New Electric Power Technologies:
Problems and Prospects for the 1990s

July 1985

NTIS order #PB86-121746

FLECTRIC
POWER
TECHNOLOGIES

Problems and Prospects
for the 1990s




Recommended Citation:

New Electric Power Technologies: Problems and Prospects for the 1990s (Washington,
DC: U.S. Congress, Office of Technology Assessment, OTA-E-246, July 1985).

Library of Congress Catalog Card Number 85-600568

For sale by the Superintendent of Documents
U.S. Government Printing Office, Washington, DC 20402



Foreword

This report responds to a request from the House Committee on Science and Technol-
ogy and its Subcommittee on Energy Development and Applications to analyze a range of
new electric power generating, storage, and load management technologies.

OTA examined these technologies in terms of their current and expected cost and per-
formance, potential contribution to new generating capacity, and interconnection with the
electric utility grid. The study analyzes increased use of these technologies as one of a number
of strategies by electric utilities to enhance flexibility in accommodating future uncertain-
ties, The study also addresses the circumstances under which these technologies could play
a significant role in U.S. electric power supply in the 1990s. Finally, alternative Federal pol-
icy initiatives for accelerating the commercialization of these technologies are examined,

OTA received substantial help from many organizations and individuals in the course
of this study. We would like to thank the project’s contractors, who prepared some of the
background analysis, the project’s advisory panel and workshop participants, who provided
guidance and extensive critical reviews, and the many additional reviewers who gave their
time to ensure the accuracy of this report.
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JOHN H. GIBBONS
Director
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Overview and Findings

During the 1970s, the environment within
which utilities made investment decisions
changed from a relatively predictable continua-
tion of past trends to a highly uncertain and com-
plicated maze of interrelated financial, regulatory,
and technology considerations. As electric utili-
ties face the 1990s, the experiences of the 1970s
have made them much more wary of the finan-
cial risk of guessing wrong and overcommitting
to large central station coal and nuclear plants.
At the same time, the possibility of being unable
to meet electricity demand exists, causing grow-
ing concern among utilities as the next decade
approaches.

As a result, utilities are now taking steps to en-
hance their flexibility in accommodating future
uncertainties. [n addition to continued and pri-
mary reliance on conventional technologies, sup-
plemented by coal combustion technology en-
hancements to reduce pollution emissions and
increase efficiency, utilities are considering a va-
riety of less traditional options. These include life
extension and rehabilitation of existing generating
facilities, increased purchases from and shared
construction programs with other utilities, diver-
sification to nontraditional lines of business, in-
creased reliance on less capital-expensive options
such as load management and conservation, and
smaller scale power production from a variety of
conventional and alternative energy sources.
Such options offer utilities the prospects of more
rapid response to demand fluctuations than tradi-
tional, central station powerplants.

The Role of New Technologies

This report focuses on a number of alternative
generating technologies, as well as on energy
storage and load management technologies that
are new or have not traditionally been used by
utilities or other power producers. It examines
their technical readiness and the conditions un-
der which they could contribute to meeting elec-
tricity demand in the 1990s. The study does not
examine in detail the more traditional technol-
ogies of central station coal or nuclear, nor does
it analyze advanced nuclear or combined-cycle
systems and enhancements to pulverized coal

plants such as supercritical boilers, limestone in-
jection, or advanced scrubber systems. In addi-
tion, we do not discuss more mature renewable
technologies such as low-head hydropower or
refuse- or wood-fired steam plants. Many of these
options are discussed in other OTA reports. It is
important to note, however, that these traditional
options and their variations are likely to remain
the principal choice of electric utilities i n the
1990s.

It is convenient to divide the technologies con-
sidered i n this assessment into two basic groups
in order to discuss appropriate policy options:

1. The first consists of technologies envisioned
primarily for direct electric utility applications
and includes integrated gasification com-
bined-cycle (IGCC); large (>100 MW) at-
mospheric fluidized-bed combustors (AFBC);
large (>100 MW) compressed air energy
storage (CAES) facilities; large (>50 MW)
geothermal plants; utility-owned, fuel cell
powerplants, and solar thermal central re-
ceivers.

2. The second group consists of technologies
that are characterized as suitable either for
utility or nonutility applications, and includes
small {< 100 MW) AFBCs in nonutility co-
generation applications; small (< 100 MW)
CAES; fuel cells; small (< 50 MW) geother-
mal plants; batteries; wind; and direct solar
power generating technologies such as pho-
tovoltaics and parabolic dish solar thermal.

Virtually all of these technologies offer the po-
tential for sizable deployment in electric power
applications beyond the turn of the century. The
potential is high because these technologies of-
fer one or more advantages over most conven-
tional generating alternatives. In general, they
would constitute a diverse array of equipment ca-
pable of flexibly meeting future demand growth
and increasing the clean and efficient utilization
of abundant domestic energy resources. Some
are smaller scale technologies with modular de-
signs that permit capacity additions to be made
in small increments with less concentration of
financial assets and short lead-times between
commitment and coming ‘‘on-line.”” Utilities
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may be able to realize notable financial benefits
from smaller scale capacity additions, even when
the capital cost per kilowatt of smaller units is as
much as 10 percent more than that of large-scale
capacity additions. other attractive features of
these technologies include reduced environ-
mental impacts, the potential for fewer siting
and regulatory barriers, and improved efficiency
and fuel flexibility.

Despite these long-term advantages, however,
at the current rate of development very few of
these technologies are likely to be deployed ex-
tensively enough in the 1990s to make a signif-
icant contribution to U.S. electricity supply. In
both groups of technologies, the ultimate goal of
research, development, and demonstration is to
reduce costs and increase performance so that
these new technologies can compete with more
traditional technologies.

For the first group, the likelihood of long
preconstruction and construction lead-times—
up to 10 years—is the primary constraint. Al-
though these technologies have the potential for
much shorter lead-times—5 to 6 years—problems
associated with any new, complex technology
may require construction of a number of plants
before that potential is met. If the longer lead-
times are needed, deployment in the 1990s will
be limited because of the short time remaining
to develop the technologies to a level utilities
would find acceptable for commercial readiness.

Technologies in the second group are likely to
have shorter lead-times and are often smaller in
generating capacity. For most of them to make
a significant contribution in the 1990s, however,
their development will have to be stepped-up
in order to reduce cost to levels acceptable to
utility decisionmakers and nonutility investors,
and to resolve cost and performance uncer-
tainties.

In addition to new generating and storage tech-
nologies, load management is being pursued ac-
tively by some utilities. Widespread deployment
among utilities in the 1990s, however, will de-
pend on: continued experimentation by utilities
to resolve remaining operational uncertainties;
further refinement of load management equip-
ment including adequate demonstration of com-

munications and load control systems; develop-
ment of incentive rate structures; and a better
understanding of customer response to differ-
ent load controls and rate incentives.

For load management as well as certain gen-
erating technologies—specifically fuel cells, pho-
tovoltaics, solar thermal technologies, and bat-
teries—economies of scale in manufacturing
could reduce cost substantially. Of course, these
reduced costs will not be realized without sub-
stantial demand from utilities or other markets.

Finally, the relative advantages of both groups
of new generating technologies and load manage-
ment varies by region. Factors such as demand
growth rates, age and type of existing generat-
ing facilities, natural resource availability, and reg-
ulatory climate all influence technology choice
by utility and nonutility power producers.

Steps for Accelerated Development
and Deployment

If electricity demand growth should accelerate
by the early 1990s, the first choice of utilities is
likely to be conventional central station genera-
tion capacity. Because of many well-documented
problems, however, there may be severe difficul-
ties in relying on this choice alone and utilities
could face serious problems in meeting demand.
As a consequence, it may be prudent to accel-
erate the availability of the technologies discussed
in this study. Although not all the technologies
would be needed under such conditions, if they
were available, the market would be able to of-
fer a more versatile array of choices to electri-
city producers.

The steps necessary to make these technologies
available vary. With the first group of technol-
ogies, it is necessary first to resolve cost and per-
formance uncertainties within the next 5 to 6
years, and then to assure the 5- to 6-year lead-
time potential is met for early commercial units.

In the wake the experiences of the last decade,
utility decisionmakers, in particular, are now very
cautious about new technology, and they impose
rigorous performance tests on technology invest-
ment alternatives. This conservatism makes ad-
vanced commercial demonstration projects even
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more important. For the basic designs of the
AFBC, IGCC, and utility-scale geothermal plants,
the current development and demonstration
schedule appears adequate to allow these tech-
nologies to be ready by the 1990s. The cooper-
ative industry-government demonstration efforts,
managed by the utilities, have a good track rec-
ord. The transition from demonstration to early
commercial units, however, will have to be ac-
celerated if the technologies are to produce a
significant amount of electricity in the 1990s.
Moreover, variations in basic designs or more ad-
vanced designs to enhance performance charac-
teristics further will require additional research
and development.

Lead-times being experienced by some early
commercial projects in both groups of technol-
ogies have been longer than anticipated, partially
due to the time required for regulatory review.
Working closely with regulators and taking steps
to assure quality construction for the early com-
mercial plants could greatly assist the achieve-
ment of shorter lead-times. Emphasis on smaller
unit size—200 to 300 MW—wou!d facilitate
these actions.

For the technologies in the second group de-
fined earlier, where cost and performance are
of greatest concern, one approach to acceler-
ating development would be to increase or con-
centrate Federal research and development
efforts on these technologies. This could be par-
ticularly effective for photovoltaics, solar ther-
mal parabolic dishes, and advanced small geo-
thermal designs.

There are other approaches, though, in which
Federal efforts can assist technology develop-
ment. The reemergence of non utility power pro-
duction as a growing industry in the United States
is providing, and can continue to provide, an im-
portant test bed for some of these new generat-
ing technologies. For nonutility power produc-
ers, the Renewable Energy Tax Credit (RTC) and
the recovery of full utility avoided costs under
the Public Utility Regulatory Policies Act of 1978
(PURPA) have been crucial in the initial com-
mercial development and deployment of wind
and solar power generating technologies. in par-
ticular, with declining direct Federal support for

renewable technology development, the RTC has
supported both development of advanced de-
signs as well as commercial application of ma-
ture designs,

Without some continuation of favorable tax
treatment, based either on capacity or produc-
tion, development of much of the domestic
renewable power technology industry may be sig-
nificantly delayed. Some technologies such as
geothermal and wind have advanced to the point,
however, where industry probably would con-
tinue development, although at a much slower
pace, even if the RTC were withdrawn.

Cooperative agreements among utilities, pub-
lic utility commissions, and the Federal Govern-
ment can provide another mechanism for sup-
porting advanced commercial demonstration
projects of technologies from both groups. A
portion of such projects could be financed with
an equity contribution from the utility and the
remainder through a “ratepayer loan” granted
by the public utility commission, possibly guaran-
teed by the Federal Government,

Other Actions

The rate of deployment of new generating tech-
nologies also will be affected by the extent to
which utilities and nonutility power producers
can resolve such issues as interconnection stanci-
ards, coordination with utility resource plans, and
procedures for gaining access to transmission for
interconnection and wheeling of power to cus-
tomers or other utilities.

The contribution of new generating technol-
ogies is likely to be enhanced if utilities are
allowed to enjoy the full benefits afforded to
qualifying facilities under PURPA and if the re-
strictions on the use of natural gas in power gen-
eration are removed. The latter would allow the
use of natural gas as an interim fuel during the
development of “clean coal” technologies, and
give utilities and nonutility power producers
added flexibility.

The new generating technologies that appear
to show the most promise for significant deploy-
ment in the 1990s are those that can serve ad-
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ditional markets beyond the domestic utility
grid. Such markets are particularly important
while the need for new electric generating ca-
pacity is low, and while the cost and perform-
ance of these technologies are uncertain in grid-
connected applications. Indeed, if priorities must
be set in supporting developing technologies,
it is important to note that broad market appeal
is as important as commercial readiness to their
timely development. In this respect, Federal ef-
forts to help industry exploit foreign markets
could be especially important.

The rate of new generating technology deploy-
ment also is tied closely to future trends in
avoided cost and other provisions established by

PURPA, Long-term energy credit and capacity
payment agreements between utilities and non-
utility power producers could accelerate deploy-
ment. So could mandatory minimum rates or
fixed price schedules for utility payments to non-
utility power producers or for use as a basis for
cost recovery by utilities themselves.

Finally, to increase the number of nonutility
power projects employing new electric generat-
ing technologies, steps to streamline the mecha-
nisms for wheeling of power through utility serv-
ice territories might open up new markets for the
electricity they produce and thereby stimulate
their development.
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Chapter 1
Introduction

THE POLICY CONTEXT

For the U.S. electric power industry, the 1970s
was a decade of unprecedented change. Begin-
ning with the 1973-74 Arab oil embargo, forecasts
of electricity demand growth and costs, based
solely on past trends, proved virtually useless.
Utility decision makers found themselves caught
in a complicated and uncertain maze of inter-
related financial, regulatory, and technological
considerate ions.

Utilities had to pay, on average, 240 percent
more for oil and 385 percent more for natural gas,
in real dollars, in 1984 than in 1972. These price
increases drove them to “back out” of oil- and
gas-fired generation and in favor of coal and nu-
clear plants. Oil dropped from 16 to 5 percent
in the utility fuel mix and gas from 22 to 12 per-
cent between 1972 and 1984. But construction
costs of new powerplants, particularly nuclear,
rose dramatically during this period due to a com-
bination of factors-increased attention to envi-
ronmental and safety issues (leading to extended
construction lead-times and added equipment
costs), an unpredictable regulatory environment,
an inflation-driven doubling of the cost of capi-
tal, and poor management in some cases. The
higher costs of fuel and capital meant higher elec-
tricity costs, and utilities sought higher rates for
the first time in decades. in addition, most utili-
ties seriously underestimated the price elasticity
of electricity demand. Growth in demand plum-
meted from 7 percent a year to less than 2.5 per-
cent by the end of the decade as consumers used
less electricity and used it more efficiently.

