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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)
2.5% (U.S.: 39 GW surplus)

u.s
3.5% (U.S.: 14 GW shortfall)
45% (U.S

1on

.. 68 GW shortfall)

L
L vt rr b e eyt rr el
ECAR ERCOT MAAC MAIN MAPP NPCC SERC SPP WSCC
2.4 4.0 1.3 1.8 2.4 1.7 2.9 2.7 26

NERC region®

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-



Chapter 2

Summary



CONTENTS

Page
INrodUCHION. . . . . . 19
New Generating Technologies for the 1990s . . . . . . . . . . . .. ... ... .. 19
Cost and Performance. . . . . . . . . .. 21
Lead-TiImes . . . . . . 21
Specific Generating Technologies . . . . . ... ... ... . .. . . . 22
Conventional Alternatives in the 1990s. . . . . . . . .. .. ... . .. . . .. 25
New Capacity . . . . . .. 25
Plant Betterment . . . . . . . . . . 25
Load Management. . . . . . . ... 25
impact of Dispersed Generating Technologies on System Operation . . . . . . . .. 29
Nonutility Interconnection Standards . . . . . .. ... .. ... 29
Interconnection CoOStS . . . . . . . v vt i i e e e 29
Regional Differences . . . . . . . . . . 29
Existing Generation MiX . . . . ... i 29
Interregional Bulk Power Transactions . . . . . . . .. .. i i 30
Load Management . . . . . .. .o 30
Reliability Criteria . . . . . . . . .. 30
Renewable RESOUICES . . . . . . . . . 31
Utility and Nonutility Investment Decisions . . . . . . . . . . . . . .. 31
Utility InVeStMENt . . . . . . . . . . e Kl
Nonutility INVESIMENT . . . . . . . . . . 32
Current and Future State of Alternative Technology ndustry. ... ............ 32
Federal Policy OPLONS.. . . . . . . . . i o i i e e 33
Research, Development, and Demonstration . . . . . . ... Fooe e e 33
Other Policy ACHONS . . . . . . o e e 35
Renewable Energy Tax Credits . . . . . .. .o i it e 36
List of Tables

Tab/e/We. Page

2-1 . Selected Alternative Generating and Storage Technologies:
Typical Sizes and Applications in the 1990s . . . . . . ... ... ... ... ... . .... 21

2-2. Areas of Principal Research Opportunities:

Developing Technologies for the 19905 . . . . . .. .. v i 26

2-3. Developing Technologies: Major Electric Plants Installed or
Under Construction by May 1, 1985 . . . . . . . . . . ... 27
2-4. Policy Goals and OPHiONS . . . . . . .o vttt e e 34

List of Figures

Figure No. Page

2-1. Tax Incentives for New Electric Generating Technologies: Cumulative
Effecton Real Internal Rate of Return . . . . . ... ... ... ... ... ... .. .. ...



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



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

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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SOURCE: Adapted from D. Geraghty, "Coping With Changing Risks in Utility Capital Investments,” unpublished paper, Electric Power Research Institute, February

1984.
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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

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.

Long-term debt, available at around 6 percent
in the 1960s, more than doubled in 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

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, aimost 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.8

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 elasticity 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.



Ch. 3—E/ectric Utilities in the 1990s: Planning for an Uncertain Future .47

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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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 . .o 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 . e 212 $ 4,555 $2,229 51.1
1975 . 191 $ 3,973 $3,094 221
1976 . . . 169 $ 3,747 $2,275 39.3
1977 e 162 $ 3,953 $2,311 415
1978 . o 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 e 185 $12,783 $5,370 58.0
1984 . .o 61° $ 4900  $2,267 53.7

2Ajs0 includes two rate decreases.
hrough 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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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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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
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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.




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

industry as a whole, ““avoiding any significant
capital expenditures under present (financial) cir-
cumstances is a prudent business decision . . .,”
and while such capital aversion could result in
noneconomic generation of electricity, it was
viewed as the optimal strategy of least near-term
risk. The degree to which new technologies are

perceived to contribute simultaneously to long-
term, cost-effective 5u‘pply (or the equwdlem in
terms of demand reduction or shifts to non-peak
times) as well as to short-term improved cash flow
{due to shorter lead-time and smaller scale addi-
tions) could strongly influence their market
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 are very unpredicta-
ble. A lower ratio of capacity under construction
would, in turn, allow a higher debt service cov-
erage ratio. (Short lead-times for purposes of this
analysis were defined as 1 to 2 years planning and
permitting and 3 to 4 years construction.)

In a similar study Behrens32 shows that nuclear
plants built in units of 400 MW to follow demand
growth closely allowed debt coverage ratios to
be maintained at more than 3.0 throughout the
planning horizon of a sample 7,000 MW utility.
On the other hand, if capacity is added in nu-
ciear units of 1,200 MW, the debt service cover-
age ratio falls to below 2.0 in the year just be-
fore the plant is brought on line. The simulation
used in this study assumed the smaller nuclear
units cost 12 percent more per kilowatt than the
larger units.

Finally, a recent Edison Electric Institute anal-
ysis?? found that a short lead-time technology, un-
der a specified set of assumptions, would be pre-
ferred even if its capital cost (per unit) were up
to 15 percent more than conventional technol-
ogy (with equal operating costs). The value of
short lead-times in the face of demand uncer-
tainty is also discussed in more detail in appendix
B of that study.?* This issue of short versus long
lead-time plants is discussed in more detail in
chapter 8.

2Carl E. Behrens, “Economic Potential of Smaller-Sized Nuclear
Plants in Today’s Economy,” Congressional Research Service pa-
per prepared at the request of the Honorable Paul Tsongas, Wash-
ington, DC, Jan. 20, 1984, 83-621 ENR.

33EEY, Strategic Implications of Alternative Generating Technol-
ogies, op. cit., 1984.

3The scenario employed assumed a utility with a 5 GW peak
demand, 6 GW of installed capacity, a load factor of 65 percent,
total embedded capital (excluding CWIP) of $9.6 billion (average
yearly cost of 10 percent-real discount rate) and embedded oper-
ating costs of 3 cents’lkWh. The large plant was 1,000 MW with
a 7-year lead-time at a cost of $2,000/kW (1980 dollars including
interest during construction); small plants were 100 MW with in-
stalled costs of $2,200/kW.
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A PORTFOLIO OF INVESTMENTS:
BUSINESS STRATEGIES FOR THE 1990s

Introduction

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

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

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

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

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

* Modified grow and build strategy .-A num-
ber of utilities have continued to view com-
pletion of large nuclear and coal plants
initiated in the 1970s as their best option. Al-
lowing for changes in the fuels used in gen-
eration, this is a continuation of the strategy
of virtually the entire industry since its be-
ginning. Some utilities, confident of renewed
demand growth in the 1990s, are planning
for continued expansion.

+ Capital minimization.—Many utilities in the
United States are now reacting to the cur-
rent regulatory and financial climate in the
industry with a strategy of minimizing capi-
tal expenditures by canceling plants both
planned and currently under construction,
increasing use of purchased power, partici-
pating in joint ventures if construction is nec-
essary, selling existing capacity, rehabilitat-
ing existing plant, and increasing attention
to load management. This strategy is de-
signed to minimize corporate risk.

* Renewable and alternative energy supply.—
A few utilities have embarked on a strategy
of significantly increasing reliance on renew-
able energy sources as well as cogeneration
from conventional sources in an effort to use
small, modular plants to better track uncer-
tain demand growth and reduce construc-
tion lead-times (other reasons are discussed
later). The two large utilities (PG&E and
Southern California Edison) that have made
reliance on these sources an announced part
of their strategy both come from California
where renewable resources are relatively
abundant and avoided energy costs are high.
Many more utilities have initiated increased
research and development programs in new

33These categories are defined by S. Fenn, America’s Electric Util-
ities: Under Siege and in Transition, op. cit., 1984).
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technologies (discussed later). How many of
these will go on to base a significant part of
their strategic planning on alternative sources
is uncertain.

+ Diversification.—A majority of investor-
owned utilities have begun to diversify their
business interests by investing revenues in
potentially more profitable ventures outside
the electric utility business (see table 3-8).
While the level of expenditures in such activ-
ities is as yet very small, a large number of
utilities are exploring new business ventures
on a small scale in areas such as real estate,
telecommunications, oil and gas exploration,
and business services.

Conventional Alternatives

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

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

36QTA, Nuclear power in an Age of Uncertainty, op. cit.,1984;
or Scott Fenn, The Nuclear Power Debate: Issues and Choices (New

York: Praeger Publishers, 1981).
37See the Southern CO. Services report cited earlier.

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

Load Management and Conservation

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

Plant Betterment

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

38Cogan & Wiliams, Investor Research Responsibility Center, op.
cit.,, 1983

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

w0A Corio, National Economic Research Associates, research sum-
marized in “First Annual Maintenance Survey, ” Electrical World,

vol. 197, No. 4, April 1983, pp. 57-64.
«1G Fried lander, “Generation Report: New Life Available for Old

T/G’s”and Boilers,” Electrical World, vol. 197, No. 5, May 1983,

pp. 87-96.
42Summary of ongoing research by Temple, Barker & Sloane, Inc.

given in “Optimum Use of Existing Plant, » Utility Investments Risk
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Table 3-6.—Conservation and Load Management Programs of Leading Utilities®

Projected
annual
Generating increase Program Projected
capacity in demand adoption Program costs megawatts saved
Company 1982 through 1992 date(s) in 1982 (000) through 1992
TVA 32,076 2.38% 1977 57,000 4,000
Duke Power ............ ... ... .ooun. 14,526 3.87 1975 NA 2,994
Florida P&L . ...... ... . .. . iiitt. 12,865 3.5 1980 23,000 2,100
Pacific G&E .. ........................ 16,319 0.9 1976/77 84,000 1,871
CarolinaP&L ............... ... ... .. 8,085 3.0 1981 10,600 1,750
Houston L&P ............. ... ... ...... 12,966 26 1978/80 12,500 1,700
SoCalif Ed ........... i, 15,345 20 1972 46,154 1,500
Florida Power ........................ 5,899 1.0 1980 5,000 1,500
PublicServE&G . ..... ... ... ... 9,023 1.3 1982 9,000 956
BPA . . 0 NA 1980 86,000 802
Jersey Cen P&L ...................... 3,371 1.5 1980 9,000 800
Alabama Power....................... 9,194 259 1976 1,266 800
Penn El... ... ... ... .. ... 2,736 20 1973 4,200 671
Los Angeles ............ ...l 6,749 1.7 1976 7,876 601
Oklahoma G&E ....................... 5,359 NA 1982 NA 600
Northern States ...................... 6,162 2.0 1979 10,000 600
Metropolitan Ed ...................... 2,144 1.85 1980 1,000 485
Texas P&L ... ... ... 7,904 5.1 1977/81 5,100 465
Detroit Ed ............... ... ... .... 9,458 25 1968/81 13,000 450
ArizonaPSC ...... ... ... ... 3,522 23 1977 3,230 420
Kansas City P&L...................... 2,774 2.3 1982 NA 412
Tampa El ............ .. ... ... ... 2,495 2.7 1980 8,000 400
Penn P&L ... ... 6,470 1.5 1983 4,700 390
Consolidated Ed . ..................... 10,564 1.0 1975 440 370
Utah P&L .. ... o 2,751 NA 1977 10,440 318

agurvey asked utilities to respond under a controlled growth scenario

SOURCE: 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., September 1983).

suggests that life extension programs could dra-
matically reduce future revenue requirements as
well. These options are discussed in more detail
in chapter 5.

Plant rehabilitation and life extension are likely
to be very significant options over the next two
decades for utilities with a significant fraction of
aging plants. These prospects over the next two
decades depend on the life times assigned to ex-
isting capacity. For example, with an assumed 30-
year average plant life, over 200 gigawatts (GW)
of replacement capacity will be required by the
year 2000, but with an assumed 50-year life, only
20 GW would be required (see table 3-7). Over-
all in the United States, the prospects for plant
rehabilitation or life extension are limited by the
fact that over half of the U.S. generating capac-
Analysis: Technical Newsletter, Electric Power Research Institute,
Energy Resources Program, No. 2, February, 1984; also see H.
Heiges and H. Stoll, *‘Benefits of Power Plant Life Extension in To-

day’s Business Climate,”” Proceedings of the American Power Con-
ference, 1983.

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

Increased Purchases

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

4355 Depa rtment or Energy, Energy information Administration,
Interutility Bulk Power Transactions, (Washington, DC: U.S. Gov-
ernment Printing Office, October 1983), DOE/EIA-0418.
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Table 3.7.—Replacement of Powerplants:
Selected Options

Cumulative replacement capacity
GW needed by:

1995 2000 2005 2010

If existing powerplants
are retired after:

30years. . .......... 155 230 395 510
40years. . .......... 55 105 155 230
50years. .. ......... — 20 55 105
If all oil and gas steam
capability is retired as
follows:
All................. 152 152 152 152
Half............... 76 76 76 76

All oil and gas
capacity above 20
percent of region
(3 regions). . ...... 55 55 55 55
If average coal and
nuclear availability slips
from 70% to:
About650/0......... 21 21 21 21
About 600/0......... 42 42 42 42
SOURCE: US. Congress, Office of Technology Assessment, Nuclear Power in
an Age of Uncertainty (Washington, DC: U.S. Government Printing Of-

fice, February 1984) OTA-E-216; this analysis shows the sensitivity to
North American Electric Reliability Council data projected from 1983,

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

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

1. economy transactions that reduce operating
costs by displacing the buyer’s own higher
cost power with lower cost power from a
neighboring utility;

2. capacity transactions which permit a utility
to claim additional generating capacity from
a neighboring utility to supplement its own
for a specified period of time (sometimes
called firm power transactions); and

3. reliability and convenience transactions that
are negotiated to improve system operation
and reliability—e.g., emergency support.

Some utilities will clearly benefit over the next
two decades from increased reliance on pur-
chased power from neighbors that have excess
coal-fred and hydroelectric capacity and ade-
quate transmission capabilities, and this option

is being actively pursued by utility resource plan-
ners. Moreover, Canada will be an increasingly
important source of electricity, primarily hydro-
electric power, for U.S. utilities in certain re-
gions.* 45 The likelihood of increased bulk power
transfers both within the United States and from
Canada and Mexico will affect the comparative
attractiveness of new generating technologies in
some regions.

Diversification

oN
=
D ~
-~
w
=

as shown in table 3-8. Other studies have ob-
served this trend as well.4” While outside the pri-
mary scope of the current study, diversification
could play an important role in the strategic plan-
ning of some utilities in the next decade since
such a strategy seeks to realize so-called ““econ-
omies of scope,”’ i.e., a utility might be able to
exploit existing assets to obtain cost advantages
in nonutility lines of business. For example, bill-
ing and collection or engineering services for
other businesses could build on the existing in-
frastructure already present in the utility. The reg-
ulatory response to diversification is as yet un-
certain; the range of activities is limited somewhat
by individual public utility commissions, the Pub-
lic Utility Holding Company Act, and PURPA.

“4Although the limitations on transmission capacity will become
a major issue in the decades to come; currently, for example, New
England is negotiating firm power contracts with Canada because
transmission capabilities exist while links with the Ohio River Val-
ley which has excess generating capacity are limited.

“sInternational trade agreements with Canada for firm power (as
opposed to economy interchanges which have been routine for
many years) have recently become an important issue on both sides
of the border; see Diane DeVaul, et al., Trading in Power: The Po-
tential for U.S./Canadian Electricity Exchange (Washington, DC:
Northeast-Midwest Institute, September, 1984); *‘Trading in Power:
A Binational Conference on Electricity Exchange,”” Lake Placid, NY,
Sept. 6-7, 1984; D. Hodel, “‘Statement on Canadian Imports of Elec-
tricity,”” (statement read to the Northeast-Midwest Institute Con-
ference on Trading in Power), Sept. 6, 1984; and R. Bourassa, Power
From the North (Scarborough, Ontario: Prentice-Hall, 1985).

sEdison Electric Institute (EE), Business Diversification Activities
of Investor-Owned Electric Utilities (Washington, DC: EEI, 1985).

47D. Arthur and A. Harris, “Diversification in the Electric Utility
Industry,”” unpublished paper, Portland General Electric Co., Cor-
porate Planning Division, Portland, OR, January 1981,
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Table 3-8.—Edison Electric Institute Business Most of the developing technologies listed in
Diversification Survey table 3-9 are small in scale relative to conven-
Venture Percent of total tional alternatlyes; hence they generally hgve
Fuel development and exploration............. 26 shorter lead-times and offer the following
Realestate ................................. 13 benefits:
Energy conservation services ................. 8
Cogeneration and small power production. .. ... 5 * Modularity.-Modularity of units, both in
Appliance sales and service .................. 5 construction and in duplication of plants at
Project management and consulting ........... 5 inal . h L s
Fuel transportation .......................... 5 a single S'tej meanls. that decisions to initiate
District heating ............................. 3 new capacity additions can be made closer
Land management controls . .................. 3 to the time the units are actually needed. As
Computer software sales .. ................... 3 it th . flexibility in both K
iBased on 296 Total rosponses. g resg t, there is mpre exibility in bot trac. -
SOURCE: “EEI Details Utility Diversification in New Repont," Electric Light & Pow- ing hlghly uncertain demand growth and in
er,vol. 63, No. 6, June 1985, p. 18, Edison Electric nstitute (EE!), Busi- i i i i
ness Diversification Activities of Investor-Owned Electric Utilities brlnglng new CapaCIty‘ on line to correct for
{Washington, DC: EEJ, 1985). temporary undercapacity. Several of the new

technologies considered in this assessment
. (see table 3-9) lend themselves to modular
Developing Supply and Storage design-e.g., wind, photovoltaics, fuel cells,
Technologies and IGCC. Utilities consider flexibility in peri-
ods of highly uncertain demand growth to
be a primary motivation for examining new
technologies.”Combustion turbines have
traditionally been used by utilities to reduce
their exposure to risk during periods of un-
certain demand growth, but they involve
very high operating costs and use of pre-
mium oil and gas fuels. The gas industry is,
however, very optimistic about the future of
combined-cycle plants using natural gas.

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

in them. + Less “rate shock. "—Rate increases can be
moderate with small plants or units coming
on line and entering the rate base. If demand
Table 3-9.-Developing Technologies Considered in growth is very large, however, many small
OTA'’S Analysis® plants or units will be required and “rate
Photovoltaics: shock’ ’could be even more sgvere since
Flat plate systems (tracking and nontracking) small plants or units of alternative technol-
Concentrators ogies generally come at a capital cost
So?czla:herg:%ls electrc premium. A similar rate shock through fuel
Cemralp receivers adjustment clauses might be experienced
Parabolic troughs with a strategy of using combustion turbines
Wiizrabc’“c dishes to meet such unpredicted, large demand
Geothermal: growth.
g_ual flalsh § 0 * Increased reliability.—Generally speaking,
Atm??%e(riirgilu?cﬂzezgaec)i combustors smaller units perm|t_ma|_ntena_nce_ _Of a
Integrated gasification/combined-cy cle smaller reserve margin since individual
Batteries: forced outages of smaller units have less im-

Lead acid

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

pact, although if the system is mixed, ie.,

8w Gould, “Development of Renewable/Alternative Resou rces

of Electric Energy, ” unpublished, Southern California Edison Co.,
SOURCE: Office of Technology Assessment Rosemead, CA, 1983.
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with some large and small generators, the
reserve margin must cover the possibility of
a forced outage of the large units. Moreover,
the potential of this benefit is complicated
if the small units are dispersed source gener-
ators as discussed in chapter 6.

® Improved financial flexibility.—The amount
of capital tied up in construction is substan-
tially reduced by employing short lead-time
technologies. Security rating agencies are
concerned when a utility incurs a significant
“asset concentration risk, ” e.g., placing a
large amount of capital at risk on a single
project which could ultimately account for
50 to 60 percent or more of the utility’s rate
base but only 10 to 15 percent of its installed
capacity.

® Improved quality of earnings.—-Less capi-
tal tied up in construction translates into a
lower level of AFUDC reported in a utility’s
earnings. This, in the eyes of investors, raises
the quality of earnings since AFUDC is con-
sidered a “paper” earning.

® Technology and fuel diversity .-Diversity of
fuel types and technologies employed by a
utility reduces not only technological risk but
also institutional risks such as the impacts of
a coal strike or an oil supply disruption,

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

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

. Improved quality of service.-—Outages can

generally be serviced more quickly with dis-
dgs.., for example, S. Lee, etal., Systems Control, Inc., Impact
of Transmission Requirements of Dispersed Storage and Genera-
tion (Palo Alto, CA: Electric Power Research Institute), December
1979, EM-1 192.

persed generation available to be dispatched
locally.

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

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

* Load dependence.—The uncertainty associ-
ated with impact on the system load curve
of dispersed generating sources is com-
pounded by the fraction of this generation
coming from intermittent alternative energy
sources such as wind, solar, and low-head
hydroelectric systems. Unlike conventional
sources or fossil-based dispersed sources
which are largely independent of load char-
acteristics, alternative sources are often in-
terdependent with load due to such factors
as wind speed, solar energy flux, tempera-
tures, steam flow, etc.

* Nondispatchable generation and utility
operations.—As mentioned earlier, nonutil-
ity or customer-owned equipment (actually
for both new as well as conventional tech-
nologies) operating under the provisions
established by PURPA are not generally in-
cluded in a utility’s economic dispatch sys-
tem. Most utilities have treated nondispatch-
able generation as an expected modification
of the system load curve in the same manner
as load management. As penetration of non-
dispatchable sources grows, however, utili-
ties will need to account for them more ex-
plicitly in dispatching strategies.

* Nonutility generation and capacity plan-
ning.—As mentioned earlier, nonutility gen-
eration has traditionally been treated as a
modification to the system load curve. If sig-
nificant penetration of such generation is
considered a possibility, as might be the case
in a number of utilities, the capacity plan-
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ning process for these utilities could be af-
fected. The attitudes of utilties toward non-
utility generation varies markedly among
utilities in terms of interconnection require-
ments and conventions for establishing of
avoided cost rates. Interconnection require-
ments such as insurance, control and safety
equipment, meters, and telecommunications
equipment can all vary according to size of
generating plant, approved design specifica-
tions or other factors (see chapter 6). Simi-
larly, avoided cost rates vary according to
procedures for capacity and energy credits,
and availability of “payment tracking mech-
anisms” that permit nonutility generators to
receive higher revenues in early years of the
project, as is the practice at Southern Cali-
fornia Edison. The ultimate contribution of
nonutility generation to the overall U.S.
power generating capacity depends on not
only the performance of the technology and
adequate financial incentives, but also on the
evolving attitudes of utilities, especially as
they apply to rates and interconnection with
nonutility generation. indeed, interconnec-
tion requirements alone can increase nonu-
tiity generation cost by over $1,000/kW for
small systems. so Some work is now being
done to incorporate nondispatchable tech-
nologies into long-term generation plan-
ning.*

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

s0See u s. Congress, Office of Technology Assessment, [ndus-
trial and Commercial Cogeneration (Washington, DC: U.S. Gov-
ernment Printing Office, February 1983), OTA-E- 192; and U.S. De-
partment of Energy (DOE), Survey of Ultility Cogeneration
Interconnection Projects and Cost—Final Report (Washington, DC:
DOE, June 1980), DOE/RA/29349-01.

s'As discussedin M. Caramanis, et al,, “The Introduction of Non-
dispatchable Technologies as Decision Variables in Long-Term Gen-
eration Expansion Models, ” Institute of Electrical and Electronic
Engineers (IEEE) Transactions, vol. PAS-101, No. 8, August 1982,
pp. 2658-2667.

tions). A situation could arise whereupon the
demand of a particular customer class is re-
duced by the implementation of end-use de-
vices or third-party generation plants and,
consequently, customer rates must be in-
creased to meet fixed revenue require-
ments.”Potential rate inequities may result,
particularly to those customers in an affected
rate class who do not use the demand-reduc-
ing device.

* Research and development and regulatory
treatment.—As we will see in chapter 4,
most new generation technologies, today,
are not yet cost competitive with conven-
tional alternatives. For promising new tech-
nologies, part of the difference between
current and mature costs represents the
amortization of R&D expenditures. An often-
used operational rule among many utility
commissions, however, is to permit plants
into the rate base only if they can generate
power at less than full avoided cost.*The
issue then becomes clear: to what extent will
the less than full avoided cost benchmark in-
hibit the commercialization of new technol-
ogies? If such a benchmark is relaxed, to
what degree should ratepayers share with
the stockholders the burden of higher per
unit capital costs, greater risk of lower relia-
bility, possibility of complete plant failure,
and possibility of shorter plant life associated
with new technologies? Some studies suggest
that relaxed treatment of the full-avoided
cost benchmark is a prerequisite to signifi-
cant penetration of many new technologies
(at least for demonstration and early com-
mercial units) in utilities over the next two
decades.*This issue is discussed in more de-
tail in chapter 10.

52This phenomenon occurredin 1973-74 1n San Francisco with
local water utilities. Regional droughts motivated the utilities to sub-
sidize advertising campaigns and various end-use devices for water
conservation. The resulting drop in demand was of such magni-
tude that the utilities were put in a positionof having to increase
rates to meet their revenue requirements.

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

54lbid.
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Current Activities and Interest in
Alternative Technology
Power Generation

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

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

* Use of alternative technologies as a re-
sponse to uncertain load growth.—Some
medium demand growth utilities, in re-
sponse to environmental and regulatory
pressures, have included alternative technol-

ssedison Electric Institute, op. cit., 1984.

ogies as “an important but small” buffer in
future resource plans.

® Use of unregulated subsidiaries for equity
participation in cogeneration.-Some finan-
cially sound utilities—e,g., Houston Lighting
& Power-in areas with cogeneration poten-
tial have been permitted by utiity commis-
sions to invest capital in cogeneration ven-
tures with industry to avoid loss of load,
revenue, and earnings. This strategy is
termed “reactive diversification” as opposed
to “proactive diversification” which is aimed
at improving stockholder return on equity.

® Active research and development.—Many
utilities, are involved in long-term research
and development with alternative generat-
ing technologies as a possible response to
various contingencies discussed earlier that
could limit the use of conventional generat-
ing technologies.

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

SUMMARY AND CONCLUSIONS

The electric utility industry has experienced a
period of considerable stress in recent years due
to declining electricity demand growth; dramat-
ically increasing fuel prices, construction costs,
and capital costs and heightened public demand
for better control of air and water pollution and
nuclear safety. The industry emerged from this
period of stress with significant uncertainties,
especially about future demand growth, and
financially weakened. While utilities’ financial
health appears to be improving markedly, they
are not returning to their pre-1970s business
strategies.

Still facing a difficult and uncertain investment
decision environment, utilities have had to ex-
pand the scope of strategic options they are wiill-
ing to consider over the next several decades to
include such strategies as rehabilitation of exist-
ing plant, increased purchases from neighboring
utilities, increased conservation and load man-
agement efforts, diversification of investments to
nonutility lines of business and, finally, a range
of new generating technologies. Most utilities are
only beginning to consider such alternatives to
traditional large-scale, central-station, power-
plants. In particular, conservation and load man-
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agement are beginning to attract more attention
in utility resource plans; and many utilities have
plant life extension or rehabilitation projects
underway. Similarly, in response to uncertain de-
mand growth, mature smaller scale technologies
are under close scrutiny. For the most part,
smaller scale new technologies are under con-
sideration primarily as a possible response to fu-
ture contingencies such as oil supply disruption
or imposition of stricter environmental controls
on coal burning. There are a few exceptions,
notably Southern California Edison and Pacific
Gas & Electric in California. They have included
substantial commitments to new technologies in
their long-term resource plans.

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

Non utility involvement in new technologies is
increasing steadily under the provisions of PURPA
and the rate of development of new generating
technologies over the next two decades may well
hinge not only on the performance of these in
nonutility applications but also on the evolving
relationship between utilities, nonutility gener-
ators of power, and regulatory agencies.
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Chapter 4

New Technologies for Generating
and Storing Electric Power

INTRODUCTION

A number of new technologies for generating
and storing electricity are being developed as
alternatives to large-scale, long lead-time conven-
tional powerplants. Of increasing interest are
technologies which are small scale and highly ef-
ficient, which are capable of using alternative
fuels, and/or which impose substantially lower
environmental impacts than conventional gen-
erating options.

This chapter focuses on new technologies
which, while generally not fully mature today,
could figure importantly in the electric-supply
technologies insta//ed in the 7990s. Not exam-
ined in detail are those technologies which al-
ready are considered technically mature or those
which are very unlikely to achieve wide deploy-
ment during that time. Only grid-connected ap-
plications are considered. The chapter also does
not examine closely technologies which recently
have been covered in other OTA reports.’

The new technologies covered in this report
are summarized in table 4-1. In table 4-2, the
technologies are grouped according to size and
application, along with their primary competitors.
They range in size from units less than 1 MWe
to units greater than 250 MWe. The technologies
can be divided between those in which the elec-
trical power production is available upon utility
demand (dispatchable) and those where it is not.
In the table, dispatchable applications are further
broken down according to base, intermediate,
and peak load applications. Among applications
where the utility cannot summon electrical power
on command are intermittent technologies (e.g.,
wind turbines and direct solar equipment), when

'These include nuclear power, convent io na | technologies used
mcogeneralion,and conventional equ Ipment which uses biomass;
see p. Iv of this report.

