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ABSTRACT

Estimated future energy cost savings associated with the development of
cost-competitive solar thermal technologies (STT) are discussed. Analysis is
restricted to STT in electric applications for 16 high-insolation/
high-energy-price states. Three fuel price scenarios and three 1930 STT
system costs are considered, reflecting uncertainty over future fuel prices
and STT cost projections.

Solar thermal technology research and development (R&D) is found to be
unacceptably risky for private industry in the absence of Federal support.
Energy cost savings are projected to range from $0 to 10 billion (1990 values
in 1981 dollars), depending on the system cost and fuel price scenario.
Normal R&D investment risks are accentuated because the Organizatiom of
Petroleum Exporting Countries (OPEC) cartel can artificially manipulate oil
prices .nd undercut growth of alternative energy sources. Federal
participition in STT R&D to help capture the potential benefits of developing
cost-competizive STT was found to be in the national interest.

Analysis is also provided regarding two Federal incentive: currently in
wge: the Federal Business Energy Tax Credit and direct R&D funding. These
mechanisms can be expected to provide the required incentives to establish a
viable self-sustaining private STT industry. Discussions of STT impacts on
the enviromment and on o0il imports are also included.
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FOREWORD

The Jet Propulsion Laboratory's Benefits Assessment Task has
responsibility for evaluating the benefits and impacts associated with the
successful development of cost-competitive solar thermal energy technologies.
During 1981, the Benefits Assessment Task focused on developing a methodology
to assess the potential economic and social benefits associated with snlar
thermal electric systems. During 1982, =fforts centered on refining the
benefit assessment methodology. The computer model was modified to allow
reoptimization of the conventional generating capacity with increases in the
level of solar penetration; the data base was updated to include revised
regional synthetic utilities; and the snalytical assumptions were updated to
reflect changes in tax laws ani other factors.

The results of the FY 1981 analysis were reported in JPL Publication
82-70, Solar Thermal Technologies Benefits Assessment: Objectives,
Methodologies, and Results for 1981. The results contained in the 1981 report

were updated in FY 1982 and are superseded by the results presented here.
This report is divided into two volumes. Volume I is an Executive

Summary, and Volume II contains the detailed assumptions, methodology,
results, and discussion of the studyv.
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SECTiON 1

INTRODUCTION

Federal participation in solar thermal technology research and
development (R&D) is in the national intereat. Prior to the 1970s, Federal
energy R&D expenditures were limited, with the exception of R&D for
nuclear-fired electrical generating capacity. However, the 1973 Arab oil
embargo and the 1978/79 Iranian oil supply curtailments focused attention on
the precarious nature of a domestic energy market relying heavily on imported
petroleum resources. Widespread public and political support has developed a
national energy policy designed to solve the "energy crisis" in a manner
consistent with the overall objectives for the U.S. economy. The resulting
energy pclicy stresses reducing petroleum dependence in the near-term through
conservation, augmented in the mid- to iong-term by the development of a broad
range of alternative energy technologies. In the presence of technical,
economic, and environmental uncertainties concerning future energy supply
technologies, a diversified RAD portfolio increases the probability of
successfully developing d¢ nestic energy resources capable of satisfying a
broad range of future energy demands without imposing excessive environmental
hazards. Due to the scope of the effort required to develop new energy
technologies, the market imperfections characterizing the domestic energy
supply and demand sectors, and the Organization of Petroleum Exporting
Countries (OPEC) cartel's control ov.r world energy prices, private industry
is unlikely to invest the required resources in the development of alternative
energy systems (Ref. 1). As a result, the Federal government has embarked on
a vigorous R&D effort to develop conservation technologies and unconventional
energy sources, including solar energy.

Solar thermal technologi.es (STT) represent an important component of
the Federal solar energy R&D program. Solar thermal power systems differ
technologically in many important ways from other conventional and alternative
energy systems. Therefore, STT diversifies the Federal energy R&D portfolio.
Furthermore, Faderal energy R&D programs in the post-1973 period have
concentrated primarily on developing alternative technologies for the
generation of electricity. Primary emphasis in the development of coal and
nuclear technologies, for examrle, centers oa the use of these resources in
electric applications. Similarly, many solar energy technologies, including
photovoltaices and wind systems, produce electricity as their primary output.
The electric utility sector, however, is projected to account for only 35 to
402 of the total energy consumption irn the United States through the end of
this century (Figure 1-1). Significant progress toward diversifying the
nation's energy resources requires techrnologies that directly serve the
household and commercial sector, the industrial sector, and the transportation
sector, in addition to the electric utility sector.

Solar thermal energy systems represent such a technology. Solar thermal
energy provides a renewable domestic source of power that can be used to gener-
ate electricity, heat, or can serve in a total energy capacity to provide both
electric and thermal power. Therefore, STT can be employed in a variety of
sectors including electric utilities, industries requiring thermal power, and
agricultural applications. In the future, STT may also be used to produce
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transportable fuels and chemical feedstocks. Furthermore, solar thermal energy
can be supplied by systems ranging in size from tens of kilowatts (kW) to
hundreds of megawatts (MW). This flexibility of system size requirements and
range of applications enables STT to satisfy many categories of energy demand.

Solar thermal conversion processes also exhibit varying degrees of
technological and commercial readiness. Some systems, notably water and space
heating, have virtually completed the R&D required prior to merket-entry, and
represent near-term technologies. Other systews, such as solar thermal
electric technologies, still require edditional R&D before th..; cen be
introduced into mid- or long-term markets. Therefore, solar thermal
technologies can provide cost-competitive systems for both near-cerm and
far-term deployment.

The Solar Thermal Technology Program's practical impetus is to learn
how complete STT systems work and how they functicn at the interface with
industrial plants and electric grids and then to disseminate these data.
Accomplishing these objectives will assist in forming the technological base
of an STT industry founded in the national interest. Historically, the STT
Program has supported three types of activities: (1) R&D to reduce costs and
to ensure that long-term market growth continues, (2) systems spplications
experiments to enhance awareneas of STT, thereby stimulating private demand
that will result in further systex cost reductions througa volume production,
and (3) Federal financial incentives tc speed the near-term deployment of STT
systens (Refs. 2 and 3). Recently, however, with the institv ion of current
Federal solar tax credits, as well as petroleum and natural gas price
deregulation, the emphasis of the program hes shifted from systems applica-
tions experiments to longer-range R&D projects, which, when compared to their
expected level uf benefits, exhibit excessivs risks to private investors but
acceptable risks to society as a whole (Refs. 4 and 5).

While the Federal STT Program is concerned with a variety of applica-
tions, attention in this analysis has been restricced to soiar thermal technol-
ogiez in electric utility applications. This task will identify the future
economic and social impacts attributable tc¢ the development of solar thermal
electric systems. A partial list of these impacts will be evaluated to
deteramine their net present value. The exp:cted benefits must be understood
to identify high payoff R&D projects, to determine the optimal allocation of
the limited R&D budget acroes technology options, and to ensure that the
proposed level of Federal participation in the development of STT is both
economically justified and consistent with the Administration's stated policy
for solar energy R&D.

1.1 STT IN ELECTRIC UTILITY APPLICATIONS

As outlined previously, an excessive reliance on imported petroleum is
frequently perceived as a majisr cause of the 1973 "energy crisis." In the
electric utility industry, fo. erample, generating capacities prior to 1973
included a high propc-tion of petroleum-fired technologies for use in base,
intermediate, and peaking applications (Refs. 6 and 7). As a result of the
1973 Arab oil embargo, a variety of Federal policies have been implemented in
an effort to reduce the use of petroleum as a fuel souvrce. Conservation has
been encouraged to lower electricity consumption in general, and alternative

1-3
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domestic energy technologies are being developed to replace petroleum-based
systems. Due to the dwindling reserves of natural gas in the United States
(Ref. 7, pp 40, 41), efforts were initiated to reduce domestic consumption of
this resource as well. Coal and nuclear technologies have been particularly
successful in displacing petroleum and natural gas technologies for base-~load
applicitions, and this trend is expected to continue through the end of this
century (Refs. 6 through 10). Due to these measures, coal and nuclear systems
are expected to account f~r an increasing portion of electric power
generation, while the share attributable to petroleum and natural gas is
expected to decrease. This shift in generation mix results from the
economically driven replacement of petroleum and gas-fired power plants by
coal and nuciear power plants in non-peak-load applications. In the year
2000, projections indicate that this transition will be virtually complete
(Refs. 6 through 10). The remaining petroleum and natural gas consumption
represents peak-load applications. Further petroleum and natural gas
displacement by nuclear and coal systems is unlikely due to the prohibitive
cost of using coal and nuclear energy for peaking applications.

In order tc provide a viable alternative, solar thermal electric systems
must be cost-competitive in an environment dominated and by coal or nuclear
technologies for base- and intermediate-load applications, and by oil or
natural gas in peaking applications. Solar thermal technologies without
storage offer the opportunity for additional economic displacement of
petroleum and natural gas. The relatively low start-up and shutdown costs of
solar energy technologies cowbined with the good correlation between peak
electricity demand and peak insolation in some areas of the southern and
southwestern United States, enable solar thermal energy systems without
storage to provide a potential means for the economic displacement of the
petroleum and natural gas .ced to satisfy peak-load electrical demands. Thus,
without storage, STT complements nuclear- and coal-fired technologies by
displacing petroleum in usages for which nuclear and ccal substitution are not
feasible or are economically prohibitive.

Solar thermal technologies also provide a potential cost competitive
alternative for base- and intermediate-load electric power applications. The
addition of storage capacity can extend the flow of energy from a solar emnergy
system beyond daylight hours. Energy is collected and stored during periods
of high insolation and discharged, on demand, during the night. Depending on
the storage capacity, storage~coupled solar energy systems are technically
able to provide = constant flow of energy twenty-four hours a day.' This
enables solar energy to serve base- aud intermediate—load electric power
applications as well as peak load applications where there is a poor
correspondence between peak energy demsnd and peak insolation. Thermal
storage is currently the most cost-efficient storage medium. The ability of
solar thermal technologies to effectively utilize thermal storage makes these
technologies particularly attractive for base- and intermediate-load
applications.

log course, the ptimal storage capacity and dispatching strategy will depend
on both storage related costs and the time dependent value of the energy
displaced by the solar 'rgy system.
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Thus, solar thermal electric technologies represent an important element
in the national effort to develop a broad range of domestic energy alterna-
tives. Technologically, the unique characteristics of STT help diversify the
Federal energy R&D portfolio. As alternative energy systems, solar thermal
technologies complement other electrical technologies, such as nuclear and
coal, by encouraging additional cost-effective displacement of peak-load oil
and natural gas —— fuel displacement that would not be economically feasible
in the absence of a solar option. Storage-coupled solar thermal systems can
also provide a potential cost-competitive alternative %o coal and nuclear
systems in base- and intermediate-load electric power applications.