During the 1970s some electric utilities were
brought to the brink of bankruptcy when forced
to cancel large, unneeded powerplants; commit-
ments to these plants had been made long be-
fore it was realized that electricity demand had
been overestimated. The eroding revenue base
accompanying declining demand growth cou-
pled with the increasingly costly construction pro-
grams already underway left the industry for the

most part struggling financially as bond ratings
and stock prices fell precipitously.

Even now in the mid-1980s, although utilities
have for the most part recovered from the finan-
cial trauma of the 1970s, * the scars remain. The
process by which utilities initiate, analyze, and
implement investment decisions was changed
fundamentally by the 1970s experience. In the
1960s, power system planners analyzed capac-
ity expansion plans based on life cycle electricity
costs of alternative plans. System planners now
work much more closely with financial planners
to analyze carefully the cash flow of the alterna-
tives as well as the flexibility of alternative plans
i n accommodating unanticipated changes i n de-
mand, capital cost, interest rates, environmental
regulation, and a host of other considerations.
In short, their decisionmaking process has be-
come much more financially cautious as well as
more complex.

While power system planners for most utilities
continue to focus on conventional generating
technologies, as well as advanced combined-
cycle systems or enhancements to pulverized
coal plants such as supercritical boilers, limestone
injection, or advanced scrubber systems, they
now consider a much broader range of strategic
options, including: life extension and rehabilita-
tion of existing generating facilities; increased pur-
chases from and shared construction programs
with neighboring utilities; diversification to non-
traditional lines of business; increased reliance
on load management; and increased use of small-
scale power production from a variety of both
conventional and alternative energy sources. in

! Actually, even though 1984 was a very good year for utility stocks
on average, as of early 1985, util i ties fall rough lynto t h ree cate-
gories of stock performance some with litle or no construction
are g u ite strong, some w it h low to modest con st ruct ion programs
are stable but lac k luster i n performance, and fina | [y some wit h large
nuclear facilities u rider construction (or recently canceled) are still
doing very poorly,
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addition, most utilities have greatly expanded
their conservation programs, both because it now
offers the lowest cost means of meeting demand
in many cases, and it provides the utility with a
way to reduce future demand uncertainty. In con-
sidering these various options, utilities hope to
chart an investment course that will enable them
both to meet the largely unpredictable demand
for electricity in the future and to maintain their
financial health.

The most critical legacy of the 1970s is the un-
certainty in electricity demand growth. After
1972, not only did the average annual demand
growth rate drop to less than a third of that of
the previous decade, but the year-to-year changes
became erratic as well. Users of electricity were
able to alter the quantity they used much more
quickly than utilities could accommodate these
changes with corresponding changes in gener-
ating capacity. Moreover, as of 1985, there is satu-
ration in some markets—many major appliances
in homes—and the future of industrial demand
is clouded as many large industrial users of elec-
tricity, such as aluminum and bulk chemicals, are
experiencing decline in domestic production due
to foreign competition, At the same time, rapid
growth continues in other areas such as space
conditioning for commercial buildings, industrial
process heat, and electronic office equipment.
predicting the net impact of these offsetting fac-
tors, along with trends toward increased effi-
ciency, has greatly complicated the job of fore-
casting demand,

Since requirements for new generating capac-
ity over the next two decades depends primarily
on electricity demand growth (as well as the rate
at which aging plants are replaced with new ca-
pacity and, in some regions, net imports of bulk
power from other regions), planning for new ca-
pacity has become a very risky process. To illus-
trate the demand uncertainty, this assessment
looks at a range of different growth rates-1 .5,
2.5, 3.5, and 4.5 percent increases in average an-
nual electricity demand through the end of the
century. This range is based on analysis carried

in the 1984 OTA study, Nuclear Power in an Age
of. Uncertainty. Figure 1-1 correlates these dif-
ferent demand growth rates with the currently
planned generating capacity for 1993 in the re-
gions of the United States defined by the North
American Electricity Reliability Council (N ERC)-
the NERC regions are defined in figure 1-2. In all
regions, capacity surpluses are now projected by
1993 if annual demand growth is 1.5 percent; and
in seven of the nine regions, there would be ca-
pacity surpluses if demand growth is 2.5 percent.
But a 3.5 percent growth rate could mean capac-
ity shortfalls in five of the nine regions; and with
a 4.5 percent growth, there could be shortfalls
in all regions.

At the center of the policy debate over the fu-
ture of electricity supply is the mix of power gen-
eration technologies that will be deployed by ei-
ther utility or nonutility power producers over the
next several decades. Those anticipating a strong
resurgence in electricity demand in the 1990s
support the building of more large powerplants.
They cite economies of scale of such plants that,
in their view, would minimize electricity costs
over the long run. Others, who believe demand
growth to be more uncertain, favor a strategy of
flexibility which includes the possibility of small-
scale capacity additions as well as increased reli-
ance on other methods of dealing with demand
uncertainty such as conservation and load man-
agement.

Complicating this controversy is the utilities’
evolving attitude toward new technology, another
consequence of the 1970s. While traditionally
conservative in adopting new technology, the
electric utility industry has grown particularly cau-
tious in the wake of its experience with nuclear
power. Utilities now impose rigorous economic
performance tests on new technology invest-
ments. Perhaps because of this caution, projects
initiated by nonutility power producers under the
Public Utility Regulatory Policies Act (PURPA)
since 1978 have served as the principal test bed
for first generation commercial applications of
many new generating technologies.
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Figure [-1.—1993 U.S. Generating Capacity Surplus or Shortfall
Under Alternative Peak Load Growth Scenarios®

U.S. peak demand growth’

1.5% (U.S.: 93 GW surplus)
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aSurplus or shortfall is the projected 1993 capacity less 1993 projected peak load (including 20% reserve margin)
Average annual growth in peak demand for 1983-1993; regional growth rates for the 2.5% reference case are given at the bottom of the chart
®The North American Electric Reliability Council regions are defined in figure 1-2.

SOURCE:

Reference projections for installed generating capacity, 2.5 percent average annual growih (national), and regional growth rates are reported in Nortr
American Electric Reliability Council (NERC), Electric Power Supply and Demand, 1984-1993 (Princeton, NJ: NERC, 1984).
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Figure 1-2—Map of North American Electric Reliability Council (NERC) Regions
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ECAR East Central Area Reliability Coordination Agreement NPCC  Northeast Power Coordinating Council
ERCOT Electric Reliability Council of Texas SERC Southeastern Electric Reliability Council
MAAC  Mid-Atlantic Area Council SPP Southwest Power Pool

MAIN Mid-America Interpool Network WSCC  Western Systems Coordinating Council

MAPP Mid-continent Area Power Pool
SOURCE: North American Electric Reliability Council (NERC), NERC At A Glance (Princeton, NJ: NER( 1984).

THE PLAYERS

Any Federal policy decision affecting the elec- These participants, depicted in figure 1-3, are as
tric power industry affects a wide range of inter- follows:
ests. The changing conditions of the 1970s along
with increased activity in new technology devel-

opment have increased the number of partici-  Electric utilities, both public and investor
pants who affect the industry. Each brings a very owned, differ widely in financial health, ex-
different perspective to electricit,polic,issues, isting facilities and fuel use, and in their atti-

especially with respect to new technologies. tudes toward new technology.
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Figure 1-3.—The Players Shaping the Future of U.S. Electric Power
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SOURCE: Off Ice of Technology Assessment,

+ Nonutility power producers have reemerged
as a potentially important force in the future
of electric power in the United States, par-
ticularly with respect to application of new
technologies. With the enactment of PURPA,
such producers (which includes all entities
other than electric utilities) have begun to
provide a noteworthy source of innovation
in electric power generation. The relation-
ship which evolves between these electricity
producers and utilities will certainly influ-
ence the degree of deployment of new
power generating technologies over the next
two decades.

State public utility commissions exert con-
siderable influence over utility choices by
what is permitted to enter the rate base.
Commissions differ widely in their attitudes
toward treatment of research and develop-
ment, rate structure design, cost overruns of

construction programs, as well as toward
new technology. -

Federal regulators such as the Federal En-
ergy Regulatory Commission, the Nuclear
Regulatory Commission, and the Environ-
mental Protection Agency, in carrying out
their assigned missions, affect the electric
power industry profoundly. The prospect of
extensive deployment of new technologies
over the next several decades may hinge as
much on the regulations promulgated by
these agencies as on the competitive cost
and performance of the technologies.
Ratepayers’ response to electricity prices as
well as their attitudes on issues such as nu-
clear power costs, nuclear safety, coal pol-
lution, and acid rain, etc., will play major
roles in determining the future of the elec-
tric power industry. In particular, ratepayers’
response to prices—i.e., their demand for
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electricity, and attitudes on electricity sup-
ply-related issues-will largely determine the
technologies that will be employed in power
generation.

. Investors’ attitudes on the comparative risks
in selecting future utility and nonutility
power generation projects are important
considerations and will affect the financial
health of both industries. As the utility indus-
try recovers from a financially troubled
period, the degree to which investors are
willing to put their money into large new
generating plants again will greatly affect util-
ity investment decisions. Similarly, the access
of new electricity-generating technologies to
traditional (other than venture) capital sources,
which is so critical to the continued devel-
opment of many of these technologies, will
depend on investors’ perceptions of the tech-
nologies’ cost and performance prospects.

Z Vendors of conventional power generating
technology have enjoyed a long relationship
with the electric utility industry, This relation-
ship heavily influences new technology in-
vestment decisions.

. Vendors of developing technologies include
many businesses that have not traditionally
dealt with the electric utility industry. New
technology developers, which in many cases
also include traditional vendors, range from

giant petroleum companies and aerospace
firms to small independent firms. In many
cases, the newcomers are only beginning to
establish working business relationships with
electric utilities and other nonutility power
producers. For some technologies, these
firms are much more diverse in terms of age,
size, financial position, etc., than conven-
tional technology vendors. The relationship
between such firms and the utilities as well
as non utility power producers is still evolv-
ing and will affect future investment de-
cisions.

« Research and development (R&D) establish-
ments such as the U.S. Department of
Energy and the Electric Power Research in-
stitute (EPRI) are now important forces in the
development of new electric power technol-
ogies, Traditionally, until the 1970s, research,
development, and demonstration of new
electric power technologies was primarily
within the province of a handful of equip-
ment vendors cited above, i n some cases
supported by the Federal Government. In-
creasing Federal involvement in energy R&D
in the 1970s and establishment of EPRI in
1972 contributed to expanding the range of
public and private entities involved in com-
mercial development of new electric tech-
nologies.

OBJECTIVES OF THIS ASSESSMENT

Electric power supply issues have been actively
discussed in recent years in Congress as well as
by regulators, electric utilities, and other inter-
ested parties. All parties have expressed renewed
interest in alternatives to large, long lead-time
powerplants. In 1981 the House Committee on
Banking, Finance, and Urban Affairs requested
that OTA examine the prospects of small power
generation in the United States, citing that:

. considerations of energy policy have not
taken adequately into account the possibilities
of decentralizing part of America’s electrical gen-
erating capabilities by distributing them within
urban and other communities.

At this time, the effects of the implementation
of PURPA were beginning to appear. This act de-

fined a role for grid-connected, nonutility small
power producers in U.S. electricity generation,
requiring utilities to interconnect and pay these
producers for electricity provided to the grid.
During the early 1980s, it became clear that the
most active nonutility area of small power pro-
duction would be (and still is) industrial cogen-
eration of steam and electricity. Consequently,
in 1983 in response to the Banking Committee’s
request, OTA completed an assessment of indus-
trial and commercial cogeneration.’

2U.S. Congress, Office of Technology Assessment, Industrial and
Commercial Cogeneration (Washington, DC: U.S. Government
Printing Office, February 1983), OTA-E-192.
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As the cogeneration assessment was underway,
the effects of errors in electricity demand fore-
casts and continued demand uncertainty on util-
ity decision making were beginning to be felt
throughout the industry as proposed new plants
were canceled or deferred indefinitely. These
cancellations were particularly damaging to the
nuclear power industry which was already strug-
gling to deal with increasing public opposition.
OTA completed an assessment of the future of
nuclear power which was released early in 1984. s
In the course of that study, the possibility of resur-
gent electricity demand growth in the 1990s (ar-
gued by some as quite likely) was raised as a very
difficult planning issue for the utility industry, par-
ticularly if utilities continued to rely on large pow-
erplants at a time when they were financially
stressed. To address these issues and to explore
benefits of small-scale, shot-t lead-time alternatives
to central station powerplants, the House Science
and Technology Committee requested that OTA
examine the status of such technologies as pho-
tovoltaics, fuel cells, wind turbines, selected
geothermal technologies, solar thermal-electric
powerplants, atmospheric fluidized-bed com-
bustors, coal gasification/combined-cycle plants,
advanced utility-scale electricity storage technol-
ogies, and load management.

In response, in late 1983 OTA undertook this
assessment of developing electric generating
technologies. The assessment addresses four ma-
jor issues:

What is the current status of new electric
generating technologies compared with con-
ventional alternatives and how is their sta-
tus likely to change over the next 10 to 15
years? 1n addition, what are the most prom-
ising R&D opportunities that could affect the
deployment of these technologies over this
period and beyond?

2 What is the nature of the industry support-
ing these technologies (vendors and manu-
facturers)? And how sensitive is their viabil-
ity to electric utility orders over the next 10
to 15 years, Federal support (e.g., tax incen-

‘U.STG)ﬁngross, Office of Technology Assessment, Nuclear Power
in an Age ot Uncertainty {(Washington, DC: U.S. Government Print-
ing Office, February 1984), OTA-E-216.

tives and/or demonstration programs), and
foreign competition?

3. What are the regional differences that affect
the attractiveness of these technologies to
electric utilities and nonutility power produc-
ers, particularly compared to other strategic
options in those regions such as increased
purchases of power from neighboring utili-
ties, life extension of existing facilities, con-
servation, and so on?