Table 4-1 .—Developing Technologies Considered in
OTA'’s Analysis®

Photovoltaics:
Flat plate systems (tracking and nontracking)
Concentrators
Solar thermal electric:
Solar ponds
Central receivers
Parabolic troughs
Parabolic dishes
Wind turbines
Geothermal:
Dual flash
Binary (large and small)
Atmospheric fluid ized-bed combustors
Integrated gasification combined-cycle
Batteries
Lead acid
Zinc chloride
Compressed-air energy storage (large and small)
Phosphoric-acid fuel cells (large and small)
8For description see box 2A, ch. 2 and table 3-9, ch. 3

they have no storage capacity, as well as any
other technologies not controlled by utilities.

The chapter discusses estimates of the typical
cost and performance of these technologies in
the 1990s. The estimates and extensive references
are presented in appendix A. In presenting the
estimates, the chapter seeks to explain and justify
them, and to point out the expected, most im-
portant determinants of the technologies’ cost
and performance during the 1990s. Technology-
specific research and development (R&D) oppor-
tunities to accelerate the deployment of the tech-
nologies in the 1990s are also addressed.

The cost and performance estimates presented
here are based on the current status of the tech-
nologies and the context within which they are
developing. Information on technical, economic,
political, and other areas was analyzed and in-
terpreted. The levels of uncertainty which var-
ied by technology are also discussed.

75
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Table 4-2.—Selected Alternative Generating and Storage Technologies: Typical Sizes and Applications

Typical configurations in the 1990s

Dispatchable applications® Nondispatchable applicaticnsb
Installation | Base load Intermediate load Peaking load Intermittent Others
size (MW) (60-70% CF) (30-40% CF) (5-15%) (w/o storage) (not utility controlled)
Greater than '
250 MWe | Coal gasification/ Coal gasitication/ n.a.
combined-cycle 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 fluidized- Compressed air storage Solar thermal (w/storage)
bed combustor (maxi CAES) Solar thermal (w/storage)
Solar thermal (w/storage)
Combined-cycie piants Combined-cycie piants Combusiion 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 cells Solar thermal (w/storage) Fuel cells Fuel cells
Sotar thermal (w/storage) Solar thermal (w/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 application, new technologies are shown above the dotted line and conventional technologies are shown below the dotted line

CF = capacity tactor and n.a. = not applicable
apispatchable technologies may not be utility-owned.

bNote that nondispatchable technologies may serve base, intermediate, or peaking loads.

SOURCE: Oftice of Technology Assessment.

GENERATING TECHNOLOGIES

Solar Technologies

Introduction

In seeking ways to directly exploit the Sun’s
energy to produce electric power, two alterna-
tives are being pursued. Solar thermal-electric
technologies rely on the initial conversion of light
energy to thermal energy; the heat typically is
converted to mechanical energy and then to elec-
tric power. Alternatively, photovoltaic cells may
be used to directly convert the light energy into
electrical energy. Between the two technologies,
many variations are being developed, each with
its own combination of cost, performance, and
risk, and each with its own developmental
hurdles.

Most solar electric technologies promise note-
worthy advantages over conventional technol-
ogies.’These include:

1. Free, secure, and renewable energy source:
These are especially important attributes
when contrasted with price and availabil-
ity uncertainties of oil and natural gas.

2. Widely available energy source: Figure 7-
11 in chapter 7 illustrates the distribution
of the solar resource in the United States.

!Note that some solar technologies may use asupplemental fuel

such as oil, gas, or biomass. In such instances, the hybrid system
will not have some of the advantages and disadvantages listed; and
the system will possess some advantages and disadvantages not
listed.
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3. No off-site, fuel-related impacts: The deliv-
ery of solar energy imposes no environ-
mental impacts off-site, unlike the delivery
of conventional fuels which frequently re-
quire a series of steps (exploration, extrac-
tion, refining, transportation, etc.) which
each impose environmental impacts quite
distinct from those at the power plant site
itself.

4. No fuel supply infrastructure required: The
delivery of solar energy does not require
the development of an ancillary fuel-supply
infrastructure as is the case with conven-
tional fuels. A solar plant can operate re-
motely at any site; a coal plant could not
do so without the prior development of an
infrastructure which extracts, refines, and
transports the coal to the plant.

5. Short lead-times.

. Wide range of installation sizes.

7. Declining costs: Many of t he solar thermal
systems are experiencing declining costs,
a fact which reduces risk in any plans to
invest in the technologies.

8. Relatively small water needs: Some of the
solar technologies require little water be-

yond that used for cleaning.

. Litt/e or no routine emissions: Other than
thermal discharges and other than run-off
from washing operations, most solar tech-
nologies do not routinely emit large quan-
tities of wastes into the air, water, or soil. j

10, siting flexibility.

(<2}

©

Though graced by many advantages, solar elec-

tric systems-like any other generating technol-
ogies—also have disadvantages. Among them are:

1. /intermittent supp/y of energy: Solar energy
is subject to uncontrollable and sometimes
unforeseeable variations. It is not always
there when needed. Most obviously, it com-
pletely ceases to be available every day for
extended periods (night) or its power is con-
siderably diminished anytime clouds pass
between the Sun and the surface of the
Earth. in addition, seasonal and annual fluc-
tuations in average solar radiation can be sig-

3Disposal of the tec h nology at the end of itsusefu | lifetime may,

however, create serious waste problems.

nificant.“And these fluctuations put stress
on hardware and can cause control problems.

2. Capita/ intensive: Current solar electric tech-
nologies are characterized by very high cap-
ital costs per kWe.

3 Land extensive: Solar systems use a lot of
land per unit of power. where land is ex-
pensive, land acquisition can greatly in-
crease installation costs. where solar con-
centrators are spread over a large surface
area, soils and microclimates and local eco-
systems can be affected.

4. Water usage: Some solar thermal systems
routinely require large quantities of water;
and all likely will require periodic cleaning.
Where units are used in arid areas, this may
be a problem.

5. Exposure to the elements and to malevo-
lence: Many of the system components are
fully exposed. They therefore suffer from
erosion, corrosion, and other damage from
the wind, from moisture (including hail) and
contaminants in the air, and from tempera-
ture extremes. The systems also may be easy
targets for vandals or saboteurs. For these
reasons most solar electric installations are
enclosed by fences, often with some kind
of barrier for wind protection. And where
reflective mirrors are used, they frequently
are designed not to shatter and to withstand
the elements. A permanent security force
also may be required where the systems are
deployed, but their land extensiveness
makes security difficult.

6. Cost and difficuky of access: The likelihood
that the systems will be built in remote loca-
tions raises problems relating to site access
during construction and for maintenance.
Transmission access may also be difficult or
expensive to obtain.

Photovoltaics

introduction.—A photovoltaic (PV) cc// is a
thin wafer of semiconductors material which con-

‘ltwas reported, for example, that the solar flux at Solar One,
a solar-thermal central receiver plant in California, has been 25 per-
cent lower than in the base year (1 976) used for planning purposes
for the plant, This may be due to the increased atmospheric par-
ticulate load imposed by recent volcanic eruptions.

5A semiconductor s a material characterized by a conductivity
lying between that of an Insulator and that of a metal.
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verts sunlight directly into direct current (DC)
electricity by way of the photoelectric effect, Cells
are grouped into modules, which are encapsu-
lated in a protective coating. Modules may be
connected to each other into panels, which then
are affixed to a support structure, forming an ar-
ray (see figures 4-1 and 4-2). The array may be
fixed or movable, and is oriented towards the
Sun. Any number of arrays may be installed to
produce electric power which, after conversion
to alternating current (AC), may be fed into the
electric grid. | n a PV installation, all the compo-
nents other than the modules themselves are col-
lectively termed the balance-of-system.

At present, PV systems are being pursued in
many different forms. Each seeks some particu-
lar combination of cost and performance for the
module and for the balance-of-system. In a con-
centrator module, lenses are used to focus sun-
light received at the module’s surface onto a
much smaller surface area of cells (see figure 4-
2); all available concentrator systems follow the
Sun with two-axis tracking systems. A flat-plate
module is one in which the total area of the cells

used is close to the total area of sunlight hitting
the exposed surface of the module. Various
mechanisms such as mirrors can be used to di-
vert light from adjacent spaces onto the exposed
surface of the modules. Flat-plate systems may
be fixed in position or may track the Sun with
either single or two-axis tracking systems.

The parallel development of these two types
of PV modules and systems reflects a basic tech-
nological problem: it is difficult to produce PV
cells which are both cheap and highly efficient.
Cheap cells tend to be inefficient; and highly ef-
ficient cells tend to be expensive. Some PV sys-
tems which are being developed for deployment
in the 1990s are emphasizing cells which are rela-
tively cheap and inefficient; such cells are used
in flat-plate modules. Others are using a smaller
number of high-cost, high-efficiency cells in con-
centrator systems.

In either case, if PV systems are to compete
with other grid-connected generating technol-
ogies in the 1990s, their cost and overall risks wiill
have to come down and their performance wiill

Figure 4.1 —Features of a Flat-Plate Photovoltaic System

The basic hierarchy of a PV generator is the solar cell; the module, or group of cells connected in series or parallel; and the array, or group of

modules connected in series or parallel.

SOURCE: Solar Energy Research Institute (SERI), Photovoltaics: Technical Information Guide {(Golden, CO: SERI, 1985), SERI/SP-271-2452.
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Figure 4-2.—Schematic of a Conceptual Design for a High Concentration Photovoltaic Array

. Ut e airgyw LaLE

SOURCE: Black & Veatch, Engineel
Institute, 1984) EPRI AP-3263

have to improve. There is considerable disagree-
ment over which particular PV system is the
strongest contender for this market. Market
penetration will depend on the current state of
the particular variety of PV system; the potential
for cost reductions and performance improve-
ments; and on the reduction in risk perception
among prospective investors in grid-connected
installations.

At present, two types of modules appear to be
the leading contenders. One is the flat-plate mod-
ule based on tandem cells made from amorphous
silicon; the other is the concentrator module,
probably using crystalline silicon.

There are a number of reasons why the con-
centrator module could be the photovoltaic tech-
nology of choice in central station applications

rs-Architects, Conceptual Design for a High-Concentration (500X) Photovoltaic Array (Palo Alto, CA: Electric Power Research

in the near term. The crystalline silicon cell is rela-
tively well understood, as are the techniques for
making such cells. The cells have been manufac-
tured for many years, and information on cell per-
formance after extended exposure to the ele-
ments is rapidly accumulating. Concentrator
modules may offer a favorable combination of
cost and performance in the Southwest, where
early central station deployment probably wil be
greatest. And the prospects are good that cost and
performance improvements can be made during
the balance of the century. Many of the improve-
ments do not appear to require basic technical
advances but rather incremental improvements
and mass production.

Flat-plate modules using amorphous silicon
meanwhile are expected to continue to develop.
But basic technical improvements must be made
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before extensive grid-connected deployment will
occur. The current technology is too inefficient.
Efficiencies must be improved, and the perform-
ance of the improved modules must be estab-
lished over time and under actual conditions. This
combination of technical improvements and the
need to establish a clear, long-term performance
record will take a substantial period of time. Be-
cause of this, amorphous-silicon flat-plates may
not offer a superior choice for central station ap-
plications until the latter part of the 1990s or later.
There is a small possibility, however, that rapid
improvement in the cost and performance of
amorphous modules is likely and that they will
compete successfully with concentrators during
most of the 1990s.

Regardless of technology, the commercial pros-
pects for PV systems wil depend heavily on con-
tinued technical development and the volume
of production. Factors influencing either techni-
cal development or production levels therefore
will strongly affect cost and performance in the
1990s.

The Typical Grid-Connected Photovoltaic
Plant in the 1990s.—In the 1990s, central station
applications probably will be favored over dis-
persed applications. Indeed, by May 1985, ap-
proximately 19 MWe of PV power in multimega-
watt central station installations were connected
to the grid in the United States—this was most
of the grid-connected PV capacity in the coun-
try. This capacity was divided roughly equally be-
tween concentrator and flat-plate modules. By
1995, as much as 4,730 MWe could be located
in such installations nationwide.b Capacity prob-
ably will be concentrated in California, Florida,
Hawaii, Arizona, and New Mexico.’

In this analysis, it is assumed that the typical
grid-connected photovoltaic system in the 1990s
is a centralized photovoltaic system (see figure
4-3). Unless otherwise stated, the numbers re-

¢Thisisthe range provided by Pieter Bos (Polydyne Inc.), as esti-
mated in a submission at the OTA Workshop on Solar Photovol-
talc Power (Washington, DC, June 12, 1984) and discussed by May-
cock and Sherlekar (Paul D. Maycock and Vic S. Sherlekar,
Photo\ -oltaic Technology, Performance, Cost and Market Forecast
to 1995. A Strategic Technology& Market Analysis (Alexandria, VA:
Photovoltaic Energy Systems, Inc., 1984), pp. 130-1 36.),

7Ibid.

ferred to in this discussion are drawn from table
A-1in appendix A, where full references are pro-
vided. The discussion emphasizes the use of pho-
tovoltaic systems for the production of electricity
alone. Such applications are expected to account
for most central station photovoltaics in the
1990s. However, a significant share of photovol-
taic systems may cogenerate both electric power
and usable heat.

Given the modularity of photovoltaic systems,
the rated capacity of central PV facilities in the
1990s will vary widely. An installation of 10 MWe
is used here as a typical plant. This 10 MWe PV
plant might occupy approximately 40 to 370
acres. The installation would consist of approxi-
mately 500 to 1,250 arrays, each of which would
be supported by a structure resting on some kind
of foundation. If the arrays are to track the Sun,
they would require a motor and other tracking
equipment. Currently, all central station PV plants
use trackers, and evidence suggests that most
central stations in the 1990s will too.?

Equipment also would be required to ground
the arrays, to detect faults, and protect against
faults. Direct-current wiring would connect the
arrays to power-conditioning subsystems (PCS)
which would control the arrays, convert the DC
power produced by the arrays into a form suit-
able to the grid—constant voltage AC power—
and regulate the switchgear.® (See figure 4-4.)

The environmental impact of large PV plants
is likely to be extensive (see figure 4-5). During
construction, impacts will result mostly from dis-
ruption of the soils, vegetation, and wildlife by
the heavy machinery. Impacts after construction
will relate to changes in the microclimate, ecol-
ogy and appearance of the area from the simple
presence of the large arrays and from routine
maintenance. The latter could include activities

8See for example: Gary ). Jones, Energy Production Trade-Offs
in Photovoltaic System Design (Albuguerque, NM: Sandia National
Laboratories, 1983), SANDS82-2239. One reason for this is that
trackers allow for higher electricity production and permit capital
investment to be amortized more rapidly.

9For a good discussion of the basic components of a PV installa-
tion, see: Paul D. Sutton and C.). Jones, ‘‘Photovoltaic System Over-
view,"" Advanced Energy Systems—Their Role in Our Future:
Proceedings of 19th Intersociety Energy Conversion Engineering
Conference, August 19-24, 1984 (San Francisco, CA: American Nu-
clear Society, 1984), paper 849251,
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Figure 4-3.—A View of a Recently Installed Photovoltaic Central Station

SOURCE ARCO Solar, Inc

such as dust abatement measures, vegetation
control efforts, and periodic cleaning of the
modules.

The lead-time required to deploy a PV plant
is potentially quite short, perhaps 2 years—in-
cluding planning, licensing, permitting, construc-
tion, and other elements. Construction itself
should be quick and simple. Licensing and per-
mitting should proceed very rapidly because
many of the environmental impacts are low rela-
tive to those associated with conventional tech-
nologies. However, large PV plants will be new
to most areas in the 1990s; and the land-extensive
character of the technology raises problems
which could engender controversy, leading to
regulatory delays.

System Cost and Performance.-Operating
availabilities of 90 to 100 percent are anticipated
for the multimegawatt PV installation of the
1990S.”This will be affected primarily by the
number of PCSS required and their quality. Most
operating large PV systems today are charac-
terized by operating availabilities below this—
between 80 and 90 percent-usually as a result
of problems with the PCSS. | n order to reach the
expected range of operating availabilities, PCSS
must be developed which can operate reliably.

1°Operat ng avalabihityofindividual arrays wil | be betweenY5
and 100 percent, depending mostly on the performance of trackers,

if they are used. Recent experience with trackers suggests that their
operating availabil ities shou Id not fal | below that range.
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Such systems now are being developed and may
be available during the 1990s.

Equipment lifetimes of up to 30 years are an-
ticipated, but they wil depend mostly on the life-
time of the modules, the trackers (if they are used)
and the PCS, and the lifetimes for all three types
of equipment are still uncertain. By far the most
important component in this regard is the mod-
ule; degradation and failures may seriously
shorten its life.

Capacity factors will differ noticeably from sys-
tem to system, depending on the general design
features as well as on the location of the system
and atmospheric conditions. In this analysis, ca-
pacity factors'for fixed flat-plate systems vary
littte-they range from 20 to 25 percent in Bos-
ton to 25 to 30 percent in Albuquerque. The ca-
pacity factors for tracking flat-plate systems are
assumed to range from 30 to 40 percent, ’ °?
though, this has yet to be verified nationwide.
The capacity factor for concentrator systems
varies by a larger margin by location—from 20
to 25 percent in Boston and Miami, to 30 to 35
percent in Albuquerque.

The modules and the balance of system (BOS)
jointly determine capital costs and efficiency.
Module cost and efficiency, as discussed above,
depends on whether the system utilizes flat-plate
modules or concentrator modules. Regardless of
module or whether the array is fixed or tracking,
BOS efficiencies are likely to fall within the same
rough range. The costs of the BOS, however, will
vary greatly, depending on whether or not a
tracking system is used.

The typical multimegawatt flat-plate module PV
station in the 1990s probably wil produce elec-
tric power with an efficiency between 8 to 14 per-
cent. Capital costs are expected to range between
$1,000/kWe and $8,000/kWe in Albuquerque,
and higher elsewhere in the country. instal'ations
using concentrator modules should be more
efficient-with a 12 to 20 percent efficiency. Cap-
ital costs for concentrator modules i n Albuquer-
que should be between $1,000/kWe and $5,000/
T Capacity factoris the ratio of the annual energy output ( kWe

(AC)) of a plant to the energy output (kWe (AC)) It would have had
if it operated continuously at ItS nominal peak operating cond It ions.

120TA staff interview withD.G. Schueler, Manager, Solar Energy
Department, Sandia Laboratories, Albuquerque, NM, AUg. 7, 1984,

kWe; costs will be higher in areas with lower
levels of direct sunlight.

Cost reductions and performance improve-
ments in PV systems will require the deployment
of highly automated processes capable of mass
producing cells as well as efficiently producing
other components, such as tracking equipment
and lenses for concentrators.

Another important element of cell costs will be
the cost of silicon. If cell costs are to be driven
down, either the quantity of silicon consumed
per kilowatt-electrical of cell produced must be
reduced; or silicon costs must be lowered either
through new production techniques or by an ex-
pansion of silicon production capacity. More
material-efficient cells are being developed which
require less silicon per kilowatt-electrical pro-
duced.”Efforts are also underway to develop sili-
con production processes which can produce
low-cost silicon. There is a fair chance that these
siicon production processes will be successfully
developed and available in the 1990s.* And evi-
dence indicates that the additional silicon pro-
duction capacity will be built when needed .15

PV plants should have low operating and main-
tenance costs—probably ranging from 4 to 28
mills/kwWh in the 1990s. These estimates are
highly uncertain, though, and wil only become
more definite as more systems are placed in the
field. Questions about module lifetimes, tracker
problems, and difficulties with the PCS make
operating and maintenance (O&M) cost projec-
tions uncertain.

Two other areas of uncertainty may increase
O&M costs. The first is that dirt accumulating on
the modules may reduce their efficiency. ’b Rain

137 good discussion of silicon and its importance as a driving force
behind the development of alternative PV technologies can be
found in: Paul D. Maycock and Vic S. Sherlekar, Photovoltaic Tech-
nology, Performance, Cost and Market Forecast to 199.5. A Strate-
gic Technology & Market Analysis, op. cit.,, 1984.

4L eonard J. Reiter, A Probabilistic Analysis 0?’ $iliconCost ( Pasa-
dena, CA: Jet Propulsion Laboratory, 1983), DOE/JPL/1012.

15Roberty Steele, ‘Strategies OnPoly,”” Photo voltaics Interna-
tional,vol. I, No. 4, August/September 1984, pp. 6-8.

6For example, in a module performance evaluation program con-
ducted by the MIT Lincoln Laboratory and the Jet Propulsion Lab-
oratory, “the greatest single cause of power loss has been soil ac-
cumu lation.” (Edward C. Kern, Jr., and Marvin D. Pope,
Development and Evaluation of Solar Photoy oltaic Systems: Final
Report (Lexington, MA: MIT, 1983), DOE/ET/20279-240.
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has been found to be an effective cleaner, but
often the best areas for photovoltaics have little
rain. With flat-plate systems, dirt does not seem
to be as much of a problem as with concentra-
tors. The second problem is wind damage. Most
existing photovoltaics and solar thermal plants
have suffered damage from wind blown sand,
though methods to prevent this are being de-
veloped.

Solar Thermal= Electric Powerplants

Technology Descriptions. -Solar thermal-elec-
tric plants convert radiant energy from the Sun
into thermal energy, a portion of which subse-
quently is transformed into electrical energy.
Among the systems, there are four which, with
some feasible combination of reduced costs and
risks and improved performance, could be de-
ployed within the 1990s in competition with

other technologies and without special and ex-
clusive Government subsidies. They are central
receivers, parabolic troughs, parabolic dishes,
and solar ponds. Brief descriptions of these tech-
nologies are provided below.

Centra/ Rece;ver.—A central receiver is charac-
terized by a fixed receiver mounted on a tower
(see figure 4-6). Solar energy is reflected from a
large array of mirrors, known as heliostats, onto
the receiver. Each heliostat tracks the Sun on two
axes. The receiver absorbs the reflected sunlight,
and is heated to a high temperature. Within the
receiver is a medium (typically water, air, liquid
metal, or molten salt) which absorbs the re-
ceiver’s thermal energy and transports it away
from the receiver, where it is used to drive a tur-
bine and generator, though it first may be stored.

Parabo/ic Dishes. —parabolic dishes consist of
many dish-shaped concentrators, each with a re-

Fgued46 The Soa One Powe p an
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ceiver mounted at the focal point. The concen-
trated heat may be utilized directly by a heat en-
gine placed at the focal point (mounted-engine
parabolic dish); or a fluid may be heated at the
focal point and transmitted for remote use (re-
mote-engine parabolic dish). Each dish/receiver
apparatus includes a two-axis tracking device,
support structures, and other equipment (see
figures 4-7, 4-8, and 4-9).

Solar Troughs.-With a parabolic trough, the
concentrators are curved in only one dimension,
forming long troughs. The trough tracks the Sun
on one axis, causing the trough to shift from east
to west as the Sun moves across the sky. A heat
transfer medium, usually an oil at high tempera-
ture (typically 200 to 400° C), is enclosed in a
tube located at the focal line. The typical instal-
lation consists of many troughs (see figure 4-1 O).

The oil-carrying tubes located at their focal lines
are connected on each end to a network of larger

pipes. The oil is circulated through the tubes
along the focal lines, flows into the larger pipes,
and is pumped to a central area where it can be
stored in tanks or used immediately. In either
case, it ultimately passes through a heat ex-
changer where it transfers energy to a working
fluid such as water or steam which in turn is
routed to a turbine generator. At the Solar Energy
Generating units in southern California, the only
large trough installations in the United States, the
oil’s heat is supplemented with a natural gas-fired
combustion system to obtain adequate steam
temperatures to drive the turbine. After passing
through the steam generator. The oil is used to
preheat water destined for the steam generator;
the oil may be returned to the trough field.

So/ar Pond.-In an ordinary body of open
water, an important mechanism which influences
the thermal characteristics of the reservoir is nat-
ural convection. Warmer water tends to rise to

Figure 4.7.—An Artist’'s Conception of a Multi-Megawatt Parabolic Dish Installation

SOURCE: McDonnell Douglas Corp. brochure.




86 ¢ New Electric Power Technologies: Problems and Prospects for the 1990s

Fgue48 Vewo helade Ene gyCo s Soarpan
nSouhenCa ona

Fgued49 AnEmpoyeeo he Lale Ene gy Co
nspec ngOneo he24 M osWhchAe
Assemb ed Be ow Each nd dua Rece e

the surface; and if the water is warmer than the
ambient air, it tends to lose its heat to the atmos-
phere. A solar pond (see figure 4-11) is designed
to inhibit this natural process. The creation of
three layers of water, with an extremely dense
layer at the bottom and the least dense layer at
the top, interferes with the movement of warmer
bottom waters toward the surface. Salt is used
to increase the density of the bottom layer, form-
ing a brine, to the point where its temperature
can go as high as 227° F. The heat in this bot-
tom layer can then be drawn off through a heat
exchanger, where the brine transfers its heat to
an organic working fluid which in turn can drive
an engine to produce electric power.

General Overview.-Within most of the above
mentioned technologies, many variations now
exist or could exist. The discussion here is con-
fined to those variations which appear to affect
prospects for solar thermal-electric systems in the
1990s. The discussion is intended to be a brief
survey rather than exhaustive examination of the
technologies.

Each technology is characterized by a particu-
lar set of advantages and disadvantages (see ta-
ble 4-3) which together define its prospects this
century. All of the technologies share a principal
disadvantage in that costs and performance are
currently uncertain. The level of uncertainty can
only be reduced sufficiently as commercial-sized
units are deployed and operated. In some cases,
research and development hurdles must still be
solved before commitments are likely to be made
to early commercial units, Until this occurs, the
chances for widespread commercial application
for any one technology during the 1990s are quite
small, regardless of the technology’s ultimate
promise. At least one operating system is required
to reduce cost and performance uncertainty to
a level where it no longer is a primary impedi-
ment to extensive investment; and perhaps sev-
eral units—including early commercial units—
would be necessary. The time and expense asso-
ciated with these early demonstration and com-
mercial units are critical elements in determin-
ing the commercial prospects of the solar thermal
technologies in the 1990s.
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While the need to reduce uncertainty is of
prime importance, efforts to improve cost and
performance through continued research and de-
velopment also could enhance the prospects for
the technologies in the 1990s. The primary R&D
needs are different for each technology though
generally efforts directed towards the develop-
ment of low-cost, durable, and efficient concen-
trators, receivers, and heat engines are most im-
portant. * "Also very important wil be the need

‘TMore detailed information on R&D needs for solar thermal tech-
nologies can be tou nd inSandiaNational Laboratories, U.S. De-
partment of Energy, Fite Year Research and Development Plan
1985-1989, draft (Livermore, CA: SandiaNational Laboratories, De-
cem her 1984); and Edward 1, t+. Lin, AReview of the Salt Gradient
Solar Pond Technology (Pasadena, CA: Jet Propulsion Laboratory,
1982), DOE/SF-2 2252-1

38-743 0 - 8 - 4
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for adequate data on the solar resource across
the country.”

Solar Ponds and Centra/ Receivers.— Neither
solar ponds nor central receivers appear to re-
quire major technical breakthroughs before they
can be commercially applied. But because no
commercial-scale solar ponds or central receivers
are now operating in the United States, because
none are now under construction in this coun-
try, and because of the long lead-times expected
for the installations, it will be very difficult to de-
ploy enough demonstration and early commer-

18B p G u pta, Solar Thermal Research Program, AnnualResearch
Plan, Fiscal Year 1985 (Golden, CO Solar Energy Research|nst: -
tute, 1984).
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Figure 4-il.—Solar Pond Powerplant Concept
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tSotar Ponds in the United States (Pasadena, CA: Jet Propulsion Laboratory,

Table 4-3.—Advantages and Disadvantages of Solar Thermal Electric Systems

Characteristic

Technology

Parabolic dishes Parabolic dishes Central
Solar ponds Solar troughs (mounted-engine) (remote engine) receiver

1. Demonstrated in U.S. at commercial scale? .. No (—) Yes (+) Yes (+) Yes (+) No (-)
2. Privately financed plants now operating?..... No (—) Yes (+) No (-) Yes (+) No (-)
3. Nonelectric/repowering/cogeneration
market?. ... . . Yes (+) Yes (+) No (-) Yes (+) Yes (+)
4. Overall efficiency . ........................ very low (—) low (-) high (+) low (-) med (0)
5. Number of engines/kWe ................... low (+) low (+) high (=) low (+) low (+)
6. Degree of modularity . ..................... low (—) low (=) high (+) low (-) low (-)
7. Able to use indirect or diffuse sunlight? ... .. yes (+) no (-) no (-) no (-) no (-)
8. Thermal storage capability of 1 hour
OFMOTe? . .ttt et yes (+) yes (+) no (-) yes (-) yes (+)
9. Supplementary fuel required?............... no (+) yes (-) no (+) no (+) no (+)
10. Water requirements . ...................... high () med (o) low (+) med (0) med (2)
Total, all categories:
+ (major advantages) 5 5 5 5 5
— (major disadvantages) 5 4 5 4 4
. (moderate advan/disadvan) 0 1 0 1 2
Total, categories 3-10:
+ (major advantages) 5 3 4 3 4
— (major disadvantages) 3 4 4 4 2
0 1 0 1 2

. (moderate advan/disadvan)

SOURCE: Office of Technology Assessment
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cial units quickly enough to sufficiently reduce
uncertainty about cost and performance. Further-
more, the expense of such early units is high
enough that it is very unlikely that any entity or
group of entities outside of government presently
would invest in such units without special gov-
ernment incentives. In short, the time and ex-
pense associated just with reducing risks for these
two technologies strongly mitigate against the
provision of sizable amounts of electric power
by the technologies within the 1990s. It is likely
that only a sizable and immediate government
intervention to encourage rapid deployment of
demonstration units and subsequent units could
reduce uncertainty to the point where it no longer
is a major impediment to commercial investment
in the 1990s.