In the electric utility sector, this analysis will consider only peak-
load applications of solar thermal technologies (no storage), though some
discussion will be provided regarding the impact of storage on the value of
solar thermal electric systems. Despite the relatively small usage of oil and
natural gas in electric utilities by 1990 and beyond, the results presented
later in this analysis indicate that the potential energy cost savings from
this application of STT are significant under reasonable scenarios outlining
future energy costs and R&D program success. Additional economic and environ-
mental benefits will also characterize the deployment of solar energy systems
in electric utility applications. The value of these benefits is expected to
exceed the remaining costs for developing S.T systems for the early 1990s .2

1.2 SCOPE "% WORK

This report documents work that was conducted at the Jet Propulsion
Laboratory (JPL) during 1982, JPL is responsible for assessing the benefits
and impacts associated with the successful development of cost-competitive
solar thermal energy technologies. During 1981, JPL focused on developing a
methodolngy to assess the potential economic and social benefits associated
with solar thermal electric systems. Using a single representative utility,
with regional insolation and fuel price data, the methodology was employed to
examine the average regional characteristics of the market for solar thermal
technologies in the southwest and south central United States. In particular,
the analysis assessed both the average regional energy cost savings associated
with electric utility applications of solar thermal technologies and the
impact on envirommental quality and national security of an expanding domestic
STT industry that displaces imported petroleum. Results of the 1981 benefit
assessment task were reported in an earlier document (Ref. 11), and have been
used both in the Backup Sunset Review Document (Ref. 2) and in the Solar
Thermal Technology Program Multi-Year Program Plan (forthcoming). The
analytical assumptions and methodology used in the 1981 report are updated
herein to reflect changes in the tax laws and other factors, thus making the
1981 report obsolete.

21n deciding whether to continue an R&D project, the expected payoffs should
be compared with the remaining R&D costs. Past R&D expenditures are costs
that cannot be recaptured if thLe project is terminated. Therefore, past R&D
costs should not be included in future funding decisions.
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During 1982, the benefit assessment methodology was refined and the
capabilities extended to consider additional impacts. The refined methodology
used in this report allows the mix of conventicnal generating capacity to
change as solar thermal penetration increases. Previously, the utility's
conventional capacity mix was held constant for all levels of STT penetration.
Reoptimization of the capacity mix as STT capacity increases allows the
utility to minimize total energy costs, and reflects more accurately the
potential value of STT and its impact on fuel consumption. 1In addition, the
hypothetical utility used in the 1981 analysis was replaced by two updated
regional utilities representing the southwest and south central United
States. Based on this refined analysis and data, the energy cost savings
attributed to STT (no storage) were reevaluated. The corresponding fuel
displacement data were used to consider impacts on the environment and on
petroleum imports. While the primary focus centered on STT systems without
storage, preliminary consideration was given to the impact of gtorage on the
value of STT.

This report documents the refinements made in the benefit assessment
methodology and presents the results of the refined methodology for an
illustrative calculation using hypothetical utilities reflecting average
regional characteristics. It also discusses early solar thermal markets and
the transition from a high-priced, small-scale STT industry to a lower-price
STT industry employing mass-production technologies.

1-6
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SECTION 2
OVERVIEW
2.1 OBJECTIVES

The U.S. Department of Energy's Solar Thermal Technology Program is
developing four concentrating solar thermal technologies (central receiver,
parabolic dish, parabolic trough, and hemispherical bowl) a:d one non-
concentrating technology (solar pond). The thermal output of these systems can
be used for generating electricity, providing industrial process heat (IPH) and
cogeneration, or producing fuels and chemicals. Numerous combinations of tech-
nologies and applications resulting in a broad range of potential impacts and
benefits are possible if solar thermal technologies can be developed success-
fully into cost-competitive products. Quantifying the relationship between the
development risks and potential benefits is essential for determining the
future Federal role in solar thermal R&D and in formulating an R&D strategy
that maximizes the benefits accruing from the Solar Thermal Technology Program.

Previous studies that estimated the potential economic and social
benefits of solar thermal technologies have not attempted to quantify the
correlation between the success of the R&D program and the expected market
size. The methodology employed in this study accounts for both the risks
inherent in the R&D program and the uncertainties of the future energy market
in calculating the size of the markets for solar thermal technology.

2.2 METHODOLOGY

The report first identifies the direct and indirect benefits and
impacts? accruing from the development and installation of cost-competitive
STT systems in electric utility applications. Because assessment of the
entire list of impacts is beyond the scope of this task, a partial list has
been selected for detailed consideration. The analysis was designed to
quantify two primary variables associated with achieving the STT Program's
1990 cost goals: (1) potential economic market size for STT and (2) energy
cost savings. Using the results of these calculations, the implications of
STT for public versus private benefits and the Federal R&D role were analyzed
and discussed. STT's impact on environmcntal quality and oil imports is
included in Appendix A.

Although not specifically analyzed in this study, the results of the
model could have also been used to examine the impact of STT on issues such as
employment opportunities, tax revanue effects, export market potential, and
technology base expansion. Figurc 2-1 summarizes the components of the
benefits assessment study.

31n this anaiysis, the term impact is used to refer to all types of effects.
Some impacts exert positive influences on suciety, some negative, and some
have ambiguous effects. Impacts that are expected to exert a positive
influence on society, such as szvines in energy-related costs, are frequently
referred to as benefits in this report,
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The capacity of economically justified STT installations and corresponding
energy cost savings are determined by two factors: (1) the cost of producing
STT (STT supply side) and (2) the value of STT to electric utilities (STT
demand side).

On the demand side, the value of STT depends on a variety of
consid -ations: some, including insolation levels and fuel prices, will vary
across geographic regions; others, such as the demand for electricity,
electric utility generating capacity and financial parameters, and STT storage
capacity will vary across both utilities and solar thermal systems. Many of
these considerations will also vary over time. To simplify the required
analysis, attention was restricted to solar thermal electric applications for
central recei- :rs and parabolic dishes without storage. The analysis was
further limited to 16 states in the southern and southwestern U.S. Two
hypothetical electric utilities were examined: one represents the south-
western states while the other represents south central and southeastern
states. The financial parameters selected for this analysis characterize an
investor-owned utility, though some discussion is presented regarding
municipal utility ownership and third party ownership (limited partnerships).
Three insolation levels were selected to reflect regional variations in solar
or- radiation. The fuel price assumptions for the southwestern states differ from
those used for the south central and southeastern states, reflecting regional
variations in fuel prices. High, medium, and low fuel price scenarios were
used for each region to reflect uncertainty over future fuel prices. Only one
time horizon was considered: 1990 STT installations. The STT system examined
in this report has no storage capacity; however, some discussion is provided
regarding the impact of storage on the value of STT to an electric utility.
These assumptions are summarized in Table 2-1 and will be discussed in detail
later in this report.

On the supply side, STT production costs will be influenced by the

success of the R&D effort, production volume, STT storage capacity, and such
: regional considerations as labor and material costs. Because estimating

STT production costs is beyond the scope of this report, benefits were

assessed assuming three alternative STT system costs without storage. The

range of costs reflects variations in STT production volume and R&D success.

It was selected to include the STT cost goal established by the Solar Thermal

Cost Goals Committee for solar thermal installations in 1990 with no

storage capacity.

A methodology was devised to estimate the expected demand for solar
thermal technology (i.e., the economic market potential) and calculate the
corresponding net savings in energy costs. The methodology uses a utility
simulation model to compute the type and quantity of fuel, conventional
generating capacity, and operation and maintenance (0&M) expenses displaced by
STT systoms of different capacities. Together, these measures determine the
total value of solar thermal systems to electric utility owners. Purchase
decisions, however, are based on changes in the total value of STT to
utilities as STT capacity increases. Changes in the total value, referred to
as incremental values, indicate the econmomic benefits attributable to
expanding STT capacity. As long as the incremental value of STT exceeds its
cost, utilities will purchase additional solar thermai capacity.




Table 2-1., Summery of Assumptions Used in Analysis

Assumption

Comments

(1)

(2)
(3)

(4)

(5

(6)

(7)

A I

(8)

(9)
(10)

(11)

M o e

(12)

(13)

Parabolic dish and central
receiver STT systems

No storage

Investor-owned utility

Aggressive transition to
coal

Southwest and south central/
southeastern regions only

1990 installation

Electric Power Research
Institute (EPRI) utility
data

SOLMET insolation data

1981 dollars

National Energy Plan
(NEP-III) fuel prices

Electricity demand
escalation rate

No inter-technology compe-
tition for alternative
energy sources

Supply side cost - 1990s’
cost goal +252 (i.e., 2200,
1750, and 1300 $/kWe)

Forces STT to compete with coal.

Uses less attractive financing than that
available to municipal utilities and
rural electric cooperatives or
third-party owners.

Utilities assumed to be installing coal
plants in preference to oil or nuclear
plants, except where environmentally
constrained. Thus, STT must compete
with the lower-priced coal facilities in
the future.

Average characteristics of utilities
in these two regions were used.

Calculation is simplified by assuming
that all STT plants installed in the
early 1990s are installed in a single
year, 1990, Overstates actual 1990
installations, but ignores post-1990
increases in demand.

Gives lower conventional gemerating
cost estimates than other sources;
captures expected improvements in con-
ventional technology; predominantly
early morning and early evening peak
demands.

Three levels: high (Albuquerque, NM),
medium (Fresno, CA), and low (Fort
Worth, 'D()-

Source: Energy Information Administra-
tion's 1980 Annual Report to Congress.

3% per year.

May overstate the potential market
share captured by STT.

Provides three STT production cost
scenarios based on varying degrees
of R&D success by 1990,
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The incremental value of STT is calculated by determining the change in
total value between successive STT capacity levels and normalizing by the
change in system capacity. The utility simulation model is used to estimate
incremental STT values for electric utility owners (STT demand side), given
the assumptions summarized in Table 2-1. Using three estimates for STT
production costs (representing the STT supply side), the economic market size
and corresponding net energy cost savings were estimated for solar thermal
electric systems installed in 1990.

Another important issue confronting the Solar Thermal Technology
Program concerns the transition of the STT industry from its current high-
price, small-scale status to a large-scale industry employing mass-production
techniques. Early markets, in which STT has a particularly high value, are
expected to provide the incentive required to stimulate investments in
mass-production technology. Once the industrial infrastructure has been
established, STT production costs are expected to decrease, leading to a
self-sustaining STT industry. Early installations of solar thermal electric
systems are expected in utilities that use a significant amount of oil-fired
generating capacity and that have a close correspondence between peak
insolation and peak electricity demand. If the Federal energy tax credit is
extended, third party investors are likely to finance many of these early
systems. These high valued STT applications are expected to account for the
solar thermal installations occurring during the 1980s and early 1990s. As
production capacity increases and system costs decrease, STT will begin
penetrating lower valued applications.

Because early STT installations will occur in applications having
characteristics and financing arrangements that are particularly favorable to
STT, they must be considered on a case-specific basis. An aggregate analysis
of the type described in this report (which considers average regional
characteristics) cannot address these early STT applications. Because of the
importance of these markets, early STT installations and their relation to a
self-sustaining STT industry will be discussed explicitly in this report.
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SECTION 3

IMPACT IDENTIFICATION

To accurately evaluate the impacts of the Federal STT Program,
potential impacts, both quantitative and qualitative, should be identified for
alternative solar thermal technologies in alternative applications. The
impacts expected from the STT Program csn be divided into two broad
categories: (1) direct impacts, which are reflected in market transactions
and (2) indirect impacts, which are not. The primary direct benefit is the
total savings in energy-related costs as utilities and agricultural and
industrial users replace conventional generating capacity with economically
coupetitive solar thermal energy systems. Secondary direct impacts include
changes in employment levels and the effect of lower energy costs on other
sectors of the domestic economy. Indirect impacts include improvements in
environmental quality; changes in the level of oil imports, which affect both
national security and the balance of payments; tax impacts; the STT export
potential; increased competition in the energy market; and diversification of
domestic energy resources. Benefit assessment requires consideration of both
direct and indirect impacts.