4. What are the alternative public policy ini-
tiatives (e. g., tax credits, loan guarantees,
demonstration projects, etc.) for accelerat-
ing the commercial viability of these tech-
nologies?

This OTA assessment focuses on the group of
newer developing generating technologies that,
while not fully mature, could figure importantly,
under some scenarios, in the plans of utility or
nonutility producers in the 1990s. Those technol-
ogies considered relatively mature including con-
ventional coal and nuclear plants, conventional
gas turbines, conventional combined-cycle plants,
biomass technologies, vapor-dominated geother-
mal technology, low-head hydroelectric facilities,
and others are not considered in detail. It is im-
portant to note, however, that in many cases
these technologies are the principal benchmarks
against which the technologies considered here
will be compared in the 1990s. Also not consid-
ered are technologies not likely to contribute
significantly to the U.S. generation mix by the
1990s—e.g,, fusion, ocean thermal energy con-
version, magneto hydrodynamics, and therm ionic
energy conversion.

This assessment was carried out with the assis-
tance of a large number of experts reflecting
different perspectives on the electric power
industry—utility executives, system planners, fi-
nancial planners, State public utility commis-
sioners, environmental and consumer groups,
Federal regulators, engineers, technology ven-
dors, nonutility small power producers, and the
financial community. As with all OTA studies, an
advisory panel comprised of representatives from
all these groups met periodically throughout the
course of the assessment to review and critique
interim products and this report, and to discuss
fundamental issues affecting the analysis. Con-
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tractors and consultants also provided a wide
range of material in support of the assessment.

Finally, OTA convened a series of workshops
to clarify important issues to be considered in the
assessment and to review and expand upon con-
tractors’ analyses.

The first workshop dealt with investment deci-
sionmaking in the electric utility industry. It fo-
cused on how the decision making environment
is changing in the industry and on identifying the
principal considerations by utilities in making new
technology investments. in addition, the work-
shop addressed utility approaches to accommo-
dating non utility power production, the Federal
role i n commercialization of new electric power
generating technologies, and major policy con-
tingencies that could affect the relative attractive-
ness of alternative generating technologies over
the next several decades. For example, such con-
tingencies as acid rain control policies and in-
creased availability of natural gas for electric
power generation were considered.

About midway into the assessment, OTA con-
vened a series of seven workshops dealing with
the cost and performance of new generating and
load management technologies. These work-
shops reviewed and refined the benchmark cost
and performance figures generated by OTA con-
tractors and identified the most important R&D
opportunities necessary for continued advance-
ment of the technologies being considered. The
results of these workshops, coupled with the sub-
sequent contractor and OTA staff analyses, formed
the basis of the comparative assessment of gen-
erating technologies and the likelihood of their
contributing significantly to U.S. electric power
generation in the next two decades under vari-
ous policy scenarios.

The final workshop convened in the course of
this assessment dealt with economic regulatory
issues affecting the development and deployment
of new generating technologies. The principal is-
sues addressed were regulatory treatment of re-
search and development by electric utilities, im-
plementation of PURPA, regulation of affiliated
electric utility interests involved in new generat-
ing technology, and scenarios for deregulating
electric power production.

Based on the workshop discussions, advisory
panel recommendations, contractor and con-
sultant reports, and OTA staff research, a set of
alternative policy options were developed and
analyzed. Advisory panel members, workshop
participants, contractors, and other contributors
to this assessment are listed in the front of this
report.

This report is organized as follows:

* Chapter 2 is a summary of the entire report.

* Chapter 3 establishes the context in which
electric utility investment decisions are made.
In particular, it examines the range of stra-
tegic options being considered by utilities
and the relative importance of new gener-
ating technologies with those options.

* Chapter 4 defines plausible ranges of cost,
performance, uncertainty, and risk which are
likely to characterize new electric generat-
ing and storage technologies in the 1990s,
In addition, the prominent R&D needs are
identified and discussed.

* Chapter 5 establishes benchmark cost and
performance figures for the conventional
technologies against which the new technol-
ogies are likely to compete over the next two
decades. In addition, the prospects for re-
habilitating or extending the lives of existing
generating facilities and for increased reli-
ance on load management as alternatives to
new generating capacity are considered.
Chapter 6 discusses the impact of decen-
tralized power generation on the perform-
ance of electric power systems. The focus
is on questions of standards for and costs of
interconnecting such sources with the grid
as well the effects of increasing penetration
of such sources on power system control,
operation, and planning.

* Chapter 7 analyzes the differences among
U.S. regions that could influence the poten-
tial usefulness of new electric generating
technologies in those regions. The principal
differences include electricity demand growth
and peaks, existing fuel use and generating
facilities, indigenous energy resources, and
interregional transmission capabilities.

* Chapter 8 compares the competitiveness of
new technologies with conventional tech nol-
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ogies, 1n particular, the sensitivity of invest- tive development paths, and foreign com-
ments in different technologies to factors petition are discussed.
such as demand growth, construction lead « Chapter 10 presents a n u m ber of a Iterative
time, cost and performance, Federal tax pol- policy options that cou Id affect the develop-
icy, and environmental regulation. ment of new electric power generating and
.« Chapter 9 examines the industry supporting load management technologies over the next
new generating and load management tech- two decades. The implications of different
nologies. For each of the technologies con- policy strategies employing these options are
sidered, the market infrastructure, obstacles discussed.

to domestic industry development, alterna-
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Chapter 2
Summary

INTRODUCTION

As utilities face the 1990s, the experiences of
the 1970s have made them much more wary of
the financial risk of guessing wrong and over-
committing to large central station coal and nu-
clear plants. At the same time, there is growing
concern by utilities about the possibility of be-
ing unable to meet demand, particularly in view
of increased uncertainty about future demand
growth. In addition, the provisions of the Public
Utility Regulatory Policies Act of 1978 (PURPA),
have made the role of non utility power produc-
ers increasingly important to the future of U.S.
electricity supply. As discussed in chapter 1, one
of the strategies being pursued by utilities to oper-
ate in this new environment is through increased
utilization of smaller scale power production by

a variety of both conventional and nontraditional
energy conversion technologies.

if electricity demand grows at an average an-
nual rate below 2.5 percent through the 1990s
(current estimates range from 1 to 5 percent), the
need for new generating capacity is likely to be
relatively modest. Responses that include life ex-
tension and rehabilitation, increased power pur-
chases, and construction of realizable amounts
of conventional generation are likely to suffice.
But if demand growth should accelerate, these
options may not be enough, and the availability
of an array of generating technologies that pro-
vide a utility with greater flexibility for meeting
load requirements may be desirable.

NEW GENERATING TECHNOLOGIES FOR THE 1990s

A number of developing technologies for elec-
tric power generation are beginning to show con-
siderable promise as future electricity supply
options. Some of these technologies, such as
atmospheric fluidized-bed combustion (AFBC)
and integrated coal gasificatiordcombined-cycle
(IGCQ conversion, and fuel cells, could pave the
way for clean and more efficient power genera-
tion using domestic coal resources.

In box 2A, the renewable and nonrenewable
technologies considered in this assessment are
listed and briefly discussed. Table 2-1 shows those
technologies grouped according to the sizes and
applications in which they would most likely ap-
pear if deployed during the 1990s. Also shown
in the table are the principal conventional alter-
natives against which these technologies are most
likely to compete. Applications are divided be-

'For purposes of this report we define renewable technologies
as those that do not use conventional fossil and nuclear fuels, i.e.,
solar thermal-electric, photovoltaics, wind turbines, and geother-
mal. All others we refer to as nonrenewable technologies.

tween those in which electrical power output is
controlled by the utility (dispatchable) and those
where it is not (nondispatchable). Dispatchable
applications are further broken down into base,
intermediate, and peaking duty cycles. Nondis-
patchable applications are divided between those
with and without storage capabilities.

Many of these technologies offer modular
design features that eventually could allow util-
ities to add generating capability in small in-
crements with short lead-times and less concen-
tration of financial capital. Other attractive
features common to some but not all of these
technologies include fewer siting and regulatory
barriers, reduced environmental impact, and in-
creased fuel flexibility and diversity. Virtually all
of the technologies considered in this assessment
offer the potential of sizable deployment in elec-
tric power generation applications beyond the
turn of the century. At the current rate of de-
velopment, however, most developing technol-
ogies will not be in a position to contribute more

19
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Table 2-1 .—Selected Alternative Generating and Storage Technologies:
Typical Sizes and Applications in the 1990s

Typical configurations in the 1990s

Dispatchable applications Nondispatchable applications®
Installation | Base load Intermediate load Peaking load Intermittent Others
size (MW) (60-700/0 CF) (30-400/0 CF) (&150/0) (w/o storage) (not utility controlled)
Greater than
250 MWe | Coal gasification/ Coal gasification/ n.a.
combined-cycie combined-cycle
Conventional coal
51-250 MWe | Geothermal Atmosphere fluidized- Compressed air storage | Solar thermal Atmospheric fluidized-
bed combustor (maxi CAES) Wind bed combustor
Atmospheric fiuidized- Compressed air storage Solar thermal (wi/storage)
bed combustor (maxi CAES) Solar thermal (wi/storage)
Solar thermal (w/storage)
Combined-cycle plants Combined-cyclie plants Combustion turbine
1-50 MWE | Geothermal Fuel cells Compressed air storage | Solar thermal Atmospheric fluidized-
Atmospheric fluidized- Compressed air storage (mini CAES) Wind bed combustor
bed combustor (maxi CAES) Battery storage Photovoltaics Geothermal
Fuel ceils Solar thermal (w/storage) Fuel cells Fuel cells
Solar thermal (wi/storage) Solar thermal (wi/storage)
Battery storage
Compressed air storage
(mini CAES)
Geothermal
Combustion turbine Combustion turbine
Less than Solar thermal Fuel cells
1 MWe Wind Battery storage
Photovoltaics

NOTES: For each unit size and appiication, new technoiogies are shown above the dotted line and conventional technologies are shown below the dotted line

CF = capacity factor and n.a. = not applicable.
aDispatchable technologies may not be utility-owned.

DNote that nondispatchable technologies may serve base, intermediate, or peaking loads

SOURCE. Office of Technology Assessment

than a few percent of total U.S. electric gener-
ating capacity in the 1990s, and therefore, will
not be of much help in meeting accelerated de-
mand, should it occur.?

Cost and Performance

The current cost and performance character-
istics (including the uncertainty in both cost and
performance) of most new technologies are not
generally competitive with conventional alter-
natives. s Cost reductions, performance improve-
ments, and resolution of uncertainties will all oc-
cur as these technologies mature. The rate at

‘Here and elsewhere in this report, a contribution to U.S. elec-
tricity supply is considered “significant” when it amounts to more
than 5 to 10 percent of total generating capacity, or the equivalent
in terms of electricity storage or reduced demand.

3Inparticular, with conventional generating capacity in smaller
unit sizes such as conventional combustion turbines, advanced
combined cycle plants, slow-speed diesels, and participation in con-
ventional cogeneration projects.

which this maturity occurs depends on: 1 ) sus-
tained progress in research, development, and
demonstration to reduce cost, improve perform-
ance, and reduce uncertainty in both cost and
performance; and 2) continued active demonstra-
tion of the technologies, particularly in utility ap-
plications to develop the commercial operating
experience necessary before utility decision-
makers will consider a new technology seriously.
Utility and nonutility interest in these technol-
ogies is also affected by a wide range of other
factors relating to environmental benefits, siting
requirements, and public acceptance.

Lead-Times

Common to the deployment of all electric gen-
erating technologies is the need for planning, de-
sign, licensing, permitting, other preconstruction
activities, and finally construction itself. These
steps with some technologies, for early units at
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a minimum, may take long periods of time—up
to 10 years or more. This means that if those tech-
nologies still undergoing development are to be
commercially deployed in the 1990s, there may
be as little as 5 or 6 years in which to complete
development and establish in the minds of inves-
tors that their costs, performance, and other at-
tributes fall within acceptable ranges.

Specific Generating Technologies

The relative importance of efforts to improve
cost and performance versus the need to shorten
lead-times in order to attain commercial status
varies by technology. This distinction, i n particu-
lar, makes it convenient to divide the technol-
ogies considered here into two basic groups:

1. The first consists of technologies envisioned
primarily for direct electric utility applica-
tions, and includes IGCC plants; large (> 100
MW) AFBC; large ( >100 MW) compressed
air energy storage (CAES) facilities; large
(>50 MW) geothermal plants; utility-owned
fuel cell powerplants; and solar thermal cen-
tral receivers.

2. The second group consists of technologies
that are characterized as suitable either for
utility or nonutility applications, and includes
small ( <100 MW) AFBCs in nonutility co-
generation applications; fuel cells small
(< 100 MW) CAES; small ( <50 MW) geo-
thermal plants; batteries; wind; and direct
solar power generating technologies such as
photovoltaics and parabolic dish solar thermal.

In both groups, the goal of research, develop-
ment, and demonstration is to improve cost and
performance characteristics to a point where the
technologies are commercially competitive. For
the first group of technologies, however, the
likelihood of long lead-times for early commer-
cial units is the primary constraint to extensive
use in the 1990s. Technologies in the second
group are likely to have shorter lead-times and
are often smaller in generating capacity. For most
of them to make a significant contribution in the
1990s, however, their research, development,
and demonstration will have to be stepped-up
in order to reduce cost to levels acceptable to

utility decision makers and nonutility investors,
and resolve cost and performance uncertainties.

It is important to note that the distinction be-
tween these two groups of technologies is not
rigid. Technologies in the first group also could
benefit from accelerated research and develop-
ment while those in the second group could be
held back by long lead-times.

In addition, many of the technologies in the
second group are small enough to qualify as small
power producers employed in nonutility power
generating projects operating under the provi-
sions of PURPA. The existence of a wide variety
of markets and interested investors outside the
electric utilities increases the likelihood that at
least some of these technologies will be de-
ployed.