Should such intervention occur and if the po-
tential advantages of the solar ponds and central
receivers are realized, both technologies offer
favorable balances of advantages and disadvan-
tages which could stimulate considerable private
investment in the 1990s. Between the two tech-
nologies, the central receiver probably would be
most widely deployed. Solar ponds must be lo-
cated in areas where land, water, and salt are
plentiful. Such sites are far less common than the
sites available to central receivers, which require
considerably less land, less water, and do not re-
quire such large quantities of salt. Siting options
therefore are greater with the central receiver. *

Furthermore, the central receiver is a more ma-
ture technology. A 10 MWe (net) pilot facility,
Solar One, has operated successfully in southern
California since 1982; and a small experimental
facility, rated at 0.75 MWe (gross) has been oper-
ated in New Mexico .*” Small central receivers
also have been built and operated overseas, but
no solar pond has ever produced electric power
in the United States. However, a 5 MWe unit is
in operation in Israel and several ponds have

'9For a discussion of the sotar pond’s prospects in California, and
of the nm itations regard 1ng sites, see Marshal F. Merriam, Electri-
city Generation from Non-Convective Solar Ponds in California (Ber-
keley, CA: Universitywide Energy Research Group, December
1983), UER-109,

2John T. Holmes, “The Solar Molten Salt Electric Experiment, ”
Advanced Energy Systems-Their Role in Our Future: Proceedings
of the 19th Intersociety Energy Conversion £ngineering Conference,
Aug. 19-24, 1984, (San Francisco, CA: American Nuclear Society,
1984), Paper 849521,

been built and operated in the United States and
elsewhere for applications other than the produc-
tion of electricity. The solar pond concept how-
ever is considered to be well established and the
successful commercial deployment of the tech-
nology is not expected to require any major tech-
nical breakthroughs. *1

Parabolic Troughs and Dishes.— Unlike the
ponds and central receivers, parabolic dishes and
parabolic troughs already have been deployed
in commercial-scale units. Indeed, commercial
installations financed by private investors assisted
by the Renewable Energy Tax Credits now are
operating. Further demonstration and early com-
mercial units are being planned over the next 5
years, though the extent to which the plans are
realized depends heavily on Government tax pol-
icies or funding, As current units continue to
operate, and as new units are added, the level
of uncertainty and risk associated with the tech-
nologies will continue to drop.

At present, the parabolic trough is the most
mature of the solar thermal electric technologies,
with commercial units operating, under construc-
tion, and planned. Nearly 14 MWe (net) of pri-
vately financed capacity already is operating in
southern California at the Solar Electric Gener-
ating System-1 (S EGS-l); an additional 30 MWe
(net), the Solar Electric Generating System-n
(SEGS-11), now is being built. Additional capac-
ity— 150 MWe or more—may be added by early
1989. if the energy tax credits are extended in
some form. Whatever the case, by 1990 more
commercial experience will have been logged
with this technology than any other solar thermal-
electric alternative. The resultant low level of risk
will constitute an important advantage for this
technology. Other important advantages will be
the technology’s inherent storage capacity and
the relatively wide variety of markets to which
it could be applied—including industrial process-
heat applications.

21 See:1) Massachusetts | nstitute of Technology, A State-of-the-
Art Study of Nonconvective Solar Ponds for Power Generation (Palo
Alto, CA: Electric Power Research Institute, January 198S), EPRI AP-
3842. 2) Edward [.H.Lin, A Review of the Salt Gradient Solar Pond
Technology, op. cit., 1982,
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But the troughs are saddled with several seri-
ous disadvantages which to some extent will con-
strain deployment. The technology’s low effi-
ciency is its most serious disadvantage. Another
is the need by the SEGS units for a supplemen-
tary fuel such as oil or gas, and for considerable
volumes of water. Finally, the system of conduits
through which the heat-absorbing oil flows may
develop problems or the oil itself may degrade
at an excessive rate; these potential problems
have not yet materialized at the SEGS-I installa-
tion, but further operating experience is required
before long-term performance can be proven.

Two types of parabolic dishes may be de-
ployed in the 1990s: the mounted-engine para-
bolic dish and the remote-engine parabolic dish.
Each offers many design options. The primary ad-
vantages of the mounted-engine units are their
high efficiencies, low water consumption, and
ability to operate without supplemental fuel. The
small size of the basic electricity-producing mod-
ule also carries with it advantages. The system
may be installed in many sizes, and multi module
installations may produce electric power long be-
fore the full installation is completed; individual
modules or groups of modules may begin oper-
ating while others are being installed. Together
these advantages provide the technology with
considerable siting flexibility and potentially very
short lead-times.

The largest disadvantage of the mounted-engine
unit is the relatively high level of uncertainty
about its performance, and the possibility that the
engines may require an excessive amount of
maintenance. Only three commercial-scale dem-
onstration units—at about 25 kWe (net) each—
had been deployed by May 1985, and few are
scheduled to be deployed by 1990; no commer-
cial installation yet exists, or is under construc-
tion. Other disadvantages include the lack of stor-
age capacity and the inability to readily adapt the
technology to cogeneration or nonelectric appli-
cations.

The remote-engine dishes, like the troughs, en-
joy the advantage of being used at present in a
commercial installation. A 3.6 MWe system, built
by Lalet, Inc., now is operating in southern Cali-
fornia. Also, like the troughs, the remote-engine
technology may use as few as one or two engines;

engine-related O&M costs therefore could be
much lower than those of the mounted-engine
parabolic dishes. The remote-engine technology
in addition may be easily used for nonelectric ap-
plications. The LaJet design at present does not
require a supplemental fuel.

But the remote engine technology is inefficient;
much heat is lost as the heat transfer fluid is
pumped from the collector field to the turbines.
Also, the system has little storage capacity; elec-
tricity production therefore cannot be deferred
for very long. And unlike the mounted-engine
units, the remote-engine technology consumes
sizable volumes of water.

Both dishes and troughs suffer from the same
serious problem—they lack the cost and perform-
ance certainty which can only be gained through
more commercial-size operations. This mitigates
against private sector investment which is not in
some manner accompanied by government sup-
port. At the current pace, it is uncertain whether
the situation will change over the next 5 to 10
years.

Generally, capital costs will have to be reduced
and performance improved if the technologies
are to be deployed. To some extent this can be
fostered by research oriented towards incre-
mental improvements of the commercial-scale
systems now operating. The most useful research
would concentrate on low-cost, durable, and
highly reflective reflector materials and inexpen-
sive, long-lasting receivers and engines. But if the
technologies are to be extensively deployed in
the 1990s, the greatest overall need is to reduce
uncertainty and thereby increase demand to the
point where economies of scale can drive costs
down.

By virtue of the fact that commercial-scale sys-
tems now are operating for troughs and dishes,
the level of cost and performance uncertainty
among the troughs and dishes will be consider-
ably lower than the uncertainty associated with
the central receiver and ponds in the 1990s. Be-
tween troughs and dishes, uncertainty will be
lowest for troughs, highest for the mounted-
engine dishes, and somewhere in between for
remote-engine dish systems.
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The mounted-engine dishes, in particular could
benefit from greater deployment of commercial-
scale units. A considerable reduction in uncer-
tainty and greatly improved commercial pros-
pects might result. Under such conditions, the
mounted-engine parabolic dishes could eliminate
the current lead enjoyed by parabolic troughs
among the solar thermal technologies. If the en-
gines perform well, the parabolic dish technol-
ogy could well become the prevalent choice for
solar thermal electricity production in the 1990s.

Typical Solar Thermal-Electric Installation for
the 1990s.—The precise cost and performance
of the solar thermal-electric systems in the 1990s
will vary widely according to system design, loca-
tion, overall market size, risk, and many other
factors. No attempt here is made to fully discuss
the cost, performance, and uncertainty of all the
many solar thermal technologies. Rather, a sin-
gle technology-the mounted-engine parabolic
dish-is examined in fuller detail and used for
reference purposes. The cost and performance
numbers shown i n appendix A, table A-2 for the
mounted-engine parabolic dish installation in the
1990s represent reasonable estimates, but obvi-
ously should be viewed with caution.

By 1995, mounted-engine parabolic-dish plants
might account for up to 200 MWe of installed ca-
pacity, The deployment level depends mostly on
the extent of Government support over the next
5 to 10 years—primarily the Renewable Energy
Tax Credit—and avoided cost rates.

The reference plant used in this analysis con-
sists of 400 electricity producing modules, each
independently tracking the Sun and producing
electric power. The plant would have a gross ca-
pacity of 10.8 MWe and a net capacity of 10.2
MWe-the 0.6 MWe difference goes primarily to
driving the tracking motors which keep the dish
properly oriented toward the Sun during the day,
and to cooling the engine. Other equipment re-
quired on the site include a central control unit,
electric power subsystems, buildings, mainte-
nance facilities, and other equip ment.”

2\Where Stirling engines are used, the other equipment includes
systems which pressurize hydrogen for use i n the Stirling engines,

The amount of time required to build the plant
should be very short, perhaps 2 years. The great-
est uncertainty in this estimate lies with permit-
ting and licensing. A large area of land—approx-
imately 67 acres—would be required for the
installation; the impacts of the development
would be extensive. The most obvious impact
would be visual, arising from the modules, roads,
and transmission lines (see figure 4-7). Serious im-
pacts on the soil and vegetation of the area could
also occur. Installations in the 1990s probably
would be concentrated in arid areas which have
fragile soil and plant communities. Regulatory de-
lays could result from concerns over all these im-
pacts. Indeed, such problems reportedly have de-
layed the planned expansion of LaJet’s Solarplant
1 facility in southern California (see box 7B in
chapter 7).

The overall operating availability” of the instal-
lation could be quite high for several reasons.
Routine maintenance could be conducted at
night. Should a module not be working during
the day, its incapacity would not impede the
operation of other modules. As long as large num-
bers of unpredictable failures do not occur (as
for example might happen after a severe and
damaging storm), then high operating availabil-
ities for the system as a whole can be maintained.
The reference system used in this analysis is
characterized by operating availabilities of 95
percent.

The expected plant lifetime is 30 years. Many
of the components are relatively simple and dura-
ble. The power conversion unit (PCU) located at
the focal point, which uses relatively unproven
technology, is the component which creates the
greatest uncertainty about plant lifetime, It is an-
ticipated, however, that with a regular and per-
haps expensive maintenance pregram, this uncer-
tainty can be greatly reduced, although further
development is needed to assure this.

2}Qperating availability here refers to the average percentage Of

modules capable of operating between sunrise and sunset. A 95
percent availability indicates that during the average day, 5 per-
cent of the modules are not operating.
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Wind Turbines
Introduction

A wind turbine converts wind into useful me-
chanical or electrical energy. Wind turbines may
be classified according to the amount of electri-
city they generate under specified wind condi-
tions. A small turbine generates up to 200 kWe,
an intermediate-sized turbine can deliver from
100 to 1,000 kWe, and a large system may pro-
duce more than 1 MWe.

Since the early 1970s, the development of wind
technologies for electric power production has
followed two relatively distinct paths-one di-
rected towards small turbines and the other
towards the large machines. As the efforts relat-
ing to the large turbines bogged down with tech-
nical and economic problems, the small turbines
—aided by State and Federal tax incentives—
progressed very rapidly. In the early 1980s, wind
turbines were extensively deployed, mostly in
California, where 8,469 turbines were operating
by the end of 1984. The total capacity of these
units was approximately 550 MWe. Almost all
were erected at windy locations, in clusters called
“wind farms. ” By the end of 1984, many thou-
sands of wind machines, with a total installed ca-
pacity of over 650 MWe, were producing elec-
tric power in the United States, and almost all
were small turbines (see figure 4-1 2).

As operating experience accumulated with the
small machines, both manufacturers and inves-
tors began to gravitate towards intermediate-sized
machines. By the end of 1984, intermediate-sized
machines were being deployed in small humbers.
It is widely believed that if large numbers of wind
turbines are to be manufactured and deployed
in the 1990s, in free competition with other
generating technologies, intermediate-sized ma-
chines probably wil be favored over both small
and large machines. Only the intermediate-sized
machines promise sufficiently cheap power with-
out imposing unacceptable risks (figure 4-13 il-
lustrates a intermediate-sized vertical-axis wind
turbine).

While it appears that the total installed capac-
ity of wind turbines in the United States may ex-
ceed 1,000 MWe by 1985, the rate of subsequent

Figure 4-12.—Maintenance Crews Performing
a Routine Inspection of a Small Wind Turbine

SOURCE: U.S. Windpower, Ed Linton, Photographer

deployment is a matter of speculation. Given the
short time within which a wind farm can be de-
ployed and operated-from 1 to 2 years, exclud-
ing wind data gathering—growth u rider favora-
ble circumstances could be extremely rapid. it
is possible that the market potential for wind tur-
bines could be as high as 21,000 MWe for the
1990-2000 period.*

The areas most favored for wind farms are those
with good wind resources, heavy reliance on oil
or gas, and with an expected need for additional
generating capacity. They are located mostly in
California, the Northeast, Texas, and Oklahoma.
There are, however, less extensive but neverthe-
less promising opportunities elsewhere in the
country, especially in parts of the Northwest,
Michigan, and Kansas.”Most-though not all-

24Science Applications International Corp., Ear/y Market Poten-
tial for Utility Applications of Wind Turbines, Preliminary Draft (Palo
Alto, CA: Electric Power Research Institute, December 1984), EPRI
Research Project 1976-1.

25| bid.
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Figure 4-13. —A 500 kW Vertical” Axis Wind Turbine

SOURCE Southern California Edison Co.

turbines probably will continue to be installed in
relatively large wind farms rather than individu-
ally or in small clusters. Figure 7-10 in chapter
7 indicates the distribution of the wind resource
and the areas of the United States where wind
development is most favored.

A Typical Wind Farm in the 1990s

The reference wind farm used in this analysis
is summarized in appendix A, table A-4. A typi-
cal wind farm in the 1990s may consist of up to
several hundred, 200 to 600 kWe wind turbines;
the reference wind farm consists of 50 turbines
with ratings of 400 kWe each. Installations could
vary widely in the number of turbines deployed
or in their exact ratings. But based on current pro-
jections, the important cost and performance
characteristics would be common to the average

facility considered by investors during that
decade.

In addition to the turbines themselves, related
equipment will be necessary at the site, includ-
ing power conditioning equipment, system pro-
tection devices, security fencing, metering devices
for measuring turbine output, wind measuring
equipment for monitoring site conditions and
equipment performance, control buildings, and
a fabrication yard where equipment is stored and
assembled .*

The turbines of the reference wind farm would
be distributed over an area of anywhere from 300
to 2,000 acres, depending on the topography,
prevailing wind direction, the shape and orien-
tation of the property on which the farm is lo-
cated, and the size of turbines being used. The
turbines are spaced to avoid excessive interfer-
ence with each other. Because installation and
maintenance of the turbines requires vehicular
access, at least one road leads to a wind farm and
to each individual wind turbine (see figure 4-14)
unless topography, surface characteristics, and
regulations allow access without roads. Since the
performance of the turbines and the cost of their
power depends directly on wind exposure, all
major obstructions such as trees would be re-
moved.”

It is evident that the major environmental im-
pacts of wind farms will result from their initial
construction as well as from their high visibility,
their extensive road networks, and from the activ-
ities of maintenance crews on the roads and
around the turbines.” Among the other impacts,
the severity of which may be assessed less read-
ily but which nevertheless are considered poten-
tially serious, are those associated with the noise
created by turbine operation.

Concern over environmental impacts could
seriously delay the deployment of wind turbines.

26Sam Sadler, et al., Windy Land Owners” Guide (Salem, OR: Ore-
gon Department of Energy, 1984), p. 17,

271tshould be noted that many prime wind sites, being exposed
to frequent h igh velocity winds, are 1 n hospitable environments for
irees and therefore treq uently are devoid of large, upright trees
which cou Id be con sidered serious obstructions.

28°“Wind Farms, Timber Logging May Have Similar En\ ironmental
Impacts, Harvard's Turner Says, ” Solar Intelligence Report, Nov.
26, 1984, p. 375,
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Figure 4-14.—Aerial View of a Wind Farm in the Altamont Pass in California
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sited in windy areas. Under these favorable con-
ditions, typical capacity factors between 20 and
35 percent are expected in the 1990s as the
intermediate-sized turbine technology matures.

As the performance of wind turbines improves
and is better understood, one especially large un-
certainty still remains in estimating the annual
outputs of turbines in the 1990s: the quality of
the wind resource to which the turbines will be
applied. Today’s turbines are exploiting some of
the best wind resources available. But new sites
will be required, and the average quality of new
sites probably will decline. High capacity factors
will be progressively more difficult to maintain.
At present, it is difficult to predict what wind re-
gimes will characterize new sites exploited in the
1990s, because sufficiently detailed, site-specific
wind data are not yet available in most instances.
Information is accumulating, however, and it sug-
gests that there remain considerable areas of land
available with high-quality wind resources.

The lifetime of a wind farm is somewhat diffi-
cult to determine because individual turbines and
even components of turbines can be replaced as
needed; in a sense, the wind farm itself can out-
live any of its individual components. Generally,
the components of a wind farm in the 1990s wiill
be designed to last 20 to 30 years, though some
key components-such as the rotor-may fail and
be replaced before that time.

Wind Farm Costs.-The average capital cost
for wind turbines installed on California wind
farms in 1984 was $1,860/kWe.2g This capital cost
however is heavily inflated as a result of the
financing arrangements associated with current
projects; one observer has estimated that in fact
actual costs would be closer to $1,330/kWe if the
financing mechanisms typical of utilities were
used .*

The capital costs of the typical wind farm in the
1990s may range from $900 to $1,200/kWe. The
reduced capital cost will result both from design

29Conversationbetween Mike Bat ham, California Energy Com-
mission, and OTA staff, Feb. 5, 1985. See also ' ‘California Adds 366
MWe of Wind Capacity; Size, Capacity Factor Up, " Solar Energy
Inteligence Report, Jan. 28, 1985, p. 30.

Donald A. Bain, Wind Energy Specialist, Renewable Resources,
Oregon Department of Energy, conversation with OTA staff, June
11, 1985.

improvements and from the more competitive
market expected when the current favorable tax
treatment is phased out. Termination or phase-
out of the Federal and California State tax credits,
for example, would very likely contribute to de-
creases in the capital costs.

Operating and maintenance costs for the wind
farms of the 1990s could range between 6 and
14 mills/kWh. Available evidence indicates that
costs for small turbines i n 1984 ranged between
15 and 25 mills/kWh.sl The high O&M costs
which thus far have been incurred can be at-
tributed to the fact that the first generations of
machines, those deployed in the early 1980s,
were plagued with mechanical problems. Changes
in two areas will stimulate the reduced O&M
costs: smaller numbers of turbines per kilowatt-
hour generated and improved turbine design, Of
central importance wil be the maintenance of
high operating availability.

An important cost associated with wind-gen-
erated electric power is the cost of access to the
wind itself—if indeed access can be gained at any
cost. The fee charged by the landowner typically
is either in the form of a minimum rent, royalty
payments, or some combination of the two.”
Costs of access have increased substantially; land-
owners have already begun to appreciate the
value of prime sites, particularly i n California .33
There, in 1984, annual land charges commonly
amounted to 6 to 13 percent of gross revenues
from the sale of the electricity over the lifetime
of the contract negotiated between the developer
and the landowner. *

The prospects for wind turbines in the 1990s
would be enhanced by research and develop-
ment. Among the most important R&D items are
the need to better understand turbulence and
predict its effects; to more readily and accurately

311"Wind Turbine Operating Experience and Trends, ” £PR/ four-
na/, November 1984, pp. 44-46. )

32Fora discussion of the determ inatton of wi nd resource va ! ue
and contractual arrangements see: Sam Sadler, et al., Windy Land
Owners’ Guide, op. cit,, 1984.

33Teknekron Research, Cost Fstimates and Cost-Forecasting Meth-
odologies for Selected Non-Conventional Electrical Generation
Technologies (Sacramento, CA: California Energy Commission, May
1982).

34Conversation between Mike Batham (California Energy Com-
mission) and OTA staff, Nov. 30, 1984.
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model structural dynamics; to better predict noise
problems; to accurately model wind farm cost
and performance; and to develop, test, and
characterize materials and components. The de-
velopment of cheap, reliable, and accurate wind
measurement instruments as well as better un-
derstanding and prediction of the wind’s char-
acteristics also are needed. Detailed and accurate
assessments of the wind resource nationwide are
necessary too.*

Geothermal Power

Introduction

Geothermal energy is heat stored beneath the
Earth’s surface. The U.S. Geological Survey
(USGS) estimates as much as 1.2 million quads
(a quad is 10's Btu and is equal to 293 billion
kWh) of accessible geothermal resources underlie
3.4 million acres of U.S. land, mostly within the
western third of the country.3¢ Only a small por-
tion of the resource—approximately 3.8 percent
of the total—occurs as hydrothermal resources—
superheated water contained in a permeable rock
formation and trapped below a layer of imperme-
able rock. The locations of major hydrothermal
resources in the United States are provided in fig-
ure 7-9 of chapter 7. Steam (vapor-dominated re-
sources) or water (liquid-dominated resources)
convectively circulates towards the surface within
the permeable rock formation. It is the hydrother-
mal resources which will continue to provide
most of the geothermal electric development in
the 1990s.

The temperature and quality of hydrothermal
resources vary greatly. While a portion of the
hydrothermal resource is very hot, most—roughly
two-thirds of the identified resources—are in the

$S5For a more detailed discussion of R&D needs and plans, see:
1) Solar Energy Research Institute, Wind Industry R&D Planning
Workshops: Summary Report (Washington, DC: U.S. Department
of Energy, July 1984. 2) State of Oregon, Department of Energy,
Final Report of the Wind Energy Task Force To the Oregon Alter-
nate Energy Department Commission (Salem, OR: Oregon Depart-
ment of Energy, 1980), pp. 50-52. 3) U.S. Department of Energy,
Wind Energy Technology Division, Federal Wind Energy Program:
Five Year Research Plan, 1985-1990 (Draft) (Washington, DC: U.S.
DOE, 1984).

.S, Geological Survey (USGS), Assessment of Geothermal Re-
sources of the United States—1978, L.J.P. Muffler (ed.) (Washing-
ton, DC: U.S. Department of the Interior, 1979), USGS circular 790.

moderate temperature range (1 50 to 250°F).”
Geothermal development has in the past focused
on the high-quality, vapor-dominated reservairs,
which are confined to limited areas of the United
States,

The equipment required to exploit these high-
quality resources is commercially available, and
no major changes in the basic characteristic of
the technology is likely during this century. There
are available improved technologies, however,
which not only could more economically exploit
the high-quality resource, but also may economi-
cally tap the much more plentiful resources of
lesser quality. Among these are single-flash, dual-
flash, binary, and total flow systems.

The single-flash technology has been commer-
cially deployed in the United States. Because this
analysis focuses on technologies which are not
already technologically mature, the single-flash
technology will not be examined here. The total
flow systems also will not be discussed, since they
either require considerable further technical de-
velopment, or will be applied only to a small
number of high-quality sites i n the United States.
The total flow systems therefore are unlikely to
constitute more than a small fraction of geother-
mal capacity additions in the 1990s. The dual-
flash and binary systems will constitute the most
important new technologies applied to the liquid-
dominated geothermal resource in the 1990s,
and, therefore, are the subject of this analysis.

Geothermal Power Technology

Before the resource is exploited to produced
electric power, it must be located and assessed.
This itself is a time-consuming, expensive proc-
ess involving its own particu tar set of technologies
and problems. Ultimately, resource assessment
requires building roads, transporting drilling
equipment to the site, constructing the rigs and
drilling. Once the resource has been satisfactorily
measured, the thermal energy next must be
brought to the surface where it can be used. This
too involves particular technologies and difficul-

’’M.Nathenson, “High-Temperature Geothermal Resources in
Hydrothermal Convection Systems in the United States, ” Proceed-
ings of the Seventh Annual Geothermal Conference and workshop,
Altas Corp. (cd. ) (Palo Alto, CA: Electric Power Research Institute,
1983), EPRIAP-3271, pp. 7-1 to 7-2.
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ties. An especially important technological hur-
dle which remains to be satisfactorily overcome
is the development of cheap, reliable "down-
hole” pumps capable of moving the brine from
the underground reservoir, and subsequently
reinfecting it. While the brine is at the surface,
a portion of its thermal energy is drawn off and
used to produce electric power.

Dual-Flash Systems.—Figure 4-15 illustrates the
typical dual-flash unit. When liquid-dominated,
high temperature brine—300 to several thousand
pounds per square inch (psia) and 410 to 6000 F
—reaches the surface, a portion of the brine
“flashes” into steam. First, a high pressure flash-
tank processes the geothermal brine into satu-
rated steam and spent brine, The steam enters
one inlet of a dual-inlet turbine, while the un-
flashed brine goes on to a second, lower pres-
sure flash-tank. The second-stage flash-tank
produces further steam which is routed to the
other inlets of the turbine. The remaining un-
flashed brine then is reinfected underground.

After exiting the turbines, the steam passes
through a condenser, where it transfers its heat
to a stream of cooling water. The cooling water
is then routed to a cooling apparatus. Current de-
signs use “wet cooling” devices in which the hot
water is sprayed into the air and discharges its
heat mostly through evaporation, The remaining
water is recirculated to the condenser to repeat
the cycle, along with “make-up” water required
to compensate for evaporative losses. The con-
densed steam from the turbine is reinfected into
the geothermal reservoir to help maintain reser-
Vvoir pressure.

The make-up water requirements may be ex-
tremely large. The 50 MWe reference plant used
in this analysis would require about 3 million gal-
lons of make-up water daily, roughly six times the
amount of water required by an atmospheric
fluid ized-bed combustor of comparable net gen-
erating capacity. The water requirements could
be reduced with “dry-cooling” systems; but these
are very expensive and reduce the plant’s over-
all efficiency.

Figure 4-15.—Schematic of Dual-Flash Geothermal Powerplant
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Alternatively, the water requirement could be
greatly reduced by meeting it in part with the con-
densed steam from the condenser (instead of re-
infecting it into the reservoir). This can only be
done, however, to the degree allowed by con-
tractual agreements and regulations. The field de-
veloper may require that all or part of the con-
densed steam be reinfected into the geothermal
reservoir to maintain the quality of the resource.
Or regulators may require some degree of rein-
fection in order to reduce subsidence problems.

The basic turbine, condenser, and cooling
tower subsystem are similar to traditional steam
powerplant designs, although there are significant
differences. An important factor in the use of flash
technology is the existence of noncondensable
gases and/or entrained solids in the brine. These
contaminants can cause scaling, corrosion, and
erosion within the flash equipment, surface pip-
ing, and reinfection well casing. Development of
highly saline resources has been slowed by these
problems. Considerable research has been con-
ducted to develop and demonstrate reliable
removal technologies for these resources.

Although, operational dual-flash units abroad
total 396 MW,”there is little commercial experi-
ence with these systems in the United States.
None is now operating, and only one 47 MWe
(net) dual-flash unit is under construction (see fig-
ure 4-1 6). Nevertl~eless, the dual-flash system wiill
be used increasingly to exploit moderate to high
temperature hydrothermal resources because it
is more efficient than the single-flash system .39

Appendix A, table A-5 contains cost and per-
formance estimates for dual-flash units in the
1990s. By the reference year 1995, dual-flash geo-
thermal units will most likely range in size from
40 to 50 MWe. The expense of smaller units

BR. Dipippo, “Worldwide Geothermal Power Development:
1984 Overview and Update,” Altas Corp. (cd.), Proceedings of the
Eighth Annual Geothermal Conference and Workshop (Palo Alto,
CA: Electric Power Research Institute, 1984), EPRI AP-3686, pp. 6-
1 through 6-15.

39The Electric power Research Institute (persona! communication
between E. Hughes (EPRI) and OTA staff, Oct. 4, 1984) predicts
that most of the planned flash plants at the Salton Sea and Brawley
resources will use dual-flash technology.

would be higher than would in most cases be jus-
tified by the advantages they might provide.40 41

The units will require little land. Total acreage
(including the geothermal wellhead, surface pip-
ing, and the powerplant) will not exceed 20 acres
for a 50 MW plant. Directional drilling tech-
niques*? which tap various parts of a reservoir,
allow the wellhead and the plant to be confined
to a small area.

The total lead-time required to bring a plant on-
line typically should be 3 years, including licens-
ing and permitting. Delays may be occasioned
by concern over water requirements and various
other environmental impacts. The latter could in-
clude atmospheric emissions, pollution or disrup-
tion of the watershed, and land impacts result-
ing from the construction and routine operation
of the plant. This lead-time figure assumes that
the geothermal resource has already been con-
firmed and developed, and that transmission fa-
cilities are available. Actual construction activ-
ity should take 1%2 to 2 years. The first dual-flash
unit at a resource could take as long as 5 years
to establish, due to the initial permits and licenses
that would be required.