3.1 DIRECT IMPACTS

The savings in energy costs (the primary direct benefit of the STIT
Program) will include displacement of conventional fuel and generating
capacity and potential savings in operation, maintenance, transmission, and
distribution costs. The mix of the conventional fuel and generating capacity
displaced by STT depends critically both on the match between peak electricity
demand and peak insolation and on the STT storage capability. Without
storage, STT fuel displacement will be determined by the fuel mix used when
solar energy is available. In areas where peak electricity demand occurs
mid-day, petroleum and natural gas will be the fuel types most affecied by
STT. If peak electricity demand occurs in the evening or early morning, an
STT system without storage will primarily displace intermediate-lo-1
capacity. Coal is expected to be the fuel type used for intermediate-load
capacity in the post-1990 period. As will be discussed later, the consumption
of 0il can actually increase in this case., With storage, esolar thermal energy
can be used to satisfy peak-load demands, even in areas where peak demand
occurs at night. Petroleum and ratural gas will be the most affected fuel
types in this case.

In addition to energy costs, the installation of solar thermal electric
systems will directly impact other market transactions as well. In the labor
market, for example, a growing solar thermal industry will create new jobs.
However, this +ill be offset by corresponding reductions in employment levels
for industries that STT displaces. The net impact depends on both the
relative capital/labor intensities and the unemployment rates of the
industries involved. Furthermore, because STT production techniques and labor
skill requirements are similar to existing industries and because STT
production will not be restricted to areas with the highest demand for STT,
any dislocational effects and/or retraining costs associated with a growing
STT industry should be minimal.



#

£ ”!zw . .

Lower erergy costs will also affect the stability of the entire eccnomy.
Experience over the past decade has shown that continually rising real energy
costs exert strong inflationary pressures on the domestic price level.
Therefore, a cost-competitive solar thermal industry, delivering energy at a
relatively constant cost over the life of the solar thermal system, will
contribute to reducing inflationary pressures on the U.S. domestic economy.

3.2 INDIRECT IMPACTS

Impacts in the second category are those not directly reflected through
market transactions. One of the primary benefits in this category is
improvement in environmental quality. As a replacement for conventional
fossil-fuei systems, STT improves environmental quality in the short term by
reducing air pollutants (SO, and NO,); in the long term, STT will reduce
CO, emissicns and minimize coal mining, o0il and gas drilling, and the
transport of these fuels. STT also provides a capital savings by lowering the
expenditures on pollution control technologies required to achieve a given
standard of air quality. When compared to the total projected use of
petroleum and coal, the potential energy displacement attributable to STT
during the 19908 and early 2000s may be relatively small. Regionally,
however, the environmental impact can be considerable. If STT installations
are concentrated in highly industrialized population centers, environmental
quality for localized metropolitan areas can be gignificantly improved. (See
Appendix A, Section A.l, and Ref. 12,) Furthermore, most metropolitan areas
exceed the critical emission standards for burning fossil fuels; thus, their
industrial growth potential is restricted by law. Industries and utilities
are often major polluters in these metropolitan centers. Because emissions
offsets can be traded between firms and industries, emissions reductions
achieved by adopting STT can be allocated to other firms, permitting old firms
to expand or new firms to locate within the affected area. On both the
national and local levels, this can mean a higher rate of economic growth.

In addition to improving air quality, oil displaced by the installation
of cost-competitive STT can reduce U.S. dependence on foreign sources of
petroleum. Reductions in o0il imports will positively impact both the national
security and balance of payments position of the U.S. (See Appendix A,
Section A.2, and Ref. 13.) Natural gas displaced by STT will be available to
further reduce the consumption of imported oil. The magnitude of these
impacts again depends on the economic market potential of sclar thermal
systems and the mix of fuels displaced, which in turn depends upon the demand
for energy, the STT system storage capacity, and the relative costs of solar
thermal systems and other energy technologies.

Because capital and fuel price expenditures are treated differently for
tax purposes, STT installations will also have a direct impact on state and
Federal tax revenues.” Fuel costs are considered as utility expenses and

4Taxes do not affect the energy cost savings realized by society from the
installation of an STT system. They represent a transfer of income from
the private sector to the public sector., As such, changes in tax revenues
cannot be classified as either positive or negative benefits.
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are deducted from a utility's taxable revenue in the year incurred before the
tax bill is calculated. Capital expenditui.s are also deducted from utility
revenue, but the deduction is spread over time through depreciation allowances,
investment tax credits, and deductions for interest payments. Installation of
STT capacity by an electric utility will reduce the utility's tax liability
during the early years of the solar thermal system's life~cycle. During this
period, the tax deductions associated with the Federal investment tax credit
and accelerated depreciation will dominate the increases in taxable income
associated with decreases in the utility's deductible fuel expenses. Later in
the STT life-cycle, as depreciation allowances Jiminish, both the utility's
taxable incime and Federal tax revenues will increase. The net present value
of the direct tax impact over the entire STT system's life~cycle will depend
on both the value of the fuel displaced by STT relative to the c.apital coct of
the system and the discount rate used to evaluate Federal programs.5 In
addition to this direct tax impact, there will also be an indirect tax impact
as the STT manufacturing industry expands and replaces other industries that
are currently supplying the electric utility industry.®

Furthermore, STT has a significant export potential. As energy prices
and foreign demands increase, other countries will broaden their search for
indigenous energy resources. As a result, the export potential for STT can be
expected to grow (Refs. 14, 15). When solar thermal energy completes the R&D
process, a substantial export market for STT can be expected to exist. This
will increase production volume in the domestic STT manufacturing industry,
thus reducing STT system costs, and will contribute to the U.S. balance of
payments position.

STT also diversifies the range of potential energy supply technologies.
Solar thermal energy systems can be sized from tens of kilowatts to hundreds
of megawatts and used in electrical, agricultural and industrial applications.
In the long-term, STT potentially can be used to produce transportable fuels
and chemical feedstocks. By meeting the specific requirements for a range of
energy markets, STT will provide fiexibility that will increase the level of
competition characterizing the U.S. energy market and provide the United States
added flexibility in responding to UPEC price increases and supply disruptions.

S5a high Federal discount rate indicates concern over short-run impacts on
Federal expenditures and revenues. A discount rate in the range of 25 to

50%, for example, focuses primary attention on a 4- or 5-year period. A lower
discount rate would signify & longer-range outlook for capital-intensive
investments. The higher the Federal discount rate, the larger the relative
importance of the investment tax credit and accelerated depreciation
allowances. For high discount rates, the direct tax impact of STT is likely
to be negative, indicating a decrease in the net present value of tax revenues.
As the discount rate decreases, the net present value of the direct tax impact
will increase.

(-]

This discussion assumes that the quantity of electricity produced by the
utility in question and the rate schedule both remain unchanged. If the
regulators change the rate schedule after STT installation, some of the
changes in tax liability will likely be passed on to the rate payers. As
discussed in a previous footnote, however, this will not affect the benefits
attributed to an STT installation.
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Finally, because some solar thermal technologies are highly modular,
solar thermal generating facilties can be operated and expended simultaneously
(Refs. 16, 17). This factor diminishes the level of capital investment
required for STT systems facilities (relative to non-modular energy
technologies) because operating revenues can partially offset cash flow
requirements during construction. Modularity also allows generating capacity
to be installed in units that closely track fluctuating future demand levels.

3.3 PRIMARY IMPACTS

In this analysis, one direct benefit and four indirect benefits are
considered explicitly. The direct benefit is the potential energy cost
savings. The indirect benefits include improvements in environmental quality,
direct tax impacts, and the national security and balance of payments
implications of an expanding STT industry that influences U.S. oil imports.
Since the entire list of direct and indirect bcnefits possible for eich STT
technology/application combination is too extensive for Jdetailed ..nalysis in
this report, this limited list of piimary benefits was used to assaus the
Federal STT Program.

3.4 BENEFICIARIES

The benefits described in this section will accrue to a wide range of
beneficiaries. These beneficiaries can be divided into two categories:
direct and indirect beneficiaries. Direct beneficiaries are all suppliers and
customers directly involved in the manufacture and use of STT. On the supply
side, this category includes firms that manufacture, design, integrate, and
install systems or components for both domestic and export markets; on the
demand side, direct beneficiaries include all STT customers. Preliminary
studies indicate that early STT customers (1990s' installations) will include
those municipal electric utilities, rural electric cooperatives, and island
utilities that currently rely on petroleum to satisfy a high proportion of
their fuel requirements; investor-owned electric utilities in high insolation
and/or high fuel price regions; industries using industrial process heat
in high insolation and/or high fuel price regions; agricultural producers
currently using diesel power for irrigation purposes; and companies currently
using diesel fuel both for enhanced nil recovery and stripper
well applications.

Indirect beneficiaries also are served by the STT program. As
discussed above, successful development of STT will reduce the domestic demand
for oil and provide a hedge against future petroleum price increases. This
will benefit all petroleum users and consumers of petroleum-based or petroleum
manufactured products. The owners and customers of those firms and electric
utilities that rely primarily on petroleum (i.e., fertilizer manufacturers,
farmers, small municipal electric utilities, etc.) will be the main
beneficiaries. Furthermore, since the domestic rate of inflation is extremely
sengitive to changes in energy prices, STT can help stabilize the domestic
price level. The entire U.S. domestic economy will benefit indirectly from
the reduced dependence on imported petroleum and natural gas, and the
increased flexibility of response to long~term oil embargoes.
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The actual division of benefits among the many direct and indirect
beneficiaries will affect income distribution, but the objective of this study
is simply to estimate the value of the total benefits available. As a result.

the distribution of benefits will not be considered beyond this brief
discussion of potential beneficiaries.
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SECTION 4

THE DEMAND FOR STT

After potential impacts are identified, their value must be estimated.
In general, the magnitude of the impacts associated with ST” development
depends on the installed STT capacity. The capacity of STT .nstalled in a
particular application is determined by comparing the value of (demand for)
STT systems to potential customers in that application area with the cost oi
producing those systems. Demand in this analysis is based or the incremental

value of STT, that is, the greatest amount any consumer would willingly pay

for one additional unit of that product, expressed as a functi>n of installad
peak STT generating capacity. As long as the incremental value of STT exceeds
system costs, additional STT capacity will be installed. When projections of
STT system costs are combined with estimates of the incremental value, the
economic market potential for cost-competitive applications of STT can be
estimated. This market potential is instrumental in estimaring the benefits
attributable to the Federal STT Progtam.7

The incremental value of STT depends on a variety of factors, in:luding
(1) the demand for electricity, (2) the current and future expected coest of
energy from STT relative to the costs of other energy resources, and (3) the
state of the U.S. economy in general and energy rarkets in particular both at
the time of installation and over the life of the STT system. STT benefits to
electric utilities are likely to vary across geographic areas in the U.S.,
reflecting regional differences in these factorr. Relative energy costs will
also be time-dependent due to diffaring price escalation rates.