Because of its modular nature and positive
environmental features, the IGCC has the poten-
tial for deployment lead-times of no more than
5 to 6 years. Early commercial units, however,
may require longer times—up to 10 years—
because of regulatory delays, construction prob-
lems, and operational difficulties associated with
any new, complex technology; and it may take
a number of commercial plants before the short
lead-time potential of the IGCC is realized. In ad-
dition, despite the success of the Cool Water
demonstration project, a 100 MWe IGCC plant
that has increased electric utility confidence in
the technology, more operating experience is
likely to be required before there will be major
commitment to the IGCC by a cautious electric
utility industry. Therefore, unless strong steps are
taken to work closely with regulators and to as-
sure quality construction for these initial plants,
there may be insufficient time remaining after
utilities finally make a large commitment to the
IGCC for the technology to make a significant
contribution before 2000. As has been shown
in the Cool Water project, though, such steps are
possible, and they may be facilitated if initial com-
mercial units are in the 200 to 300 MWe range
rather than the current design target of 500 MWe.

The first large (about 150 MW), “grass-roots”
(i.e., not retrofits of existing facilities) AFBC in-
stallations for generating electricity also may be
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subject to long lead-times. Moreover, a large
AFBC demonstration unit probably will not even
be operating until 1989. It now appears unlikely
that the operation of that unit will be sufficient
to justify large numbers of orders within the first
few years of the 1990s. The AFBC, however, also
has the potential for needing lead-times on the
order of only 5 years. Further, favorable experi-
ence with smaller AFBC cogeneration units and
AFBC retrofit units which will be in service by
1990 may provide the commercial experience
needed to accelerate deployment of the larger
units.

Foremost among new technologies offering
the potential of significant deployment in the
1990s are small (below 100 MWe) AFBC plants
in cogeneration applications and larger (100 to
200 MWe) AFBC retrofits to existing coal-fired
powerplants. By 1990, plants of both types will
be operating. Over a dozen commercial cogen-
eration plants using AFBC have been started by
non utilities, and two large utility retrofit projects
are underway. These first plants appear capable
of producing electricity at lower costs than their
solid-fuel burning competitors (including the
IGCC and large, electric-only, grass-roots AFBCs)
in the 1990s. The prospects are good that addi-
tional orders—perhaps mostly from nonutilities—
will be forthcoming and that large numbers of
these AFBC units could be operating by the end
of the century.

While the prospects for wind turbines are
clouded by the anticipated termination of the
Renewable Energy Tax Credits (RTC) and other
potential tax changes, the outlook nevertheless
appears promising. By the end of 1984, an esti-
mated 650 MWe were in place in wind farms in
the United States, mostly in California (550
MWe). Over the early 1980s, capital costs have
dropped rapidly and performance improved
swiftly, Improvements are expected to continue,
and the cost of electric power from wind tur-
bines, even unsubsidized ones, in high-wind
parts of the country may soon be considerably
lower than power from many of their competi-
tors. The rate of improvement will be heavily in-
fluenced by future trends in the avoided costs or
“buy-back rates” offered by utilities to nonutil-
ity electricity producers. Should these costs be
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low or uncertain, technological development and
application will be slowed. Conversely, high
avoided costs, stimulated perhaps by rising oil
and gas prices or shrinking reserve margins of
generating capacity, might considerably acceler-
ate their contribution.

Although geothermal development has been
substantial compared to other technologies, most
of this development has occurred at The Geysers
in California, an unusual high-quality dry steam
resource (one of only seven known in the world)
that can be tapped with mature technology. All
other geothermal resources in the United States
require less developed technology to generate
power. Two developing geothermal technologies,
though, are currently being demonstrated on a
small scale and show promise for commercial ap-
plications in the West. Current evidence indicates
that these technologies—dual flash and binary
systems—are very close to being commercial, and
that cost and performance wil be competitive.
Small binary units (about 10 MWe) are already
being deployed commercially. These develop-
ments, coupled with the fact that the technologies
can be put in place with lead-times of 5 years or
less, suggest that they could produce consider-
able electric power in the West by the end of the
century. As is the case with wind power, the
growth rate of geothermal power will be sensi-
tive to Federal and Mate tax policy.

Initial commercial application of fuel cells
should appear in the early 1990s, primarily fired
with natural gas. The large and potentially var-
ied market (it includes both gas and electric util-
ities as well as cogenerators), the very short lead-
times, factory fabrication of components, and a
variety of operational and environmental bene-
fits all suggest that when cost and performance
of fuel cell powerplants become acceptable, de-
ployment could proceed rapidly. The principal
obstacle to fuel cells making a significant con-
tribution seems to be insufficient initial demand
to justify their mass production. For such de-
mand to appear in the 1990s, extensive commer-
cial demonstration in the late 1980s will probably
be necessary,

The development rate of photovoltaics (PV)
has been considerable in recent years, but the
technical challenge of developing a PV module
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that is efficient, long-lasting, and inexpensive
remains. While technical progress and deploy-
ment of photovoltaics in the United States are
likely to be slowed by termination of the RTC or
by other changes in Federal or State tax law, or
by declining avoided costs, industry activity is
likely to remain intense. Aided by interim mar-
kets of specialized applications and consumer
electronics, PVS could develop to the point where
competitive grid-connected applications at least
begin to appear in the 1990s. In the 1990s, over-
seas markets may dominate the industry’s atten-
tion, stimulating and supporting improvements
in cost and performance, and encouraging mass
production to further reduce costs. However,
European and Japanese vendors, assisted by their
respective governments, have been more suc-
cessful than U.S. vendors in developing these
markets, Foreign competition is likely to be a
major concern for U.S. vendors over the next
decade.

Of the solar thermal technologies, solar para-
bolic dish technologies offer the most promise
over the next 10 to 15 years; although with cur-
rent uncertainty in cost and performance, solar
troughs may be competitive as well. Character-
istics of some solar dish and trough designs indi-
cate that they could be rapidly put in place in
areas such as the Southwest. The cost of power
generation using these designs in such regions
could be very close to those of conventional alter-
natives. Some demonstration and subsidized
commercial units already are operating. Full com-
mercial application, however, will require fur-
ther demonstrations of the technologies over ex-
tended periods of time; such demonstrations
must be started no later than 1990 if the tech-
nologies are to be considered seriously by in-
vestors in the 1990s. The likelihood of such
demonstrations appears now to depend on the
availability of some kind of subsidy. In particu-
lar, development of the technology to date has
depended heavily on the RTC.

Other solar thermal technologies, including
central receivers and solar ponds, while show-
ing long-term promise, are unlikely to be com-
petitive with other electric generating alternatives
or have sufficient commercial demonstration ex-
perience to yield any significant contribution

through the 1990s. The central receiver, how-
ever, is of continuing interest to a some South-
western utilities in the long term because it offers
a favorable combination of advantages including
the potential for repowering applications, high
efficiency, and storage capabilities.

Along with new generating technologies, this
assessment examined two electric energy storage
technologies—compressed air energy storage
(CAES) and batteries-that show long-term prom-
ise in electric utility applications.

Because of potentially long lead-times, CAES
appears to have only limited prospects in the
1990s. The large-scale ( >100 MW) version of this
technology (called maxi-CAES) currently has an
estimated lead-time of 5 to 8 years; of this, licens-
ing and permitting and other preconstruction
activities is expected to take 2 to 4 years. More-
over, while commercial installations are operat-
ing in Europe, no plant yet exists in the United
States. Despite strong evidence that this technol-
ogy offers an economic storage option, CAES is
unlikely to be the target of much investment un-
ti a demonstration plant is built. No plans for a
demonstration plant currently exist. Further,
while a demonstration project should prove the
technology, the peculiar underground siting
problems and unfamiliarity with the CAES con-
cept may still limit early application.

A smaller alternative-mini-CAES ( <100 MW)
—promises to have a much shorter lead-time due
to modularity of the above-ground facilities and
short (30-month) construction lead-times. Here
too, however, unless a demonstration plant is
started in the next few years, extensive deploy-
ment before the end of the century is improbable.

Resolution of a variety of cost and performance
uncertainties remains before extensive use of ad-
vanced battery storage systems can be antici-
pated. If the technical problems can be resolved
i n a timely fashion and demonstration programs
are successful, however, rapid deployment in
electric utility applications could occur, due to
the short lead-times and cost reductions associ-
ated with mass production. Of the candidates,
lead-acid and zinc-halogen batteries appear to
show the most promise.
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Table 2-2 summarizes the most promising areas
of research and development identified by OTA
for the technologies analyzed in this assessment.
Atention to these research and development op-
portunities could accelerate commercial their de-

velopment through the 1990s. Table 2-3 summa-
rizes the major electric power generating projects
utilizing these technologies installed or under
construction as of May 1985.

CONVENTIONAL ALTERNATIVES IN THE 1990s

The contribution of developing technologies
over the next two decades depends in part on
the relative cost and performance of conventional
generating options as well as a variety of options
for extending the lives or otherwise improving the
performance of existing generating facilities.

New Capacity

To the extent that new generating capacity is
needed at all over the next two decades, con-
ventional pulverized coal plants, combustion
turbines, and advanced combined-cycle plants
will continue to be the principal benchmark
against which utilities and others will compare
developing generating technologies. Utilities are
very interested, however, in smaller unit sizes
of even these technologies. Also, if nuclear
power is to become a realizable choice again for
utilities, it is likely to involve smaller, standard-
ized units.

If hydroelectric opportunities are available, they
are likely to be exploited in both run-of-river and
pumped storage applications; few new hydro-
electric opportunities, though, are likely through
the 1990s. Similarly, refuse steam plants, biomass
technologies (e. g., wood waste-fired power gen-
eration), slow-speed diesels, and vapor-domi-
nated geothermal plants all use mature technol-
ogies so that where opportunities exist, they are
likely to be chosen over newer technologies.

In addition, enhancements to conventional
plants such as limestone injection in coal boilers,
coal-water fuel mixtures, and others will all be
reviewed carefully along with new generating
technologies as utilities plan for new capacity.
The availability of such enhancements could sig-
nificantly affect the relative attractiveness of new
technologies in the 1990s.

Plant Betterment

By 1995, the U.S. fossil steam capacity will
have aged to the point where over a quarter of
the coal and nearly half of the oil and gas steam
units nationwide will be over 30 years old. In
the past, the benefits of new technology often
outweighed the benefits of extending the useful
lives of existing generating facilities, rehabilitat-
ing such facilities to improve performance or up-
grade capacity, or even repowering such plants
with alternative fuels. Ail of these so-called plant
betterment options are receiving renewed inter-
est by utilities because plants “reaching their 30th
birthday” over the next decade have attractive
unit sizes (100 MW or larger) and performance
(heat rates close to 10,000 Btu/kWh). For that rea-
son, rehabilitating or simply extending the lives
of such units, frequently at much lower antici-
pated capital costs than that of new capacity,
are often very attractive options for many utili-
ties. Prospects are particularly bright if units are
located at sites close to load centers and the re-
habilitation does not trigger application of New
Source Performance Standards, i.e., more strin-
gent air pollution controls.

In many instances, plant betterment can also
improve efficiency up to 5 to 10 percent and/or
upgrade capacity. Additional benefits from such
projects include possible improvements in fuel
flexibility or reduced emissions of existing gen-
erating units at modest cost relative to that of new
capacity. Finally, an initial market for some new
technologies such as the AFBC are in repower-
ing applications, e.g., where an existing pulver-
ized coal plant is retrofitted with an AFBC boiler.

Load Management

Load management refers to manipulation of
customer demand by economic and/or techni-
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Table 2-2.—Areas of Principal Research Opportunities: Developing Technolgies for the 1990s

Wind:
1. Development of aerodynamic prediction codes
2. Development of structural dynamic codes
3. Fatigue research
4. Wind-farm wake effects
5. Development of acoustic prediction codes

Solar thermal electric:
General:
1. Low cost, reliable tracking hardware
Solar ponds:
1. Physics and chemistry
2. Design and performance analysis
3. Construction techniques
4. Operation and maintenance
Central receivers:
1. Physics and chemistry
2. Development and long-term testing of cheap and
durable scaled-up molten-salt subsystems (including
receiver, pumps, valves, and pipes)
Parabolic dishes:
1. Durable engines
2. Cheap, high-quality, durable reflective materials
(polymers)
3. Long-life Stirling and Brayton heat engines
Parabolic troughs:
1. Inexpensive, long-lived, high-temperature thermal-
storage media
2. Cheap, leak-resistant, well-insulated receiver-tubes
3. Cheap, high-quality, durable reflective materials
(polymers)

Photovoltalcs:

1. Highly efficient, long-lived, mass-produced cells;
especially those suitable for use with concentrators

2. Cheap semiconductor-grade silicon

3. Cheap, durable, and reliable modules and module
subcomponents (especially the optics and cell
mounts for concentrator modules)

4. Reliable, inexpensive and durable “balance of
systems, " especially tracking systems and power
conditioners

Fluidized-bed combustors:
Circulating-bed AFBCS:
1. Cheap, durable, and reliable equipment for
separating solids from gas streat
2. Erosion- and corrosion-resistant materials and
designs
Bubbling-bed AFBCs:
1. Adequate sulfur capture by limestone sorbent
2. Effective fuel-feed systems
3. Erosion- and corrosion-resistant materiais and
designs

Integrated gasificatlon/combined.cycie:
1. Cheap, durable, reliable, and efficient combustion
turbines and combined-cycle systems
2. Erosion- and corrosion-resistant materials
3. Gasifiers capable of effectively converting a variety
of fuels

4. Design-specific research requirements:
a. Moving-bed gasifiers: full utilization of fines and
hydrocarbon liquids
b. Fluidized-bed gasifiers: full carbon conversion
c. Entrained flow gasifiers: raw gas cooling without
excessive corrosion or ash entrainment

Energy storage:
Batteries:

1. Cheap, highly active, and long-lived (especially
corrosion-resistant) catalysts

2. Corrosion-resistant structural materials

3. Low-cost and long-lasting electrolytes

Compressed-air energy storage:

1. Corrosion-resistant equipment (especially turbine
blades and underground equipment)

2. Durable, reliable, and inexpensive recuperator
(recuperator discharges heat from combustion
turbine gases to incoming compressed air)

3. Lower cost of existing underground storage sites

4. Improved recovery of compression heat

5. Geologic response to air cycling in reservoir

Load management technologies:
Meters:

1. Mass-produced, inexpensive, durable, reliable solid-
state devices capable of operating in adverse
environments

2. Meter capable of sustaining operation during power
outages

Communications systems:

1. Inexpensive, reliable, and durable residential

receivers or transponders
Logic systems:
1. Development of appropriate software

Fuel cells:

1. Lower cost and more efficient catalysts

2. Less corrosive and temperature-sensitive structural
materials

3. Higher power densities via:
a. Improved coolig systems
b. Improved oxygen flows
c. Improved cell geometry

4. More stable electrolytes

5. Longer stack life

Geothermal:

1. Inexpensive, durable, and reliable down-hole pumps

2. Detailed resource assessment

3. Inexpensive, durable, and reliable well casing
materials

Dual flash:

1. Cheap, durable, and reliable equipment for removing
noncondensable gases and/or entrained solids from
brines

2. Reliable operation in highly saline environments

Binary:

1. Inexpensive, durable working fluids

2. Equipment durability and reliability in highly saline
environments

SOURCE: Office of Technology Assessment.
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Table 2-3.—Developing Technologies: Major Electric Plants Installed or Under Construction by May 1, 1985

Technology

Capacity

Location

Primary sources of funds

Status

Wind turbines® ...........