Geothermal units are designed to operate on
base load duty cycles. Operating availability is
expected to run between 85 and 90 percent, and
capacity factor should be between 75 and 80 per-
cent.*? The efficiency of geothermal technologies
are measured in terms of resource utilization effi-
ciency; i.e., net brine effectiveness—watt-hours
per pound (Wh/Ib) of steam. Typical net brine

“Based on:
1. Sourcebook on the Production of Electricity From Geother-
mal Energy, ). Kestin (ed.) (Washington, DC: U.S. Department
of Energy, March 1980), ch. 4, DOE/RA/4051-1.
2. Personal communication between Janos Laszlo (Pacific Gas
& Electric) and OTA staff, Oct. 10, 1984.
41California Energy Commission, Systems Assessment Office, Pre-
liminary Energy Commission Staff Price Forecast for California Util-
ities (Sacramento, CA: California Energy Commission, March 1984).

42Djrectional drilling involves a well bore that deviates from ver-
tical. This form of drilling is used where the resource area under-
lies built-up areas, valuable cultivated land, and other difficult and
expensive terrains.

43Estimate based on views expressed by participants at the Of-

fice of Technology Assessment’s Workshop on Geothermal Power,
Washington, DC, June 5, 1984.



At the time the photo was taken, the plant was under construction.

SOURCE: Dravo Constructors, Inc.

effectiveness figures for dual-flash at 400° F re-
sources will be 7 to 8 Wh/Ib.44 45 At 600° F re-
sources, net brine effectiveness may be as high
as 25 Wh/Ib.46

Typical capital costs for dual-flash units will
nrahahly riin fram €1 2000 tA €1 GO0/ I\ e Actiial
HMiuauly Tuil ot 9, U0 WU 91, UVU/IRVV L. /iliuai
costs will vary based on reservoir temperature,
salinity, and the amount of noncondensable

gases. The California Energy Commission*’ pre-

44T Cassel, et al., Geothermal Power Plant R&D, An Analysis of
Cost-Performance Trade-offs and the Heber Binary Cycle Demon-
stration Project (Washington, DC: U.S. Department of Energy, 1983),
DOE/CS/30674-2.

sgvan E. Hughes, “EPRI Geothermal Wellhead Projects,”
Proceedings: Eighth Annual Geothermal Conference and Work-
shop, Altas Corp. (ed.) (Palo Alto, CA: Electric Power Research In-
stitute, 1984), EPRI AP-3686, pp. 4-9 through 4-19.

“|bid.

47California Energy Commission, Capital Cost of a Hydrothermal
Flash Power Plant, draft staff issue paper (Sacramento, CA: Califor-
nia Energy Commission, August 1984).

dicts that plants at highly saline resources could
cost as much as $2,000/kWe.

Operation and maintenance costs will vary
widely from resource to resource, ranging from
10to 15 mills/kWh. Fuel (brine) costs are in large
measure dependent on negotiations between the
brine/steam supplier and the powerplant de-
veloper. Future brine fuel costs should be in the
range of 50 to 70 mills/kWh.

Binary Cycle Systems.—In a binary plant (see
figure 4-17), the brine is used to heat and vapor-
ize a secondary working fluid with a lower boil-
ing temperature than water. The secondary fluid
then drives a turbogenerator to produce electri-
city. The use of a secondary working fluid com-
plicates the design of the plant—it requires pumps
to maintain brine and hydrocarbon pressure; spe-
cial hydrocarbon turbines; heat exchangers; and



Figure 4-17.-Simplified Process Flow Diagram of Binary Cycle Technology
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30URCE: San Diego Gas & Electric Co., Heber Binary Project: Brieting Document (San Diego, CA: San Diego Gas & Electric Co., 1984), p. 5.

surface condensers (instead of direct contact con-
densers).

The major advantages of binary cycles relate
to efficiency, modularity, and environmental con-
siderations. First, working fluids in binary cycles
can have thermodynamic characteristics superior
to steam, resulting in a more efficient cycle over
the same temperature difference. QB Second, bi-
nary cycles operate efficiently at a wide range of
plant sizes. Especially attractive are small plants
which, in addition to encouraging short lead-
times, have many other important advantages as
well. Third, since the brine is kept under pres-
sure and reinfected after leaving the heat ex-
changer, air pollution, e.g., hydrogen sulfide,
from binary plants can be tightly controlled.
There are also several other cost and efficiency
advantages of binary technology over the clual-
flash systems. Nevertheless, the dual-loop design
of binary cycles is more complex and costly than
a flash design.

ssp Blair, et al., Geothermal Energy. Investment Decisions and
Commercial Development (New York: John Wiley & Sons, 1982).

Binary cycle technology is in developmental
stages with few large operational generating units.
By the end of 1985, one large 45 MWe (net) bi-
nary plant wil have been installed near Heber,
California (see figure 4-1 8); in addition, small bi-
nary plants, with a total capacity of about 30
MWe, will be operating. “This will account for
most of the binary capacity installed worldwide.
Development is expected to proceed, and exten-
sive commercial deployment is feasible in the
1990s.

The expected cost and performance of binary
geothermal plants in the 1990s are summarized
in appendix A, table A-5. Data is provided for two
reference plants, a large plant of about 50 MWe
(net) and a small plant of about 7 MWe (net). The
large plant could require up to 20 acres of land
for the powerplant and for the maze of piping
required for both the brine and the working fluid.
The small unit might occupy 3 acres or less.so As
with the the dual-flash technology, very large

“Ronald DiPippo, “Worldwide Geothermal Power Development:
1984 Overview and Update, ” op. cit., 1984.
S0Personal communication between H. Ram (Ormat, Inc. ) and

OTA staff, Oct. 6, 1984.
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Figure 4-18.—Artist’s Conception of the Heber, CA, Binary Geothermal Installation

SOURCE San Diego Gas & Electrlc Co

volumes of cooling water are required; indeed,
the water requirements are even larger than the
dual-flash units. The large plant would require
over 4 milion gallons each day. The smaller plant
would need about 0.6 milion gallons per day.

Small plants of about 5 to 10 MWe (net) can
be erected and operating on a site in only 100
days. But prior licensing, permitting, and other
preconstruction activities could extend the lead-
time to 1 year.”” Construction of larger binary
units should take only 1 % to 2 years.”But here
too, overall lead-times will be longer because of
preconstruction activities, including licensing and

»'Wood & Associates, a geothermal energy developer, has had
permitting problems at the county, State, and Federal level at its
site near Mammoth Lakes, CA.

525anDiego Gas & Flectric also had problems getting their large
binary plant through the permitting process, Its problems, however,
were encountered during the California Publk Uti lities Commis-
sion’s plant approw al process.

permitting. About 5 years total might be required
for the first plant at a resource, and 3 years might
be necessary for subsequent additions. With both
small and large plants, problems about water re-
quirements and environmental impacts could
seriously extend the licensing and permitting
process.

Binary cycle plants are designed to operate
continually in base load operation. Availability
is expected to be between 85 and 90 percent,
and capacity factors are likely to be in the 75 to
80 percent range. Binary plants should last at least
30 years.

The net brine effectiveness of binary cycle
plants may vary between 7 and 12 Wh/Ib of steam
at a 4000 F resource. Advanced binary technol-
ogy in the larger sizes should increase present ef-
fectiveness values at Heber from 9.5 to 12 Wh/
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Ib,53 while smaller modular plants will probably
have a net brine effectiveness between 7 and 9

Wh/lb.54

Capital costs for large binary cycle geothermal
plants could range from $1,500 to $1,800/kWe
in the 1990s. The smaller, wellhead units will
probably vary from $1,500 to $2,000/kWe. The
lower part of this range should be associated with
the truly modular designs, which require little on-
site construction, while the semimodular well-
head units (those which require a greater amount
of onsite fabrication) should tend towards the
higher part of this range. The capital cost esti-
mates for both large and small units are lower
than those which are expected to characterize
early demonstration units.

Operation and maintenance costs are expected
to range between 10 and 15 mills/kWh for all ex-
cept the modular units. The simpler and smaller
units should show O&M costs of 4 to 6 mills/kWh.
Fuel, i.e., brine, costs will vary significantly by
resource and resource developer. A range of 20
to 70 mills/kWh is most likely.

Fuel Celis

Introduction

A fuel cell produces electricity by an electro-
chemical reaction between hydrogen, supplied
by a hydrocarbon fuel, and oxygen. Neither com-
bustion nor moving parts are required in the
conversion process. Fuel cell powerplants are ex-
pected to generate electrical power very effi-
ciently and with modest environmental impacts
relative to those of combustion technologies. Fuel
cell installations may be capable of being de-
ployed economically in a wide variety of sizes,
ranging from small cogeneration units to large
central power stations. In addition, they can be
installed in many locations, including areas where
both available space and water are limited.
Among the other advantages which have at-
tracted strong interest with investors are:

53T. Cassel, et al., Geothermal Power Plant R&D, An Analysis of
Cost-Performance Trade-offs and the Heber Binary Cycle Demon-
stration Project, op. cit., 1983.

4Personal communication between H. Ram (Ormat, Inc.) and
OTA staff, Oct. 6, 1984.

* responsiveness to changes in desired output,
* short lead-times,

* easily recovered waste heat,

+ fuel flexibility,

* off-site manufacturing, and

* ability to operate unattended.

Most of the commercial demonstration plants
crucial to the future of the fuel cell will not be-
gin operations until the late 1980s, though by May
1985, a 4.5 MWe demonstration plant was oper-
ating successfully in Japan and thirty-eight 40-
kWe demonstration units were operating in the
United States.*Should the performance of the
demonstration units be very good, limited quan-
tites of commercial fuel cells may be produced
at the earliest at the end of this decade or the
beginning of the next**57

The level of deployment depends heavily on
the success of the demonstration units; the period
of time deemed necessary to generate investor
confidence; and the wilingness of the vendors
to share the risk and cost of the early units, The
perceptions and decisions of investors, vendors
and buyers cannot be accurately and confidently
predicted, but current evidence suggests that the
early 1990s may see the beginnings of fuel-cell
mass production and the first commercial appli-
cations. As much as 1,200 MWe of fuel cell pow-
erplant capacity may be operating by 1995.

The low production levels will drive installed
capital costs down somewhat, but they will re-
main far above possible costs in a mature mar-
ket. High-volume mass production is unlikely to
occur until a sizable market is anticipated—in the
mid-l990s at the earliest. Such a market may de-
velop as investors observe the continued opera-
tion of the demonstration units and the initial
operation of the early commercial installations.

Most important to the prospective investors will
be operating and maintenance costs, economic

55 W. Staniunas, et al., United Technologies Corp., Follow-On
40-kWe Field Test Support, Annual Report (July 1983 -June 1984)
(Chicago, IL: Gas Research Institute, 1984), FCR-6494, GRI-84/0131.

s6Peter H unt, Analysis of Equipment Manufacturers and Vendors
in the Electric Power Industry for the 1990s as Related to Fuel Cells
(Alexandria, VA: Peter Hunt Associates, 1984), OTA contractor re-
port OTA US-84-1 1.

s7Battelle, Columbus Division, Final Report on Alternative Gen-
eration Technologies (Columbus, OH: Battelle, 1983), vols. | and
I, pp. 13-11.
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life, and reliability. In particular, investors are
likely to be sensitive to the rate at which fuel cell
performance degrades over time under various
operating conditions as well as the cost and dif-
ficulty of replacing cells when their performance
becomes unacceptable. There is uncertainty
among investors over these two points, both of
which are crucial to the fuel cell’s ultimate com-
mercial prospects. Should problems be encoun-
tered in either area in early commercial proto-
types, commercial deployment wil be delayed.
If powerplant operation is favorable, subsequent
market growth in the latter half of the 1990s could
be very rapid.

Basic Description

The typical fuel cell powerplant wil consist of
three highly integrated major components: the
fuel processor, the fuel cell power section, and
the power conditioner. The fuel processor ex-
tracts hydrogen from the fuel which can be any
hydrogen-bearing fuel, though most installations
in the 1990s are expected to employ natural gas.

The hydrogen is then fed into the fuel-cell
power section, the heart of which are “stacks”
of individual fuel cells. The operation of a single
fuel cell is schematically illustrated in figure 4-
19, The cells are joined in series (the stacks),
which, in turn, are combined to form a power-
plant. There are several types of fuel cells being
developed. These are categorized according to
the type of electrolyte-the medium in which the
electrochemical reaction occurs—they use. The
first-generation fuel cells use phosphoric-acid as
the electrolyte. These cells are the most devel-
oped and are likely to account for most of the
fuel cells deployed in the 1990s.

Other less mature, fuel cell designs which em-
ploy alternative electrolytes promise superior per-
formance; molten carbonate cells are the closest
to commercial application, but are not expected
to be commercially deployed until the late 1990s
at the earliest. They therefore are not likely to ac-
count for an important share of fuel cell power-
plants installed in the 1990s. M w

S8Peter Hunt, Analysisof Equipment Manufacturers and Vendors
inthe Electric Power Industry for the 1990s as Related to Fuel Cells,

op. cit., 1984. B )
59U.S. Congress, Office of Technology Assessment Workshop on

Fuel Cells, Washington, DC, June 5, 1984,

The electrical power which flows from the fuel
cell stacks is direct current (DC). With some volt-
age regulation, this DC power can be used if the
load is capable of operating with direct current.
Otherwise, a power conditioner is required to
transform the direct current into alternating cur-
rent. This allows it to be fed into the electrical
grid and to be used by alternating-current elec-
trical motors.

The components of the fuel cell plant are tightly
integrated to reduce energy losses through the
proper management of fuel, water, and heat (see
figure 4-20). Various parts of the plant benefit
from the byproducts of other parts of the instal-
lation. Further efficiency gains result when by-
product heat from different parts of the plant are
tapped for external use. The fullest exploitation
of the fuel cell’s heat may yield total energy effi-
ciencies of up to 85 percent for the entire plant.
The heat can be used for domestic hot water, for
space heating, or to provide low-level process
heat for industrial uses.

Typical Fuel Cell Powerplants
for the 1990s

The expected cost and performance of typical
fuel-cell powerplants for the reference year 1995
are summarized in appendix A, table A-7. Be-
cause no complete powerplants identical to those
which might be deployed at that time exist today,
these values remain estimates.

The units deployed in the 1990s probably will
be built around two sizes of fuel cell stacks. The
larger stacks are likely to be capable of generat-
ing approximately 250 to 700 kWe (gross, DC)
each and the smaller stacks about 200 to 250
kWe (gross, DC) each. The plants built around
the small stacks will be installed mostly in large
multifamily dwellings, commercial buildings, and
in light industries; most will probably be used to
cogenerate both electricity and useful heat. The
typical system would consist of at least two com-
plete self-contained modules (see figure 4-21 ),
each of which might produce about 200 kWe
(net, AC).

Plants using the larger fuel cell stacks most likely
will be deployed primarily by electric utilities, and
by industries which would use them in cogener-
ation applications. Installation capacities probably
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Figure 4-19.—Schematic Representation of How a Fuel Cell Works

Electric
load 1

Electrolyte

Cathode

Anode

1. Hydrogen gas flows over negative
electrode (anode).

3. Hydroger ong move through electralyts -
1o cathodde lectrons stream into cathode
from loac Cithode is bathed with oxyig in.

Electronsy®,

FEAVV—

T‘

z. Electrons split away from hydrogen and
flow 1hrough anode to external electric

'.Q
:.

4 Hydroger leotrone,and o gen combine
rformw  yr(steam).

SOURCE: Ernest Raia, "Fuel Cells Spark Utilities' Interest,” High Technology, December 1984

will range from several megawatts on up. The
reference installation used in this analysis is 11
MWe (net). Many of the major components
would be fabricated in factories and shipped to
the site on pallets.

The lead-time of a small fuel cell powerplants
should be about 2 years. These units are relatively
small, unobtrusive, and quickly and easily erected.
Modules subsequently added at the same site
could require as little as a few months. Regula-
tory delays are unlikely because of relatively mi-
nor siting and environmental considerations.

Installations utilizing the larger stacks, however,
may encounter more serious regulatory prob-
lems, Unlike the approximately 480 to 600 square

feet required by an installation of two, 200 kWe
units, an 11 MWe installation would occupy
about 0.5 to 1.2 acres of land (see figure 4-22).
Because the plants frequently may be located in
the midst of populated areas, the opportunity for
regulatory conflicts with these larger plants is con-
siderably greater. Partly offsetting these factors,
though, are the environmental advantages asso-
ciated with fuel cell powerplants. Hence, a lead-
time of 3 to 5 years is anticipated with the larger
units, considerably longer than the small plant’s
lead-time, but also much shorter than that of most
conventional powerplants. As with the smaller
fuel cell installations, capacity subsequently ad-
ded to an already existing fuel cell plant should
require considerably shorter lead-times.
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‘igure 4-20.—Simplified Block Diagram of an 11-MWe Fuel Cell Piant.
Detail of the DC Module is Provided Below.
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Figure 40-21.— Design for a 200 kWe Fuel Cell Module
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The operating availability of large fuel cell pow-
erplants may range between 80 and 90 percent.
Availability is heavily dependent on the quality
of design—its simplicity, the extent to which it
has redundant components, the number of parts,
and their reliability—and on the availability of
spare parts and repair people when they are
needed.

The fuel cell can be applied to any duty cycle.
The fuel cell has excellent load following capa-
bilities and high efficiency over a wide variety of
operating levels.

The fuel cell powerplant’s lifetime is assumed
to be approximately 20 to 30 years with periodic
overhaul of the fuel cell stacks and other com-
ponents. over time, the powerplant’s efficiency
drops. The timing of overhauls will vary; sched-
u les will be a function of the performance reduc-

tion over time and of other factors such as the
cost of fuel .”I n some cases the stacks must peri-
odically be removed and replaced with new
ones. The old unit then is shipped back to a man-
ufacturing plant where its catalyst (in the fuel
processing section) and perhaps other compo-
nents are removed, processed, and recycled.
While the overhaul schedule and costs are un-
certain, it is assumed here that all stacks are
replaced after the equivalent of 40,000 hours of
operation at full capacity.

60}, R, Lance, et al., Westinghouse Electric Corp., “Economics and
Performance of Utility Fuel Cell Power Plants, ” Advanced Energy
Systems— Their Role 1n Our Future: Proceedings of the 19th Inter-
society Energy Conversion Engineering Conference, August 19-24,
1984 (San Francisco, CA: American Nuclear Society, 1984), paper
849133.
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Figure 4-22.—Typical Arrangement of 11 MWe Fuel Cell Powerplant
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Efficienciesbl for large fuel cell plants are ex-
pected to be between 40 and 44 percent. Small
plants may have efficiencies of approximately 36
to 40 percent. The estimated efficiencies are those
which might characterize a plant over its lifetime;
efficiencies of new stacks could be higher while
those of older stacks might be below that level.

The installed capital costs of fuel cell power
plants are expected to range from $700 to $3,000/
kWe for large units to $950 to $3,000/kWe for
small plants; expected values for 1995 are $1 ,430/
kWe and $2,240/kWe respectively. The low num-
bers can be expected where units are commer-
cially produced in large numbers; the high num-
bers are representative of prototype units and
include nonrecurring costs. By far the largest ex-
pense is the fuel-cell power section itself; it is ex-
pected to account for about 40 percent of the

*'Based on higher heating-value

costs of a mature 11 MWe plant .62 The largest
decrease in capital costs over the next decade
will come from increases in the levels of fuel-cell
production. However, technical improvements
in the fuel-cell plant itself may substantially re-
duce costs as well. Already, over the past sev-
eral years, design changes have reduced costs by
an appreciable amount.

Operating and maintenance costs may range
between 4.3 and 13.9 mills/kwh. The biggest ele-
ment in O&M costs is the cost of periodically
replacing cells stacks. For specific applications,
the actual O&M costs will depend on the over-
haul period for the cell stacks and the material
and labor costs for each overhau 1.

s21J nited Tech nologies Power Systems, Study onPhosphoric Acid
Fuel Cells Using Coal-Derived Fuels (South Windsor, CT: United
Technologies Power Systems, Apr. 27, 1981 ), prepared for Tennes-
see Valley Authority, contract No. TV-52900A, FCR-2948.
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Fuel costs are expected to be approximately
27 to 33 mills/kWh, accounting for the major por-
tion of electricity costs from fuel cells. Fuel costs
also constitute the fuel cell’s greatest advantage
over some of its competitors such as the gas tur-
bine, due to the fuel cell’s high efficiency which
yields substantially lower per kilowatt-hour fuel
costs. Major variations in fuel costs per kilowatt-
hour will result primarily from fluctuations in fuel
prices. Fuel cell efficiency variations, due to tech-
nical improvements or maintenance practices
(especially stack reloading schedules), also would
be reflected in different fuel costs. In the longer
term, post-2000, it is expected that natural gas
will have to be replaced with more abundant
fuels. Primary candidates are synthetic fuels-
especially methanol—from coal and biomass.

Stacks are of central importance in determin-
ing capital, O&M, and fuel costs. The develop-
ment and extended demonstration of cheap (per
kWe) and reliable stacks which can operate at
high efficiencies for extended periods are criti-
cal to the success of the technology. Technologi-
cal improvements which could be especially im-
portant in this regard are the development of
inexpensive, corrosion-resistant cell structural
materials and less expensive and more effective
catalysts to operate at higher pressures and tem-
peratures, and improved automated fabrication
and handling processes for large area cells. Also
important is the development of cheap, reliable
and efficient small-scale reformers (fuel process-
ing units) and the improvement of various other
standard components.

Combustion Technologies

Integrated Gasification/Combined-Cycle
Powerplants

introduction.-A coal gasification/combined-
cycle powerplant centers around two elements.
First is a gasification plant which converts a fuel
into a combustible gas; other equipment purifies
the gas, Second is a combined-cycle powerplant
in which the gas fuels a combustion turbine
whose hot exhaust gases are used to generate
steam which drives a steam turbine. While the
gasification system can be quite separate and dis-
tinct from the combined-cycle system, they can

be integrated so that some of the heat discharged
in the gasification sequence is exploited in the
combined-cycle system, and a portion of the heat
discharged by the combined-cycle unit may be
routed back for use in the gasification plant (see
figure 4-23). This section focuses on such inte-
grated units, commonly referred to as IGCCS.

The primary attractions of the IGCC are its fuel
efficiency and its low sulfur dioxide, carbon
monoxide, nitrogen oxide, and particulate emis-
sions. The high efficiency allows for fuel savings
and hence reduced operating costs. The poten-
tial for very low emissions makes the technology
particularly attractive for using coal to generate
electric power. Another advantage allowed by
the IGCC is “phased construction. ” Some parts
of the plant may be installed and operated be-
fore the rest of the plant is completed;”this can
be financially advantageous and is considered a
major selling point for the technology. The IGCC
also may be very reliable. In addition, the tech-
nology requires less land and water than a con-
ventional scrubber-equipped, pulverized coal
boiler powerplant. Furthermore, its solid wastes
are less voluminous and less difficult to handle
than those of its scrubber-equipped competitor
and of the atmospheric fluidized-bed combustor
(AFBC). Current estimates are that solid wastes
from an IGCC will be 40 percent of a pulverized
coal boiler and 25 percent of an AFBC of com-
parable size.

The evidence suggests that the IGCC offers a
favorable combination of cost and performance
when compared to its competitors (see also chap-
ter 7). Nevertheless, a combination of two fac-
tors—lead-times and risk—may mitigate against
its extensive deployment within the 1990s. Be-
cause of its modular nature and positive environ-
mental features, potentially the IGCC has lead-
times of no more than 5 to 6 years. It is likely,
however, that the first plants, at least, will require
longer times-up to 10 years-because of regula-
tory delays, construction problems and opera-
tional difficulties associated with any new,
complex technology. It may take a number of

63For example, the gas-turbine/generator sets may be installed
before the gasifiers and operated off of natural gas. When the gas! -
fiers are completed, the synthetic gas then may be used instead.
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commercial plants before the short lead-time po-
tential of the IGCC is met, unless strong steps are
taken to work closely with regulators and to as-
sure quality construction for these initial plants.
Such steps may be facilitated if the early plants
are in the 200 to 300 MWe range rather than the
current design target of 500 MWe. Should the
longer lead-times be the case, projects must be
initiated no later than the end of 1991 and per-
haps as early as the end of 1989 if they are to
be completed within the 1990s.

In addition to these possible longer lead-times,
limited experience with IGCC demonstration
plants may also constrain extensive deployment
in the 1990s. Although there has been extensive
experience with the gasification phase, currently,
there is only one IGCC plant in operation, the
100 MWe Cool Water plant in California (see fig-
ure 4-24). In addition, there is another demon-
stration plant using a different gasifier, under con-
struction in a large petrochemical plant (discussed
more in chapter 9). The Cool Water plant has
been very successful in meeting its construction
scheduled and budget, and in its early operation.
As a result it has given confidence to utilities in
their consideration of whether to commit to an

ssAninteresting discussion Of the planning and construction of
an IGCC can be found in: Cool Water Coal Gasification Program
& Bechtel Power Corp., Cool Water Coal Gasification Program—
Second Annual Progress Report, interim report (Palo Alto, CA: Elec-
tric Power Research Institute, October 1983), EPRIAP-3232,

Fgued424 The Coo Wae GCCPan n
SouhenCa ona

3OURCE: Southern Calitornia Edison Co.

IGCC. Despite this success, however, more oper-
ating experience is likely to be required before
there will be major commitment to the IGCC by
a very cautious electric utility industry. The Elec-
tric Power Research Institute, a major sponsor of
the IGCC Cool Water project, anticipates three
to four commitments by the end of 1986. If these
projects go forward and the shorter lead-time po-
tential of the IGCC is proven, then significant
deployment in the mid to late 1990s is quite
possible.

Description of a Typical IGCC in the 1990s.—
Plausible cost and performance features of a rep-
resentative IGCC are described in appendix A,
table A-6. The reference year considered in the
report is 1990, at which time two plants, gener-
ating altogether approximately 200 MWe prob-
ably will be operating in the United States. The
reference plant capacity is 500 MWe, consisting
perhaps of five gasifiers,”though installations as
small as 250 MWe might be preferred. While ca-
pable of being built with capacities even smaller
than 250 MWe, such smaller installations would
be more costly per unit of capacity.*The plant
would consist of three types of equipment: the
gas production, cooling and purification facilities;
the combined-cycle system (including gas tur-
bines and steam turbines); and the balance of the
plant. Included in the constituents of the latter
are fuel receiving and preparation facilities, water
treatment systems, ash and process-waste dis-
posal equipment, and in most cases an oxygen
plant.

65Zaininger Engineering co., Capacity factors and Costs of Elec-
tricity for Conventional Coal and Gasification-Combined Cycle
Power Plants (Palo Alto, CA: Electric Power Research Institute, 1984),
EPRI AP-3551 . )

66Accordingtoonesource(ElectricPower Research Institute, Eco-
nomic Assessment of the Impact of Plant Size on Coal Gasification—
Combined-Cycle Plants (Palo Alto, CA: Electric Power Research In-
stitute, 1983), AP-3084), the levelized cost of electricity for a vari-
ety of IGCCs using Texaco gasifiers increased as plant size de-
creased. The economies of scale were relatively small among plants
of capacities greater than 250 MWe. But as plant size diminishes
below 250 MWe, levelized costs increase very significantly. Selec-
tion of a 500 MWe module also was favored by participants in a
June 1984 OTA-sponsored workshop on IGCCs, though it was sug-
gested that installations as small as 250 MWe might seriously be
considered.
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The IGCC can be built in phases. The design
permits the operation of portions of the plant be-
fore other segments are completed. The gas tur-
bines could be installed first and operated with
natural gas. The steam turbines then could be
added, allowing the production of still more elec-
tric power. Finally, the gas facilities could be
added to complete the plant and to allow its oper-
ation based on synthetic gas. Hence, some elec-
trical power could be produced before the en-
tire plant is completed.

The typical plant would require a rather large
area of land and considerable quantities of water
during its lifetime of approximately 30 years. An
estimated 300 to 600 acres would be needed for
the facilities, and for disposal of solid wastes. And
3 to 5 million gallons of water, on average, would
be required to run the plant daily. These quanti-
ties are large, but as noted above, they are smaller
than those which characterize conventional pul-
verized coal plants equipped with scrubbers.

The operating availability of the reference IGCC
plant is 85 percent. There is uncertainty associ-
ated with availability estimates, as these plants
would be the first commercial units and could
experience problems which would result in lower
availability rates. Of particular concern is the
reliability of the combined-cycle system; com-
bined-cycle system design as well as operating
and maintenance practices will largely determine
combined-cycle reliability.