In this analysis, at-ention has been restricced to 1990 STT eleciric
applications in the high insolatZon/high energy price areas of the U.S. To
approximate the demand for STT in electric utility applications, utilities
were subdivided into three groups according to insolation levels.
Representative utilites and fuel prices were selected for each region. The
total value of STT to “he representative utility was then determined for
alternative STT system generating capacities. The change in the total value
of STT as capacity increases approximates the incremental value of the added
capacity to the representative utility.® This approach approximates the
demand curve for STT for each representative utility. Individual demand
curves were then scaled according to the size of the corresponding region.
Finally, the region-specific demand curves were aggregated to approximate the
total 1990 demand for STT in electric utility applications. A range of STT
demand curves was estimated by analyzing alternative future fuel price
scenarios. These demand curves, reflecting average regional characteristics,
have been used to assess a few of (1e expected impacts associated with the
Federal STT Program.

"Note that when the demand for STT ie derived from the incremental value of
STT, it corresponds to the demand curve found in standard economics.

8The demand curve is the functional relationship between the value of an
additional unit of STT and the installed peak STT genersting capacity.
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; 4.1 ASSUMPTIONS

On the demand side, insolation levels, fuel price projections, utility
system characteristics, and the financial parameters represent the primary
assumptions used to estimate the value of STT systems.

4.1.1 Insolation Levels

This analysis concentrates on 16 states in the southern and
southwescern pcrtion of the U.S. Individual states were grouped into three
insolation regions, corresponding to above average (Reginn A), average
(Region B), and below average (Region C) insolation levels relative to the
norm for the states considered. SOLMET data were used to represent the
insolation levels in these three regions. Albuquerque insolation was used to
represent the above-average insolation region, Fresno for the average
insolation region, and Fort Worth for the below average case (Table 4-1). For
each state, STT is expected to penetrate electric utility applications earlier
in the higher insolation areas of the state. STT systems can be connected to
existing power lines if high insolation areas do not correspond with

.. electricity demand centers. Therefore, states were assigned to insolation
groups based on the highest insolation level for which a significant land area
exists. Representative insolation data for each region were selected based on
(1) the availability and quality of the data and (2) the correspondence
between the insolation level of the representative sites and the relevant
areas of the states included within the grouping in question.

4.1.2 Fuyel Price Projections ™.\t Uncertainty

i As with insolation levels, fuel prices vary across geographic regions.
: There is also uncertainty regarding future trends in fuel prices. This
uncertainty must be considered when assessing the benefits of the Federal
STT Program. Point estimates of future fuel costs are of little practical use
because they obscure the underlying uncertainty characterizing these

estimates. A range of possible fuel costs was considered to reflect this
uncertainty.

Many possible events affect both absclute and relative energy costs
(e.g., an 0il embargo, the collapse of OPEC, a nuclear disaster, a technical
breakthrough in a competitive energy technology, a war in the Mid-East, etc.)
Each individual event, or combination of events, would cause a different
scenario for the future state of the energy sector. Because the demand for
STT depends critically on the characteristics of the energy sector in which it
must compete, a range of demard curves was generated using alternative fuel

! price scenarios. The scenarios were selected to encompass the likely range of
outcomes.




Table 4-1.

Regional Variations:

Insolation Levels and

States Considered (Grouped by Insolation Level)

SOLMET
Region Insolation Data(a) States(b)

A California

High Inzolation Albuquerque Arizona

I1>7.0 c) New Mexico
Nevada

B Utah

Medium Insolation Fresno Colorado

6.0 <1 < 7,0(c) Texas
Kansas
Oklahoma
Missouri

c Arkansas

Low Insglation Fort Worth Louisiana

I < 6.0(c) Hawaii
Mississippi
Alabama
Florida

(a)gelection based on availability and quality of data as well as consistenc
- . y y 3 y
with relevant insolation levels for the states in each region.

(b)Groupings based on highest insolation level for which a significant land

area exists.

(¢)1nsolation values measure average direct normal insolation and are
expressed in kWh/mZ/day.
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More specifically, three energy price scenarios were selected for this
analysis: (1) a favorable case for STT penetration, based on high petroleum
prices and fuel price escalation rates; (2) an unfavorable case, based on low
petroleum prices and escalation rates; and (3) a middle-of-the-road case,
based on moderate petroleum prices and escalation rates (Table 4-2). These
fuel prices correspond to the three NEP-III (National Energy Plan) 1990 fuel
price projections (Ref. 18) and are based on Energy Information Administration
(EIA) regional fuel prices for the Southwest and West. EIA presents four fuel
price scenarios: high (H), medium (M), and low (L) world oil prices, assuming
compliance with the Powerplant and Industrial Fuel Use Act, and a medium world
0il price scenario, assuming no enforcement of the Fuel Use Act (Ref. 19). It
is not expected that the Fuel Use Act will be strictly enforced, so JPL
generated high and low scenarios for the "no-compliance' case under the
assumption of proportionality (i.e., high, medium, and low prices in the
no-compliance case are assumed to bear the same relationship to one another as
the high, medium, and low prices in the compliance case). The no-compliance
EIA prices were then rescaled to achieve parity with NEP-III world oil
prices.9 These scaling factors are given in Table 4-3. (See Ref. 20 for
further discussion.) Finally, three fuel price escalation rates were assumed
for the post-1990 period: real annual fuel price escalation rates of 5, 3,
and 0%, corresponding to the high, medium, and low fuel price scenarios,
respectively. As indicated in Figure 4-1, these fuel price escalation rates
reflect a dramatic decrease in the actual rates experienced during the 1970s,

while they represent a slight increase over the rates witnessed during the
1960s.

These fuel price scenarios do not correspond to specific scenarios of
future events; they merely represent the range of plausible values.
Estimating the likelihood that the energy sector will more closely track one
scenario or another is a subjective assessment, which varies dramaticelly over
time. For example, the medium to high fuel price scenario was generally
accepted as most likely following the 1978-79 Iranian oil embargo; conversely,
the low oil price scenario currently seems most probable considering the oil
glut beginning early in 1982. Because of their subjective nature, no
probabilities were attached to any of these fuel price scenarios. It should
also be stressed that the fuel price scenarios adopted in this analysis were
selected to reflect a range of plausible long-term trends, not short-term
fluctuations. Thus, this analysis will simply present benefit projections for
all three scenarios, without assessing their relative likelihood.
Furthermore, the wide range of benefit estimates under alternative fuel price
scenarios has important implications for Federal participation in STT R&D.
These implications will be discussed in Section 7 of this report.

INote that the price of natural gas in Regions B and C is inversely related

to the price of oil. As oil prices increase, EIA's projected price of natural

gas decreases. According to EIA, this seemingly counter-intuitive relation-
ship is explained by two factors: the limited opportunities to substitute
natural gas for oil and the impact of higher oil prices on domestic gross
national product (GNP). For a further discussion, see Appendix C of

this report.
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Table 4-3., EIA/NEP-III Scaling Factors

EIA EIA NEP-I11 Multiplier
Price 0il Prices 0il Prices 0il Prices Applied to 1979
Scenario 1979 $/barrel 1981 $/barrel 1981 $/barrel EIA Prices
Low 32 38.4 41 1.281
Medium 41 49.2 52 1.268
High 49 58.8 68 1.388

4.1.3 Utility Characteristics

Electric utility simulation will generate meaningful estimates of the
actual value of STT only if the utility systems used in the simulation accu-
rately represent the characteristics of the corresponding region. Therefore,
the utilities selected must reflect the mix of generating capacities and fuel
use patterns of the regions in question. Both the current mix of capacity and
fuel types used as well as projections of how these mixtures will change over
time must be considered in selecting representative utilities.

Projections regarding changes in the mixture of generating capacity and
fuel use patterns over time were obtained from Electric World (Ref. 21), Data
Resources, Inc. (Ref. 8), DOE (Refs. 9, 10, 19), EPRI (Ref. 6, 22), the Cali-
fornia Energy Commission (Ref. 23), and Southern California Edison (Ref. 24).
These studies all revealed a similar trend. Currently, a substantial percent-
age of the oil and gas burned by electric utilities is used to satisfy base-
and intermediate~load demands. Nuclear and coal-fired systems are expected to
replace 0il and gas in these uses; o0il and gas will continue to serve peak
energy requirements in the foreseeable future due to the prohibitive cost of
using nuclear and coal technologies for peak demand. The referenced studies
predict a gradual transition, driven by economic considerations, from oil and
gas to nuclear and coal. According to Data Resources, Inc., oil and gas will
still supply some base and intermediate demands in 1990, but the tramsition
should be virtually complete for the regions included in this study by 2000
(Figure 4-2). The utility descriptions used irn this analysis will reflect
this transition to coal-fired power plants.11

107his analysis considers only a single utility for each region examined. As
a result, the utility simulation reflects the average regional utility char-
acteristics. Utility specific variations within a region will be discussed
later in this report.

114 recent months, o0il price projections have changed dramatically. Real
0il prices are expected to fall during the 1980s and then begin increasing.
1f this trend continues, the transition to coal-fired power plants may
be delayed.
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The Electric Power Research Institute (EPRI) has modeled various
synthetic utilities, providing hourly load data, generation capacity mixtures,
and information regarding the technical operation and maintenance characteris-
tics for these hypothetical utilities (Ref. 6). The data for each svathetic
utility represent average values for a particular region in the United States,
thus providing a consistent set of data covering all aspects of utility power
generation and energy demand. The states grouped in regions B and C are
represented by the EPRI south central synthetic utility. The states grouped
in region A are represented by the EPRI western synthetic utility. The western
utility, however, has been modified. Approximately 33X of the generating
capacity of that utility is hydroelectric capacity. Since this hydro capacity
occurs primarily in the Pacific Northwest, an area not considered ia this
benefit assessment, the hydro capacity has been changed to coal capacity for
the purposes of this analysis, While no utilities in the western or south
central regions actually exhibit the characteristics of the EPRI synthetic
utilites, the EPRI utilities are designed to reflect the average
characteristics of the relevant regions,

The 1990 generation mixes for the regional synthetic utilities used in
this analysis are shown in Table 4-4. Duriug the period between 1990 and 2019,
peak electricity demand was assumed to grow at an annual rate of 3% and have a
constant load shape. With the exception of nuclear power plants, a screening
curve methodology was used to determine the "optimal" generation mix in 2019,
given the projected demand for electricity and the expected relative fuel, O&M,
and capital costs in the year 2019, the last year of the study.l2 The growth
of nuclear capacity was constrained to a maximum of 6% per year. Generating
capacity was adjusted in equal increments every five years to ensure a smooth
transition from the baseline 1990 generation mix to the "optimal"™ 2019 system.
The 2019 generating mix for the no-solar case is shown in Table 4-4. Due to
the influence of fuel prices on the optimal generating mix, there are different
capacity mixtures in 2019 for each region and each fuel price scenario.

As solar thermal electric capacity increases, the "optimal" generating
capacity mix will change as well., Because solar thermal systems have low
operating costs, solar energy will be dispatched whenever available and can be
expected to displace the most expensive fuel types in use at that time.!

If peak insolation and peak electricity demand coincide, solar energy can be
used to displace peak-load fuels (typically diesel oil). If peak electricity
demand occurs when solar energy is not available, solar energy will be used to
displace the less valuable intermediate- and base-load fuels (principally
coal). In either case, increasing solar thermal plant capacity will alter both
the size and pattern of the electricity load remaining to be satisfied by the
conventional generating capacity, which will then affect the cost-minimizing
mix of conventional generating capacity. If solar energy displaces peak-load

12g.reening curves consider both annualized capital costs as well as variable
fuel and O&M costs to determine the capacity mix that minimizes the total
cost of satisfying a given demand for electricity.