Solar thermal electric:
Central receiver . . ... ...

Parabolic trough . . . ... ..

Parabolic dish, ... ......

Solarpond.............
Photovoltaics:
Flatplate..............

Concentrator. . .. .......

Geothermal:
Dualflash . ............

Binary:
Small ...............

Large................
Fuel cells:

Fluidized.bed combustors:

Large grassroots. . ... ..
Large retrofit. . ... ......

Small cogeneration . . . . .

550+ MWe (gross)®
100+ MWe (gross)°

2?2 Mwe’
10 MWe (net)®
0.75 MWe

14 MWe (net)
30 MWe (net)
0.025 MWe (net)!
2 x 0.025 MWe (net)!
2 x 0.025 MWe (net)’
3.6 MWe
None

1 MWe (de, gross)

1 MWe (de, gross)

1 MWe (de, gross)
6.5 MWe (de, gross)
0.75 MWe (de, gross)
4.5 MWe (de, gross)
1,5 MWe (de, gross)
3.5 MWe (de, gross)

10 MWe
10 MWe
47 MWe (net)
32 MWe (net)

1 x 0.75 MWe (gross)
3 x 0.35 MWe (gross)
3 x 0.45 MWe (gross)
4 x 1.25 MWe (gross)
3 x 0.85 MWe (gross)
45 MWe (net)

None
38 x 0.04 MWe (net)

5 x 0.04 MWe (net)

160 MWe
100 MWe
125 MWe
125 MWe
30 MWe
25 MWe
15 MWe
67 MWe

Califtorida windi farms
U.S. wind farms outside

of California
All US. wind farms

Daggett, CA
Albuquerque, NM

Daggett, CA
Daggett, CA

Palm Springs, CA
Various locations
Various locations
Warner Springs, CA

Sacramento
Sacramento, CA
Hesperia, CA
Carrisa Plains, CA
Carrisa Plains, CA
Borrego Springs, CA
Davis, CA

Barstow, CA

Brawley, CA
Salton Sea, CA
Heber, CA
Salton Sea, CA

Mammoth, CA

Hammersly Canyon, OR
Hammersly Canyon, OR

East Mesa, CA
Wabuska, NV

Lakeview, OR

Lakeview, OR

Sulfurville, UT
Sulfurville, UT
Heber, CA

Various locations

Various locations

Paducah, KY
Nucla, CO
Burnsville, MN
Brookesville, FL
Colton, CA
Fort Wayne, IN
lone, CA
Chester, PA

Nonutiiliyy
Nonutility

Nonutility

Utility, nonutility, and
Government

Utility, nonutility, and
Government
Nonutility

Nonutility
Government
Nonutility

Nonutility

Nonutility

Utility and Government
Utility and Government
Nonutility
Nonutility
Nonutility
Nonutility
Nonutility
Nonutility

Utility/nonutility
Utility/nonutility
Nonutility
Nonutility

Nonutility
Nonutility
Nonutility
Nonutility
Nonutility
Nonutility
Nonutility
Nonutility
Nonutility
Utility, nonutility, and
Government

Utility, nonutility, and
Government
Utility, nonutility, and
Government

Utility*and Government
Utility*

Utility

Nonutility

Nonutility

Nonutiiity

Nonutility

Nonutility

Instalied
Installed

Under construction (1986)

Installed
Installed

Installed

Under construction (1986)
Installed

Installed

Under construction
Installed

Installed

Under construction (1985)
Installed

Installed

Under construction
Installed

Installed

Installed

fnstalled
Installed
Under construction
Under construction

1985)
1985)

Installed

Installed

Installed

Installed

Installed

Installed”

Installed” ,
Under construction (1985)'
Under construction (1985)’
Installed

Installed

Under construction

Under construction (1989)
Under construction (
Under construction (
Under construction (
Under construction (1985)
Under construction (
Under construction (
Under construction (

8)ncludes small- and medium-sized wind turbines.
bapproximately 550 MWe were operating i, California at the end of 1984. It is not known how much additional capacity was installed by May 1985.
CApproximately 100 MWe Were operating outside of California at the end of 1984.1t is not known how much additional Capacity had been installed outside California

by May 1985

d,is notknown pow much capacity was under construction on May 1, 1985,
€This facility, the Solar One Pilot plant, is not a commercial-scale plant and differs in other important ways from the type of system which might be deployed commer-

cially jn the 1990s

fThis installation ~consists of only one electricity producing module; a commercial installation probably would consist of hundreds Of modules

gorily 10 percent of the modules were operating at the time because of problems with the power conversion systems,
f‘lnstaued but not operating, pending contractual negotiations with utilities.

iThe aquipment modules have beendelivered to the site; site preparation, however, has nOt started.

IThese units are not commercial-sc~e units,
Including the Electric Power Research Institute.
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Table 2.3.—Developing Technologies: Major Electric Plants Installed or Under Construction
by May 1, 1985—Continued

Technology Capacity Location Primary sources of funds Status
90 MWe' Decatur, IL Nonutility Under construction (1986)
50 MWe™ Cedar Rapids, 1A Nonutility Under construction (1987)
3.5 MWe Pekin, IL Nonutility and Installed
Government
28 MWe Pontiac, Mt Nonutility Under construction (1986)
2.8 MWe Washington, DC Nonutility and Installed
Government
24 MWe Enfield, ME Nonutility Under construction (1986)
20 MWe Chinese Station, CA Nonutility Under construction (1986)
IGCC". .. 100 MWe Daggett, CA Utitity, nonutility, and Installed
Government
Batteries:
Lead acid®............. 0.5 MWe Newark, NJ Utitity and Government Installed
Zinc chloride . .......... NoneP
CAES:
Mini ... . None
Maxi .......oooiil None

IThis is the total capacity which may be generated from the four AFBC boilers which wiil be installea.
MThis is the total capacity which may be generated from the two AFBC boilers which will be installed. .
Nwhile this installation, the Cool Water unit, uses commercial-scale components, the installation itself is not a commercial-scale instailation.

Owhils this installation at the Battery Energy Storage Test

PA 0.5-MW .ommercial-scale battery mod
SOURCE'’ Office of Technology Assessment

cal means. It is done for the mutual benefit of
both utility and customer, usually as a means to
provide maximum productivity of the utility’s
generation and distribution capacity. While load
management is not a permanent substitute for
new capacity, it can enable a given capacity to
satisfy a greater customer base, and operate at
maximum efficiency. It is now employed by some
utilities and being seriously considered by many
others to improve their load factor—the ratio of
average to peak load. Since base load generat-
ing equipment is generally more thermally effi-
cient than peak load equipment, one of the prin-
cipal goals of load management is to encourage
a shift of demand to off-peak periods. The other
is to defer the need for costly new generating ca-
pacity by inhibiting demand during peak periods.
This assessment focuses on technology-based di-
rect load control technologies employing ad-
vanced meters and utility-owned or controlled
load control systems. A potentially important fea-
ture of load management is that it can help re-
duce future demand growth uncertainty if the
saturation and use of load management devices
can be more accurately predicted. If such predic-
tions are not possible, however, then increased
load management may actually increase demand
uncertainty.

Facility uses a commaercial-scale battery module, the installation itself is not acommercial-scale installation
chloride commercial-scale battery module was, however, operating at the Battery Energy Storage Test facility until early 1985.

Based on the results of current load manage-
ment programs and ongoing experiments, load
management technologies are expected to be
able to be deployed at costs below those asso-
ciated with many conventional generating alter-
natives. In many instances, however, these costs
cannot be reached without substantial utility de-
mand to encourage manufacturers to realize vol-
ume production economies.

Widespread deployment of load management
in the 1990s will depend on continued experi-
mentation by utilities to resolve operational un-
certainties; the refinement of load management
equipment and techniques, including adequate
demonstration of communications and load
control systems; development of incentive rate
structures; and a better understanding of cus-
tomer acceptance. Commitments to initiate load
management systems will also depend on the na-
ture of a utility’s demand patterns and capacity
mix, the attitudes of utility decision makers, and
on public utility commission actions. The degree
of public utility commission support, in particu-
lar, is likely to be very important over the next
decade.
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IMPACT OF DISPERSED GENERATING TECHNOLOGIES
ON SYSTEM OPERATION

As the participation in U.S. electric power sys-
tems of non utility owned and operated dispersed
generating sources (DSGs) increases, the impli-
cations for system operation, performance, and
reliability are receiving increased attention by the
industry. For the most part, however, the tech-
nical aspects of interconnection and integration
with the grid are fairly well understood and most
utilities feel that the technical problems can be
resolved with little difficulty. State-of-the-art
power conditioners are expected to alleviate util-
ity concerns about the quality of interconnection
subsystems. A number of nontechnical problems
remain, though, which could inhibit the growth
of DSGs.

Nonutility Interconnection Standards

More utilities are developing guidelines for in-
terconnection of DSGs with the grid. A number
of national “model” guidelines are being devel-
oped by standard-setting committees for the In-
stitute of Electrical and Electronic Engineers, the
National Electric Code, the U.S. Department of
Energy, and the Electric Power Research Institute,
although none has yet released final versions and

widespread utility endorsement is still uncertain.
As aresult, DSG owners are likely to face differ-
ent and sometimes conflicting interconnection
equipment standards well into the 1990s. These
differences may hamper both the use of DSGs
as well as the standardized manufacture of in-
terconnection equipment.

Interconnection Costs

The costs of interconnection have declined dra-
matically in recent years, particularly for smaller
DSGs. Typical costs range from $600/kW for 5
kW units to less than $100/kW for 500 kW or
larger units. The interconnection costs for multi-
megawatt DSGs are only a small fraction of the
total cost of the facility. While future technologi-
cal advances in microprocessor controls and less
costly nonmetallic construction could bring costs
down even further, the major cost decrease is ex-
pected to come from volume production of
equipment. As mentioned above, though, this
volume production may be delayed until national
model interconnection guidelines are agreed on
for interconnection equipment.

REGIONAL DIFFERENCES

A particularly important factor affecting the
relative advantages of new electric generating
storage, and load management technologies is
the region in which a utility or prospective non-
utility power producer is located. U.S. regions dif-
fer markedly in industrial base, demographic
trends, and other factors affecting electricity de-
mand; the age and composition (particularly fuel
use) of existing generating facilities; the nature
and magnitude of available indigenous energy re-
sources; regulatory environment; transmission in-
frastructure and prospects for bulk power trans-
fers; and other factors affecting the selection of
electric power technologies.

Existing Generation Mix

The regional mix of existing generating facil-
ities is likely to profoundly affect the relative at-
tractiveness of new generating capacity. While
most electric utility systems with substantial oil
and gas capacity are expected to decrease use
of these fuels over the next decade, reliance on
these fuels is expected to be strong enough in
some areas, i.e.,, New England, the Gulf and
Mid-Atlantic States, the Southeast, and the West,
that the economics of competing technologies
will remain particularly sensitive to the price and
availability of oil and gas. This will apply even
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more strongly in the few States such as Florida
where, due to expectations of high demand growth
and continued decreases in (or stabilization of)
oil prices, utility systems are actually forecasting
increased use of oil.

in California oil- and gas-fired generation, while
declining, is projected to remain above 33 per-
cent of the total electricity generation in the State
through the end of the century (oil alone wil be
is percent). Similarly, if present trends continue
in Texas, oil and gas is projected to account for
35 percent of total generation and about so per-
cent of total capacity over the same time period.
In both States, high avoided cost rates resulting
from continued reliance on oil and gas enhances
the attractiveness of cogeneration, in particular,
while the favorable tax climate in California en-
hances the attractiveness of renewable power
generation projects initiated under PURPA. In
some States where oil and gas are the dominant
fuels, especially California, Louisiana, and
Texas, cogeneration may constitute a significant
fraction of total installed capacity by the end
of the century. Some utilities in Texas, for exam-
ple, are already planning for cogeneration con-
tributions of as much as 30 percent.

The age of existing power generating facilities
varies widely among U.S. regions. As a result, the
prospects for life extension and plant rehabilita-
tion vary as well. For example, Texas, the South-
east, and the States west of the Rockies will have
the highest percentage increases in plants that
would be logical candidates for such options be-
tween now and 1995, i.e., those generating units
that wil have been in operation more than 30
years. in terms of total installed capacity, the op-
portunities for life extension will be greatest in
the Mid-Atlantic, Southeast, Gulf, and Western
States. Site-specific economics will determine ac-
tual implementation levels.