The IGCC facility commonly would be used to
provide base load power at efficiencies ranging
from 3sto 40 percent. This corresponds to a heat
rate of between 8,533 and 9,751 Btu/kWe-hour.”
It is worth noting that the Cool Water demon-
stration plant, which had a design heat rate of
11,400 Btu/kWh, has consistently met that tar-
get in operation to date. While the gasifier de-
sign certainly has an important effect on effi-
ciency, the most important factor in efficiency
within the anticipated range probably would be

o7 lygimportanttonote thatt GCC heatrates are part ICu larly sen -
sithve to ambient temperatures, Heat rates go down with a mbient
temperatures. See, for example, table3-1in:Zaininger Engineer-
ing Co, Capacity Factors and Costs of Electricity tor Con\ entional
Coal and Gasification-Combined Cvcle Power Plants, op ¢ 1it., 1984.
It 1s assumed here that ambienttemperatures are held constant
throughout the vear at 88F.

the gas turbines. To reach the high efficiencies
projected for the IGCC will require high-tem-
perature, advanced combustion turbines. The
projected efficiency range is somewhat higher
than the 35 to 36 percent efficiency expected for
conventional plants with scrub bers. *

Conventional turbines would vyield efficiencies
at the low end of the efficiency range, while ad-
vanced turbines might yield higher efficiencies.
The choice of turbine type could significantly af-
fect O&M costs in addition to efficiency. o For ex-
ample, an advanced turbine design, while prom-
ising higher efficiencies could also entail greater
technical problems and therefore higher O&M
costs. The choice of turbine also would affect cap-
ital costs. Higher efficiency turbines would result
in a higher electrical output for a given gasitier
and feed system; and the steam plant would be
relatively smaller. Both changes would reduce
capital costs per kilowatt- hour.”

Capital costs probably wil range from $1,200
to $1,350/kWe (net). For units in the 250 MWe
range, costs are expected to be somewhat higher,
about $1,600/kWe, By far the largest expense
would be the gas production and purification fa-
cilities. These might account for approximately
40 percent of total costs. The cost would vary
especially with gasifier design; there are indica-
tions that substantial capital cost differences may
exist among leading gasifier designs,”“though the
magnitude of these differences not clearly estab-
lished. Costs also will vary significantly accord-
ing to the degree to which redundancy is de-
signed into the system. Another 40 percent of the
cost would include buildings, coal receiving and
preparation equipment, an oxygen plant, waste
handling equipment, water equipment, and the

688, M, Banda, et al,, ‘““Comparlw)n otIntegrated Coal Gasifica-
tion Combined Cycle Power Plants With Current and Ad anc ed
Gas Turbines, ” Advanced Energy Systems— Their Role In Our Fu-
ture: Proc eedings of the 19th Intersoc ety Fnergy Conv ersion Engi-
neering Conterenc e, August19-24,1 984 (San Francisc o, CA: Amer-
ican Nuclear Society, 1984), paper 849507.

9| bid

°For a discussion of relex ant turbine dev elopments, see Eric Jefts
“Tokyo Congress Highlights EfficiencyandNox Control, ” Gas Tur-
bine World, January-February 1 984, pp. 26-30.

“Genera | E lectricCo, , Reviewand Commentary on Design ot
Ad\ anced Fossil Fuel SystemsiFairfield CT: General Electric Co.,
1982).

2OTA staff telephone conversationwith Bert Lou ks, Electric
Pow er Research Institute, June 6 1984
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combined-cycle system .73 Finally there are access
roads, site preparation, and various civil engineer-
ing tasks; together these might represent roughly
20 percent of capital costs.

Operating and maintenance costs could range
from 6 to 12 mills/kwh, a figure roughly equiva-
lent to the costs characteristic of a conventional
pulverized coal plant. The greatest source of un-
certainty in the estimate concerns the perform-
ance of the gasifiers, of the syngas coolers (if they
are used) and of the gas turbines.

Fuel costs for the reference plant are projected
to range from 15 to 17 mills/kwWh based on 1990
coal costs of $1 .78/MMBtu (see “Definitions” in
appendix afor discussion of fuel costs). It is here
where the possible cost advantage of the IGCC
over the conventional scrubber equipped plant
is greatest. Because of its higher efficiency, the
IGCC’s fuel costs would be less than those of its
conventional counterparts. As discussed above,
an important determinant of overall efficiency is
the gas turbine’s efficiency. Advanced turbines
which are expected to be available by the early
1990s would be much more efficient than present
turbines. Their use could allow fuel costs to fall
to the low end of the estimated range. Since fuel
costs account for a large portion of the cost of
generating electricity from the IGCC, the antici-
pated improvement in turbine efficiency wil af-
fect the competitive position IGCC significantly .74

Atmospheric Fluidized=Bed Combustion

Introduction.—The AFBC is a combustion
technology which will provide an economic alter-
native to conventional pulverized coal plants in
the 1990s. Its relatively low volumes of sulfur di-
oxide and nitrogen oxide emissions, great fuel
flexibility, small commercially available size ( <
100 MWe), easlly handled solid wastes, respon-
siveness to demand changes, and other features

7H GHemphilland M, B, Jennings (Raymond Kaiser Engineers,
Inc.), “‘Offsites, Utilities, and General Facilities for CoalConver-
sion Plants, "’ Advanced Energy Systems— Their Role in Our Future:
Proceedings of the 19th Intersociety Energy Conversion Engineer-
ing Conference, August 19-24, 1984 (San Francisco, CA: American
Nuclear Society, 1984), paper 849195.

74B.M. Banda, et al., “Comparison of Integrated Coal Gasifica-
tion Combined Cycle Power Plants With Current and Advanced
Gas Turbines, ” op. cit., 1984.

offer advantages which may allow it to compete
successfully with conventional plants, particularly
in areas where high sulfur coals are used. Invest-
ment outside the utility industry in AFBC cogen-
eration units already is growing rapidly, Greater
investment by utilities is likely in the 1990s,
though various factors may keep the number of
large utility-owned AFBCs operating by the end
of the century below that which cost alone would
set (see chapter 9).

There are two basic types of fluid ized-bed com-
bustors: the atmospheric fluid ized-bed combus-
tor (AFBC) and the pressurized fluidized-bed
combustor (PFBC). The PFBC operates at high
pressures, and therefore can be much more com-
pact than the AFBC. The PFBC also may produce
more electricity for a given amount of fuel. De-
spite these potential advantages, the PFBC has
more serious technical obstacles to overcome
and is less well developed than the AFBC. It has
not yet been successfully demonstrated on a
commercial scale, nor are any commercial-scale
demonstrations now under construction in the
United States. It is unlikely that more than a few
commercial units could be completed and oper-
ating before the end of the century, though the
PFBCs longer term potential is quite promising.

The AFBC, the focus of this analysis, operates
at atmospheric pressures. Small-scale AFBCs al-
ready are used commercially around the world
for process heat, space heat, and in various other
industrial applications; and are producing elec-
trical power abroad as well as in very small
amounts in the United States. Three types of
AFBC installations may be important over the
next 15 years: large electric-only plants (100 to
200 MWe), cogeneration installations, and non-
electric systems. The electric-only units are likely
to be deployed by utilities, whereas the cogen-
eration and nonelectric units probably would be
built and operated by others.

The cogeneration unit is an installation oper-
ated to provide both electricity and usable ther-
mal energy, while the nonelectric systems are
used to supply usable heat only. Electric-only
AFBCs may be new “grass-roots” plants built
from the ground up; or they may be “retrofits”
to existing plants which have been modified to
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accommodate an AFBC instead of the old con-
ventional boilers.”s A retrofit may allow the life
of a powerplant to be prolonged, reduce emis-
sions, and increase the rating of a powerplant.
Retrofits also are cheaper and faster to build than
completely new AFBCs. See chapter 5 for a more
detailed discussion of retrofits.

While this discussion centers on the large,
grass-roots electric-only plants, the other three
types of installations—retrofit, cogeneration, and
nonelectric units—are important for several rea-
sons. First, they constitute the most immediate
market for the AFBC; and may very well domi-
nate the market in the 1990s (see chapter 9). This
prospect is enhanced by their short lead-times—
substantially shorter than those which would
characterize large grass-roots, electric-only
units.”¢

Second, operation of these units may provide
valuable experience which can be used to rap-
idly refine the technology, to reduce cost uncer-
tainties and to improve its competitive posture.
Thus, even with very few grass-roots, electric-only
plants in operation, their design can be continu-
ously and quickly improved and risks reduced
as a result of experience gained in other appli-
cations. Furthermore, where utility retrofits are
concerned, utilities directly can gain operating
experience and confidence in the technology at
a cost and risk considerably smaller than that
associated with a new grass-roots electric-only
plant.

General Features of the AFBC.—A fluidized-
bed is a mass or “’‘bed’’ of small particles—solid
fuel, ash and sorbents used for sulfur removal—
through which flow large volumes of air and com-
bustion gases. The gases move through the bed
at velocities sufficient to cause the mass of parti-
cles to behave like a fluid; hence the term
“fluidized-bed.”” In the AFBC, one or more

sThe retrofit can take one of two forms. The old boiler may be
modified with the addition of an AFBC; or the old boiler may be
removed in its entirety and replaced with an entirely new AFBC
boiler. In either case the old turbine and other equipment may be
used.

76Retrofit units in many cases involve very little regulatory delay,
as they are deployed at preexisting plants. Cogeneration units and
nonelectric units commonly are very small, and are not owned by
utilities, and are are not subject to the same extensive regulatory
delays which characterize large utility-owned projects.

fluidized-beds are used to perform two key func-
tions: combustion of the fuel and capture of sul-
fur carried in the fuel. Some AFBCs perform both
functions in a single bed. Other systems use sev-
eral sequentially linked beds, each of which has
a different design and performs a different func-
tion. For the sake of simplicity, this discussion fo-
cuses on AFBCs which require only one bed.

In the typical AFBC, unburned solid fuel regu-
larly is fed into the bed and mixed with the bed’s
hot particles bringing about combustion. Ther-
mal energy is removed from the bed by heat
transfer to water carried in tubes passing through
the bed. The resultant steam can be used in-
directly for space or process heat, to drive a steam
turbine, or both. If the fuel contains substantial
quantities of sulfur, a chemically active ““sorbent”
such as limestone also is fed into the bed to re-
act with the sulfur while it is still in the bed. The
sorbent captures the sulfur before it escapes from
the bed with the combustion gases. This capa-
bility to capture sulfur ““in situ”’ reduces or elim-
inates the need for expensive add-on sulfur-removal
equipment and is perhaps the most attractive fea-
ture of the AFBC.

Air is injected from below the fuel and sorbent
mixture and “fluidizes’ it. Depending on the ve-
locity and volume of the air, and the size of the
fuel and sorbent particles, a portion of the parti-
cles and combustion byproducts are entrained
in the flow of air and ““elutriated”” from the bed.
A cyclone’” separates the larger entrained parti-
cles from the gases. The gases and smaller parti-
cles are cooled and discharged into a baghouse”®
where the remaining particles are removed from
the gas before it is exhausted to the atmosphere.
The solids removed in the cyclone meanwhile are
recycled through the bed—to improve fuel and
sorbent utilization—or discharged. Some solids
also may be discharged from the bottom of the
bed. The effective recycling of sorbent and of un-
burnt materials is crucial in maintaining a highly
efficient combustion process and minimizing sor-
bent consumption.

77Acyclone s amechanical device wh ic h sepa rates Particles from

gases by using centrifugal force.
78A system of fabricfilters (bags) for dust removal from stack gases.
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Fluidized-bed combustors are commonly cate-
gorized by the degree to which solids are en-
trained in the gas-flow through the bed and to
which solids are recycled to the bed after pass-
ing through the cyclone. The primary types of
fluidized-beds are illustrated in figure 4-25;
among these, bubbling beds and the circulating
beds are the most important.”

79 These inturncanbe further subdivided. Among the bubbling
beds are the conventional bubbling bed, multibed and in-bed cir-
culating models. Circulating systems include conventional and multi-
solids bed (or hybrid} systems. (Bruce St. John, NUS Corp., Analy -

The bubb/ing bed AFBC is characterized by low
gas velocities through the bed. The result is a bed
from which only the smaller particles are en-
trained with the gas; after being entrained, the
solids on the average are recycled through the
bed less than once. Conversely, the gas flow ve-
locities through the circulating bed are rapid. The
bed itself becomes less distinct with greater en-

sis and Comparison of Five Generic FBC Systems, paper presented
at Fluidized Bed Combustion Conference, sponsored by the Gov-
ernment Institutes, May 1984. )

Figure 4-25.—Types of Fluidized Gas-Solid Reactors With Different Regimes of Particle Slip Velocity and
Degrees of Flyash Recycle (with Reh) Showing Proposed Terminology

Mass flow rate of solids returned to bed
Mass flow rate of solids entering bed

3 =

30URCE: Leon Green, Jr., Value Derivable From Coal Waste by Entrained-Flow Combustion, presented at the Fifth ICU Sympasium, Pittsburgh, PA, June 1983
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trainment levels, as larger portions of the fuel and
sorbent repeatedly are cycled through the com-
buster. The fuel and limestone are thoroughly
mixed as combustion of the fuel takes place.

Each of the two types of AFBC possesses cer-
tain operating characteristics and peculiarities. An
important shortcoming shared by both technol-
ogies is the fact that neither have been built to
produce electric power on a scale-100 to 200
MWe—attractive to utilities. And both face seri-
ous technical challenges in moving from the very
small nonelectric industrial boilers which have
typified AFBC applications so far to these larger
sizes.

The bubbling bed has an important advantage
in that it is the older of the two types and there
is greater operating experience in the United
States (in small, nonelectric, industrial applica-
tions). The bubbling-bed combustor can more
readily be retrofitted to some preexisting conven-
tional boilers, But the design also has its draw-
backs. perhaps the most serious are the fuel-feed
problems encountered as the unit is scaled-up.
it is difficult to design a reliable feed mechanism
that adequately distributes fuel to the bed; the
problem becomes progressively more difficult as
the bed is enlarged. An elaborate feed design is
required; and the size and moisture content of
the fuel must be carefully controlled.

By the end of this decade several large bub-
bling-bed AFBCS will be operating in the United
States. One is a grass-roots, 160 MWe demon-
stration plant in Paducah, Kentucky (see figure
4-26). Two others are retrofit units. Among the
units, two different feed systems will be used.
Should serious problems be encountered in the
feed systems of the units, the deployment of the
bubbling beds with capacities between 100 and
200 MWe in the 1990s may be seriously delayed.
Favorable operation would encourage commer-
cial orders of large units. Other problems asso-
ciated with some bubbling bed designs, which
may impede commercial deployment, are ero-
sion and corrosion of materials which are in con-
tact with the bed itself or particulate laden gases.
These difficulties, should they persist, could re-
sult in unacceptably high O&M costs.

With the circulating bed, by virtue of its greater
gas’ velocities and higher levels of particulate re-
cycling, the fuel-feed problem may be far less of
a problem, at least with smaller units. A simpler
feed mechanism can be used, and larger varia-
tions in fuel size and moisture are tolerated. Effi-
cient combustion and sorbent utilization is more
readily achieved. Nitrogen oxide and carbon
monoxide emissions also tend to be lower.

Being a newer “second-generation’ technol-
ogy, there is less experience operating even small
circulating-bed AFBCs. But this disadvantage is
rapidly disappearing. Many vendors now are
offering circu lating beds; and almost all the ma-
jor cogeneration units and many of the nonelec-
tric AFBC projects now being built employ cir-
culating beds.

While it is not clear whether plants using bub-
bling beds, circulating beds, or some hybrid of
the two will be favored for large grass-root plants
in the 1990s, the recent commercial trends indi-
cates that the circulating beds are becoming the
technology of preference for small cogeneration
uses and a sizable share of nonelectric applica-
tions. Favorable experience with these units, as
well as the single large retrofit unit using the cir-
culating bed, could decisively favor the competi-
tive position of large circulating bed AFBCs in the
1990s. As with the large bubbling bed demon-
stration units, however, difficulties with the dem-
onstration retrofit unit could seriously retard the
commercial deployment of large units.

Typical AFBC Plant for the 1990s.-A large
AFBC plant typical of the kind which might might
be deployed for electricity production in the
1990s is described in appendix A, table A-5. The
table and the following discussion focus on all-
electric, grass-roots plants. By the early 1990s,
U.S. utilities will have only one such plant on
which to base evaluations of the technology. This
is the 160 MWe demonstration unit which cur-
rently is being constructed at TVA’s Shawnee
Steam Plant in Kentucky; startup is scheduled for
1989. Investors, however, also by the early 1990s
will benefit from the technical progress and in-
formation resulting from two large demonstration
retrofit units, one of 100 MWe and the other of
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Figure 4-26.—160 MW AFBC Demonstration Plant in Paducah, KY

Authority

125 MWe, which also will have operated for sev-
eral year-s by the early 1990s. Also important wiill
be experience gained from the operation of a fully
com mercial, 125 MWe cogeneration u nit—also
a~ retrotit—being installed by a private firm in
Florida. And many hundreds of megawatts of
\mall AFBs will have been installed by 1990.

The reference AFBC plant considered in the
analysis has a generating capacity of approxi-
mately 150 MWe (net). The gross electrical power
production of the plant actually would exceed
net capacity, because power is required to oper-
~te the equipment which circulates the solids and
forces air into the bed. Any commercial units con-
sidered in the early 1990s are not likely to ex-
ceed by very much the size of the demonstra-
tion units; AFBCs are subject to scale-up problems

which probably will inhibit during the 1990s de-
ployment of any commercial units much larger
than the demonstration plants.

Many features of the AFBC installations de-
ployed in the 1990s, regardless of type, are likely
to be much the same. They will require access
to coal and limestone supplies; this usually means
railroad access. A rather sizable piece of land wiill
be required, not only for the AFBC itself but for
coal and limestone handling and processing fa-
cilities, storage areas for the limestone and coal,
disposal areas for the solid waste generated by
the plant, and ponds of various sorts. Disposal
of spent limestone may be one of the most seri-
ous problems for the AFBC. Current estimates are
that about 1,200 tons per MWe year need to be
disposed of for 3.5 percent sulfur, lllinois coal.
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For a 150 MWe plant, about 90 to 218 acres
could be required; the exact amount depends on
several conditions. Access to water also will be
required; the 150 MWe reference plant is ex-
pected to require about 1.5 milion gallons each
day.

Like any large powerplant, the AFBC is ex-
pected to require a considerable amount of time
to deploy. An AFBC in the 100 to 200 MWe range
potentially has a lead-time of no more than 5
years because of its smaller size and environ-
mental benefits. As with the IGCC, however,
lead-times of the first plants are likely to be
greater, and could be as long as 10 years. This
includes up to 5 years for design, preconstruc-
tion, and licensing activities; and 2 to 5 years for
construction. Favorable regulatory treatment, and
rapid and quality construction could result in
lead-times close to the potential.

If in fact large, grass-root AFBC plants take up
to 10 years to build from initial commitment,
orders for them must be made by 1990 for the
AFBCs to contribute appreciably to generating ca-
pacity before the close of the century. Given the
fact that the three large demonstration plants and
numerous small cogeneration units will be oper-
ating by then, there is a possibility that consider-
able numbers of large plants indeed will be i niti-
ated by that time.

The operating availability of an AFBC power-
plant may be around 85 to 87 percent. But con-
siderable uncertainty surrounds this figure. Dif-
ficulties with the fuel feed system in bubbling-bed
AFBCs could severely reduce operating availabil-
ity. Or erosion or corrosion associated with both
bubbling-bed and circulating-bed AFBCS could
have similar effects.

ENERGY STORAGE

Introduction

There are several tasks that electric energy stor-
age equipment, employed by utilities, can per-
form. The most common is load-/eve/ing, in
which inexpensive base load electricity is stored
during periods of low demand and released dur-

AFBCs are expected to be used primarily as
base load plants, though their demand-following
capabilities will allow their use in intermediate
applications. An AFBC plant is expected to last
for approximately 30 years, and to operate with
an efficiency of approximately 35 percent—some-
what higher than a conventional pu lverizecl coal
plant equipped with scrubbers.

The capital cost of a large AFBC probably will
be pegged at a level roughly comparable to that
of its main competitors, the conventional scrubber-
equipped plants and the IGCC. The estimate in
this analysis is $1,260 to $1,580/kWe. Fuel costs
are expected to be approximately 17 mills/kWh
assuming coal costs of $1.78/MMBtu. O&M costs
are expected to fall between 7 and 8 mills/kwh,
but high uncertainty is associated with this esti-
mate. Should technical problems be experienced
with the fuel feed system, or should serious ero-
sion or corrosion problems arise, power produc-
tion could suffer and expensive repairs and modi-
fications could be required. Consequently, O&M
costs could escalate.

The major opportunities for research which
cou Id yield technical improvements in the AFBC
or reduce uncertainty about performance lie i n
the three large demonstration projects which cur-
rently are underway. These projects offer the
chance to experiment with basically different de-
signs and to compare technologies. Of particu-
lar importance will be research relating to the fuel
feed systems and to designs and materials which
can reduce erosion and corrosion of system com-
ponents.

TECHNOLOGIES

ing periods when the marginal cost of electricity
is high. I n addition, storage equipment can be
used as spinning reserve, the backup for gener-
ating systems which fail, or as system regulation,
the moment-by-moment balancing of the utility’s
generation and load.
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Energy storage technologies also may be used
by utilities’ customers in either remote or grid-
connected applications. The latter typically in-
volve the use of storage devices by utility custom-
ers wishing to avoid the high price of electricity
during peak periods. Cheaper power is pur-
chased during base periods and stored for use
during higher cost, peak periods.

Modular storage technologies, such as batteries
and flywheels, can be deployed in either a utility-
owned or in a nonutility-owned dispersed fash-
ion. However, economic considerations currently
seem to favor large utility- or third-party-owned
installations. While storage technologies may at
some point be installed in conjunction with large
deployments of intermittent generating plants,
such as photovoltaics or wind, storage facilities
in the 1990s will most likely be used to store
the inexpensive output of large, conventional
plants .80

There are two storage technologies which
could, under some circumstances, see significant
deployment in the 1990s: advanced batteries and
compressed air energy storage (CAES). Batteries
are a well-established technology, familiar mostly
in mobile applications, but only recently have ad-
vances in chemistry and materials made it possi-
ble to construct large-scale systems with suffi-
ciently long lifetimes and low capital costs to
attract utility interest.

A CAES plant is a central station storage tech-
nology i n which off-peak power is used to pres-
su rize an underground storage cavern with air,
which is later released to drive a gas turbine. The
technology has been demonstrated in Europe,
but not in the United States.

Compared to batteries, CAES plants have sev-
eral advantages. They are in a more advanced
stage of technical development and are likely to
be less expensive than batteries on a dollar per
kilowatt-hour basis when long discharge times
(roughly 5 hours or more) are required. However,
compared to batteries, CAES plants are less mod-
ular, and thus carry more financial risk per
project.

80As currently 1s the common practice withpu roped hydroelec-

tric facilities; there may be some exceptions, howey er, in certain
isolated areas with large potential tor renewable, suchasHawaii,

Among the storage technologies not likely to
make a significant additional contribution in the
1990s are pumped hydro, flywheels, and super-
conducting magnet energy storage. While there
are numerous pumped hydro plants in existence
in the United States, it has become difficult to site
these plants if they involve a large, above-ground
reservoir. If all the water is stored underground,
the plants are economic only in very large units. Bl
Flywheels, while possibly competitive in small in-
stallations, e.g., cars or homes, cannot compete
economically with batteries or CAES in larger in-
stallations. B2 Finally, superconducting magnetic
energy storage is not likely to be commercial be-
fore the next century.

Compressed Air Energy Storage

Introduction

A CAES plant uses a modified gas turbine cy-
cle in which off-peak electricity—stored in the
form of compressed air-substitutes for roughly
two-thirds of the natural gas or oil fuel necessary
to run an equivalent conventional plant (see fig-
ure 4-27). in a conventional plant, the turbine
must power its own compressor to supply the
compressed air necessary for operation. This
makes only a third of the turbine’s power avail-
able to produce electricity. | n a CAES plant, how-
ever, off-peak electricity is used to drive the com-
pressor (through the generator running in reverse
as a motor) which charges an underground stor-
age cavern with compressed air. Later the air is
released and passes through a burner where a
hydrocarbon fuel such as natural gas is burned.Bs
The resulting hot gases then pass through a tur-
bine which, freed from its compressor, can drive
the electric generator with up to three times its
normal fuel efficiency. The gases discharged from

s1Peter g Sc ha ub, Potomac E lect ric Power Co, comments o n
OTA electric power technologies November 1984 draft report, Jan.
29, 1985.

82James H. Swisher and Robert R. Reeves, “‘Energy Storage Tech-
nology, "’Energy Systems Handbook {New York: John Wiley & Sons,
February 1983).

s3lnadditiontothe ca ES tech no logy described here, there are
severa 1, more advanced CAES systems which reduce or elimi nate
the need for natural gas or hydrocarbon fuel. These systems would
be more expensive than the more conventional CAES systems, and
while none have yet been demonstrated, they could be developed
for the 1990s with sufficient utility Interest.
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Figure 4-27.—First Generation CAES Plant
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A Compressed Air Energy Storage (CAES) plant is a modification of a conventional gas turbine cycle. Its principal components are combus-
tion turbines, compressors, a generator/motor. and an underground storage cavern. The system stores energy by using electricity from the grid
to run the compressor and charge the cavern with compressed air. This energy is discharged by releasing the compressed air to the combustion
turbine where it is mixed with natural gas or oil and burned to produce the power which drives the generator. In a conventional gas turbine plant
the turbine drives its own compressor simultaneously with the generator so that only a third of the turbine's total power is available to produce
electricity. Thus, a CAES plant stores the energy in off-peak electricity to make a gas turbine three times as fuel efficient.

SOURCE Robert B. Schainker. Executive Overview. Compressed Air Energy Storage (CAES) Power Plants (Palo Alto. CA: Electric Power Research Institute, 1983)

in Louisiana and eastern Texas. Salt caverns are
“solution-mined” by pumping water into the de-
posit and having it “dissolve” a cavern. The re-
sulting reservoir is virtually air-tight. These salt
caverns are pressurized to up to 80 atmospheres,
have a depth of 200 to 1,000 meters, and a vol-
ume of 1,000 cubic meters/MWe.

the turbine pass through a “recuperator” where
they discharge some of their heat to the incom-
ing air from the cavern; this, too, increases the
overall efficienc,of the plant.

Three types of caverns may be used to store
the air: salt reservoirs, hard rock reservoirs, or
aquifers (see figure 4-28). Each has its advantages

and disadvantages. About three-fourths of the
United States rests on geology more or less suit-
able for such reservoirs (see figure 7- | 2 in chap-
ter 7). The salt domes are concentrated mostly

38-743 0 - 8 - 5

Rock caverns are located throughout the
United States. They must be excavated with un-
derground mining equipment. A typical CAES
plant using a rock cavern would be coupled to
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Figure 4-28.—Geological Formations for CAES Caverns
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In an aquiter system, numerous wells are
sunk through an impervious caprock into
porous material such as sand, sandstone,
or gravel. The force of the surrounding
water confines the compressed air and
mMaintains it at a constant pressure as it is
njected and withdrawn from the system.

Salt caverns are mined by a technique
called solution-mining. A narrow well is
drilled into a salt dome and fresh water is
continuously pumped in to dissolve the
salt while the resultant brine is pumped
out. The process is continued until the
desired storage volume is reached, The
necessary volume is larger than that need-
ed in a hard rock or aquifer system
because without water present, the
pressure of the compressed alr drops as it
is withdrawn from the cavern,

SOURCE “Eighty Atmospheres In Reserve” .E/W Journa/, April 1979

Hard rock caverns are mined with standard
excavation techniques. A compensation
reservoir on the surface maintains a con-
stant pressure in the cavern as the com-
pressed air is injected and withdrawn. This
minimizes the volume of rock it is necessary
to excavate.

an above-ground compensating reservoir which
would maintain a constant pressure in the cav-
ern as it discharges. The maintenance of constant
pressure offers several important operational ad-
vantages. In addition to maintaining the desired
pressure, the reservoir also allows for a much
smaller cavern than is the case with salt reservoirs.
Thus, only about 600 cubic meters/MWe are

needed underground, though a pool of about 700
cubic meters/MWe of water is required on the
surface.”

s Use of acom pensating reservoir 15 less suitable forsaltreser-
voirs because the salt dissolves i n the water. This canonly be pre-
vented by the use of water saturated Withsalt, an approach whic h
could resu It i n major eny Iron mental problems.
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The aquifer reservoirs are naturally occurring
geological formations found in much of the Mid-
west, the Four Corners region, eastern Pennsyl-
vania and New York. An advantage of this kind
of reservoir is that it does not require any exca-
vation. It consists of a porous, permeable rock
with a dome-shaped, nonporous, impermeable
cap rock overlying it. Compressed air is pumped
into the reservoir, forcing the water downward
from the top of the dome. Later, as air is drawn
from the reservoir, the water returns to its origi-
nal place beneath the dome. An important advan-
tage of this kind of reservoir lies in the fact that
the volume of the reservoir is quite flexible, al-
lowing for a variety of plant capacities and oper-
ating schedules.

With the exception of the recuperator, the
technologies required for CAES plants—the tur-
bomachinery and the reservoir-related technol-
ogies such as mining equipment—are well-estab-
lished technologies. The turbomachinery is only
a slight modification of currently used equipment
and there are several manufacturers, American
and foreign, that offer CAES machinery with full
commercial guarantees, While there are some
questions as to the dynamic properties of the air
as it enters and leaves a cavern, there is little
doubt that the technology exists to build and
maintain underground storage facilities. These
caverns have been used for years to store natu-
ral gas and other hydrocarbons, and the same
firms that supply the oil and gas industry have
offered to provide utilities with CAES caverns that
can be warranted and insured. *

Despite the relative maturity most of the com-
ponents which make up the CAES plant, there
has been no experience in the United States with
CAES itself-though a CAES plant using a salt cav-
ern has been in operation since 1978 at Huntorf,
West Germany (see figure 4-29) and has per-
formed well. This lack of domestic experience
with the technology constitutes the largest hur-
dle facing CAES. There is a general reluctance
among utilities in this country to be the first to
make a commitment to build a plant. While sev-
eral utilities have made preliminary planning

" Personal c orrespondence  betw een Arnold Fic kett 1 Elec t ric
Pow er Researc h Institute) and OTA statt, July 2,1984

Figure 4-29.—The Huntorf Compressed Air Energy
Storage Plant in West Germany

[n the foreground is the wellhead, where compressed air Is Injected
and released The rest of the plant is in the background

SOURCE BBC Brown Boven, Inc

studies, the Soyland Electric Cooperative in 11-
linois is the only American utility that has ordered
a plant. This plant, however, was for various rea-
sons canceled and no project has been initiated
since then.