13This statement is true of solar thermal systems without storage. With
ctorage, solar energy production and dispatching do not have to occur
simultaneously. Solar energy can be stored and used at a later time if that
increases the value of the fuel displaced.

4-9
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Table 4-4, Utility Capacity Expansion Plan: No-Solar Base Case (Mie)(a)

Fuel Price Scenario

Unit Western (Region A) South Central (Regions B and C)
Tyre  an All
(b) (b)
Puel ™% (c) (c) . (c) Fuel (e) (e) . (c)
Prices High Medium Low Prices High Medium Low
Nuclear 1800 10200 10200 10200 1200 7200 7200 7200
Coal 6100 19500 18800 17300 5000 22000 21400 20000
0il and 3800 600 900 1300 5600 1200 1600 1700
Natural Gas
Combustion 700 200 500 1300 600 100 200 1550

Turbine

(a)The required change in capacities between 1990 and 2019 were assumed to
occur proportionately over the 30-year time period.

(b) 1990 generating capacity based on the EPRI synthetic utilities for western
and south central regions (Ref. 6). Capacity mix is constant across fuel
price scenarios,

(e)2019 generating capacity mix estimated using a screening curve
methodology. Capacity mixes vary across fuel price scenarios reflecting
variations in fuel prices.

fuels, peak-load capacity will decrease relative to intermediate- and base-load
capacity in the "optimal" capacity mix. If solar replaces intermediate- or
base-load fuels, peak-load capacity may actually increase.

In this analysis, the geazerating capacity mix is reoptimized as solar
penetration increases, which allows the utility to respond to changes in solar
thermal capacity and provides a more accurate measure of the true value of
solar thermal energy. All changes in the baseline capacity were assumed to
occur in 1990, the year of solar installation.!4 Tables 4-5 and 4-6 show

l4mhis may understate the actual time required for utilities to respond to
the installation of solar thermal generating capacity. If changes in
conventional capacity occur at a later time, the value of the savings in
capital costs should be discounted to account for the time value of money.
However, in this analysis, savings in capital expenditures represent only
102 of the total value of STT on the average. Therefore, assumptions
regarding the response time for conventional generating capacity will not
have significant impact or the value of STT as estimated here.

4-10
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the "optimal"™ 2019 generating capacity and the change from the no-solar base-
line case for the western and south central regions, respectively. The 2019
generating capacity varies over fuel price scenarios and levels of suiar
penetration. As will be discussed in more detail in Section 7 of this report,
the load patterns in the EPRI synthetic utilities for the western and south
central regions exhibit a poor correlation between peak demand and peak
insolation. As a result, Tables 4-5 and 4-6 indicate that as solar penatration
iacreases, peak-load capacity increases while intermediate- and base-load
capacity decreases.

Heat rates, forced outage rates, scheduled maintenance, operation and
maintenance costs, and capital costs were also derived from EPRI data
(Refs. 6, 22). These data are shown in Table 4-7.

4.1.4 Finaucial Parameters

This analysis considers only the financial parameters of an investor-
owned utility. As municipal utilities, rural electric cooperatives, and
Federal utilities can obtain more favorable capital financing, this analysis
will reflect conservative estimates for those utility types. The financial
parameters used in this analysis correspond to the parameters adopted by the
Solar Thermal Cost Goals Committee (Ref. 25). These parameters are listed iu
Table 4-8.

4.1.5 Inter-Technology Competition

The value of STT depends on the cost of the best alternative to STT.
4stimating the future demand for STT requires explicit or implicit assumptions
regarding the relative costs of all alternative energy sources, both those
currently in use and those expected to become available during the time
horizon being considered. Many demand analyses, including this one, assume
that STT displaces current technologies. This is equivalent to assuming that
all other energy-related R&D projects fail to produce economically competitive
technologies that satisfy energy demands similar to those served by STT. If
this in fact turns out to be an inaccurate prediction, the demand curves for
STT estimated here will overstate the true demand. Competition between STT
and similar innovative energy technologies is an important element of demand
curve analysis. Due to the difficulty involved in estimating the future
outcome of alternative R&D projects, this analysis does not consider
inter-technology competition. Conventional technologies with projected 1990
characteristics are assumed to represent the best available alternatives to
STT during the time frame considered in this analysis. This assumption
becomes less realistic for the high fuel price scenario. When oil prices are
high, oil is less likely to represent the best available alternative.

4.1.6 1990 Installations
This analysis estimates the demand for STT at a particular point in

time, 1990. Implicit in these der ind projections are assumptions regarding
STT installations both before and after the time being examined. Many
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Table 4-5. 2019 "Optimal" Generating Capacity: Region A (Western)
Solar 2019 Generating Capacity, MWe Change from Base Case
Fuel Thermal
Price Capacity, Combustion Combustion
Scenario MWe Nuclear Coal 0il  Turbine Coal 0il  Turbine
0 10200 17300 1300 1300 - - -
103 10200 173060 1200 1400 0 -100 +100
515 10200 1720 1200 1500 -100 -100 +200
Low
1030 10200 1700 1300 1600 -300 0 +300
2060 10206 16700 1400 1700 =600 +100 +400
3090 10200 16400 1500 1800 -900  +200 +500
0 1200 18800 900 500 - - -
103 10200 18800 800 600 0 -100 +100
515 10200 18800 700 700 0 -200 +200
Medium
1030 10200 18600 800 750 -200 ~100 +250
2060 10200 18400 900 850 -400 0 +350
3090 10200 18100 1000 1000 ~700 +100 +500
0 10200 19500 600 200 - - -
103 10200 19500 500 300 0 -100 +100
515 10200 19400 500 400 -100 -100 +200
High
1030 10200 19300 400 500 =200 -200 +300
2060 10200 19000 500 700 -3y -100 +500
3090 10200 18800 600 700 ~700 0 +500

|



Table 4~6. 2019 "Optimal" Generating Capacity: Regions B and C
(South Central)

Solar 2019 Generating Capacity, MwWe Change from Base Case
Fuel Thermal
Price Capacity, Natural Combustion Natural Combustion
Scenario MWe Nuclear Coal Gas Turbine Coal Gas Turbine
0 7206 20000 1700 1550 - - -
103 7200 20000 1600 1650 0 -100 +100
515 7200 20000 1500 1750 0 =200 +200
Low
1030 7200 19900 1500 1850 -100 =200 +300
», 2060 7200 19500 1600 2050 =500 -100 +500
3090 7200 19200 1700 2250 -800 0 +700
0 7200 21400 1600 200 - - -
103 720C 21400 1500 300 0 -100 +100
515 7200 21400 1400 400 0 =200 +200
Medium
1030 7200 21300 1400 500 -1C0 =200 +300
E 2060 7200 21100 1500 500 =300 -100 +300
3090 7200 20900 1500 700 =500 -100 +500
f 0 7200 22005 1200 100 - - -
103 7200 22000 1100 200 0 -100 +100
515 7200 22000 1000 300 0 -200 +200
High
1030 7200 21800 1200 300 -200 0 +200
2060 7200 21600 1200 400 =410 0 +300
3090 7200 21400 1300 500 -600 +100 +400

4-13
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Table 4-8, Financial Parameters for an Investor-Owned Utility

Parameter

Fixed Charge Rate, X 13
System Life, yr 30
Depreciation Life, yr 15
Depreciation Method Acrs(a)
Effective Tax Rate, % 48
Investment Tax Credit, % 10
Energy Tax Credit, % 0
Other Taxes and Insurances as Fraction of

Capital Investment, % 2
General Inflation Rate, % o
Discount Rate (Real), % 3.6
O&M Escalation Rate (Real), % 1
Return on Equity (Real), % 5.6
Debt Fraction, X 50

(8)The 1981 Accelerated Casi Recovery System

studies, including this analysis, estimate the demand for STT in a future year
assuming no instaila*. . 1s prior to that year. Any change in this assumption
results in a shift of inc demand curve for the year in question. Prior
installations reduce the demand for STT. Future demand characteristics and
installation decisions can also influence STT purchases. The impacts of
dynamic considerations are currently being examined, but were not included in
this analysis. The demand curves estimated here represent the total STIT
market demand projected to be economically viable by 1990, not the actual
purchases of STT capacity in that year.

4.2 METHODOLOGY

Using the regional insolation data, fuel price projectiors, synthetic
utility descriptions, and financial parameters outlined above, estimates were

4-15



made of the value of the fuel, 0&M, and capital costs displaced by STT systems
of varying capacities. More specifically, using regional insolation data, the
energy output of a generic solar thermal electric power plant was estimated
for a variety of system capacities. System capacities were selected to
represent 1, 5, 10, 20, and 30X of 1990 peak power demand for the repre-
gsentative utility system. Assuming STT systems of these capacities and the
reoptimized conventional capacity mix, a probabilistic capacity-dispatching
mode! was used to determine the fuel and O&M requirements of the conventional
generating capacity over the 30-year expected life of the STT system. By
corparing the conventional capacity, fuel, and O&M requirements corresponding
to each alternative STT system capacity with the conventional capacity, fuel,
and O8M requirements of the no-solar baseliine case, the quantity and value of
conventional capacity, fuel, and O&M displaced in each year of the analysis
for each case considered can be determined.

Based on the financial parameters indicated in Table 4-8 and the
capacity, fuel, and O&M credits described above, the after-tax value of STT to
the representative utilities was determined for each system capacity
considered. The STT after tax values were calculated using a methodology
developed at JPL. (See Appendix B for a detailed description.) This
methodology is equivalent to other frequently cited valuation procedures.15

The incremental value of an additional MWe of STT capacity is
calculated by determining the change in total value between successive STT
capacity levels and by normalizing according to the change in system
capacity. The change in the total value, referred to as the incremental
value; indicates the extra value attributable to the expanded STT capacity.
Dividing the total incremental value by the amount of capacity added expresses
the incremental value on a per unit basis. These incremental values represent
points on the demand curve for STT. The demand curve indicates that, up to a
point, utilities will prefer using solar thermal technologies to conventicnal
power plants. The prices that utilities would be willing to pay for STT are
higher at lower levels of usage corresponding to installations that displace
the highest priced fuels. Values decrease as the level of usage increases
because STT must displace lower priced fuels. It should be stressed that the
incremental value as measured by the demand curve in this analysis indicates
the price a utility wouid willingly pay for a turn-key STT system.1

151+ has been shown, for example, that the analysis described in Appendix B
is equivalent to the methodology presented in J. Doane, et al, The Cost of
Energy from Utility-Owned Solar Electric Systems, ERDA/JPL-1012-76/3,

Jet Propulsion Laboratory, Pasadena, California, June 1976.

16Note: As discussed previously, the mix of fuels displaced and corres-
ponding incremental value will also depend both on the match between peak
electricity demand and peak insolation and on the storage capacity of the
STT system in question. Recall that this analysis assumes no storage
capacity. The addition of storage capacity would increase both the cost and
incremental value of the STT system.

4-16
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4.3 1990 STT DEMAND

The incremental value was estimated for all three fuel price scenarios
in each of the three regions considered. The resuliing demand curves were
scaled up according to generating capacity estimates for each of the three
regions and then aggregated to determine the total STT demand curve for the 16
states included in this analysis (Figure 4-3).