Interregional Bulk Power Transactions

It appears that existing interutility and inter-
regional transmission capabilities are being
nearly fully utilized in the United States. Hence,
the prospects for large increases in bulk power
purchases among utilities using existing transmiss-
ion capabilities will be limited. Some regions,

however, such as portions of the West and Mid-
west, are continuing to expand generation and
transmission facilities in anticipation of serving
the bulk power markets. In addition, major trans-
mission projects are underway in New York, New
England, the upper Midwest, and the Pacific
Northwest to allow these regions to purchase
lower cost hydroelectric power generated in Can-
ada from existing and proposed facilities.

Load Management

OTA has found that the prospects for in-
creased load management in future utility re-
source planning vary by region. Perhaps more
importantly, they also vary significantly by utility
within reliability council regions. Moreover, util-
ities” objectives for pursuing load management
vary as well. For example, utilities with very high
current or anticipated reserve margins (many in
the Midwest), are interested in load management
to better use existing base load capacity, i.e., to
stimulate increased demand in off-peak periods.
Other utilities with very low current or anticipated
reserve margins are pursuing load management
primarily to reduce peak demand and defer the
need for new capacity additions. Municipal util-
ities and rural cooperatives, which accounted for
most of the points controlled by load manage-
ment in 1983, are expected to continue to pro-
vide a strong load management market in all re-
gions through the 1990s.

Reliability Criteria

An important indicator of a region’s need for
new generating capacity is reflected in measures
of projected power system reliability. Such meas-
ures include the reserve margin—i. e., amount of
installed capacity available in excess of the peak
load, traditionally expressed as a percentage of
the total installed capacity. Reserve margins, as
well as other reliability measures, are sensitive
to demand predictions, scheduled capacity ad-
ditions and retirements, and other factors such
as scheduled maintenance and adjustments for
forced outages or firm power purchases and sales
from other utilities.

The anticipated reserve margins over the next
several decades vary considerably by region. Un-
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der medium demand growth (2.5 percent aver-
age annual growth through 1995), reserve mar-
gins are expected to dip as low as 15 percent (in
the upper Midwest in the early 1990s) and peak
as high as 47 percent (in the West in the mid-
1980s). Under higher demand growth, power
pools in all regions may fall below acceptable
reliability levels in the early 1990s. Under low de-
mand growth (less than 2 percent), reliability
levels are likely to be adequate in all regions
through the early 1990s.

Renewable Resources

Increased use of solar, wind, and geothermal
resources in U.S. electric power generation will
vary regionally due to both the relative cost of
alternative generation and the availability of high-

quality renewable resources. For example, while
wind regimes are promising for wind turbines in
many areas across the country, they are currently
being deve!Gped mostly in California where high
utility avoided cost and a favorable tax climate
have encouraged their development in nonutility
power production applications under PURPA. In
addition, a State-sponsored wind resource assess-
ment program has spurred development. A simi-
lar situation exists for photovoltaics and geother-
mal power, although geothermal development
is much more regionally limited to the West. So-
lar thermal power generation, for the next sev-
eral decades at least, may be viable only in the
Southwest and perhaps the Southeast where so-
lar insolation characteristics may be sufficient to
make projects competitive and where land avail-
ability is not a major constraint on development.

UTILITY AND NONUTILITY INVESTMENT DECISIONS

Prior to the 1970s, maintaining power system
reliability was treated as a prescribed constraint
and utilities had little difficulty earning their reg-
ulated rate of return on investment while achiev-
ing steady reductions in the cost of electricity by
building larger, less capital-intensive powerplants,
Hence, utility decision making objectives of main-
taining service reliability, maximizing corporate
financial health, and minimizing rates could gen-
erally be pursued simultaneously.

Because of the complex and uncertain invest-
ment decision environment that has evolved
since the 1970s, utilities have begun to consider
offering varying levels of service reliability and
to more sharply weigh trade-offs between stock-
holders’ and ratepayers’ interests in making new
plant investment decisions. In many instances,
utilities are avoiding making large-scale plant
commitments and, indeed, are considering the
host of options cited earlier that can defer the
need for such commitments.

Utility Investment

of particular interest to many utilities are the
potential benefits of increased planning flexi-
bility and financial performance offered by

small-scale, short lead-time generating plants.
For example, OTA modeling studies indicate that
with uncertain demand growth, the cash flow
benefits of such plants can be considerable. This
is true, in some cases, even when the capital cost
per kilowatt of the smaller plants is as much as
10 percent more than for large plants. In addi-
tion, the corresponding revenue requirement un-
der a small plant scenario can be lower over a
30-year period.

Electric utility efforts to exploit these financial
benefits and nonutility interest in exploiting po-
tentially attractive investment opportunities un-
der PURPA have already stimulated considerable
interest from both types of investors in smaller
scale generating technologies. Other benefits are
important as well, including less environmental
impact, less “rate shock” to consumers by add-
ing generating units to the rate base in smaller
increments, increased fuel diversity, and re-
duced transmission requirements if generating
units can be sited closer to load centers.

Most of the generating technologies considered
i n this assessment offer the small-scale modular
features attractive to many utilities as a means of
coping with financial and demand uncertainties.
This is likely to make the long-term prospects of
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these technologies very bright, Despite this long-
term promise, however, in most regions for the
next 10 to 15 years most of the new generating
technologies are not likely to be competitive
with other often more cost-effective strategic op-
tions cited earlier-life extension and rehabili-
tation of existing generating facilities, increased
purchases of power from other systems, and in-
tensified conservation and load management
efforts.

Nonutility Investment

Nonutility interest is likely to continue to be
limited for the most part to more mature tech-
nologies that can be implemented in cogenera-
tion applications or can qualify for favorable tax

treatment, e.g., combustion turbines, wind, and
more recently AFBC.

Investors in nonutility power projects seek to
maximize the risk-adjusted return on their in-
vested capital. Depending on the type of inves-
tor, other considerations are important as well
including tax status, timing of the investment,
cash flow patterns, and maintenance of a bal-
anced portfolio of investments with varying risk.
In order to finance a new nonutility project, the
major risks (technology, resource, energy price,
and political) must either by mitigated or incor-
porated in contingency plans. Common risk re-
duction techniques used to date include vendor
guarantees (or having the equipment vendor take
an equity position in the prospective venture) or
take-or-pay contracts with utilities.

CURRENT AND FUTURE STATE OF
ALTERNATIVE TECHNOLOGY INDUSTRY

Many of the new generating technologies con-
sidered in this assessment are being developed
by a much wider range of firms than has tradi-
tionally dealt with the electric utility industry.
Moreover, many firms involved in deploying
some new technologies, to the extent that they
are being deployed, are small independent firms,
less than 3 years old. For example, the wind in-
dustry’s equipment sales have for the most part
been to third-party financed wind parks selling
power to utilities under PURPA; many of these
parks have been developed by the wind manu-
facturers themselves. Other developers are large
aerospace, petroleum, or other companies that
have also not traditionally dealt with electric util-
ities, and many of them are only beginning to de-
velop working business relationships with them.

Most of the technologies considered in this
assessment are in a transition phase of their de-
velopment, i.e., between pilot- and commercial-
scale demonstrations or early commercial units.
Some of these technologies are progressing
through this transition aided by the existence of
auxiliary markets (in many cases foreign) other
than the grid-connected power generation mar-
ket. For example, small-scale AFBC technology

has matured in the industrial marketplace, pri-
marily in process heat applications. Similarly,
while the PV technology that will ultimately begin
to penetrate grid-connected power generation
markets is not yet clear, the various candidates
(flat plate, amorphous silicon, concentrators, etc.)
are maturing in other markets such as consumer
electronics or remote power applications.

As most of these technologies mature and the
relationships of vendors and manufacturers with
utilities and nonutility power producers de-
velop, the nature of negotiated agreements be-
tween the parties initiating commercial demon-
strations or early commercial units may dictate
the pace of commercial deployment of the tech-
nologies. In particular, the allocation of risks in
the form of performance or price guarantees or
other mechanisms will be especially important
for the electric utility market. For example, an
equipment manufacturer’s agreement to hold an
equity position in early commercial projects
might be viewed by many utilities as an adequate
performance guarantee.

One of the problems facing increased deploy-
ment of some new generating technologies in the
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1990s, as mentioned earlier, was that of poten-
tial delays in lead-times of early commercial
projects. While the features of smaller scale and
modular design for many of these technologies
offer ultimate promise for very short lead-times,
experience to date indicates that the rate of de-
ployment of some new generating technologies
is being lowered because lead-times being ex-
perienced by early commercial projects have
been longer than anticipated, partially due to
the time needed to complete regulatory reviews.
As regulatory agencies become more familiar
with the technologies, the time to complete such
reviews should decrease, although this is by no
means guaranteed as evidenced by the history
of other generating technologies.

The pressures of competition from foreign ven-
dors, many of whom are heavily supported by

their governments, as well as the current lack of
U.S. demand for some of these new technologies
in grid-connected power generation applications,
and the pending changes in favorable tax treat-
ment throw into doubt the continued commit-
ment of U.S. firms who are currently develop-
ing these technologies. For some technologies,
such as wind turbines, solar thermal-electric tech-
nologies, and photovoltaics (at least those focus-
ing on concentrator technologies), the survival
of some domestic firms may be at stake. Many
domestic firms may not be able to compete in
world markets over the next decade. However,
in some cases foreign markets are considered to
be interim markets for technologies as they ma-
ture to the point where they can compete in the
U.S. grid-connected power generation market.

FEDERAL POLICY OPTIONS

Accelerated demand growth, coupled with cur-
rent problems in building conventional, central
station powerplants, could lead to serious diffi-
culty in meeting new demand in the 1990s. AS
a result it may be prudent to ensure the avail-
ability of an array of new generating technol-
ogies. Then, the buyers in the market for gener-
ating technologies will have a broader range of
technologies from which to choose. To ensure
this availability will probably require a sustained
Federal involvement in the commercialization of
new electric power generating, storage, and load
management technologies. The most logical goals
for the Federal initiatives are:

* reduce capital cost and performance uncer-
tainty,

* encourage utility involvement in developing
technologies,

* encourage nonutility role in commercializ-
ing developing technologies, and

* resolve concerns regarding impact of decen-
tralized generating sources (and load man-
agement) on power system operation.

The first three are primary goals while the
fourth is less critical although still important. The
relative importance of these goals as well as the

efforts to achieve them are at the center of the
debate over future U.S. electricity policy. A range
of possible initiatives is summarized in table 2-4
along with the Federal actions that would most
likely be required to implement them.

Research, Development,
and Demonstration

Perhaps foremost among the options necessary
to accelerate technology development is a sus-
tained Federal presence in research, develop-
ment, and demonstration of new electric gener-
ating and load management technologies. While
most of these technologies are no longer in the
basic research phase, development hurdles are
still formidable and the importance of research,
development, and demonstration remains high;
if these hurdles are overcome the result could
be a quick change in competitive position for
many of these technologies. For example, proof
of satisfactory reliability during a commercial
utility-scale demonstration of AFBC could sub-
stantially accelerate its deployment among elec-
tric utilities. As noted, the technology already is
beginning to be deployed very quickly in smaller
scale commercial cogeneration applications.
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Table 2-4.—Policy Goals and Options

Reduce capital cost, improve performance, and resolve

uncertainty:

1. Increase Federal support of technology demonstration

2. Shorten project lead-times and direct R&D to near-term
commercial potential

3. Increase assistance to vendors marketing developing
technologies in foreign countries

4. Increase resource assessment efforts for renewable
energy and CAES resources (wind, solar, geothermal,
and CAES-geology)

5. Improve collection, distribution, and analysis of
information

Encourage nonutility role in commercializing developing
technologies:
Continue favorable tax policy
2. Improve nonutility access to transmission capacity
3. Develop clearly defined and/or preferential avoided
energy cost calculations under PURPA
4. Standardize interconnection requirements

Encourage increased utility involvement in developing

technologies:

1. Increase utility and public utility commission support
of research, development, and demonstration activities

2. Promote involvement of utility subsidiaries in new
technology development.

3. Resolve siting and permitting questions for developing
technologies

4. Other legislative initiatives: PIFUA, PURPA, and
deregulation

Resolve concerns regarding impact of decentralized

generating sources on power system operation:

1. Increase research on impacts at varying levels of
penetration

2. Improve procedures for incorporating nonutility
generation and load management in economic
dispatch strategies and system planning

SOURCE: Office of Technology Assessment.

A critical milestone in utility or nonutility
power producer acceptance of new technology
is completion of a successful commercial dem-
onstration program. The utility decisionmaking
caution cited earlier confers added importance
to advanced commercial demonstration proj-
ects, While there is considerable debate in the
industry over what constitutes an adequate dem-
onstration, two basic categories are often distin-
guished: One is a proof-of-concept phase which
provides the basic operational data for commer-
cial designs as well as test facilities designed to
prove the viability of the technology under non-
laboratory conditions and to reduce cost and per-
formance uncertainties. The other involves mul-
tiple applications of a more or less mature
technology designed to stimulate commercial
adoption of the technology. Generally, activities

in the first category are necessary for demonstrat-
ing commercial viability and activities in the sec-
ond category are necessary for accelerating com-
mercializat ion.