Typical CAES Plant for the 1990s

CAES plants in the 1990s are likely to be avail-
able in two modular unit sizes, 220 MWe, com-
monly called maxi-CAES, and 50 MWe, mini-
CAES. These sizes are determined by the sizes
of existing models of turbomachinery—the tur-
bines, compressors, generator/motor, and a gear-
box which connects them.

A CAES plant must be sited in an area with ac-
cess to water and fuel. The turbomachinery re-
quires about 2,000 ga[lons/MWe of water per
day, and a plant with a rock cavern needs addi-
tional water for the compensation reservoir. Both
mini- and maxi-CAES plants burn about 4,000
Btu/kwh of fuel and emit the standard combus-
tion byproducts, such as nitrogen oxide, but at
only a third of the level of a similar size conven-
tional gas turbine. CAES plants also have noise
levels similar to those of more conventional
plants. There are several waste disposal problems
involved with building the caverns. If a rock cav-
ern is used, it is necessary to dispose of a large
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volume of waste rock,”and when a salt cavern
is used, the brine pumped out of the cavern must
be disposed of. Land requirements would range
from around 15 acres for a maxi-CAES plant to
3 acres for a mini-CAES plant.

The lead-times expected for CAES plants will
probably range from 4 to 8 years. The large plants
would occupy the higher end of the range, while
the smaller units would fall at the lower end. The
primary source of uncertainty in lead-time esti-
mates concerns licensing and permitting, which
is expected to take 2 to 4 years. Regulatory hur-
dles will vary depending on the type of reservoir
used. Among the regulatory impediments are
those relating to the disposal of the hard rock or
brine from the mining operation, and relating to
water usage and impacts. Also problematic may
be the requirements of the Powerplant and in-
dustrial Fuel Use Act of 1978. Even though a CAES
plant is an oil and gas saving device, the fact that
it uses these fuels means a utility must receive
an exemption from the act to operate one. A
precedent was established when such an exemp-
tion was granted to the Soyland Electric Coop-
erative, but under the current regulations, exemp-
tions would be required for every CAES plant .87

The properties of the two sizes are similar (see
table A-8, appendix A); the mini-CAES turbo-
machinery costs somewhat less—$392/kWe vs.
$51 5/kWe for the maxi-CAES. The storage cav-
erns can be formed out of three types of geologi-
cal formations: aquifers, salt deposits, and hard
rock. In general, aquifers are the least expensive,
followed closely by salt. Rock caverns, which
must be excavated, are by far the most expen-
sive. on a total dollars per kilowatt basis, caverns
for maxi-CAES plants are less expensive than
those for mini-CAES.

86This problemis greatly alleviated by the fact that the excavated
material can be used in constructing the compensating reservoir
or other facilities (Peter E. Schaub, comments on OTA electric power
technologies November 1984 draft report, op. cit.,, 1985).

a7p. L, Hendrickson, Legal and Regulatory Issues Affecting Com-
pressed Air Energy Storage (Richland, WA: Pacific Northwest Lab-
oratory, July 1981 ), PNL-3862, UC-94b.

Advanced Batteries

Introduction

Batteries are more efficient than mechanical
energy storage systems, but their principal advan-
tage is flexibility. Batteries are modular so that
plant construction lead-times can be very short
and capacity can be added as needed. Batteries
have almost no emissions, produce little noise
(though because of pumps and ventilation sys-
tems, they are not silent), and they can be sited
near an intended load, even in urban areas. A
battery’s ability to rapidly begin charging or dis-
charging (reaching full power in a matter of
seconds, as opposed to minutes for a CAES sys-
tem) makes it valuable for optimizing utility oper-
ations. However, battery-storage installations do
not benefit very much from economies of scale
either in capital costs or in maintenance costs,
so that if large blocks of storage are required,
CAES may be less expensive. Also, though cost
effective and reliable in numerous remote appli-
cations, battery technology has not yet achieved
the combination of low cost, good performance,
and low risk necessary to stimulate investment
in grid-connected applications.

There are two types of utility-scale batteries
which under some circumstances could be par-
ticularly important in the 1990s: advanced lead-
acid batteries, and zinc-chloride batteries. Lead-
acid batteries are in wide use today mostly in
automobiles and other mobile applications; ad-
vanced lead batteries constitute an incremental
improvement over the existing technology. Zinc-
chloride batteries are a newer technology, and
constitute a fundamental departure from the con-
ventional lead-acid battery. | n both cases, indi-
vidual modules similar to commercial modules
which might be deployed in the 1990s, have been
tested at the Battery Energy Test Facility in New
Jersey.®*Though neither type of battery has been
deployed yet in a multi megawatt commercial in-
stallation, plans to do so during the late 1980s
are being developed and implemented.

Other battery technologies meanwhile are be-
ing pursued. Among these, the most promising
appear to be zinc-bromide batteries and sodium-

88See ch. g for further details on thisfaci lity.



Ch. 4—New Technologies for Generating and Storing Electric Power . 123

sulfur batteries. But the development of both lags
considerably behind that of the lead-acid and
zinc-chloride batteries. Neither has been tested
at the BEST facility; such tests are not likely to
begin until 1989-90. Given the subsequent need
for full-scale commercial demonstration installa-
tions and other time-consuming steps, it is very
unlikely that either the zinc-bromide or sodium-
sulfur batteries could be extensively deployed
commercially in the 1990s. Several other ad-
vanced battery technologies, such as Iron/Chro-
mium, Zinc/Ferricyanide, Nickel/Hydrogen, and
Lithium/iron Sulfide cells, are all considered even
less developed and are not considered here
either.

Typical Battery Installation for the 1990s

If battery technology is deployed in the 1990s
by utilities, the general requirements of a typical
plant, regardless of the battery technology em-
ployed, are expected to be a peak power out-
put of 20 MWe and a storage capacity of about
100 MWh. Such a plant could consist of about
10 to 50 factory built modules, along with con-
trol and power conditioning equipment, housed
in a protective building (see figures 4-30 and Q-
31). Battery installations outside the utility-
industry might be considerably smaller.

The total land necessary wil depend on both
the so-called “energy footprint” (energy density
i n kilowatt-hour per square meter) of the particu-
lar battery technology as well as the amount of
space necessary for easy maintenance. Each of
the reference battery installations discussed here
will require about 0.02 to 0.03 acres. There are
no fuel and only minimal water requirements.

The lead-time required to deploy battery instal-
lations is expected to be very short. Because of
the comparatively low environmental impacts of
the installation, licensing could proceed quite
rapidly. And since the battery modules are fac-
tory built, construction can be very rapid too. The
lead-time of the plant should be less than 2 years.
There is, however, uncertainty regarding the time
required for licensing and permitting. Concern
over possible accidents and disposal of hazard-
ous materials, discussed in greater detail below,
could be a source of regulatory delays particu -

larly when the installations are dispersed in ur-
ban areas.®d

Though the battery installations will share many
characteristics, other features of the battery plants
will differ significantly, depending on the type of
battery used. These individual characteristics
therefore are treated separately below for each
of the two battery types emphasized in this
analysis.

Advanced Lead-Acid Batteries.—When fully
charged, a lead-acid battery consists of a nega-

tive lead electrode and 2 nocitive lead diovide
LIV 1vdau vivLvuuue aiiu a VUJILIV\, cau uiuAaiuc

electrode immersed in an electrolyte of sulfuric
acid (see figure 4-32). As the battery discharges,
the electrodes are dissolved by the acid and
replaced by lead sulfate, while the electrolyte be-
comes water. When the battery is recharged, lead
is deposited back on the negative electrode, lead
peroxide is deposited back on the positive elec-
trode, and the concentration of acid in the elec-
trolyte increases.

The main advantage of lead-acid batteries is
that the technology has been used for decades.

It 1¢ likely that utilitv-cized hatteriec can he
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produced with sufficient performance character-
istics for utility use. At present, it is possible to
buy a load-leveling lead-acid battery with a
guaranteed lifetime of 1,500 cycles.® Accelerated
testing results indicate that refinements of the cur-
rent design can probably bring the lifetime up to
3,000 to 4,000 cycles.?’ While such tests must al-
ways be regarded with caution, the many years
of experience with accelerated testing of this tech-
nology lends confidence to these estimates. How-
ever, 4,000 cycles probably represents a limit on
the lifetime attainable with current lead-acid bat-
tery technology.??2

#9See:

1. Bechtel National, Inc., Generic Environmental and Safety
Assessment of Five Battery Energy Storage Systems (San Fran-
cisco, CA: Bechtel National, [nc., December 1981},
DEB2-902212.

. ]. Abraham, et al., Public Service Electric & Gas Co., Balance
of Plant Considerations for Load-Leveling Batteries (draft re-
port)(Newark, NJ: Public Service Electric & Gas Co.. 1984).

WOTA staff interview with Arnold Fickett, Electric Power Research

Institute, Aug. 30, 1984.

9'Exide Management and Technology Company, Research. De-
velopment, and Demonstration ot Advanced Lead-Acid Batteries
tor Utility Load Leveling (Argonne, IL: Argonne National Labora-
tory, August 1983), ANL/OEPM-83-6.

92OTA staff interview with Arnold Fickett, op. cit., 1984,

%3
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Figure 4-30.—Generic Battery System
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Figure 4-31.—A Commercial Load-Leveling Zinc-Chloride Battery System

This system is known as the FLEXPOWER System, developed by Energy Development Associates. This particular system is rated at 2 MWe,

and can operate from 3 to 4 hours.

SOURCE: B.O. Brummet, et al., “Zinc-Chloride Battery Systems for Electric Utility Energy Storage.” presented at the 19th Annual Intersociety Energy Conversion

Englneering Conference San Francisco CA, Aug 19-24, 1984

The main problem with lead-acid batteries is
the capital cost. (See appendix A, table A-9.) The
price of lead has recently dropped, primarily be-
cause its use in paint and gasoline is legally pro-
hibited in many instances. At this low price, the
lead alloy and other active materials contribute
about one-fourth of the battery’s projected sell-
ing price of $600/kWe.??

This is close to the $500/kWe cost at which bat-
teries are generally considered to be economic.
The battery costs are so dependent on materials
cost, however, and it is not clear if the prices of
lead-acid batteries can be reduced much further.
If the price of lead rises to its previous level, then
the projected price would rise to over $800/kWe.
These figures are based on a production level of
200 MWe/year, but since similar lead-acid bat-
teries are already in production for mostly trans-
portation applications, the utility price may not
be a strong function of demand in stationary ap-
plications.

CBattery Capital costs are best represented in units of kilowatt-
hour not kilowatt-clectric However, to be consistent with the other
technologies considered here, we will use this latter measure. To
convert kilowatt-clectne to kilowatt-hour, divide the tormer by 5

Tassuming « tve hour discharge penods.

In general, the O&M costs of batteries will de-
pend strongly on the extent to which various bat-
tery components survive in a highly corrosive
environment. These costs are also likely to de-
pend strongly on how the battery is used, e.g.,
one deep discharge a day versus many shallow
discharges. Current estimates indicate that the
largest component of the O&M costs for lead-acid
batteries will most likely be due to the periodic
replacement of the battery stacks every 2,000 to
4,000 cycles {roughly equivalent to 8 to 16 years).
Since many parts of the used stacks, such as the
lead, are reusable or recyclable, a replacement
stack only costs about 50 percent of the original.
Assuming the plant operates for 250 five-hour cy-
cles per year, these costs, levelized over a 30-
year-plant life, are 6 to 20 mills/kWh.

The costs of the daily maintenance can be
greatly reduced by the addition of systems such
as an automatic water system to add water to the
batteries, and monitors to track chemical concen-
trations. However, battery housings will have to
he cleaned periodically to prevent deposits from
developing which could short circuit battery ter-
minal connections. These annual O&M costs are
estimated to be about 1 to 4 mills/kWh.
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Figure 4-32.— Lead-Acid Batteries

The illustrations below show how a lead-acid battery stores electrlc energy. Advanced lead-acid batteries differ (n the construction of the elec-
trodes, etc., but the basic operation is the same as the more traditional designs.

In its fully charged state, the negative electrode consists of spongy
lead with a small mixture of antimony (around 10 percent), while the
positive electrode is lead dioxide. The electrolyte is sulfuric acid.
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As the battery discharges, the lead in the negative electrode reacts
with sulfate ions in the electrolyte to form lead sulfate and release
two electrons. At the positive electrode, these electrons combine
with the lead dioxide in the electrode, and four hydrogen ions and a
sulfate ion from the electrolyte to form lead sulfate and water.

Negative electrode: pb+ SO, = - PbSO, +2e”

Positive electrode: PbO2 +4HY + 804 427 — PbSOA + 2H20
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To charge the battery, electrons are driven back into the negative
electrode, where they combine with the lead sulfate to form lead,
which remains on the electrode, and sulfate ions, which are released
into the electrolyte. At the positive electrode, the lead sulfate com-
bines with water molecules to form lead dioxide, which stays on the
electrode, hydrogen and sulfate ions which are released into the
electrolyte, and two electrons, which are driven by the charging
generator to the negative electrode.
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SOURCE: The Encyclopedia Americana, International Edition (Danbury, CT: Encyclopedia Americana Corp., 1980}, vol. 3. p. 360
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The safety hazards of advanced lead-acid bat-
teries occur primarily if the battery is over-
charged. In this instance, it wil generate poten-
tially explosive mixtures of hydrogen and oxygen
which must be ventilated. Stibine and arsine can
also be formed from the materials used i n the
electrodes. Finally, there are also dangers from
acid spills and fire. When the battery is decom-
missioned, the lead must be recycled, and the
acid disposed of. However, there is much experi-
ence with lead-acid batteries, and few safety
problems are anticipated if well-established main-
tenance and safety procedures are followed.

Zinc-Chloride Batteries.—The zinc-chloride
battery has been under development since the
early 1970s. It is a flowing electrolyte battery (see
figure 4-33). During charging, zinc is removed
from the zinc-chloride electrolyte and deposited
onto the negative graphite electrode in the bat-
tery stack, while chlorine gas is formed at the
positive electrode. The gas is pumped into the
battery sump, where it reacts with water at 10°
C to form chlorine hydrate, an easily managable
slush. During discharge, the chlorine hydrate is
heated to extract the chlorine gas, which is
pumped back into the stack, where it absorbs the
zinc and releases the stored electrical energy.

A principal advantage of the zinc-chloride bat-
tery is that it promises to be ultimately less ex-
pensive than the lead-acid battery, due primar-
ily to the inexpensive materials that go into its
construction. However, the technology, which
requires pumps and refrigeration equipment, is
more complex—it is sometimes described as be-
ing more like a chemical plant than a battery. *
Since no commercial design zinc-chloride bat-
tery has yet been operated, any cost projections
must be taken with some caution. (See appen-
dix A, table A-9)

Estimates indicate that at a production level of
about 700 MWe/year, zinc-chloride batteries
could be sold at a price less that-t $500/kWe, Be-
cause zinc-chloride batteries will most likely
make their first appearance in grid-connected use
(unlike lead-acid batteries which are already sold
in other markets), this price is likely to depend

‘W)TA staff interviews with ( 1) Arnold Fickett, op. cit.,, 1984 and
(2)).).Kelley, EXIDE Corp., Aug.29, 1984,

strongly on the volume produced. If only 50
MWe/year were made, the price could be about
$860/kWe; and early commercial units could cost
as much as $3,000 /kWe.

The zinc-chlorine battery may have a longer
lifetime than the lead-acid battery. The best cells
have run for 2,500 cycles, and while there have
been numerous problems with pumps and plumb-
ing, no basic mechanisms have been identified
which would limit the lifetime to less than 5,000
cycles.®However, the 500 kWh test module at
the BEST facility has only run for less than 60 cy-
cles, and several tough engineering problems
have yet to be overcome before the battery can
have a guaranteed lifetime long enough for com-
mercialization. In addition, the AC to AC round-
trip efficiency, which is currently in the low 60
to 65 percent range for the large battery systems,
must be increased to 67 to 70 percent; values in
this range have been attained by smaller prototypes.

The O&M requirements of zinc-chloride sys-
tems are even more uncertain than for lead-acid
systems. However, the expected longer lifetimes,
and the less expensive replacement costs for the
stacks and sumps (estimated to be about one-
third the initial capital cost of the battery) should
lead to levelized replacement O&M costs in the
3 to 9 mils/kwWh range. For lack of better data
on operating experience, the annual O&M costs
are estimated to be the same as for lead-acid, |
to 4 mills/kwh, though because of the increased
complexity of the system, they probably wil be
higher.

Another major advantage of the zinc-chloride
battery over the lead-acid battery is that their re-
action rates are controllable. This is due to the
fact that, in a charged zinc-chloride battery, the
zinc and the chlorine are separated in the stacks
and sumps. The rate at which the battery dis-
charges is controlled by the speed at which the
pumps allow the reactants to recombine. This not
only makes the battery more flexible in its oper-
ation, but provides a major safety advantage in
that if a zinc-chloride cell malfunctions, its dis-
charge can be stopped by shutting off the chlo-
rine pumps. In contrast, the reactants in a

5OTA staffinterview with Arnold Fickett, op. cit. .1 984.
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Figure 4-33.—Zinc-Chloride Flowing Electrolyte Batteries
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n its fully discharged state, the electrolyte in the battery stack con-
sists of @ concentratea solution ot zinc chloride. Ihe graphite
negative electrode and the graphite or ruthenia-catalyzed porous
iitanium positive electrode are inert. The battery sump contains
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When the battery s fully charged, the negative electrode is plated
with zinc and the electrolyte has only a weak concentration of zinc
chloride. The battery sump s filled with chilled chlorine hydrate.

VOURCE: Energy Development Associates, Development of the Zinc-Chloride Battery for Utility Applications (Palo Aito, CA: Electric Power Research Institute

1983),EPRI EM-3136
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As the battery is charged, chlorine ions from the electrolyte combine
at the positive electrode to form chlorine gas and release two
electrons. These electrons are driven to the negative electrode by
the charging generator There they combine with zinc being plated
onto the negative electrode, The chlorine gas is pumped to the sump
which has been chilled to below 10 “C, The gas reacts with the cold
water and forms an easily storable solid, chlorine hydrate.
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The battery is discharged by heating he chloride hydrate in the
sump, which then releases the chlorine gas. This gas is pumped to
the stack, where it combines with electrons from the positive
electrodes and breaks into chlorine ions. At the negative electrode
the zinc atoms release electrons and enter the electrolyte as zinc
lons.

Negative electrode: Zn - Zn "+ e

Positive electrode: C|2 + 2 —-2Ci°

Sump: CI2 +xH20 (solid) --- Clz(gas) + xHZO
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charged lead-acid battery cell remain in the same
battery case, so that short-circuited terminals
could lead to a sudden release of the stored
energy.

A major concern of regulatory ofticials consid-
ering zinc-chloride plants is likely to be the safety
problems associated with the accidental release
of chlorine. Since the chlorine is stored in a solid
form, there is no danger of a sudden release of

large quantities of the gas. However, the same
procedures used in industrial plants manufactur-
ing or using this gas must be followed. In addi-
tion, the sum ps must be sufficiently insulated so
that in the event of a malfunction of the refriger-
ation system, the chlorine will stay frozen in the
chloride hydrate phase long enough for repairs
to be made.

SUMMARY OF CURRENT ACTIVITY

The tables in appendix A at the end of this re-
port summarize the cost and performance char-
acteristics discussed in this chapter. Table 4-2
summarizes the information detailed in the ap-
pendix. Table 4-4 provides an overview of the
plants which currently are installed or operating

i n the U n ited States. The extent to which capac-
ity already has been deployed or is being con-
structed provides an additional indication of the
cost, performance and risk associated with the
technologies.

Table 4.4.—Developing Technologies: Major Electric Plants Installed or Under Construction by May 1, 1985

Technology

Capacity

Wind turbines*.........

Solar thermal electric:
Centrai receiver . . ... ...

Paraboiic trough . . . ... ..
Parabolic dish

Solarpond. . ...........
Photovoltaics:
Fiat piate ... . .. ... ..

Concentrator. . . . . . .

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

Binary:
Smail ., .............

550+ MWe (gross)®
100+ MWe (gross)*

? 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 M'We
10 MWe
47 MWe (net)
32 MWe (net)

10 MWe
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)

Location Primary sources of funds Status

California wind farms Nonutility Instailed

U.S. wind farms outside Nonutility Installed

of California
All U.S. wind farms Nonutility Under construction (1986)
Daggett, CA Utility, nonutility, and installed
Government
Albuquerque, NM Utility, nonutiiity, and Installed
Government

Daggett, CA Nonutility Installed

Daggett, CA Nonutiiity Under construction (1986)
Palm Springs, CA Government Installed

Various iocations Nonutility Instailed

Various locations, Non utility Under construction
Warner Springs, CA Nonutility Installed

Sacramento Utility and Government Installed

Sacramento, CA Utility and Government Under construction (1985)
Hesperia, CA Nonutility instailed

Carrisa Plains, CA Nonutility Installed

Carrisa Plains, CA Nonutility Under construction
Borrego Springs, CA Nonutility Instaiiedg

Davis, CA Nonutility Installed

Barstow, CA Nonutiiity Instaiiedg

Brawley, CA Utility  Inonutiiity Installed

Salton Sea, CA Utilitylnonutility Installed

Heber, CA Nonutility Under construction (1985)
Salton Sea, CA Nonutility Under construction (1985)
Mammoth, CA Nonutility Installed

Hammersly Canyon, OR Nonutility Installed

Hammersly Canyon, OR Nonutility Instalied"

East Mesa, CA Nonutility installed

Wabuska, NV Nonutiiity Instalied

Lakeview, OR Nonutiiity Instaiied"

Lakeview, OR Nonutiiity Instailed"

Suifurviiie, UT Nonutiiity Under construction (1985)!
Sulfurville, UT Nonutility Under construction (1985)
Heber, CA Utility, nonutility, and Installed

Government
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Table 4-4.—Developing Technologies: Major Electric Plants Installed or Under Construction
by May 1, 1985-Continued

Technology Capacity Location Primary sources of funds Status
Fuel cells:
Large, ...... ... ... None
Small’................. 38 x 0.04 MWe (net) Various locations Utility, nonutility, and Installed
_ Government
Smalth ... 5 X 0.04 MWe (net) Various locations Utility, nonutility, and Under construction
Government

Fluidized-bed combustors:

Large grass roots . ...... 160 MWe Paducah,KY
Large retrofit........... 100 MWe Nucla, CO
125 MWe Burnsville, MN
125 MWe Brookesville, FL
Small cogeneration . . . . . 30 MWe Colton, CA
25 MWe Fort Wayne, IN
15 MWe lone, CA
67 MWe Chester, PA
90 MWe' Decatur, IL
50 MWe™ Cedar Rapids, 1A
3.5 MWe Pekin, IL
28 MWe Pontiac, MI
2.8 MWe Washington, DC
24 MWe Enfield, ME
20 MWe Chinese Station, CA
IGCC". ... i 100 MWe Daggett, CA
Batteries:
Lead acid”. . ........... 0.5 MWe Newark, NJ
Zinc chloride. . . . ... ... NoneP
CAES:
Mini.................. None
MaXi......oovvviiinn. None

Utilityk and Government

Utility®

Utilityk

Nonutility

Nonutility

Nonutility

Nonutility

Nonutility

Nonutility

Nonutility

Nonutility and
Government

Nonutility

Nonutility and
Government

Nonutility

Nonutility

Utility, nonutitity, and
Government

Utility and Government

Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Installed

Under construction
Installed

Under construction

Under construction
Installed

Installed

(1989)
(1987)
(1986)
(1986)
(1985)
(1986)
(1987)
(1986)
(1986)
(1987)

(1986)

(1986)
(1986)

3Includes small- and medium-sized wind turbines.

bapproximately 550 MWe were Operating i California at the end of 1984.y is not known how much additional capacity was installed by May 1985
CApproximatety 100 MWe were operating outside of California at the end of 1984.It is not known how much additional capacity had been installed outside Calif ornia

by May 1985,

d|tis not known how much capacity was under_constructon on May 1,1985.

©This facility, the Solar One Pilot plant, i3 not a Coumerc ol SCale planfand differs in other important ways from the type of system which might be deployed commer-

frinlly in

he 1990s. .
Thisinstallation consists of only one electricit, producing module; a commercial installation probably would consist of hundreds of modules.
90nly 10 percent of the modules were operating at the time because of problems with the Power conversion systems.

_hlnstalled butnot operating, pending contractual negotiations with utilities.

iThe equipment modules have been delivered to the site; site preparation, however, has not started.

IThese units are not commercial-scale units.
klncludingthe Electric Power Research Institute.

This g th total capacity which maybe generated from the four AFBC boilers which will be installed,

MThisis th.total Capacity which may be generated from the two AFBC boilers which will be installed.
Nwhile this installation, the oot Water unit, uses commercial. scale components, theinstallationitselfis nOt a Commercial-SCal.S installation,
Owhile this installation at the Battery Energy Storage Test Facility uses a commercial-scale battery module, the instaliation itselfis not a commercial-scale installation
Pa 0.5-MWe zinc chloride commercial-scale battery module was, however, operating at the Battery Energy storage Test facility until early 1985.

SOURCE: Office of Technology Assessment.
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Chapter 5

Conventional Technologies for
Electric Utilities in the 1990s

INTRODUCTION

The financial difficulties faced by utilities in the
1970s and early 1980s have prompted many to
investigate extending the lives of existing facilites
or even rehabilitating old plants to yield addi-
tional capacity. Control of electricity end use has
also surfaced as another promising alternative to
meeting all or part of future load growth. For most
of these utilities, however, conventional central
station powerplants still provide the base against
which all other supply-enhancing or demand-
controlling investments are compared.

This chapter presents a benchmark set of cost
and performance estimates for conventional op-

tions of traditional central station powerplants
and for a variety of options which extend the lives
or otherwise improve the performance of exist-
ing generating facilities. Since these strategic op-
tions are not the principal focus of this assess-
ment, these estimates are presented primarily to
enable comparisons with the new generating op-
tions discussed in chapter 4. These comparisons
are reported in chapter 8. | n addition, load man-
agement, one of the strategic options being pur-
sued aggressively by utilities in many regions of
the United States for controling end use of elec-
tricity, is discussed in this chapter.

PLANT IMPROVEMENT AND LIFE EXTENSION

Introduction

In the wake of declining demand growth and
soaring costs of new generating capacity, many
utilities have begun to examine the so-called
plant betterment option for improving the per-
formance of or extending the lives of existing ca-
pacity.'This option is likely to become
increasingly important through the end of this de-
cade and into the 1990s—a period when the U.S.
powerplant inventory will undergo dramatic
changes. For example, since 1975, new plant ord-
er cancellations nationwide by utilities have ex-
ceeded new plant orders. By the year 1995, if
present new plant ordering patterns continue
about a third of the existing fossil steam generat-
ing capacity in the United States will be more

‘R. C. Rittenhouse, “Maintenance and Upgrading Inject New Life
Into Power Plants, ” Power Engineering, March 1984, pp. 41 -50;
T. Yezerski, Pennsylvania Electric Association Power Generation
Committee, “Power Plant Life Extension Practice at Pennsylvania
Power & Light Co., ” unpublished paper, Sept. 18, 1984; R. Care-
lock, Potomac Electric Power Co., “Plant Life Extension: Potomac
River Generating Station, ” unpublished paper, September 1984,

than 30 years old (see figure 5-1 and table 5-1).
The age distribution varies considerably by
region, however, as discussed in chapter 7.
Moreover, the plants “coming of age” during this
period will be considerably more valuable than
those of early vintages. In the 1950s, unit sizes
grew to over 100 MW and heat rates fell to be-
low 10,000 Btu/kWh while older units(1920s and
1930s vintage) were much smaller with heat rates
of as high as 20,000 Btu/kWh. z While in the past,
the benefits of new technology far outweighed
plant betterment options, because of the relative
quality of currently existing plants, this situation
is rapidly changing.