Fuel cost savings are the primary determinant of the incremental value
curves depicted in Figure 4-3. As discussed in Section 7 of this report,
there is a relatively poor correspondence between peak insolation and peak
electricity demand in the EPRI synthetic utility data. Therefore, STT
installations will not displace conventional generating capacity. As
indicated in Tables 4-5 and 4-6, additions of STT capacity merely reduce the
proportional amount of coal-fired generating capacity in favor of oil-fired
capacity. Since capital costs are lower for oil-fired power lants, STT can
claim a capacity credit. The capacity credit, however, is small relative to
the corresponding fuel credit (Figure 4-4).
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SECTION 5

THE COST OF STT: EVALUATION METHODOLOGY

The preceding sertions of this analysis have described the methodology
uged to estimate a rauge of demand curves for STT. In addition to market
demand projections, however, benefit assessment also requires predictions
regarding the expected supply of solar thermal systems. Supply estimates
indicate the quantity of STT that the private market can be expected to
provide for alternative STT price levels. When combined with the demand
analysis, these supply predictions will determine potential capacity of cost-~
competitive STT installations in 1990. To assess the benefits of the Federal
STT Program, it is essential to first estimate the future economic market
potential for STT.

The supply curve depends on STT production and installation costs. In
turn, these costs depend on a variety of factors. First, production costs are
sensitive to production volumes. As production volumes increase, long-run
production costs per unit generally will decrease because firms can use
fabrication processes that exploit potential economies of scale. Initially,
the long-run STT supply curve is expected to reflect decreasing costs as
annual production rates increase. Other important considerations include:
the technological characteristics of alternative solar thermal systems
successfully completing the R&D process; the prices of inputs used in pro-
ducing STT; land and site preparation costs; balance-of-system requirements;
and on-site installation activities. Many of these cost items will vary
across geographic regions. Accurately estimating future STT production and
installation costs requires estimating the future regional values of these
factors. Because these predictions are highly uncertain, meaningful point
estimates of these regional values cannot be obtained. As in the case of
demand projections, a range of values has been considered.

5.1 STT COST GOALS

This analysis assumes that future STT costs will encompass the 1990
cost goal for the Federal STT Program (Ref. 25). STT cost goals have been
specified for initial deployment in both 1990 and 2000 to reflect expected
changes in STT systems over time. Near-term goals represent early generatior
technologies, while long-term goals relate to more technically advanced
systems. Similarly, a range of production volumes is assumed for each year of
initial deployment, with limited production volumes for first-generation tech-
nologies and increased volumes for more advanced systems. The cost goals are
based on attainability to the extent that they were initially derived through
detailed engineering studies for representative early and advanced techno-
logies. They are value-based to the extent that these goals have been compared
with preliminary demand estimates for STT to verify that the cost targets are
sufficiently ambitious to ensure a significant future STT industry. This
comparison also indicates that if these targets are achieved, the resulting
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STT market potential would be adequate to support the annual production rates
assumed in establishing the cost goals. Using these cost goals simplifies the
cost estimation procedure described above by providing a representative STT
system description and a limited but economically justifiable range of produc-
tion volumes. The cost goals are national values because regional variaticns
are insignificant relative to the uncertainty surrounding the estimates.

The 1990 cost goal for solar thermal electric systems with buffer
storage is $1600/kWe in 1980 dollars (approximately $1750/kWe in 1981 dollars).
Three alternative 1990 STT cost assumptions have been considered in this
analysis: $1300/kWe, $1750/kWe, and $2200/kWe (in 1981 dollars). These costs
represent a range of + 25% around the 1990 cost goal. Fer reference, the year
2000 cost target for STT with buffer storage is $1100/kWe in 1980 dollars
(approximately $1200/kWe in 1981 dollars).
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SECTION 6

RESULTS: 1990 STT ECONOMIC MARKET POTENTIAL AND ENERGY COST SAVINGS

Once a range of values has been estimated for both STT supply and
demand, the estimates can be combined to determine the economic market
potential for STT in the year being analyzed and the corresponding energy cost
savings (Figure 6-1). The demand curve represents the price that potential
consumers would be willing to pay for each quantity of STT capacity. The
supply curve indicates the quantity of STT capacity that manufacturers would
provide for alternative STT price levels. Thus, the intersection of the
supply curve and the demand curve will determine the total capacity for which
STT provides a cost-effective alternative in 1990. The area bounded by the
demand curve, the supply curve, and the left-hand vertical axis provides a
measure of the after-tax energy cost savings.

6.1 1990 STT ECONOMIC MARKET POTENTIAL

Figure 6-1 illustrates that the size of the market strongly depends on
achieving the STT cost targets and is sensitive to future fuel prices. As
discussed previously, the prices that utilities would willingly pay for STT
are higher at lower levels of usage corresponding to applications using the
highest priced fuels in areas with the best insolation. Values decrease as
the level of usage increases since STT must displace lower priced fuels in
regions with less desirable insolation levels. For STT without storage, the
rate of decrease is rapid at first, since the oil displacement potential is
exhausted by the initial STT installations. In the medium oil price scenario,
utilities would pay $2000/kWe (1981 dollars) for the first 500 MWe of STT
capacity (without storage). To achieve a market penetration of 5000 MWe, STT
system costs would have to fall to $1100/kWe (1981 dollars).

As discussed earlier, the total economic market potential for STT at a
particular time is likely to exceed the actual level of STT purchases and
installations. Consumers may be constrained by capital market imperfections
or imperfect information, while suppliers in growing industries frequently face
bottlenecks to establishing the required industry infrastructure, especially
in industries experiencing a relatively rapid rate of technological change.
For these and other reasons, actual purchases of STT will be less than the
total projected demand for that period. Cumulative installations during the
1990s, however, will approach the total capacity for which STT is cost-
competitive. This suggests the use of a dynamic approach to projecting future
STT deployment decisions. Because a dynamic formulation is beyond the scope
of this analysis, static estimates of total potential demand have been used.

6.2 ENERGY COST SAVINGS

The STT demand and supply curves shown in Figure 6-1 can be used to
estimate the energy cost savings associated with STT installations under
alternative system cost and fuel price assumptions. By construction, STT
demand curves represent the after-tax incremental value to electric utilities
of additional units of solar thermal electric capacity. STT supply curves
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indicate the incremental cost of producing additional units of STT capacity.
The net after-tax energy cost saving is represented by the area bounded by the
demand curve, the horizontal line representing the relevant STT supply curve,
and the left-hand vertical axis (Figure 6-1). This area represents the energy
cost savings captured by private consumers and producers of STT systems.

STT installations will also affect Federal tax revenues. Fuel cost
savings reduce a utility's deductible expenses and increase Federal tax
revenues. The capital expenditures associated with STT systems will result in
tax credits and depreciation allowances that reduce Federal tax revenues.
However, changes in tax revenues simply represent a transfer of income between
the public and private sectors. If tax revenues increase, then part of the
energy cost savings associated with STT installations is being transferred to
the public sector. If tax revenues decrease, than society is subsidizing the
STT industry. To estimate the total energy cost savings realized by the
economy, changes in tax revenues must be combired with the private sector
impacts discussed in the preceding paragraph.

The after-tax demand curves depicted in Figure 6-1 have been used to
determine the STT economic market potential, given alternative STT system
coste. Once the market potential has been determined considering the after-tax
value, the relevant areas in Figure 6-1 were converted into pre-tax values to
provide an estimate of the net energy cost savings captured by both the
private and public sectors.

Figure 6-2 shows the relationship between STT system costs ($/kWe) and
the value of the net energy cost savings associated with potential cost—
competitive installations of solar thermal electric systems in 1990 under the
medium fuel price scenario. The net energy cost savings are estimated to be

' in the range of $0 to 2 billion (1981 dollars). The range reflects

f achievement of the high ($2200/kWe) and low ($1300/kWe) STT cost targets.
Achieving other cost targets would result in different values for the
potential met energy cost savings; e.g., Figure 6-2 shows that the $1750/kWe
cost target would result in a net energy cost savings of $0.5 billiom.

Table 6-1 summarizes the net energy cost savings for three oil price
scenarios and three levels of STT costs. Lf STT systems cost $2200/kWe,
installations will be cost-effective only in the high energy price scenario.
However, at a cost of $1300/kWe, STT would be preferred by the utility sector
under all three oil price scenarios. The net energy cost savings for the
$2200/kWe case range from $0 to 1 billion; at $1300/kWe, benefits vary from
$0 to 10 billion.

The values reported in Table 6-1 and Figure 6-2 are 1990 values (in
1981 dollars). In order to derive the present value of the net energy cost
savings, the values must be discounted to the current period. Using the real

17 he present value of the private and public net energy cost savings
associated with a particular level of STT installations is equal to the sum

; of the corresponding fuel credit, O&M credit, and capacity credit minus the
' solar thermal system cost plus solar 0&M costs, with all cash flows
i expressed in present value terms.
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Table 6-1. Total Net Energy Cost Savings of Solar Thermal Electric Systems
(1990 Values in Billions of 1981 Dollars)

NEP-III Energy Price Scenario(a)

STT System Costs (b) Low Medium High(C)
$2200 /kWe 0 0 1
$1750 /kWe 0 o(d) 3
$1300 /kWe o(d) 2 10

(‘)Low, medium, and high refer to the NEP-III energy scenarios based upon the
1990 imported oil price of 44, 52, 68 (1981 $/barrel).

(b)Law, medium, and high system costs reflect varying production volumes
and levels of R&D success.

(C)Energy cost savings as estimated here assume that conventional generating
capacity with projected 1990 characteristics represents the best alternative
technology to STT for electric applications. As discussed previously,
this assumption may prove unrealistic, especially for the case of oil-
and natural gas-fired capacity in the high o0il price scenario.

(d)positive values that become O after rounding to nearest billion.

—

Federal discount rate of 7% per year, 18 suggested by the Office of Management
and Budget, the values reported herein would be reduced by approximately 40%
when discounted to 1982 dollars. When comparing the net energy cost savings
with the future required Federal investment in R&D, both cash flows must be
expressed in dollars for equivalent years.18

Two final points deserve further discussion. First, thc ecnergy cost
savings reported here ropresent the total values attributable to STT assuming
that all cost-competitive systems as of 1990 are actually installed in that
year. Due to probable manufacturing bottlenecks and imperfect consumer

181f current funding levels are maintained through FY 1990, the Federal
government will invest approximately 300 million dollars in STT R&D between
FY 1983 and FY 1990 (1982 present value in 1981 dollars). These expendi-
tures address early and advanced concepts for a variety of technologies and
applications. Even when discounted to 1982, the values in Table 6-1 exceed
the proposed Federal expenditures for early generation solar thermal
electric systems under all but a few combinations of assumptions regarding
system costs and future fuel prices.
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information, actual STT installations are expected to fall short of the total
potential level. Thus, the values reported represent upper bounds on the
actual level of benefits that will be realized by STT installations in 1990.
However, if this analysis were repeated for other years, with more realistic
annual sales, the cumulative benefits should be on the same scale. Secondly,
the entire net benefit from successful STT development has been attributed to
the Federal STT Program. If private R&D occurred without Federal partici-
pation, the Fed~ral STT Program would merely speed the development process,
limiting the bonefits attributable to the Federal program to the value of
obtaining cost-competitive STT at an earlier date. However, as discussed
further in . ection 7, private investment in R&D for the technologies currently
included in the Federal STT Program is not anticipated in the absence of
Federal support. The benefits of this R&D are extremely sensitive to world
petroleum prices, which are largely determined through the price-setting
policies of the OPEC cartel. If new energy technologies begin to displace
significant quantities of imported petroleum, the OPEC cartel could lower
petroleum prices to undercut the price of the new technologies. Private
industry's concern for this threat, combined with their desire to avoid
risking a significant possibility of losing substantial resources, is expected
to be sufficient to virtually eliminate private STT R&D efforts in the absence
of Federal participation. Thus, the entire benefits of STT R&D have been
attributed to the Federal R&D effort.