The length of the appropriate demonstration
period will vary considerably by technology.
However, adequate demonstration periods (per-
haps many years for larger scale technologies) are
crucial to promoting investor confidence. More-
over, the nature of the demonstration program
—i.e., who is participating, who is responsible
for managing it, and the applicability of the pro-
gram to a wide variety of utility circumstances
—is of equal importance. Among the most suc-
cessful demonstration ventures have been and
are likely to continue to be cooperative ventures
between industry (manufacturers and either util-
ities or nonutility power producers) and the Fed-
eral Government, with significant capital invest-
ments from all participants in the venture. The
current AFBC, IGCC, and geothermal demonstra-
tions are good examples. In particular, for larger
scale technologies in utility applications, coop-
erative industry-government demonstration ef-
forts, managed by the utilities, have a good track
record. For accelerated deployment, similar
projects would be required for fuel cells, CAES,
advanced battery technologies, and central re-
ceiver solar thermal powerplants.

The relationship between utilities and public
utility commissions in early commercial applica-
tions of new generating and load management
technologies is an important factor that wil af-
fect the deployment of these technologies in the
1990s. In particular, increased research, devel-
opment, and demonstration activity will require
utilities and utility commissions to agree on
appropriate mechanisms for supporting such
activities. Direct support alone from the rate base
for research activities (e.g., as the allowance for
contributions to the Electric Power Research in-
stitute) may be desirable and important, but they
are not sufficient to assure extensive deployment
of these technologies by the 1990s. Much larger
commitments that involve large capital invest-
ments such as major demonstration facilities
may only be justified by a sharing of the risk be-
tween ratepayers, stockholders and, if other util-
ities would benefit substantially, taxpayers. One
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mechanism for supporting such projects is to fi-
nance a portion of a proposed project with an
equity contribution from the utility and the rest
through a “ratepayer loan” granted by the pub-
lic utility commission. The public utility commis-
sion might argue that a candidate demonstration
project is too risky for the ratepayer to be sub-
sidizing it, particularly if other utilities could ben-
efit substantially from the outcome if successful
and are not contributing to the demonstration,
i.e., sharing in the risk. In such cases, there could
be a Federal role; for example, the ratepayer con-
tribution to the demonstration could be under-
written by a Federal loan guarantee.

Other Policy Actions

In addition to maintaining a continued pres-
ence in research, development, and demonstra-
tion and implementing environmental policy
affecting power generation, several other Fed-
eral policy decisions affecting electric utilities
could influence the rate of commercial devel-
opment of new generating technologies over the
next several years. These include removal of the
Powerplant and Industrial Fuel Use Act (PIFUA)
restrictions on the use of natural gas, and mak-
ing PURPA Section 210 benefits available to
electric utilities. These steps could increase the
rate of deployment of developing generating
technologies, but their other effects wil have to
be carefully reviewed before and during imple-
mentation.

A more liberal power generation exemptions
policy under PIFUA or an outright repeal of the
Act could, in addition to providing more short-
term fuel flexibility for many utilities, be an im-
portant step toward accelerated deployment of
“clean coal” technologies such as the IGCC
which can use natural gas as an interim fuel.
Some new technologies such as CAES and sev-
eral solar thermal technologies use natural gas
as an auxiliary fuel and would require exemption
from PIFUA.

Permitting utilities to participate more fully
in the PURPA Section 210 benefits of receiving
avoided cost in small power production is likely
to result in increased deployment of small mod-
ular power generating technologies, particularly

cogeneration. For example, utilities are currently
limited to less than 50 percent participation in
PURPA qualifying cogeneration facilities. In ad-
dition, with full utility participation in PURPA,
ratepayers likely would share more directly in any
cost savings resulting from these kinds of gener-
ating technologies. Allowance of full PURPA ben-
efits for utilities, however, could cause avoided
costs to be set by the cost of power from the co-
generation unit or alternative generation technol-
ogy. Such avoided costs would likely be lower
than if they were determined by conventional
generating technologies as now is the case. Lower
avoided costs would reduce the number of co-
generation and alternative technology power
projects started by nonutility investors. Expanded
utility involvement, though, may more than com-
pensate for this decrease.

In relaxing the PURPA limitation potential prob-
lems require attention, including ensuring that
utilities do not show preference for utility-initiated
projects in such areas as access to transmission
or capacity payments. Moreover, project ac-
counting for PURPA-qualifying projects would
probably need to be segregated from utility oper-
ations and non-PU RPA qualifying projects in or-
der to prevent cross-subsidization which would
make utility-initiated projects appear more prof-
itable at the ratepayers’ expense. These concerns
can be allayed through carefully drafted legisla-
tion or regulations, or through careful State re-
view of utility ownership schemes.

Finally, as perhaps a logical next step to PURPA,
a number of proposals for deregulation of the
electric power business have been proposed in
recent years, ranging from deregulation of bulk
power transfers among utilities, to deregulation
of generation, to complete deregulation of the
industry. While OTA has not examined the im-
plications of alternative deregulation proposals,
such proposals, if enacted, would almost certainly
have an impact on new generation technologies.
The experiences of PURPA and the Southwest
Bulk Power Transaction Deregulation Experiment
will be important barometers for assessing the fu-
ture prospects and desirability of deregulating
U.S. electric power generation. Itis important to
note that allowance of full PURPA benefits for util-
ites would be a significant step toward deregu-
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lation of electric power generation, at least for
smaller generating units.

Renewable Energy Tax Credits

Along with direct support for research and de-
velopment and joint venture demonstration
projects, an important component of the Federal
program for new generating technology commer-
cialization has been favorable tax treatment
through such mechanisms as the Renewable
Energy Tax Credits (RTCs), the Investment Tax
Credit (ITC), and ACRS depreciation allowances.
The RTC, in particular, coupled with recovery
of full utility avoided costs (under PURPA) by
nonutility power producers have been crucial
in the initial commercial development and de-
ployment of wind and solar power generating
technologies. With declining direct Federal sup-
port for renewable technology development, the
RTC has supported development of advanced
and innovative designs as well as commercial
deployment of mature designs. Without con-
tinued favorable tax treatment, deployment of
solar, wind and geothermal technologies is likely
to be slowed significantly—certainly in nonutil-
ity applications. Without existing tax incentives,
many of the mostly small firms involved in de-
velopment projects will lose access to existing
sources of capital. Even large, adequately capital-
ized firms may lose their distribution networks,
making industry growth more difficult.

With favorable tax treatment, some new tech-
nologies, such as geothermal and wind, have be-
come important sources of new and replacement
generating capacity in the West and Southwest.
However, they must compete with more mature,
modular technologies, e.g., conventional cogen-
eration technologies. And these modular tech-
nologies will continue to account for an impor-
tant share of the new generating capacity, in the
form of both utility and nonutility owned (and
perhaps joint) ventures.

Figure 2-1 shows the cumulative effect of tax
benefits, including accelerated depreciation al-
lowances (ACRS), ITCS, and RTCs on the real in-
ternal rate of return for technologies considered

in this assessment under the condition of non-
utility ownership. (IGCC is not included in this
figure since it is unlikely to be developed in non-
utility power projects.) The figure shows that the
RTC may be crucial to the commercial survival
of the renewable technologies with the possi-
ble exception of wind which may be mature
enough to survive without these credits. The
number of firms involved in wind technology
development, however, would probably de-
crease markedly without these credits.

The role of the RTC in accelerating commer-
cial development seems to have changed. The
original Federal policy was to provide direct re-
search support to develop the technology and the
RTC to accelerate commercial deployment. With
decreased Federal research and development
support, the RTC appears to be supporting re-
search and development in the field; this might
partially explain the wide variation in perform-
ance of wind projects in recent years.

A frequently proposed alternative to the RTC,
in order to ensure performance of projects claim-
ing a credit, is a Production Tax Credit (PTC)
which provides benefits only with electricity pro-
duction. OTA analysis of the PTC shows that geo-
thermal and wind technologies benefit most from
a PTC. others such as CAES and the direct so-
lar technologies are aided only by a very large
PTC. Similarly, tax benefits tied to production
discourages producers from testing innovative
designs since, if the design does not perform as
expected, no benefits will be realized. Another
potential problem with the PTC is that monitor-
ing electricity production may be difficult, par-
ticularly in applications that are not grid con-
nected.

Other actions cited earlier for stimulating de-
velopment in new technology within electric util-
ites may be more effective than tax preferences.
For example, the decrease in the levelized per
kilowatt-hour busbar cost for the renewable tech-
nologies considered in this assessment, with a 15
percent tax credit over and above the existing tax
benefits currently afforded to utilities, is less than
10 percent for all cases.
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Figure 2-1.—Tax Inpentives for New Electric Generating Technologies:
Cumulative Effect on Real Internal Rate of Return®
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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 skils 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-
ites 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).’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 utilities and nonutility owners. It will
depend on the stringency of the utilities” inter-
connection requirements and on the rates the

”Plans and Perspectives: The Industry’s View, "'EPRI journal, Oc-
tober 1983; Douglas Cogan and Susan Williams, Generating Energy
Alternatives: Conservation, Load Management, and Renewable
Energy at America’s Electric Utilities (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).

2Th 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 technology orojects.

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).
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Figure 3-2.—Alternative Power Generation in California (utility and nonutility owned capacity)
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Projections were also made for photovoltaics—11 MW by 2004. All projections were made based on currently offered standard offers from
California utilities; the total 1989 projected levels of penetration of cogeneration wind, small hydroelectric, photovoltaics, and energy from biomass

total 6,290 MW.

Historical Context

Overview

The basic framework for planning, forecasting,
and analysis used today by the electric power in-
dustry in the United States is primarily the result
of an industry-government relationship that has
evolved since the earliest days of the industry.?
The Federal Power Act of 1935 standardized the

3In these early days power systems of two basic designs were
evolving simultaneously, namely the DC power system advocated
initially by Thomas Edison and the AC network initiated by George
Westinghouse. Indeed, in these early days some major cities main-
tained two independent parallel distribution systems, sometimes
even strung on the same utility poles. The AC system eventually
prevailed, of course, largely due to the use of transformers which

permitted stepping up transmission voltages for higher efficiency

1084
1504,

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.'As a result, the

and stepping down distribution voltages for safer and easier use;
see P. Sporn, Vistas in Electric Power (New York: McGraw Hill,
1968).

4This mandate is not the rule in many foreign countries which
has led to quite a different history of electric power production in
these countries.
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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
abilty 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-

5U.S. congress, Office of Technology Assessment, Nuclear Power

inan Age of Uncertainty (Washington, DC: U.S. Government Print-
ing Office, February 1984), OTA-E-216, ch. 3.

6See U.S. Congress, Office of Technology Assessment, u.s. Nat-
ural Gas Availability: 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
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projecting 10-years  projecting 10-years Other projections (1985-95)

1974 -7.6 1974 -7.5 EPRI 2.00%

1975 -6.9 1975 -6.7 Electricity Policy Project 2.65%

1976 -6.4 1976 -6.3 Electrical World 2.85%

1977 -5.7 1977 -5.8 EIA 3.25%

1978 -5.2 1978 -5.3 Spangler and Wright 4.00%

1979 -4.7 1979 -4.8 Siegel and Sillen 5.00%

1980 -4.0 1980 -4.1

1981 -3.4 1981 -3.7

1982 -3.0 1982 -3.3

1983 -2.8 1983 -3.2

1984 -2.5 1984 -2.6

Summer peak, net energy, and average annual 10-year growth rate torecasts are from North American Electric Reliability Council (NERC), Electric Power
Supply and Demand, 1984-1993 (Princeton, NJ: NERC, 1984). Other projections (1985-95) are drawn from: Electric Power Research Institute (EPRI), "U.S.
Energy for the Rest of the Century,” Workshop Proceedings, Oct. 25-26, 1983, Palo Alto, CA; U.S. Department of Energy (DOE), Energy Information Ad-
ministration (EIA), Annual Energy Outlook 1984 (Washington, DC: U.S. Government Printing Office, January, 1985), DOE/EIA-0383(84); “35th Annual Eiectric
Utility Industry Forecast,” Electrical World, vol. 198, No. 9, September 1984, pp. 49-56; U.S. Department of Energy (DOE), Report of the Electricity Policy Pro-
ject, The Future of Electric Power in America: Economic Supply for Economic Growth (Washington, DC: National Technical Information Service, Jure 1983),
DOE/PE-0045; John Siegel and John Sillin, *“The Coming Power Boom: An Assessment of Electric Load Growth in the 1980's,” testimony presented to the
Nuciear Reguiaiory Commission, November 1984, and Gordon L. Spangler and Vincent P. Wright, “Another Look At growth In Demand for Electricity,”
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Figure 3-4.—National Average Fossil Fuel Prices
Paid by Electric Utilities®
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SOURCE: Energy Information Administration, Thermal-Electric Plant Construc-
tion Cost and Annual Production Expenses— 1980 (Washington, DC:
U.S. Government Printing Otfice, June 1983), DOE/EIA-0323(80).

ting, and construction process of new power-
plants as well as to rapidly rising per kilowatt costs
of these plants, particularly coal and nuclear
plants as shown in figure 3-7.

Increased Financing Costs

Since the electric utility business is the most
capital-intensive in the American economy (see
figure 3-8), its financing costs are particularly sen-
sitive to inflation. Inflation has become an impor-
tant parameter in the cost of plant construction
as a consequence the large size and long lead-
times of new coal and nuclear plants.

und 6 percent
cost by 1980.7

'An 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

Long-term debt, available at aro
in the 1960s, more than doubled in

Equity capital for investor-owned utilities also be-

‘came more costly; with earnings falling relative

to cost, a utility must issue stock to maintain
prescribed debt-equity ratios in order to continue
borrowing. With lower earnings, however, new
stock issues have diluted the value of existing
shares to the point where, in 1983, almost half
of the hundred largest utility stocks traded at be-
low book value. This situation has improved sub-
stantially since early 1983 (see figure 3-9) and in
early 1985 many utility stocks are once again trad-
ing above book value.®

Decreased Demand Growth

With dramatically increased costs in the elec-
tric utility business over the last decade, particu-
larly in financing and fuel, in the mid-1970s many
utilities for the first time in many years sought
higher rates. Utility commissions generally
granted relief (see table 3-1), however, the re-
sponse of consumers was swift but unprecedented.?
Demand growth dropped dramatically in the
1970s to less that 2 percent (see figure 3-10), al-
though there were wide variations in this trend
throughout the United States (see chapter 7). The
price elastjcity of demand was underestimated
by many utilities and these utilities were often un-
willing or unable to revise their construction plans
made in the late 1960s and early 1970s. The re-
sult was decreased net revenues and excess gen-
erating capacity for most utilities, further erod-
ing their financial performance (the reserve
margin for electric utilities rose from about 20 per-
cent in the early 1970s to over 30 percent in late
1970s, and to 35 percent in 1984).