Traditionally, investments in aging fossil plants
began to decline after about 25 years causing re-
liability to deteriorate accordingly. The plants
were relegated to periodic operation, reserve
duty, and, finally, demolition. For the remainder

‘R. Smock, “Can the Ultility Industry Find a Fountain of Youth
for Its Aging Generating Capacity?” Electric Light and Power, March
1984, pp. 14ff.
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Figure 5-1.—Age of U.S. Electric Power Generating Facilities, 1980-95
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Table 5-1 .—Average and Weighted Average Age of U.S. Electric Power Generating Facilities, 1984
Total capacity Average age Weighted?® average
Type of unit Number of units (MW) (years) age (years)
Coalsteam ...................... 1,352 255,197 23.6 13.2
Oil steam ....................... 794 99,175 28.9 17.9
Gassteam ................ ... ... 823 63,708 27.4 17.4
Lignite steam . ................... 38 11,382 16.9 59
Nuclear ......................... 91 72,736 7.2 5.8
Combinedcycle. ................. 86 6,788 8.8 7.5
Oilpeaking ...................... 839 31,199 11.2 10.2
Gaspeaking ..................... 208 6,453 11.7 9.7
Internal combustion .............. 2,302 3,922 27.2 221
Hydro........ ... i, 2,642 64,788 45.7 241
Pumped hydro ................... 130 14,436 11.4 8.1

aWeighted by installed generating capacity in megawatts.
SOURCE: Robert Smock, “Can the Utility Industry Find a Fountain of Youth for Its Aging Generating Capacity?" Electric Light and Power, March 1984, pp. 13-17



Ch. 5—Conventional Technologies for Electric Utilities in the 1990s .

135

of this decade, as new nuclear base load plants
come on-line, existing base load fossil units will
increasingly be relegated to cycling duty which
can significantly shorten plant life. Recent studies,
however, show that in many cases, such plants,
at least those built in the 1950s and 1960s, can
be refurbished cost effectively for $200 to $400/
kW, even in cycling duty applications.’These
studies also indicate that some refurbishment
projects can include efficiency improvements,
and capacity upgrades of 5 to 10 percent. a

Finally, many siting and environmental require-
ments facing new capacity can be avoided by
rebuilding existing capacity. Table 5-2 shows the
marked contrast in these requirements for new
versus existing coal-fired units. Current Federal
regulations (New Source Performance Standards—
NSPS) require that any unit that is more than 50
percent rebuilt (defined as 50 percent of the cost
of a new boiler) must reduce sulfur dioxide emis-
sions by 90 percent of the uncontrolled level. It
turns out that a great deal of plant betterment can
be accomplished under this 50 percent require-
ment. Moreover, an important consideration with
this requirement is that the emissions reduction

’.Gibbs&HiH, Inc., “Considerations for Power Plant Life Exten-
sion: Prospects for the 1990s.” contractor report to OTA, October
1984.

9‘?{ Smock, “Operating Unit Heat Rates Can Be Cut, Says EPRI;

New Units Can Be 10 Percent More Efficient, ” Flectric Light and
Power, March 1984, p. 24.

strategy for the unit must be “’practical.”’s Utilities
assert, in some cases, that if the NSPS require-
ment were applied, life extension and plant bet-
terment options would not be practical, i.e., cost
effective, because scrubber backfits would be
necessary.6 We discuss these considerations later.

Objectives of Plant Betterment Options

It is important to note that plant betterment is
only a substitute for new capacity to the extent
plant retrement can be deferred past the time
originally scheduled, and the plant’s capacity can
be increased as a result of betterment. When
these conditions prevail, plant betterment options
offer considerable promise’relative to other stra-
tegic options. However, they present a compli-
cated planning problem for utilities. Indeed, a
considerable investment is often required to de-
velop the details of a prospective project and its
expected cost. For example, in 1984 Wisconsin
Electric Power Co. commissioned detailed plant

5The regu lation reads that an existing facility fal Is u rider theses
guidelines provided “it is technologically and economically feasi-
ble to meet the applicable standards set forth in this part.”

¢‘Power Plant Life Extension Economics, Plans Explored at Amer-
ican Power Conference,” Electric Light and Power, June 1984, pp.
27-30.

‘One indication that this promise is already being realized is that
average plant availability of existing units in the United States has
increased from 67 percent in 1977 to 76 percent in 1984, partially
as a result of plant betterment activities.

Table 5-2.—Environmental Requirements for Existing and New Plants

Condenser

Particulate Air emissions SO: NOy cooling water Ash disposal Wastewater treatment
Existing plants (1980 typical plants):
Varies from 0.12 3.2 Ib/M MBtu. Com- 1.3Ib/MMBtu.  Thermal limits Sluicing and Combining waste
to 0.25 Ib/ pliance based on No monitoring based on eco- ponding of streams (coal pile,
MMBtu coal analysis required logical studies combined fly broiler cleaning, etc.)

and bottom ash for cotreatment in

ash pond
New p/ants >73 MW:
0.03 Ib/MMBtu 1.2 Ib/M MBtu and 0.6 Ib/MMBtu Cooling towers Dry collection Dedicated possible
20% opacity Re- 90% reduction ex- and 65% and reuse or separate treatment
quires baghouse cept 700/0 if emission reduction. landfilling of pond(s) may require
or very efficient <0.06 Ib/M MBtu. Compliance flyash. Sluicing artificial liner(s) and
elect rostat ic Compliance based on based on con and pending of chemical addition
precipitator continuous monitors. tinuous mo- reuse of bottom
Requires coal clean- nitors ash

ing or wet scrubber
(total capital =
$248/kW)

SOURCE W Parker, “Plant Life Extension—An Economic Recycle, " Power Engineering, July 1984, and JudiGreenwald, U S Environmental Protection Agency, per-

sonal correspondence with OTA staff, June 18, 1985



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

betterment studies on a number of existing fos-
sil units, at a cost of more than $1 million per
study.

In considering plant betterment or life exten-
sion programs, utilities need to account for both
system level objectives, such as coordination with
existing capacity expansion and scheduled main-
tenance plans, and unit level objectives, such as
extending the life for a target number of years
at a specified level of capacity, efficiency, and
availability. Indeed, the overall characteristics of
a utility’s system dictate the timing and level of
investment justified in a particular betterment/life
extension project. For example, a utility with a
high reserve margin may consider the relatively
simple step of derating an aging unit to lengthen
its life, while a utility with a low reserve margin
may consider upgrading the unit to both extend
its life and increase its capacity. Although the age
of the unit and the production lost during rebuild-
ing may make the latter strategy more costly than
life extension alone, usually it is still much less
expensive than building new capacity.

Ultimately, all individual improvements relate
to either increased productivity or longevity.
Productivity improvements involve increased
efficiency; increases (restoration or upgrading) in
rated capacity; reduced fuel costs (e.g., through
fuel switching); reduced labor requirements; in-
creased capacity factors; and reduced emissions.
Longevity improvements include mechanisms for
increasing plant life at specified levels of rated
capacity. This may mean extending the life of a
unit at full rated capacity or, by contrast, “moth-
balling” the unit for use at a later time when all
or part of the rated capacity is needed; mothball-
ing is sometimes referred to as an extended cold
shutdown.

Virtually all life extension/plant improvement
programs begin with a detailed performance test
of any candidate plant to determine the current
status of the equipment, i.e., how far the current
plant operating parameters are from the original
design specifications. Equipment evaluated in the
performance test includes the turbine generator,
boiler, condenser, feedwater heaters, auxiliary
equipment systems, flue gas cleaning equipment,
and plant instrumentation. Comparison of the

most recent performance test with historical per-
formance identifies areas to be investigated in
more detail. A detailed examination of the boiler
usually precedes other studies since its results are
likely to control the length of the overall plant
betterment project being considered. Also, other
areas of the overall study may be affected if, for
example, the boiler analysis reveals that it must
be operated at lower pressure to lengthen its life.’

Recommendations resulting from a detailed
performance test and analysis, sometimes termed
a design change package (DCP),‘generally fall
into two categories: 1 ) new procedures for start-
up, operations and maintenance, training of per-
sonnel, update of performance records, and
spare parts support; and 2) equipment or com-
ponent modifications. The category (1) improve-
ments are usually relatively low cost and very cost
effective. The nature of the category (2) improve-
ments depends on the age of the equipment and
the facility.

Likely plant betterment candidates are middle-
age generating units (1 O to 20 years old) which,
at some point in their lives, are usually relegated
to intermediate duty cycling where they experi-
ence greater load changes, and more frequent
starting and stopping, As noted earlier, this
change in operation can significantly reduce the
operating life of the unit and, as a result, upgrad-
ing of middle age units often means adapting
them for cycling duty. Typical enhancements in-
clude full flow lubricating oil systems, automatic
turbine controls, and thermal and generator per-
formance monitors (newer units will also bene-
fit from these improvements). In addition, the
middle-aged units will benefit from turbine mod-
ification and temperature control equipment.

Upgrading or life extension of older units (20
years or more) usually requires evaluating the
replacement of major components such as tur-
bine rotors, shells, and generator coils. While up-
rating of components, such as the turbine, may
be possible for older units, it is usually a highly

’S. ).Schebler and R. B. Dean, Stanley Consultants, “Fossil Power

Plant Betterment,” paper presented at Edison Electric Institute Prime
Movers Committee Meeting, New Orleans, LA, Feb. 1, 1984.

SW. O’Keefe, “Planning Helps Make Plant Improvements More
Effective,” Power, February 1984, pp. 89-90.
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customized job. Table 5-3 shows a typical tur-
bine generator uprating checklist which gives the
possible limitations on a candidate upgrading pro-
gram. Figure 5-2 shows the possible improve-
ments in heat rate of an upgraded (uprated and
restored) turbine-generator unit.

The complexity of performance testing and
analysis has prompted the major equipment
manufacturers to offer comprehensive plant mod-
ernization programs. 'Both manufacturers and
architect-engineering firms see plant betterment
projects as a promising market for their goods and
services.

Finally, some plant improvement projects may
be aimed at reducing emission levels or the use
of specific fuels. For example, many projects in
recent years have been carried out to convert oil-
fired capacity to coal. Such conversions often in-
volve unit derating, but recent studies show that
recovering as much as two-thirds of the capac-
ity lost after coal conversion can be achieved at
40 to 50 percent of the dollars per kilowatt coal
conversion cost.

IO For example, Westinghouse has been marketing turbine-
generator upgrades for several years.

"'P Miliaras, et al., “Reclaiming Lost Capability in Power Plant
Coal Conversions: An Innovative Low-Cost Approach, ” Proceed-
ings of the Joint Power Conference, American Society of Mechan-
ical Engineers, 1983, 83-J PGC-Pwr.

Table 5-3.—Turbine Generator Uprating Checklist

1. Additional plant steaming capability:
e Boiler flow, pressure, and temperature
e Condenser flow and vacuum
* Feedwater heater train pressures and flow
2. Additional electrical capability:
* Breakers
¢ Distribution system
¢ Protective devices
3. Generator capability:
¢ Field and armature temperatures
e Actual cooling water temperature
* Present condition
* Exciter capability
4. Turbine uprating capability:
e Casing limitations
e Exhaust bucket limitations
e Modification packaging
5. Uprating effects on system efficiency:
¢ Design improvements
* Restorations effects
* Part load effects
SOURCE: T. Yezerski, ‘Power Plant Life Extension Practice at Pennsylvania

Power & Light Co,” briefing presented to Pennsylvania Electric
Association Power Generation Committee, Hershey, PA, Sept. 18, 1984.

Figure 5-2.—Heat Rate v. Generator Output for
Uprated and Restored Turbine-Generator Set

e Existing steam turbine
1) New and clean

13.000 = 2) Probable deterioration

=== Uprated steam turbine

z
g
X 12.000f—
a
2 11,000 je
o
5
£ 10,000 j= \ ':’
“‘----—-” -
9.00% L |
n
“0 10 20 30 40

Output - 1,000 kW

SOURCE: Westinghouse Electric Corp., "Power Plant Life Extension, Renova-
tion & Uprating Workshop,” presented to American Public Power
Association. Omaha. NB, May 22-24, 1984.

Relative Cost and Performance

The principal effects of fossili powerplant aging
are: 1 ) decreased efficiency, i.e., the amount of
electricity generated per Btu declines as plant
heat rate increases, and 2) more and longer
forced outages. Figure 5-3 shows the rate of in-
crease in heat rate as a function of age for a typi-
cal fossil plant; the average is about 0.3 percent
per year with average maintenance practices. '2
After about 20 years, the reliability of typical
plants declines dramatically; figures 5-4 and 5-5
show typical increases in rate and duration of
forced outages as a function of age.

Utility concern about reliability, in particular,
prompts the decision to invest in plant betterment
projects because the cost of lost production dur-
ing an outage may be very high. For example,
if a utility’s replacement power cost $0.04/kWh,
a 1 percent improvement in the capacity factor
of a 500 MW fossil unit will save the utility about
$1.75 million a year. That savings must, of course,
be balanced against the cost of achieving the ca-
pacity factor improvement; this trade-off is the
central focus of plant betterment studies. The
trade-off is illustrated in figure 5-6; the total “relia-
bility cost” of operating a generating facility is the
sum of the cost of lost production when outages
occur and the plant betterment investment (or

12H. Stoll, General Electric Co., ‘'The Economics of Power Plant
Upgrading,”” unpublished paper, May 22, 1984.
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preventative maintenance allowance) charged to
the plant to establish a given level of reliability.
The cost of outage decreases as reliability in-
creases and the plant betterment investment in-
creases. The target of a plant betterment program
is to minimize the total cost as shown in the
figure.

The life extension and/or upgrading decision
is complicated by the fact that, while a power-
plant’s forced outage rate increases with age, the
aging characteristics of individual plant compo-
nents as well as the cost of improving compo-
nent reliability may vary widely.

Regulatory and Insurance
Considerations

Regulation of Plant Betterment Projects

In addition to engineering feasibility, compli-
ance with over 50 Federal and State regulations
may be required in the course of considering a
plant betterment program®”These include Fed-
eral and State air quality programs, water qual-
ity and solid waste programs, environmental im-
pact studies, Corps of Engineer rules, exemptions
from the Powerplant and Industrial Fuel Use Act,
and utility commission approval—see table 5-4.

Perhaps the most important regulatory consid-
erations are the major Federal air quality regula-
tions of NSPS, mentioned earlier, and the Pre-
vention of Significant Deterioration (PSD) rules.
Generally, Federal regulations apply to a plant
betterment program that increases emissions by
any amount or costs more than 50 percent of a
new boiler. State Implementation Plans and other
State air quality statutes will generally apply to
all projects,

Of particular concern maybe the NSPS require-
ments which require that, if a fossil plant ( >250
MMBtu/hr and constructed prior to 1971) is ei-
ther “modified” or “reconstructed” as defined
in table 5-4, the plant is subject to the 1978 NSPS
provisions of stringent emissions limitations and
percent sulfur removal. This would in most in-

1'D. Ward and A. Meko, ‘‘Regulatory Aspects of Power Plant Bet-
terment, ' Workshop Notebook: Fossil P/ant Life Extension (Palo
Alto, CA: Electric Power Research Institute, June 1984), EPRI
RP- 1862-3.

Table 5-4.—Powerplant Life Extension Projects:
Regulatory Summary

Federal requirements:

NSPS (air):
. Standards apply if facility is:
1. new:
—replacement of boiler
2. modified:

—physical or operational change that results in
increased emissions.
3. reconstructed:
—fixed capital costs exceed 50°/0 of the cost of a
new steam generator.

PSD (air):
. Permit requirements apply to “major
modification "—modification for which net emissions

increase exceeds de minimis limits (permit may be
issued by State).
NPDES (water):
. Permit required for point source discharges to
navigable waterways. Modified sources require new
or modified permit (permit may be issued by State).

State requirements:

Air:
.New or modified construction and operating permits
required.
. Bubble policy may apply,
Water:
.New or modified construction and operating permits
required.
Solid waste:
¢ New or modified construction and operating permits
required.
Other requirements:
EIS:

. Not required unless major renovation subject to
Federal licensing occurs.
Corps of Engineers:
. Nationwide permits for construction activity in
navigable waters are available.
State PUC:
. Approval requried for modification of powerplant and
recovery of costs through rate base.

SOURCE T Evans, “Regulatory Considerations of Life Extension Projects, * VIr.
ginla Electrlc Power Co , unpublished report, 1984

stances require pollution controls on a facility
where few, if any, existed prior to the modifica-
tion. The requirements are even more stringent
for plants constructed between 1971 and 1978.
It is important to note, however, that under the
current regulations a great deal of plant better-
ment can be and is already being accomplished
without these provisions being invoked.

A PSD permit is also required for any major
modification to an existing plant; a special set of
provisions defines and is applied to such modifi-
cations. Finally, if an upgraded existing facility in-
creases emissions in a nonattainment area, pol-
lution offsets would be required.
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Insurance Considerations

Of some concern in plant betterment projects
is how insurance coverage might be affected. In-
surance carriers generally consider the nature of
risk exposure associated with a modified plant
to be different from that of a comparable new
facility. When setting insurance coverage pre-
miums, these carriers now initiate very extensive
evaluations (and annual reevaluations) of candi-
date equipment, particularly as more policies are
written on a “‘comprehensive basis”” where every
piece of equipment is insured.”’'* As the power
industry moves toward including more plant bet-
terment/life extension in its strategic planning, the
implications on insurance coverage will become
more important.

Industry Experience

To date, most life extension activity has been
confined to planning, but a number of projects
have been announced.

Potomac Electric Power Co. (PEPCO) has an-
nounced a $79 million project on its Potomac
River Station, the oldest in the PEPCO system with
two 92 MW and three 110 MW units built be-
tween 1949 and 1957. The work will be per-
fmvrmnd ~vim bl vt TN aarc Al An | .
1UHTICU VUVET LT THEXL TU yedi> Uuling eaci urit 5
annual 2-month scheduled outage.'s

Pennsylvania Power & Light Co. (PP&L) is re-
viewing all fossil and hydroelectric capacity built
between 1949 and 1977, comprising about 4,500
MW. The utility has initiated a formal technical
inspection program and has identified $173 mil-
lion worth of individual recommendations.'¢ The
most important of these is a $20 million project
to extend the life of Brunner isiand Station (343
MW Unit 1) to 2010.

'4F. Mansfield, ““A Risk Taker Looks at Utility Equipment Plant
Jetterment,”” Workshop Notebook: Fossil Plant Life Extension (Palo
A\lto, CA: Electric Power Research Institute, June 1984), EPRI
RP-1862-3.

'SR. Smock, ‘‘Operating Unit Heat Rates Can Be Cut, Says EPRI;
New Units Can Be 10 Percent More Efficient,” op. cit., 1984,

16T, Yezerski, ‘'Power Plant Life Extension Practice at Pennsyl-
ania Power & Light Co.,”" op. cit., 1984,

Wisconsin Power & Light (WEPCO) has com-
missioned detailed life extension studies at its Port
Washington Station (five 80 MW units commis-
sioned between 1935 and 1950) and its Oak
Creek Station (eight units totaling 1,670 MW com-
missioned between 1953 and 1967).

Cincinnati Gas & Electric Co. (CG&E) has
decided to commit $2.8 million to its 94 MW
Beckjord Unit 1 turbine (currently 29 years old)
to permit continued operation through 2013.

Colorado Ute Electric Association, Inc., is com-
pleting a major life extension project that includes
an atmospheric fluidized-bed (AFBC) boiler ret-
rofit to increase the plant capacity at their Nucla
facility from 36 to 110 MW. The project objec-
tives include a 15-percent increase in overall heat
rate, a 30-percent reduction in fuel costs, and re-
duced emissions. The estimated project cost is
$840/kW.7 As mentioned in chapter 4, retrofit
applications are likely to be an important entry
point to the utility market for AFBC technology.

Duke Power Co., Florida Power Corp., and the
Tennessee Valley Authority have all initiated ex-
tended cold shutdown programs for a number
of units which they plan to reactivate in the early
1990s.

Summary and Conclusions

Plant betterment and life extension of aging fos-
sil units are emerging as economical alternatives
to new capacity construction to the extent this
can be done, for many utilities. As the industry
gains experience with these options, the costs of
such activities will become less uncertain. As the
U.S. powerplant inventory matures in the late
1990s, plant betterment and life extension are
likely to become major components in the port-
folio of strategic options of most generating elec-
tric utilities.

'7T. Moore, ‘’Achieving the Promise of FBC,”’ EPRI Journal, Jan-
uary/February 1985, pp. 6-15.
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CONVENTIONAL GENERATING OPTIONS

in order to be deployed in significant numbers,
the developing technologies addressed in this re-
port must compete successfully with existing elec-
tric utility generating options. The five major con-
ventional power generation technology types that
will most likely be available to electric utilities in
the 1990s are: pulverized coal-fired plants, com-
bined-cycle plants, combustion turbines, slow-
speed diesels, and light water nuclear power-
plants.

This section briefly presents the benchmark
cost and performance estimates for these five
technologies as well as for life extension of ex-
isting coal-fired plants. Cross-technology compar-
ison of these technologies with the developing
technologies is contained in chapter 8.

Table 5-5 contains the benchmark set of cost
and performance estimates for the five conven-
tional technologies. All of the listed technologies,
except one—combustion turbines—are capable
of base load operation. Three of these technol-
ogies, pulverized coal-fred, combined-cycle, and
slow-speed diesel, are also capable of interme-
diate-load operation. One major difference
among the conventional alternatives is plant size.
Although there is increasing interest in small,
modular plants (see chapter 3), the technologies
listed in table 5-5 are generally large, central sta-
tion powerplants. Slow-speed diesels and com-
bustion turbines represent the smaller sized cen-
tral station technologies.

The levelized cost model used in chapter 8 was
used with the cost and performance estimates
shown in table 5-5 to derive most likely electric
utility costs. These levelized costs are presented
in figure 5-7. This figure also includes a levelized
cost estimate for existing coal powerplant better-
ment. The plant costs and the capacity and effi-

Figure 5-7.—Conventional Technology Costs,
Utility Ownership—West
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SOURCE: Oftice of Technology Assessment

ciency upgrades discussed earlier were applied
to the generic coal plant listed in table 5-5 to de-
rive an expected cost for coal plant betterment.
According to this figure, the lowest cost conven-
tional alternative is life extension and plant bet-
terment of existing coal units. The next lowest
cost conventional alternative is pulverized coal
plants, followed by light water nuclear plants.

The cost and performance estimates for the
conventional technologies discussed in this sec-
tion represent the present technologies expected
to be available in the 1990s. Additional enhance-
ments to these technologies or different design
configurations may occur prior to 1990 which
could dramatically change these expected costs.
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Table 5.5.—Cost and Performance Summaries

Technologies

Pulverized Combined- Combustion Slow-speed Municipal
Reference swstem coal-fired cycle turbine diesel solid waste Nuclear
General:
Reference year . . . ... .. 1990 1990 1990 1990 1990 1990
Reference-plant size . . . 500 MWe 600 MWe 150 MWe 40 MWe 60MWe 1,000 MWe
Lead-time . . ... ....... 6-8 years 3-4 years 2-3 years 2 years 5-7 years 11 years
Land required . . ... .. .. 640 acres 5-10 acres 2-5 acres 10-15 acres 20 acres 1,000 acres
Water required . . . .. ... 5.94 million 2.9 million Negligible Negligible 0.85 million 10 million
galiday gal/day gal/day gal/day
Performance parameters:
Operating availability . 75% 90% 90% 95% 850/0 68%
Dutycycle . . .......... Intermediate/ Intermediate/ Peaking Intermediate/ Base Base
base base base
Capacity factor. . . . . . .. 25-75% 25-75% 5-15% 25-75% 65-75% 65-75%
Plant lifetime . . . ... ... 30 years 30 years 20 years 30 years 20 years 30 years
Plant efficiency . . . . . .. 34% 40% 25.0% 39% 20.7% 31.9%
costs:
Capital costs . . . ... ... $1,080/kWe $650/kWe $350/kWe $1,200/kWe $2,500/kWe $1,700-$2,100/
kWe
O&M costs . . . . .. ... .. 9.5 mills/ 2.4-4.2 mills/ 4-4.7 mills/ 5.1-8.2 mills/ 19 mills/ 3-3.3 mills/
kWh kWh kWh kWh kWh kWh
Fuel costs . . .......... 17 mills/ 30.4 mills/ 48.6 mills/ 42 mills/ 46.9 mills/ 9.1 milis/
kWh kWh kWh kWh kWh kWh

SOURCE: Office of Technology Assessment; complied from Gibbs & Hill, Inc., *Overview Evaluation of New and Conventional Eiectrical Generating Technologies for
the 1990s,” contractor report to OTA, Sept. 13, 1984; and Technical Assessment Guide (Palo Alto, CA: Electric Power Research Institute, 1982), EPRI P-2410-SR

LOAD MANAGEMENT

Introduction

The term load management refers to manipu-
lation of customer demand by economic and/or
technical means. It involves a combination of
economic arrangements and technology typically
directed towards one of the following objectives:

1. Encouraging demand during off-peak peri-
ods: During the valleys of a load curve, a
large portion of generating equipment is idle.
Utilities benefit when that capacity is more
heavily used. This typically is achieved by
either shifting use to those periods from
peak-demand periods (load shifting) or by
encouraging additional use during off-peak
periods (valley filling).

2. Inhibiting demand during peak periods: |t
may also be desirable to reduce peak-period
demand. When electricity is purchased from
other utilities, costs per kilowatt-hour dur-
ing these periods are high. Or, to meet peak-
period demand, a utility may have to use
generators which are more costly to oper-

ate because they are older and less efficient
or they burn more expensive fuel. In addi-
tion, if growth in peak-period demand re-
quires the utility to invest in new capacity,
load management may reduce the rate at
which such expenditures must be made.

In the context of this study, the most impor-
tant benefit “of load management lies in the sec-
ond objective which if realized allows utilities to
defer additional peak-load generating capacity.
In addition, by reducing the share of the load
served during the peak period, load management
permits a higher proportion of demand to be
served by lower cost electricity. other advantages
are also becoming evident as utilities gain more
experience with load management, and as so-
phisticated models are developed which permit
better assessment of load management.”For ex-

18Fgr €xample, see: 1) JohnL. Levett & Dorothy A. Conant,’’Load
Management for Transmission and Distribution Deferral, ” Public
Utilities Fortnightly, vol. 115, No. 8, Apr. 18, 1985, pp. 34-39; 2)
Associated Power Analysts, Inc., Study of Effect of Load Manage-
ment on Generating-System Reliability (Palo Alto, CA: Electric Power
Research Institute, 1984), EPRI EA-3575.
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ample, load management may reduce future de-
mand uncertainty. And some utilities have found
it to be an effective means of improving the effi-
ciency of power system operation by allowing in-
creased flexibility in the hour-by-hour allocation
of system resources.”

Load management is only one of many closely
related options available to utilities in managing
demand. Other demand management alterna-
tives include encouraging conversions to electric
power through new applications, and more effi-
cient use such as home insu lation and electronic
motor controls. 1n addition, demand manage-
ment is also carried out indirectly to the degree
that customers are encouraged to generate their
own power. These other demand management
options may be pursued independently of load
management, or may be implemented as part of
an integrated program with load management.
Depending on the nature of the demand man-
agement strategy, the utility’s daily load curve can
be modified as shown in figure 5-8.

Within load management falls a very wide
range of strategies, technologies, and economic
arrangements. These typically center around
some combination of: 1 ) load management in-
centives, 2) advanced meters, and 3) load con-
trol equipment, While many other elements may
be present in a load management program, these
appear to be of pivotal importance. Although in-
centives will be touched upon below, the em-
phasis will be placed on the technologies them-
selves: specifically advanced meters and load
control equipment.

With respect to the number of customers, the
residential sector is by far the most important i n
load management. But the fact that the sector
consists of a large nhumber of relatively small con-
sumers makes load management quite difficult
to assess and implement. In part, because of this,
only a small fraction of the major electric appli-
ances in this sector have load management con-
trols (see table 5-6). Nevertheless, utilities are
increasingly interested in residential load man-
agement, both because the sector uses a large

'9B. F. Hastings, “Cost and Performance of Load Management
Tech nologies, * comments presented at OTA Load Management
Workshop, Washington, DC, Aug. 15, 1984.

quantity of electricity (in 1984 it accounted for
34 percent of all electricity used) and because it
is the largest contributor to the daily fluctuations
in demand (see figure 5-9).

In the industrial and commercial sectors, while
only a relatively small number of loads have been
managed, the contribution has been significant.
These sectors contain major loads amenable to
load management, and, compared to the residen-
tial sector, fewer customers with larger demands
per customer. Hence, load management is al-
ready practiced more widely in these sectors.
Considerable opportunities remain, however,
and industrial and commercial customers likely
will continue to account for a major portion of
load management during this century.

Current evidence suggests that load manage-
ment will provide, in many cases, an economic
alternative to new generating capacity in the
1990s, It may be a particularly attractive utility
investment when it is part of an integrated sys-
tem designed not only to manage loads but also
to serve other utility or customer needs.

Some of the potential for load management can
be met by using existing technologies at current
costs and performance levels; but considerably
greater application will require the introduction
of technologies which offer a combination of
cost, performance, and risk superior to current
technology. Furthermore, institutional arrange-
ments must be developed within which load
management can be more easily deployed. Fi-
nally, the costs, benefits, and uncertainties of load
management options must be better understood
and integrated into the thinking of utilities and
of others upon whose decisions affect load man-
agement deployment.

Major Supply/Demand Variables
Relating to Load Management

Key End-Use Sectors and Applications

Central to load management in the 1990s will
be the electricity demand patterns which develop
in the united States. What sectors will be most
important and how will they use electricity? These
patterns determine the magnitude of the load at
any time, and the shape of the load curve, They
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Figure 5.8.—Load Shape Objectives

integrated enargy management
offering service constraints.

“Adapted from Clark W, Gellings, Highlights of a speech presented to the 1982 Executive Symposium of EEI Customer Service and Marketing Personnel.