6.3 STT, THE TRANSITION TO COAL, AND THE EPRI SYNTHETIC UTILITIES

The utility simulation in this report is designed to measure the
average regional value of STT. Correspondingly, the incremental value of STT,
as estimated in this analysis, reflects the value to utilities exhibiting
average characteristics for each region, assuming the utility's mix of
generating capacity has eolved to the cost minimizing mixture by the year
2019. Specifically, utility simulations were conducted using the EPRI
synthetic utilities for the western and south central regions of the United
States. The EPRI synthetic utilities are designed to provide a consistent set
of utility data representing the average utility for the region in question.
The EPRI data include 1990 generating cepacity, operating characteristics, and
electricity demand patterns. A screening curve analysis, assuming NEP-III
fuel prices, was used to model the change in the utility's mix of generating
capacity over iime. The value of the fuel displaced by STT increases as the
fuel price scenario increases. However, the impact of increasing fuel costs
is partially offet by changes in the utility capacity mix. While Tables 4-4,
4-5, and 4-6 illustrate that the coal transition is extensive for all fuel
price scenarios, the anticipated transition from oil- and natural gas-fired
power plants to coal-fired capacity is more dramatic in the high fuel price
scenario than in the low price scenario.

Taken together, the EPRI synthetic utility characteristics and the
projected transition toward coal-fired power plants represent a situation that
is relatively unfavorable for solar thermal electric systems (without
storage). STT is forced to compete primarily with coal-fired generating
capacity. As Figure 6-3 illustrates, coal represents 60% of the fuel
displaced for the first 1% penetration in the low fuel price scenario. The
coal displacement percentage increases as STT penetration increases. It is
also higher under the medium and high fuel price scenarios.
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The high incidence of coal displacement results from two influences:
the high percentage of coal-fired capacity in a utility's generation mix, and
the poor correspondence between peak insolation and peak elactricity demand in
the EPRI electricity demand data. Because an aggressive transition toward
coal is assumed in this analysis, oil and natural gas are used primerily as
peak-load fuels. Base- and intermediate-load demands are satisfied by coal
and nuclear capacity. As a result, STT will displace oil and natural gas only
to the extent that solar energy is available during periods of peak demand.

As Table 6-2 indicates, peak electricity demand in the EPRI synthetic utilities
for the western and south central United States occurs in many cases during
hours of the day that have poor inso.:“ion. With this capacity mix and

electricity demand pattern, STT without storage is forced to compete with
coal-fired capacity.
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SECTION 7

EARLY MARKETS FOR SOLAR THERMAL ELECTRIC SYSTEMS

Despite the high percentage of coal displacement, Figure 6-1 indicates
that STT can compete, on a limited basis, in utilities that exhibit these
average characteristics. As Figure 7-1 indicates, STT provides a cost
competitive alternative, using Albuquerque insolation and the high fuel price
scenario, as long as the coal percentage does not exceed 90% and the STT
program achieves the $1750/kWe cost target. The maximum allowable coal
percentage falls to 75 and 30% in the medium and low fuel price scenarios,
respectively. According to Figure 6-3, these coal percentages are surpassed
after relatively low STT penetrations in coal-dominated utilities with evening
and morning peaks. However, Table 6-1 indicates that the net energy cost
savings associated with cost-competitive STT installations can be significant
with high fuel prices and/or low STT system costs, even when coal is the
primary fuel displaced.

In actuality, initial STT installations during the late 1980s and early
19903 will occur in applications where the value of STT is relatively high
and they may rely on beneficial financial arrangements. Utility simulation
using average regional characteristics cannot accurately reflect these
favorable circumstances. Early applications include those utilities that
continue to use a significant quantity of oil and natural gas, utilities that
have a close correspondence between peak electricity demand and peak
insolation, as well as remote sites and non-grid-connected applications
(island utilities, stripper oil wells, agricultural irrigationm, etc.).
Stimulated by both the Federal Business Energy Tax Credit and Federal
accelerated depreciation and augmented in some states by additional energy tax
credits and accelerated deprzciation, third party investors offer an
attractive funding source through which STT can penetrate the early electric
utility and remote-site markets.

7.1 FAVORABLE GRID-CONNECTED ELECTRIC UTILITIES

As discussed previously, the utility characteristics used in this
analysis represent average regional characteristics. Some utilities will have
characteristics more favorable to STT, while others will be less favorable.
Initial STT installations during the late 1980s and early 1990s will occur in
utilities where the value of STT is the greatest. This will include those
utilities that continue to use a significant quantity of oil and natural gas,
and/or utilities with a close correspondence between peak insolation and peak
energy demand (e.g., the Scuthern California Edison Company). Identification
of particularly favorable utilities, estimation of the economic market
potential, and assessment of the corresponding energy cost savings require
utility-specific case studies.

Detailed case studies are beyond the scope of this report; however,
Figure 7-2 can be used to indicate the relationship between the net energy
cost savings per kWe of STT capacity and the quantity of coal displaced as a
percent of total fuel displacement, assuming fuel prices follow the medium
price scenario and STT system costs achieve the values indicated.

7-1



8000 T | T T
7000 —
6000 HIGH PRICE ]
2 SCENARIO
=
\
¥ 5000 |— ]
& MEDIUM PRICE
. SCENARIO
w4000 ~
-
g
= 3000 ]
vy
&
> —
2000 [— {$1750/kWe) —
1000 |— LOW PRICE
SCENARIO
0 L 1 | ]
0 20 40 60 80 100

COALAS A PERCENTAGE OF TOTAL FUEL DISPLACEMENT

Figure 7-1. STT Value and the Percentage of Coal Displacement (Investor-
Owned Utility; Two Fuels: O0il and Coal; Albuquerque Insolation;
No Storage, CF (Capacity Factor) = 25%)

‘s;;

1-2




7000 | il I I

6000 —

5000

4000

2000 I~ (§1800/kWe)

1990 NET ENERGY COST SAVINGS, 1981 $/kWe

1000 |~

|
|
I
|
|

0 | [ (50) | |
0 20 40 60 80 100

COAL AS A PERCENTAGE OF TOTAL FUEL DISPLACEMENT

Figure 7~2. Net Energy Cost Savings and the Percentage of Coal Displacement
(Investor-Owned Utility; Two Fuels: O0il and Coal; Albuquerque
Insolation; No Storage, CF = 25%; Medium Fuel Price Scenario)

7-3



According to Figure 7-2, if STT penetrates a utility where it displaces 502
coal and 50% oil, the net energy cost savings will equal $1800/kWe given STT
system costs of $2200/kWe and medium fuel prices. For a 100-MWe STT
installation, the resulting energy cost savings would equal 180 million
dollars. By contrast, Figure 6-1 indicates that STT systems at $2200/kWe are
not cost-competitive in the medium oil price scenario. This example
illustrates that relative to the average regional utilities, STT will have a
higher value in the favorable utilities which are expected to account for
early STT installations. As a result, Figure 6-1 is likely to understate the
actual economic market potential for early, high~cost STT systems. Similarly,
the energy cost savings actually realized from early STT installations may be
greater than indicated in Table 6-1.

7.2 REMOTE SITE APPLICATIONS

In addition to grid-connected electric utilities with favorable charac-
teristics, there are other early markets for electric applications of solar
thermal technologies not covered by this analysis. These early markets include
remote site (non-grid-connected) electricity consumers in relatively high
insolation locations. Oil-fired power plants are generally used to produce
electricity at these remote sites. Island utilities (Puerto Rico, Hawaii, and
the Virgin Islands), agricultural irrigation, and stripper well applications
are examples of remote site applications. According to Electric World (Ref.
21), Puerto Rico, Hawaii, and the Virgin Islands had a combined 1978 oil-fired
generating capacity of approximately 5700 MWe. STT (without storage) could be
used to displace the petroleum ccnsumed by the utilities on these islands
during daylight hours. In agricultural applications, the 1990 economic market
potential for small-scale STT systems (less than 1 MWe) has been estimated at
approximately 2000 MWe (Ref. 26). Stripper well applications provide an addi-
tional market for small-scale solar thermal electric systems (Ref. 27). These
early markets will further expand the 1990 economic market potential and the
net energy cost savings as estimated in this analysis.

7.3 THIRD PARTY OWNERSHIP

Stimulated by both the Federal Business Energy Tax Credit and the
Federal Accelerated Capital Recovery System and augmented in some states by
additional energy tax credits and depreciation allowances, third party
investors offer an alternative means by which STT can penetrate the electric
utility and remote site markets described above.l9 More specifically, the
Economic Recovery Tax Act of 1981 (ERTA) allows for a five~year depreciation

198ecause public utility investments are normally perceived as being
secure investments, utilities generally face lower debt and equity costs
than third party investors. As a result, third party investors will offer
attractive early markets for STT only if they can capture tax incentives
not available to public utilities. This analysis assumes that state and
Federal tax incentives for third party investors are extended at least
until 1990. Without these extensions, significant third party investment
in STT is not anticipated.
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period for STT systems owned by third party investors. The annual
depreciation percentages for property placed in service after December 31

1985 are 20, 32, 24, 16, and 8 for years one through five, reapectively.26

The depreciation basis is the entire capital cost of the STT system. Investor-
owned utilities are allowed a 15-year depreciation period on the entire cost
of the system. In addition, under ERTA both third party investors and public
utilities can claim a 10% investment tax credit; third party investors are
allowed an additional 15% business energy tax credit. Third party investors
in the State of California can also claim an additional 25X energy tax credit
and three-year straight-line depreciation on the cost of the STT system less
the state energy tax credit. The relevant financial parameters for both third
party investors and public utilities are given in Table 7-1.

Figure 7-3 shows the 1990 relative value of STT to investor-owned
utilities and third party investors for Albuquerque insolation and the medium
fuel price scenario, assuming extension of the state and Federal tax incen-
cives.2l Given the financial parameters used in this analysis, third party
financing provides an attractive alternative, particularly in states such as
California that offer state tax incentives.2é

The Tax Equity and Fiscal Responsibility Act of 1982 (TEFRA) reduced
the Federal depreciation allowances available to both public utilities and
third party investors. The depreciation periods remained unchanged (15 years
for public utilities and 5 years for third party investors), but the annual
allowances were altered to reduce the percent depreciation claimed in the
earlier years.23 In addition, under TEFRA 502 of the Federal tax credits

20gee the Economic Recovery Tax Act of 1981, Act Sec. 201(a).

Zlpepreciation allowances and tax credits can be modeled as affecting
either the cost of a solar thermal electric system or its value. The
methodology used in this analysis is based on estimating the value of STT
to a potential investor. Therefore, for the purpose of this analysis,
accelerated depreciation and energy tax credits have been modeled as
increasing the value of STT. (For further discussion, see Appendix B.)

22The relative values in Figure 7-3 are very sensitive to the debt/equity
ratio assumed for third party investors. This figure assumes a 50X debt
fraction. 1If the debt fraction increases and debt and equity costs remain
unchanged, the premium for third party investors increases. With medium
fuel prices, if the debt fraction falls below 45%, the value of STT will
be greater for investor-owned utilities except in states such as California,
which provide additional tax incentives (the critical debt fraction is
50 and 35% for the high and low fuel price scenarios, respectively).

