:

DOE, June 1980), DOE/RA/29349-01.
51As  discussed  In M, Grarnarlis,  et al,, “The Introduction of Non-

dlspatchable  Technologies as Decision Variables in Long-Term Gen-
eration Expansion Models, ” /nstitute  of f/ectricd/  and Electronic
Engfneers  (/EEE) Transactions, vol. PAS-101, No. 8, August 1982,
pp. 2658-2667.

●

tions). A situation could arise whereupon the
demand of a particular customer class is re-
duced by the implementation of end-use de-
vices or third-party generation pIants and,
consequently, customer rates must be in-
creased to meet fixed revenue require-
ments. 52 Potential rate inequities may result,
particularly to those customers in an affected
rate class who do not use the demand-reduc-
ing device.
Research and development and regulatory
treatment.–As we will see in chapter 4,
most new generation technologies, today,
are not yet cost competitive with conven-
tional alternatives. For promising new tech-
nologies, part of the difference between
current and mature costs represents the
amortization of R&D expenditures. An often-
used operational rule among many utility
commissions, however, is to permit plants
into the rate base only if they can generate
power at less than full avoided cost.53 T h e
issue then becomes clear: to what extent will
the less than full avoided cost benchmark in-
hibit the commercialization of new technol-
ogies? If such a benchmark is relaxed, to
what degree should ratepayers share with
the stockholders the burden of higher per
unit capital costs, greater risk of lower relia-
bility, possibility of complete plant failure,
and possibility of shorter plant life associated
with new technologies? Some studies suggest
that relaxed treatment of the full-avoided
cost benchmark is a prerequisite to signifi-
cant penetration of many new technologies
(at least for demonstration and early com-
mercial units) in utilities over the next two
decades. 54 This issue is discussed in more de-
tail in chapter 10.

52Thls phenomenon occurred in 1973-74 In San Francisco with

local water utilities. Regional droughts motivated the utilities to sub-
sidize advertising campaigns and various end-use devices for water
conservation. The resulting drop in demand was of such magni-
tude that the utilities were put in a position of having to fncrease
rates to meet their revenue requirements.

“L. Papay, “Barriers to the Accelerated Deployment of Renew-
able and Alternative Energy Resources, ” unpublished, Southern
California Edison Co,, December 1982.

$~lbld
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Current Activities and Interest in
Alternative Technology

Power Generation

The Edison Electric Institutess has observed four
degrees of current involvement (not mutually ex-
clusive) in alternative technology power gener-
ation by U.S. utilities:

●

●

Use of alternative technologies as a substan-
tial contributor to future resource plans.–
Some utilities which are historically highly
dependent on premium fuels (and hence
have a very high avoided cost rate), have sig-
nificant demand growth, and have severe
environmental and regulatory constraints on
using conventional technologies have an-
nounced significant plans for reliance on
alternative technologies. As mentioned
earlier in the discussion, only two such U.S.
utilities, namely Southern California Edison
and Pacific Gas & Electric, have done so to
date.
Use of alternative technologies as a re-
sponse to uncertain load growth.—Some
medium demand growth utilities, in re-
sponse to environmental and regulatory
pressures, have included alternative technol-

JJEdison Ele~ric  Institute, op. cit., 1984.

ogies as “an important but small” buffer in
future resource plans.
Use of unregulated subsidiaries for equity
participation in cogeneration.-Some finan-
cially sound utilities—e,g., Houston Lighting
& Power–in areas with cogeneration poten-
tial have been permitted by utility commis-
sions to invest capital in cogeneration ven-
tures with industry to avoid loss of load,
revenue, and earnings. This strategy is
termed “reactive diversification” as opposed
to “proactive diversification” which is aimed
at improving stockholder return on equity.
Active research and development.–Many
utilities, are involved in long-term research
and development with alternative generat-
ing technologies as a possible response to
various contingencies discussed earlier that
could limit the use of conventional generat-
ing technologies.

So far, the penetration of new technologies has
been very small. A great deal has happened in
the last several years, however, particularly in co-
generation. Most of this cogeneration is using
conventional technology, but some are new tech-
nologies such as AFBC. In addition, wind, low-
head hydroelectric, and biomass technologies are
also contributing. For the technologies consid-
ered in this assessment we discuss the historical
rate of development in detail in chapter 9.

SUMMARY AND CONCLUSIONS

The electric utility industry has experienced a Still facing a difficult and uncertain investment
period of considerable stress in recent years due decision environment, utilities have had to ex-
to declining electricity demand growth; dramat- pand the scope of strategic options they are will-
ically increasing fuel prices, construction costs, ing to consider over the next several decades to
and capital costs and heightened public demand include such strategies as rehabilitation of exist-
for better control of air and water pollution and ing plant, increased purchases from neighboring
nuclear safety. The industry emerged from this utilities, increased conservation and load man-
period of stress with significant uncertainties, agement efforts, diversification of investments to
especially about future demand growth, and nonutility lines of business and, finally, a range
financially weakened. While utilities’ financial of new generating technologies. Most utilities are
health appears to be improving markedly, they only beginning to consider such alternatives to
are not returning to their pre-1970s business traditional large-scale, central-station, power-
strategies. plants. In particular, conservation and load man-
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agement are beginning to attract more attention
in utility resource plans; and many utilities have
plant life extension or rehabilitation projects
underway. Similarly, in response to uncertain de-
mand growth, mature smaller scale technologies
are under close scrutiny. For the most part,
smaller scale new technologies are under con-
sideration primarily as a possible response to fu-
ture contingencies such as oil supply disruption
or imposition of stricter environmental controls
on coal burning. There are a few exceptions,
notably Southern California Edison and Pacific
Gas & Electric in California. They have included
substantial commitments to new technologies in
their long-term resource plans.

To date, nonconventional technologies account
for only a tiny fraction of the Nation’s overall elec-
tric generating capacity, the new technologies’
penetration of the market is likely to grow
throughout the remainder of this decade and
throughout the 1990s.

Non utility involvement in new technologies is
increasing steadily under the provisions of PURPA
and the rate of development of new generating
technologies over the next two decades may well
hinge not only on the performance of these in
nonutility applications but also on the evolving
relationship between utilities, nonutility gener-
ators of power, and regulatory agencies.