Effect of Eroded Financial Performance

The decrease in electric utility earnings per
share relative to other industries in the 1970s was

States accounts for one-tenth of all new industrial construction in
the country, a third of all corporate financing, and almost half of
all new common stock issuances among industrial corporations;
see S. Fenn, America’s Electric Utilities: Under Siege and in Tran-
sition (New York: Praeger Publishers, 1984).

8The market-to-book ratio (used in figure 3-9) can, however, some-
times be a misleading indicator; see M. Foley, “‘Electric Utility
Financing: Let’s Ease Off the Panic Button,” Public Utilities Fort-
nightly, vol. 111, No. 1, Jan. 6, 1983, pp. 21-29.

9Even though the real costs of electricity compared to oil and
gas, for example, did not increase substantially, the changes in de-
mand growth were just as dramatic.
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Figure 3-5.— Regional Net Generation of Electricity by Fuel Type, 1984
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50URCE: Office of Technology Assessment, using data from North American Electric Reliability Council (NERC), Electric Power Supply and Demand, 1984-1993
(Princeton, NJ: NERC, 1984).

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
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Nuclear Power Plants,” Public Utilities Fortnightly, vo). 114, No. 8, Oct. 11, 1984; construction costs do not include real AFUDC, i.e., they are based on actual

construction times and real (net-of-inflation) interest rates.

a decrease in quality as well as quantity. In par-
ticular, since most utility commissions do not per-
mit a return on any investment costs from a pow-
erplant until it actually is in service, most utilities
are permitted only to account for construction
costs as an ‘‘Allowance for Funds Used During
Construction”’ (AFUDC) and apply them to the
rate base when the facility is placed in ““used and
useful’’ service. Hence, AFUDC earnings appear
as part of a utility’s stated earnings but, of course,
they are not current revenues at all, only paper
earnings. As a result, the higher the fraction of
total earnings attributed to AFUDC, the lower the
quality of those earnings. More recently, the prac-
tice of allowing some of the costs associated with
““Construction Work in Progress’’ (CWIP) to be
applied to the utility rate base prior to comple-

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 general 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

19Perhaps a Milestone in recent utility history was Consolidated
Edison’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 of Electric
Utilities, 1982
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quarter, 1982.

average utility bond ratings (AAA or Aaa) in the
1950s and 1960s fell to an average of A and be-
low in the 1970s and to in the 1980s (see figure

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 bilion 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- | 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
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Technology Assessment, Nuclear Power in an Age of Uncertainty (Washington, DC: U.S. Government Printing Office, February 1984), OTA-E-216.
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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
1970 . .. e 80 $ 797 $533 33.1
1971 . e 113 $ 1,368 $826 39.6
1972 . e 110 $ 1,205 $853 29.2
1973 . e 139 $ 2,125 $1,089 48.8
1974 . . 212 $ 4,555 $2,229 51.1
1975 . e 191 $ 3,973 $3,094 221
1976 . . .. 169 $ 3,747 $2,275 39.3
1977 162 $ 3,953 $2,311 415
1978 . e 154 $ 4,494 $2,419 46.2
1979 . .. e 178 $ 5,736 $2,853 50.3
1980 . ... 254 $10,871 $5,932 45.4
1981 . . e 237 $11,902 $8,341 29.9
1982 . .. . 2342 $11,023 $7,629 30.8
1983 . . e 185 $12,783 $5,370 58.0
1984 ..o 61° $ 4900  $2,267 53.7

8Al30 includes two rate decreases.
l"’Through June 30, 1984.

SOURCE: Edison Electric Institute (EEl), Statistical Yearbook of the Electric Utility Industry/1983 (Washington, DC: EEI, De-
cember 1984).

Figure 3-10.—Real GNP Growth and Electricity Sales Growth Rates, 1960-84
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SOURCES: Craig R. Johnson, “Why Electric Power Growth Will Not Resume,”” Public Utilities Fortnightly,vol. 111, No. 8, Apr.
14, 1983, pp. 19-22; and Edison Electric Institute (EEI), Statistical Yearbook of the Electric Utility Industry/1983
(Washington, DC: EE|, December 1984).
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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, *OTA concluded
last year that:

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

1"The 85 nuclear plants 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 utiites 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

120TA, Nuclear Power in an Age of Uncertainty, op. cit.,1984.
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Figure 3-13.— Electric Utility Bond Ratings,
1975-84
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for bringing large plants into the utility rate base
are currently under intense debate.'3 Such issues
are discussed in more depth later.

13See, 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
interconnection with neighboring utilities.
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-

14See, fo.example, James Cook, ““Nuclear Fol lies, ” Forbes, 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.—Financial Condition of Electric Utilities, 1952-84

“Golden age” “Transition” “Hard times” “Recovery” *“Present”
Characteristic 1952-66 1966-73 1973-75 1980 1984
Ratio of internally generated funds to capital
expenditures. . ... ... 0.8 0.5 0.3 0.42 0.42
Interest coverage ratio (pretax) . . ... ..o >5.0 3.0 2.4 3.0 3.38
Interest rate o). ... ... ... <4.6 6.0 8.5 15.27 10.79
Inflation rate o) ... ... 1.25 4.5 8.0 13.5 3.5
Common stock price (o of book value) . .. ... ...... 250 150 95 73 95
Construction activity initiated . . .. ................. Average Heavy Cutbacks Increased Very
cutbacks little
Electricrates . .. ...t Decreasing Steadily Accelerating  Increasing Still
increasing increasing
Average return on equity (o/o):
Including AFUDC .. ......... ... .. i 13 12 1 11.4 13.9
ExcludingAFUDC .. ........... ... ... ... ...... 12 9 7.2 7.4 7.35

SOURCES: Rand Corp., Electric Utility Decision Making and the Nuclear Option (Santa Monica, CA: Rand Corp., 1977); Edison Electric Institute (EE!), Statistical Year-
book of the Electric Utility Industry/1983 (Washington, DC: EEI, December 19S4); and Marie R. Corio and Alice E.Condren, “'Utilities-Electric: Basic Analysis,”

Standard and Poor’'s Industry Surveys, Mar. 1, 1984.
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Figure 3-14.— Stock. Price Performance of Nuclear
and Nonnuclear Utilities
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SOURCE: Salomon Brothers, Inc., “The Outlook for Electric Utilities in 1985,
Electric Utilities: Stock Research, New York, Jan. 7, 1985, p. 4.

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 different from those of conventional
generating alternatives. In addition, nonutility
owners are likely to play an increasingly crucial
role in the 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 filing unpredicted demand—com-
peling 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

in the most general terms, the principal objec-
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.

Investment Decision Objectives
Maintaining System Reliability

The first objective—maintaining system relia-
bility—is often evaluated in terms of Loss of Load
Probability (LOLP).'s A prescribed level of LOLP
is traditionally imposed on the utility’s system
planning function as a fixed constraint, e.g., one
day in ten years the utility will be unable to meet
its entire load. System planners then statistically

150ther measures are reported in General Electric CO., Reliabil-
ity Indices for Power Systems, final report prepared for Electric
Power Research Institute (EPRI) (Palo Alto, CA: EPRI, March 1981),
EL-1773, RP1 353-1.
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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 will 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, ” Bell Journal of Economics, vol. 5,
No. 2, autumn 1975, pp. 679-694.
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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. fixed costs associated with the recovery of
capital invested in generation, transmission
and distribution facilities;

2. fixed and variable production costs associ-
ated with operation, maintenance and fuel
expenses for supply facilities; and

3, overhead costs associated with general
administrative expenses and working capi-
tal allowances.

In 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 levelized annual
cost. Utility decision making is complicated by the
fact that plants with the same levelized cost can
have very different year-to-year costs, and that
utility rates are not set according to levelized 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.
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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. earnings protection—debt coverage,

2. leverage-equity share of total capitalization,

3. cash flow and earnings quality—share of
AFUDC in total earnings,

4. asset concentration—shares of generating ca-
pacity compared to shares of the rate base,
and

5. financial flexibility .17

In addition, they generally consider five qualita-
tive factors:

1. prospects for demand growth in the service
territory,

. diversity of fuel supply,

. quality of management,

. operating efficiency, and

. regulatory disposition.

g b wN

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.

"Thomas 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

Glossary for financial ratios:

1. Operating ratio: operating and maintenance expenses (excluding depreciation)

divided by total operating revenues.

Net take-down: net revenues (gross revenues less operating and maintenance

expenses) divided by system gross revenues.

. Interest coverage: interest for year divided into net revenues available for debt

service.

Debt service coverage: principal plus interest requirements for year divided

into net revenues available for debt service.

Debt service safety margin: system gross revenues less operating and main-

tenance expenses and less current debt service divided by system gross
revenues.

Debt ratio: net debt (gross debt as shown on balance sheet less bond prin-

cipal reserve) divided by sum of net utility plant plus net working capitat.

. Interest safety margin: gross revenues less operating and maintenance ex-
penses and less current interest tor year divided by system gross revenues.

L

w

bt

o

o

~

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 making®“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, particularly 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 Institute”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-

18G. Corey, “Plant Investment Decision-Making in the Electric
Power | ndustry,”” Discounting for Time and Risk in Energy Policy
(Washington, DC: Resources for the Future, 1982), pp. 377-403.
19 gdisonklectnicinstit ute (EE I), Strategic Implications of Alterna-

tive Generating Technologies (Washington, DC: EEl, 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 1983*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 eatlier.

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 earlierreports that, for the

20P,cific Gas & ElectricCo.,Long Term P/arming Results: 1984-

2004, May 1984.
2Theodore Barry & Associates, op. cit., | 982.
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industry as a whole, ““avoiding any significant perceived to contribute simultaneously to long-
capital expenditures under present (financial) cir- term, cost-effective supply (or the equivalent in
cumstances is a prudent business decision . . .,” terms of demand reduction or shifts to non-peak
and while such capital aversion could result in times) as well as to short-term improved cash flow
noneconomic generation of electricity, it was {due to shorter lead-time and smalier scale addi-
viewed as the optimal strategy of least near-term tions) could strongly influence their market
risk. The degree to which new technologies are penetration by the year 2000.
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Table 3-4.—Technology Risks for Electric
Utility Decisionmakers

1. Technical risk: the probability that a new generator will fail
to come on-line at its anticipated capacity rating.

2. 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.

3. Cost risk: the probability that a new generation technolo-
gy will cost significantly more to construct or operate than
anticipated.

4. Ondime completion risk: the probability that a technolo-
gy will not come on-line when anticipated because of tech-
nical or regulatory problems.

5. 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.

6. 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.

7. 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,

8. Reliability and performance risk: the probability y that a par-
ticular technology will be significantly less reliable than
planned.

éOURCE: Modified from Edison Electric Institute (EE), Strategic Implications

of Alternative Electric Generating Technologies (Washington, DC: EEI,
April 1984),

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.

20)ponehand, some economists argue that a solution to the
utility industry’s financial problems over the long term rests in
deregulating portions of the power generation side of the business:
on the other hand, others (e.g., U.S. Department of Energy (DOE),
Report of the Electricity Policy Project, The Future of Electric Power
1n 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 utilities” 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, *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 utilities®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-burn-
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 stil oil-fred (see figure 3-7 earlier).
Any dramatic changes in oil availability wiill
affect the rate at which oil use declines i n
power generation. This issue is discussed in
depth in a recent OTA assessment.”

ZjTaylor Moore, et al., Electric Power Research Institute (EPRI),
Planning and Evaluation Division, “Plans and Perspectives: The In-

dustry’s View, ” EPRI Journal, vol. 8, No. 8, October 1983, pp. 14-19

2Although AFBC retrofits of existing units involves a new tech-
nology; this option is being pursued aggressively by many utilities.

5For example, Southern Company Services, Inc., Research and
Development Department, “Assessment of Technologies Useful in
Responding to Alternate Planning Contingencies, ” unpublished,
December 1983.

261 S.Congress, Office of Technology Assessment, U.S.Vulner-
ability to an Qil Import Curtailment (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 likely 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,U.S. Natural 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 capital®(k). Short-term cash flow
implications of new investments have emerged
as important concerns for many utilities in recent
years, i.e., a utlity must generate enough cash

8Djscussed in detail in b. Geraghty, “Coping With Changing Risks

in Utility Capital Investments, " unpublished paper, Electric Power
Research Institute, February 1984.

291f a utility’s rate of return equals its cost of capital, stockholders
still 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 Modeling 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
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target: ROE =K
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SOURCE ). Geraghty, “Coping With Risk in the Electric Utility Industry: The Value of Alternative Investment Strategies,”
yaper presented to the Second International Mathematics and Computer Society Symposium on Energy Modeling
ind Simulation, Brookhaven National Laboratory, New York, Aug. 27, 1984
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rameters that relate either directly or indirectly
to sustainabilty and profitabilty. 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

30The interest coverage ratio accounts for as much as 80 percent
of a bond rating decision; see Rand Corp., Electric Utility 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). ) )
MAndrew Fordand Annette Youngblood, ““Simulating the plan-

ning Advantages of Shorter Lead Time Generating Technologies, ”

Energy Systems and Policy, 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 Policy, March
1983.

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

Coverage ratio Bond ratina Averaae vield
3.0-35 AA 11.0%
2.5-2,75 A 11 37200

2.0 BBB 12.1%

SOURCES: Standard & Poor, “Standard& Poor's Bond Guide for 1983,” 1983; and
L. Hyman, America’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 ar