SOURCE Battelle-Columbus Division & Synergic Resources Corp., Demand-Side Management, Volume 3: Technology Alternatives and Market Implementation Methods
(Palo Alto, CA: Electric Power Research Institute, 1964), EPRI EA/EM-3597
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Table 5-6.—Use of Major Electricity-Using Appliances in U.S. Residences, 1982

Census region

Household characteristics Total Northeast North Central  South West
Total households (millions) . ...................... 83.8 18.0 21.3 28.1 16.5
Millions of households where electricity is main:

Space heating (SH) fuel ........... ... ... ... ... 13.4 1.3 21 6.8 3.1

Water heating (WH) fuel . ........... ... ...... 26.6 3.7 55 13.2 4.2
Millions of householids where electricity is secondary:

SHfuel ... .. .. 10.5 1.9 2.1 4.2 23
Millions of households with air-conditioning (A/C) . .. 48.7 9.4 12.3 21.3 57
Millions of households with combinations of electric:

SH +WHWIith AIC.......... . ... . ... ... ... 9.0 0.8 1.6 5.4 1.2

SH + WH without AIC . .. ...................... 29 0.4 0.3 0.8 1.4
Minimum number of controllable points (millions)? .. 88.7 14.4 199 413 13.0
Points controlled in 1983 (millions)® ............... 1.2 0.02 0.44 0.7 0.13
Total 1983 sales of electricity to residential sector

(gigawatt hours) .. ... ... . ... 750,948 111,619 184,211 317,458 137,661

aThis merely is the sum of (number of households with electric space heating as primary source of heating) + (number of households with electric water heaters)

+ (number of households with air-conditioners).

brhe figures for the number of points controlled are derived from a 1983 survey of 298 utilities. The resuits were not broken down by census regions but by EPRI regions;
since the EPRI regions do not coincide exactly with the census regions, the figures are approximate. The points itemized here only include water heaters, air-conditioners,
and space heaters. These figures include 0.03 miltion commercial paints; because this figure is so small compared to residential points, it does not significantly

affect the magnitudes of the numbers

SOURCES: Office of Technology Assessment; based on data presented in U.S. Department of Energy (DOE), Energy Information Administration (E{A), Housing
Characteristics 1982 (Washington, DC: U.S. Government Printing Office, August 1984), DOE/EIA-031(82); U.S. DOE, EIA, Electric Power Annual 1983 (Washington,

DC: uUs. Govemmem Prlntmc Office. Julv 1984). DOE/EIA- 0348(83i and Svneraic Resources Corp., 1983 Survey of Utility End-Use Projects (Palo Alto, CA:
Electric Power Research Insjltute May [I'9&l), EPRI EM.3529

also strongly influence the selection of load man- because they typically are major contributors to
agement strategies. For example, managing in- fluctuations in overall demand for electric power
dustrial use of electricity for process heat will be (see figure 5-9).

quite different than that of managing residential

L . oS In the commercial sector, lighting and air-
electricity demand for air-conditioning. gnting

conditioning are the most important applications

Usage patterns will depend on many inter- for electric power, each accounting for roughly
related variables; precise predictions of future 40 percent of electricity use. Much of the rest is
consumption are impossible.” Nevertheless, used in used in water and space heating. The use
many useful generalizations can be made by of electric power for air-conditioning and space
looking at the conditions which have character- heating in the commercial sector is especially im-
ized the past. portant. They accounted for 12 percent of na-

tional electricity use (1 984) and contribute sig-

In the residential sector, the single most impor- nificantly to daily fluctuations in demand.

tant application of electric power is air-con-

ditioning, which in 1984 accounted for about 14 In industry, the largest fraction of electric
percent of delivered residential electricity .21 power—over 50 percent in 1984—is used in ma-
Somewhat less important but still sizable quan- chine drives. Electrolysis accounted for about 13
tities of electricity were used for water heating percent industrial electricity use; slightly less was
and space heating. These three applications ac- used in generating process heat. Most of the bal-
counted for over a third of residential electricity ance went for for space heating and lighting.
consumption in 1983. These appliances are par- While industry uses a large amount of the elec-
ticularly important in load management efforts trical energy, its cyclical variations tend to be less
extreme than those in the commercial and resi-
2Fgrexample, see: Rene H. Males, “Load Management—The dential sectors.
Strategic Opportunity, " Workshop Proceedings: Planning and
Assessment ()f Load Management (Palo Alto, CA: Electric Power As table 5-7 suggests, the individual appﬁca_
e et By o' Sen.  tions which account for the largest portion of
erate and transmit electricity to the end-use sectors, and accounts electricity use is found in the industrial sector,

for only the energy used by the consumer. followed by the commercial sector and then the
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Figure 5-9.—illustration of Customer Class Load Profiles—North Central Census Region in the 1970s
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SOURCES: Decision Focus, Inc., Integrated Analysis of Load Shapes and Energy Storage, March 1979; and Battelle-Columbus Division and Synergic Resources Corp.,
Demand-Side Management, Volume 3: Technology Alternatives and Market Implementation Methods (Palo Alto, CA: Electric Power Research Institute,

1984), EPRI EA/EM-3597.

While there will be some changes in the rela-
tive importance of some electricity end uses over
the coming years, the 1983 patterns (table 5-7)
provide a general indication of which loads will
be most important in shaping the demand for util-
ity power—and in load management efforts—in
the 1990s. The success of load management will
depend on the ability of the utilities to influence
customer demand in those applications.

Normalized demand

Peak winter day

1.0p=

0.0

Hour

In addition to the characteristics of a utility’s
customers, other variables are important indica-
tors of the potential for load management. Gen-
erally speaking, load management tends to be fa-
vored where load factors?? are low and where

peaking capacity is expensive and base load ca-

pacity is cheap. Also, load management is favored
where utilities purchase ortion of their

n
il [ A VU L

j49)
w
=

22| pad factor is the ratio of the average load supplied during a
designated period (e.g., hourly, daily, monthly, or annual) to the
peak or maximum load occurring during the same period.
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Table 5-7.—Major Uses of Purchased Electricity in the
United States, 1983

Percent of

Billions total U.S.

of kWh  purchased

Sector Application  (estimated) electricity
Industrial Machine drive .. 539 25
Commercial Air-conditioning 231 11
Commercial Light .......... 220 10
Residential Air-conditioning 111 5
Industrial Electrolysis .. .. 103 5
Residential Water heating .. 97 4
Industrial Process heat . .. 97 4
Residential Space heat. . ... 70 3
Commercial Water heating .. 59 3
Industrial Light.......... 47 2
Commercial Space heat. .. .. 29 1
Total ........ .. .. ... ... 1,603 74

SOURCES: Industrial: The breakdown for industrial electricity use was obtained
from table 1-10 in Pradeep C. Gupta and Ahmad Faruqui, “EPRI Per-
spective on Industrial Electricity Use," Proceedings: Forecasting the
Impact of Industrial Structural Change on U.S. Electricity Demand.
Battelle Memorial Institute, Columbus Laboratories (ed.) (Palo Alto,
CA: Electric Power Research Institute, 1984), EPRI EA-3816, pp. 1-1
through 1-17. The percentage breakdown provided in the article was
for 1980. It was assumed in the above calcuiations that the break-
down in 1980 was the same as that in1983. These percentages were
applied to the Department of Energy estimates of industrial purchases
of etectrical power, see U.S. Department of Energy, Energy Informa-
tion Administration, Energy Conservation Indicators 1983 Annual
Report (Washington, DC: U.S. Government Printing Office, 1984),
DOE/EIA-0441, table 33.

Commercial: The breakdown for commercial energy consumption was
obtained from Oak Ridge National Laboratory's A User’s Guide to the
ORNL Commercial End Use Model (Oak Ridge, TN: ORNL 1980). It
was assumed in the above calculations that the breakdown provided
by ORNL was the same as that which characterized the commercial
sector in 1983. These percentages were applied to the DOE estimates
of industrial purchases of electrical power, as provided in table 24
of the Energy Conservation Indicators 1983 Annual Report, op. cit.,
1984.

Residential: The breakdown for residential energy consumption was
obtained from an estimate provided from U.S. Department of Ener-
gy. Energy Information Administration, Annual Energy Outlook 1984
(Washington, DC: U.S. Government Printing Office, 1984), DOE/
E1A-0383 {84), table A6. The breakdown was applied to the 1983 esti-
mate of residential electricity purchases, as provided in table 11 of
the Energy Conservation Indicators 1983 Annual Report, op. cit., 1984.

electric power rather than generating it them-
selves. These characteristics, alone or in com-
bination, may encourage load management.
Though these features vary from one utility to the
next, some regional generalizations can be made.
(See the section on load management in chap-
ter 7.)

Current Status of
Load Management Efforts

Because of the large variety of forms which load
management may take, it is very difficu k to ac-
curately determine the extent to which it is be-
ing exercised by utilities. There are, however, two
key indicators of load management activity which

have been examined in detail in surveys by the
Electric Power Research Institute (EPRI). First is
the implementation by utilities of innovative rates
designed to modify customer electricity demand
patterns. Second are activities by the electric util-
ities relating to direct load control.

Innovative Rates

The Electric Power Research Institute in 1983
sponsored a survey of electric utilities to gather
information on innovative rates in the utility in-
dustry. EPRI found that at least half of the investor-
owned utilities in the United States had imple-
mented or proposed innovative rates; and about

6 percent of publicly owned utilities had done
so.”The most COMMonly applied rates were

time-of-use rates, rates which are linked to the
specific time at which the power is needed.
Figures 5-10 and 5-11 illustrate how a time-of-use
rate can affect electricity demand.

About 20 million electricity customers served
by utilities which responded to the EPRI survey
are affected by innovative rates. That is about 21
percent of all the utility customers in the United
States.*Most of the customers under the inno-
vative rates were in the residential sector, though

23The estimates are based on information provided by the Elec-
tric Power Research Institute (Ebasco Business Consulting Co., (nno-
vative Rate Design Survey (Palo Alto, CA: Electric Power Research
Institute, 1985), EPR!I EA-3830).

In the responses to a checklist sent to the members of the Amer-
ican Public Power Association and the National Rural Electric Co-
operative Association, approximately 175 members reported inno-
vative-rate design activity. Since there is a total of about 3,069
publicly owned utilities in the United States, this amounts to about
6 percent of all publicly owned utilities. This 175-member estimate
should be treated as a low figure, as it does not include utilities
which were not members of the two associations; nor does it in-
clude utilities who did not respond to the checklist.

In the case of the investor-owned utilities, EPRI found that 106
utilities have either proposed and/or implemented innovative rates.
Since there are about 204 investor-owned utilites in the United
States, this amounts to about 52 percent of those utilities. As with
the publicly owned utilities, this should be treated as a low figure.
The number is based on only 123 survey responses—about 60 per-
cent of investor-owned utilities,

24This is based on an estimate made by the Edison Electric Insti-
tute that there was a total of 97 million ultimate customers of the
entire electric utility industry as of Dec. 31, 1983 (Edison Electric
Institute, Statistic/ Yearbook of the Electric Utility Industry (Wash-
ington, DC: EEI, 1984), p. 58),
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Figure 5-10.—An Example of Time. of-Day Rate
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SOURCE: Jan Paul Acton, et al., Time-of-Day Electricity Rates for the United
States (Santa Monica, CA: The Rand Corp., 1983}, R-3086-HF.

Figure 5-11 .—Time-of -Day Rates Shift Patterns of
Electricity Use
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30URCE: Jan Paul Acton, et al., Time-of-Day Electricity Rates for the United
States (Santa Monica, CA: The Rand Corp., 1983), R-3086-HF
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there were a substantial number of industrial and
commercial customers as well.”

Unfortunately, very little is known about the
precise impact of these rates on electricity sup-
ply and demand nationwide. To the extent that
assessments have been made, they typically have
been utility-specific and limited in scope. The
available evidence indicates that utilities have.
in many instances, effectively and economically
managed loads by implementing carefully struc-
tured rate programs.”But this has not always

According to a study by the Rand Corp. (Jan Paul Acton, et al.,
Time-of-Day Electricity Rates for the United States (Santa Monica,
CA: The Rand Corp., November 1983), more than 12,000 com-
mercial and industrial enterprises fell under time-of-day rates (the
major form of time-of-use rates) by the early 1980s.

26]bjid.

been the case. Rates in some cases have been
developed and implemented which have had lit-
tle or no impact on demand patterns. This is an
indication of the difficulty in understanding cus-
tomer demand patterns and in designing and im-
plementing rates for load management.

Load Control

Utilities have controlled loads in the United
States for about half a century. The earliest ef-
forts in the United States, in the 1930s, involved
the installation by utilities of timers on appli-
ances” to inhibit appliance operation during pre-
selected periods. But only within the last decade
have utilities seriously considered load control
as a potentially attractive investment.

The 1983 EPRI survey also sought to assess util-
ity activities in load control. *a While, as men-
tioned earlier, numerous objectives could be
served by load control, the survey found that it
has been viewed primarily as a means of reduc-
ing wholesale power costs and has been most
vigorously pursued by utilities which purchase
much of their power from other utilities. By far
the most active in load control are rural distri-
bution cooperatives and municipal utilities. To-
gether they accounted for one-third of the loads
controlled in 1983.

As is the case with innovative rates, the largest
number of customers subject to load control falls
within the residential sector (see table 5-8). Table
5-6 summarizes the load management activity
which was underway among U.S. residences, *g
and provides a rough idea of the number of
points which are available for control. The table
suggests that only a very small portion-perhaps
only a few percent—of the residential appliances
are subject to load control.

Given the large potential in the South (see ta-
ble 5-6), it is not surprising that in 1983, roughly

27Synergic Resources Corp., 1983 Survey of Utility End-Use
Projects (Palo Alto, CA: Electric Power Research Institute, May 1984),
EPRI EM-3529.

28] pid.
29The tableincludes only space heating, water heating, and air-

conditioning. It does not include pool pumps and other controlled
points.
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Table 5-8.— Load Control: Appliances and Sectors
Controlled in 1983 Under Utility "Sponsored
Load Control Programs

Appliance/sector Number of points controlled

Electric water heaters:

All sectors ..................... 648,437

Residential . .................... 643,910

Commercial .................... 4,527
Air-conditioners:

All sectors ............. ... ..... 515,252

Residential . .................... 491,675

Commercial .................... 23,577
Irrigation pumps:

All sectors ..................... 14,261
Space heating systems:

All'sectors ..................... 50,238

Residential . .................... 48,546

Commercial .................... 1,692
Swimming pool pumps:

Residential ..................... 258,993
Miscellaneous:

All sectors . .................... 13,710

Residential ..................... 13,088

Commercial .................... 34

Industrial ............... ... ... 588
All appliances:

All sectors ..................... 1,500,891 (100%)

Residential . .................... 1,456,212 (97 %)

Commercial .................... 29,830 (2%)

Industrial .......... ... ... .. ... 588 (negligible)

Agricultural ....... ... .. ... ... 14,260 (1%)

SOURCE: Synergic Resources Corp.. 1983 Survey of Utility End-Use Projects (Palo
Alto, CA: Electric Power Research Institute, May 1984), EPR! EM-3529

58 percent of the load control points® nation-
wide were located there; 37 percent were i n the
North Central region, followed by the West, with
11 percent. The Northeast, though it appears to
have somewhat more controllable points than the
West, accounts for less than 2 percent of the
points currently controlled.

The nationwide impact of the load control
measures in place in 1983 has not been precisely
determined. It can be very roughly estimated,

1A “‘point” in this discussion refers to the point at which the spe-
cific load is controlled. For example, if a home has a single air-
conditioner with a load control device, that air-conditioner con-
stitutes a point. If the home had several such air-conditioners, each
with its own load control device, each would be considered a point.
Consequently, any one customer may account for several points,
depending on the number of independently controlled appliances
on the premises.

however. The average peak load reductional re-
ported in the 1983 EPRI survey of 298 utilities was
1 kW for each controlled residential air-con-
ditioner and 0.6 (summer) to 0.9 (winter) kW for
each controlled residential water heater. These
averages should be interpreted with caution; the
results vary widely from one utility to the next,
Since there were 643,910 residential water heaters
and 491,695 residential air-conditioners con-
trolled in 1983, the peak load reduction might
have been roughly 880 MWe in the summer (if
all the water heaters were controlled during the
summer) and 580 MWe (if all the water heaters
were controlled during the winter).

While positive results were observed for many
load control projects, utilities often were not
wholly satisfied with the performance of the load
management technologies they used. In particu-
lar, equipment has been relatively unreliable. The
problems resulted from a combination of factors.
To some extent these resulted from inferior prod-
ucts, or other supplier problems; but many also
resulted from the manner in which the technol-
ogy was used. Most of these problems have been
alleviated over time and appear to be the kind
of passing difficulties which are to be expected
with the application of new configurations of tech-
nologies to relatively complex circumstances .32

Potential Peak Load Reductions
From Load Management

The potential peak load reduction from load
management in the 1990s depends on many fac-
tors. At the most basic level, the peak load re-
duction from any load management program de-
pends on: 1) the total numbers of customers and
electricity using appliances, 2) the nature of the
appliances and the manner in which they are
‘J‘T'h—e_pe;‘kload reductionis the magnitude of the additional

power which would have been required to meet demand had the

appliance not been controlled.
2Analysis and Control of Energy Systems, Inc., Residential Load

Management Technology Review (Palo Alto, CA: Electric Power
Research Institute, 1985), EPRI EM-3861.
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used, 3) the extent to which customers partici-
pate in the load management effort, and 4) the
peak load reduction achieved for each appliance.
These variables in turn depend on many other
conditions, some of which vary greatly from utility
to utility, and even within the territory of a util-
ity. Only now are methods being developed and
refined for predicting the results of load manage-
ment programs.®

An accurate, reliable, and detailed estimate of
the nationwide potential of load management re-
quires an effort beyond the scope of this report.
However, strong evidence suggests that there are
many opportunities for increasing the number of
customers and points under load management
programs, It is apparent that though innovative
electricity rates are becoming more common in
the United States, most utility customers do not
yet fall under such rates. Likewise, as table 5-6
suggests, only a tiny fraction of customer loads
are controlled through load control programs,

Evidence suggests that customers in many-—
though not a//-instances would be favorably dis-
posed towards both special rates and load con-
trol.*The precise customer response depends
not only on the character of the customers but
also the nature of the load management effort. *
Where rates and load control are implemented,
significant peak load reductions may occur. Con-
siderable variation in customer attitudes toward
load management and in the impacts of load

33See the following: 1 ) Robert T. Howard, “Estimating Customer
Response to Time-of-Use Rates, ” Workshop Proceedings: Planning
and Assessment of Load Management (Palo Alto, CA: Electric Power
Research Institute, 1984), EPRIEA-3464, pp. 16-3 through 16-4. 2)
T.D. Boyce, “Estimating Customer Response to Direct Load Man-
agement and Thermal Energy Storage Programs, " Workshop
Proceedings: Planning and Assessment of Load Management (Palo
Alto, CA: Electric Power Research Institute, 1984), EPRIEA-3464,
pp. 16-7 through 16-10.

34See: 1) Thomas A. Heberlein & Associates, Customer Accept-
ance of Direct Load Controls: Residential Water Heating and Air
Conditioning (Palo Alto, CA: Electric Power Research Institute,
1981 ), EPRIEA-2151; 2) Thomas A. Heberlein, “Customer Attitudes
and Acceptance of Load Management, ” Workshop Proceedings:
P/arming and Assessment of Load Management (Palo Alto, CA: Elec-
tric Power Research Institute, 1984), EPRIEA-3464, pp. 4-1 through
4-21; and 3) Ebasco Business Consulting Co., Innovative Rate De-
sign Survey, op. cit., 1985.

355ee Tom D. Stickels,San Diego Gas & Electric, “Analyzing Cus-
tomer Acceptance of Load Management Programs, " Workshop
Proceedings: Planning and Assessment of Load Management (Palo
Alto, CA: Electric Power Research Institute, 1984), EPRIEA-3464,
pp. 16-1 through 16-3.

management likely will characterize different util-
ities across the country.

The management of a relatively small number
of large individual loads, such as those commonly
found in the industrial and commercial sector,
typically will present fewer problems and impose
lower costs than management of a large number
of small loads. A rate structure which encourages
load management may be applied readily and ef-
fectively to large users. The deployment by utili-
ties of the technologies required to implement
some of these rates among such users is gener-
ally inexpensive relative to the potential gains for
the utility. Moreover, once the economic incen-
tive is offered, the users themselves (industrial and
commercial) frequently are capable of deploy-
ing technologies which are effective in changing
their demand in accordance with the utility’s in-
centives and their own economic interests. *

Where a large number of small users are in-
volved such as in the residential sector, the
difficulties are more limiting. In 1983, there were
over eight times as many residential customers
in the United States than commercial and indus-
trial customers. And the average residential cus-
tomer used less than 9 MWh/year, compared
with 1,560 MWh/year by the average industrial
customer and 53 MWh/year by the average com-
mercial customer.

Consequently, special rates tend to be less
readily and profitably applied to the residential
sector, and the cost-benefit ratio for the utility for
each load, managed is likely to be larger. In ad-
dition, the cost and difficulty of installing, main-
taining and operating the equipment, required
as an adjunct to such rates may be considered
excessive by utilities. Compounding the problems
is the utilities’ uncertainty about future residen-
tial electricity use, and the manner in which it
would change under alternative load manage-
ment programs.

36Fgr an assessment Of the possible costs and benefits of load man-
agement using incentive rates for seven major industries, see: Chem
Systems, Inc., The Potential for Load Management in Selected /n-
dustries (Palo Alto, CA: Electric Power Research Institute, 1981 ),
EPRI EA-1821-SY.



Ch. 5—Conventiona/ Technologies for El/ectric Utilities in the 1990s . 151

At present about 1.5 million points are con-
trolled,” which is only a small fraction of the
number of residential loads that could be con-
trolled (probably less than 1 percent). A much
larger potential exists in every region of the coun-
try, particularly in the South where residential
electricity demand is high and there are a large
number of all-electric homes. A recent survey of
the stated intentions of utilities indicates that if
currently planned load control programs are im-
plemented, at least 5 milion new points may be
controlled by 1990.” Another report suggests that
8 million points will be controlled by 1990 and
20 million points by 1995,*®

The potential magnitude of the impact of load
control is difficult to gauge. Evidence from cur-
rent load management efforts indicates that the
impact could be quite sizable. If, for example,
one air-conditioner in each of 5 million homes
were controlled, and if an average peak load re-
duction of 1 kWe were obtained, a peak load re-
duction of about 5,000 MWe would result. Note
that nearly 50 million homes have air-condition-
ing and that many of these have more than one
air-conditioner. Also residential air-conditioning
represents only one of many loads which could
be controlled.

Overall, the potential for load management is
such that it is an important strategic option in the
U.S. electricity supply outlook in the 1990s.
Whether utilities fulfill this potential will depend
on the cost, performance, and risk of load man-
agement technologies and on the ability of the
utilities to manage those technologies and de-
velop innovative rates.

¥’Synergic Resources Corp., 7983 Survey of Utility End-Use
Projects, op. cit., 1984,

38 bid

39The La ird Durham co., The United States Market for Residen-
tial Load Control Equipment, 1983-7995 (San Francisco, CA: Laird
Durham Co., 1984).

A recent Frost & Sullivan report suggests that 7 million points
will be controlled by 1992 (Frost & Sullivan, Electric Utility Cus-
tomer Side Load Management Market (New York: Frost & Sullivan,
1984), as reported in “Load Management Systems Will Control
Seven Million by 1992, " Electric Light& Power, vol. 62, No. 8, Au-
gust 1984, p. 47).
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Technologies for Load Management

Given the magnitude of demand in the residen-
tial sector, its importance in contributing to the
fluctuations in demand for electric power, and
the characteristics of individual residential cus-
tomers, it is not surprising that the technology-
related problems of current utility efforts to man-
age loads center on small users. This will also be
the emphasis here. Many of the technologies, is-
sues, and problems in the residential sector, how-
ever, also are applicable to the other sectors.

Two principal groups of technologies are re-
quired in load management:

1. Advanced meters: Meters measure electri-
city use; recorders, often integrated into a
single device with the meter, record this in-
formation for later use. The data help in de-
veloping load management strategies, in im-
plementing them, and in assessing their
results. They also facilitate the application
of rates which encourage the deployment
of customer-owned and operated load man-
agement technologies.

2. Load control systems: In order to control
loads, utilities may need to be capable of
communicating with the customer. Commun-
ications systems provide this link, allowing
the transmission from the utility to the cus-
tomer, and perhaps vice versa. Required for
successful load control systems are decision-
logic technologies which interpret informa-
tion and automatically generate decisions
necessary for effective load management,

Advanced Meters*

The predominant residential electric meter and
recorder used in the United States is the single-
phase (see chapter 6 for definition of single phase
and other relevant terms) electromechanical watt-
hour meter which requires periodic reading by
an individual on location. A variety of solid-state
meters, “hybrid meters”and other ancillary

#1Strictly SwKing, @ meter only measures electrical power
energy. Here however, the term isused loosely to include devices
which not only perform the measuring function, but also record

and perhaps even manipulate the data.
2ahybridmeterisone which couples the common meter's rotat-

INg sensing-element to a solid-state m ICrOpProcessor.
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equipment (including communications technol-
ogies) are available and being developed to as-
sist in meeting the rising information needs of
load management. Among the equipment being
developed is hardware which can be retrofitted
to existing equipment to enhance the capabilities
of common meters.

Advanced meters can perform many more
tasks. For example, they may provide the cus-
tomer not only with data on current and past use,
but also information on present costs and other
matters; that additional information could be
wholly or partly generated by pre-programmed
equipment on site or transmitted from a remote
location. Where time-of-use rates were being ap-
plied as part of a load management program, the
information is essential for the consumer. Alter-
natively, the meter could provide direct and auto-
matic input to the load control system. For ex-
ample, a “demand-subscription service” meter
will automatically trigger a sequence of events
designed to curtail load when the meter indicates
that demand has exceeded a specified level.

Currently available advanced meters, however,
often are expensive, unreliable, and short-lived,
relative to conventional meters. Considerable evi-
dence indicates that the technical problems could
be resolved relatively easily, but developers ap-
pear reluctant to do so without assurances that
a major market exists. Similarly, costs can only
be reduced sufficiently through mass production
and deployment.

Another consideration is that the conventional
meter is a long-established fixture in U.S. utility
operations. It performs the task expected of it
without imposing inordinately large operating
and maintenance costs. While new meter designs
could in the long run be superior, they would
require changes, People would have to be trained.
Some workers might no longer be needed;
others, with different skills, would be required.
New maintenance facilities likely would be
needed, and operating procedures would have
to be modified to accommodate the new tech-
nology.”

“” How to Get Meter Readers to Use Computers, " E/ectrica/

World, vol. 198, No. 10, October 1984, pp. 26-28.

While problems remain, no major unresolvable
technological barriers impede the deployment of
advanced meters. Rather, the problems appear
to be related to the development of an early mar-
ket among utilities and to the need for changes
in utility practices. The evidence indicates that
unless concerted efforts are made to eliminate
these impediments by stimulating demand, the
deployment of advanced meters will be a slow
process. Their conventional competitors likely
will predominate well past the close of this cen-
tury, though their position will be eroded slowly
by the newer technologies.

Load Control Systems

Load control systems vary in the extent to
which control is concentrated on either side of
the meter (customer or utility); in the extent to
which information from the customer side-of-the-
meter is used and in the nature of that informa-
tion; and in the degree of automation on the cus-
tomer side-of-the-meter. Some require relatively
active customer participation and a low level of
automation. For example, the utility may simply
call up the customer and ask that his load be re-
duced as much as possible; the customer could
respond by turning various appliances off, bas-
ing his actions on a multitude of considerations.
Other systems, however, may be more auto-
mated and are capable of operating with little or
no customer intervention.

Load control systems are classified into three
categories—Ilocal, distributed, and direct con-
tro—according to the degree to which decisions
are centralized and the extent to which the util-
ity and customer interact before the load is ma-
nipulated. In a dlirect control system, the load is
controlled by the utility without any immediate
input in any form from the customer’s side of the
meter (see figure 5-1 2). This in the past has been
the dominant form of load control.

In a loca/ control system, the load is controlled
from the customer’s side of the meter, without
immediate input from the utility (see for exam-
ple figure 5-1 3). With local control systems,
manipulation of the customer’s load is based
solely on immediate input from only the custom-
er’s side of the meter. Utility involvement is re-



Ch. 5—Conventional Technologies for Electric Uti/ities in the 1990s .153

Figure 5-12.—A Direct”Control Load Management Technology: Domestic Water Heater Cycling Control

Water heater
controls

Meter

Service drop

Central load
control ler /

Receiverlswltch

/

{pplerPLe

{ecelver/switcn

<adio

Water heater

lelephone

Computer

Subscriber communication interface
and energy management module

Customer
telephone

Telephone - : |
circuit

‘Water “heater
controls

Domestic water heater cycling involves direct, real-time utility control over the operation of residential water heaters. Water heating is one of the
tew residential loads that is truly deferrable in that a water heater can be turned off for extended periods of time (up to 6 hours in some cases)
without affecting the customer's lifestyle. By directly cycling water heaters (through a communication system, as opposed to using timers or
other local controliers), the utility can vary when and how much control is exercised. Water heater cycling is generally exercised only during
periods of peak demand or high marginal supply costs.

SOURCE: Battelle-Columbus Division and Synergic Resources Corp., Demand-Side Management, Vol