23TEFRA actually rescinded the successively more rapid depreciation
schedules proposed in ERTA for properties placed in service during and after
1985. The annual percentage allowance for 5-year property placed in service
after 1985 changed from 20, 32, 24, 16, and 8 to 15, 22, 21, 21, and 21. A
similar but less dramatic change occurred for 15-year public utility
property.
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Table 7-1. Financial Parameters: Third Party Investors and
Investor-Owned Utilities

Investor- Third Party Third Party
Owned Ownership: Ownership:
Parameter Utility National Average California
System Life, yr 30 30 30
Depreciation Life, yr
Federal 15 5 5
State - - 3
Depreciatiog Method
Federal(a ACRS ACRS ACRS
State - - Straight
Line
Effective Tax Rate, % 48 52 55.5
Federal Tax Rate, % 46 50 50
State Tax Rate, % 4 4 11
Federal Investment Tax Credit, % 10 10 10
Effective Energy Tax Credit, % - 15 275
Federal Energy Tax Credit, % - 15 15
State Energy Tax Credit, % - - 25
Return on Equity (Real),(b) % 5.6 15 15
Return on Debt (Real),(b) % 3 7 7
Debt Fraction, % 50 35-65 35-65
Other Tax and Insurance, %
(Fraction of Capital Investment) 2 2 2
Operation and Maintenance (0&M), %
(Fraction of Capital Investment) 2 2 2
0&M Escalation Rate (Real), % 1 1 1
General Inflation Rate, % 6 6 6

(8)pccelerated Capital Recovery System (ACRS) as specified in the Economic
Recovery Tax Act of 1981 and modified in the Tax Equity and Fiscal
Responsibility Act of 1982.

(b)Lower debt and equity costs for investor-owned utilities reflect the
higher perceived security associated with public utility investments.
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claimed must be deducted from the capital investment prior to calculating the
depreciation allowance. This reduces the depreciation base by 5% for public
utilities and by 12.5% for third party investors (assuming extension of the
Federal Energy Tax Credit).

Figure 7-4 shows the relative value of STT to investor-owned utilities
and third party investors after TEFRA. With the financial parameters given in
Table 7-1 and a 50% debt equity ratio, third party financing is more
attractive than public utility ownership only in states that provide
additional tax incentives. Without state mcasures, the debt fraction .n the
medium fuel price scenario must exceed 50% before the value to third party
investors exceeds the value to investor-owned utilities. The critical debt
fraction for the high and low fuel price scenarios is 55 and 45%, respectively.
Because a debt fraction exceeding 50% is considered unlikely for third party
investments in early STT installations, TEFRA has limited the potential for
third party financing of early STT systems either to states offering
additional tax incentives (e.g., California) or to applications with special
financial arrangements (e.g., companies having a vested interest in
establishing a solar thermal production capability). For reference, Table 7-2
lists the income tax incentives currently avazilable for the states included in
this analysis. Based on Table 7-2, California is the most attractive market
for third party financing of solar thermal electric sys*ems (contingent upon
the extension of both State and Federal tax incentives, a prerequisite
considered essential if third party investors are to finance early STT
systems).

Figure 7-5 shows the relationship between the value to third party
investors of an STT system coming on-line in California in 1990 and the percen-
tage of displaced fuel, which in this case is coal. This figure assumes that
the Federal and State tax incentives are extended at least until 1990 so that
they can be claimed for STT installations coming on-line in 1990. Assuming
50% debt/financing and the medium fuel price scenario, Figure 7-5 indicates
that early STT systems, costing up to $3000 kWe, are cost—competitive in 1990
for electric utility appllcatlons where they displace up to 70% ccal. In the
high fuel price scenario, the maximum coal percentage increases ¢o 85%.2

24These coal percentages are based on a 50% debt/equity ratio. If the
debt /equity ratio were 65% and all debt and equity costs: remained unchanged,
the maximum coal percentage would increase to 100% for the high, medium, and
low fuel price scenarios. For a 352 debt/equity ratio, the coal percentage
would fall to 60 and 30X in the high and medium fuel price scenarios,
respectively. (Third party financing is not economicall, viable in the low
fuel price scenario.) Of course, as the debt/equity ratic increases
(decreases), it is likely that the cost of debt and equity will increase
(decrease) as well, This will tend to moderate the change in the maximum
coal displacement percentage. Since the coverage ratios cal-ulated for a
$3000/kWe system are approximately equal to one for 50% debt financing, even
a 50% debt/equity ratio is considered optimistic.
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Table 7-2. State Income Tax Incentives for Solar Energy(‘)

State Income Tax Incentives
Alabama None
Arizona Election of 35X credit with $1000 maximum or

36-month depreciation
Arkansas 1002 deduction

California 25Z credit, depreciation over 36 months on
investment less credit

Colorado 30% credit with $3000 maximum

Florida None

Hawaii 102 credit

Kansas 30% credit with $4500 maximum; 60-month depreciation
Louisiana None

Mississippi None

Migsouri None

Nevada None

New Mexico None

Oklahoma 15% credit

Texas 60-month depreciation for corporations
Utah 10% credit with $3000 maximum

(8)source: U.S. Office of Housing and Urban Development, Office of Policy
Development and Research, 'Solar Data Bank Report: Tax Breaks for
Non-Residential Uses of Solar Energy,' DR-121, National Solar
Heating and Cooling Information Center, Franklin Research Center,
Rockville, Maryland, February 26, 1981.
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1,000 T [ T T

10,000 —

"HIGH FUEL PRICES

8000

7000

MEDIUM

6000 — FUEL PRICES —

5000 — -
4000 — —
3000 ($3000/kWe) ~
2000 |—
LOW FUEL PRICES
1000 +—
0 | 1 | 1
0 20 40 60 80 100

COAL AS A PERCENTAGE OF TOTAL FUEL DISPLACEMENT

STT Value and Third Party Financing in California (After TEFRA;
Two Fuels: O0il and Coal; Albuquerque Insc ation; No Storage,
CF = 25%; 50X Debt Financing; Extension of Federal and State
Tax Incentives)

7-11

N SR I v e+ e



Assuming extension of the Federal and State tax incentives, third party
investors in California are expected to provide a pre-1990 market for STT
systems. The total economic market potential and corresponding energy cost
savings will depend on the particular characteristics of the installations in
question,

7.4 STORAGE-COUPLED SOLAR THERMAL ELECTRIC SYSTEMS

The addition of storage capacity can extend the flow of energy from
STT beyond daylight hours. Energy collected and stored during periods of high
insolation can be discharged on demand during the night. With sufficient
storage capacity, storage-coupled solar thermal electric systems can poten-
tially provide a constant {low of energy 24 hours a day. Storage enables STT
to serve either base- and intermediate-load eiectric power applications, or
peak-load applications where there is a poor ccrrespondence between peak
electricity demand and peak insolation. Thermal storage is currently the most
cost-effective storage medium. The ability of solar thermal technologies to
effectively utilize thermal storage makes storage-coupled STT systems a
particularly attractive option.

While detailed analysis is beyond the scope of work for FY 1982, some
preliminary observations regarding the impact of storage on the incremental
value of STT can be provided here. The optimal storage capacity and
dispatching strategy will depend both on the costs of storage and the relative
time-dependent value of the energy displaced by the solar energy system.
Storage capacity should be added as long as the increase in STT value (as
etorage capacity increases) exceeds the corresponding increase in system
costs. Storage appears to be particularly valuable in regions where there is
a slight mismatch between peak electricity demand and peak insolation. In

these applications, a small amount of storage capacity would allow STT to

25%4r third party owners, investments in STT must be compared with other
solar investments. This comparison combined with the low coverage ratio as
debt financing approaches 50 percent is expected to limit the market for
third party investors to individuals or companies who have a vested interest
in establishing an STT industry.

26Comparisons of relative storage costs depend critically on the storage
power (kWe), capacity (kWeh), and throughput efficiency. Since relative
storage costs fluctuate for alternative solar thermal technologies and
storage capacities, specific cost estimates are not provided here. Other
published reports, however, indicate that thermal storage generally has
lower costs and significantly higher throughput efficiencies than other
types of storage. See for example: T. Fujita, et al, "Comparison of
Advanced Thermal and Electric Storage for Parabolic Dish Solar Thermal Power
Systems,' Jet Propulsion Laboratory, Pasadena, California, presented at the
Seventeenth IECEC, Los Angeles, California, August 8-13, 1982; and K. W.
Battleson, Solar Power Tower Design Guide: Solar Thermal Central Receiver

Power Systems, a Source of Electricity gnd7or Process Heat, SAND81-8005,

Sandia National Laboratories, Livermore, California, April 1981.
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displace high-cost peak-load fu:ls (primarily diesel o0il) rather than
intermediate~load fuels (typicaily coal). Electricity demand frequently peaks
(either a primary or ser~ondary peak) during the late afternoon and/or early
evening or early morning both in the western and south central regions (recall
Table 6-2). The increased value associated with using solar energy to satisfy
these peak cdemands is expected to exceed the cost of required storage. If
analysis confirms this relationship, <torage will increase the economic market
potential of STT and the corresponding energy cost savings. Additional
storage capacity, beyond that required to satisfy peak-load demands, would
increase the solar thermal capacity factor and result in a larger capacity
credit. The cost effectiveness of this additional storage capacity depends on
the cost of the conventional generating cap-:ity displaced relative to the
change in STT system costs as storage capacity increases.

Figure 7-6 provides a preliminary :adication of the value of storage-
coupled solar thermal electric systems. Figure 7--6 shows the 1990 incremental
value of STT versus installed STT capacity, assuming sufficient storage
capacity to shift STT power output to satisfy peak-load electricity demands.
In other words, the values reflected in these curves are based on the
assumption that STT displaces the highest valued fuels, regardless of the
correlation between peak demand and peak insolation. For reference,

Figure 7-6 also shows the incremental value curve for STT with the medium fuel
price scenario and no storage.27 No system costs are shown because costs
depend on the storage capacity. STT incremental values with and without
storage are not directly comparable because of the varying system cocts;
however, Figure 7-6 does indicate that storage can potentialiy iacrease the
value of STT by approximately 50%. The 1990 economic market potential and
corresponding energy cost savings of STT with storage will depend on the
relative cost and value of storage, but Figure 7~6 indicates that storage can
be expected to increase the 1990s' market for STT.

27As the coal displacement percentage for storaze-couplea STT systems
approaches 100%Z, the no-storage and storage values will converge. However,
due to the relatively large oil capacity remaining in the utility capacity
mix during the 1990s (recall Table 4~4), this convergence is not observed
for the penetration levels included in Figure 7-6.
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SECTION 8

FEDERAL PARTICIPATION IN THE DEVELOPMENT OF STT

8.1 IMPLICATIONS FOR PRIVATE-SECTOR INVESTMENT

The potential benefits from the development of cost-ccmpetitive STT
systems are significant. Figure 6-1 showed the economic market potential for
solar thermal electric systems during the early 1990s under alternative
assumptions regarding future fuel prices and STT system costs. Table 6-1
quantified the corresponding energy cost savings. Third party ownership,
remote-site applications, favorable utility characteristics, and storage-
coupled solar thermal systems are expected to further expand both the early
market potential and economic benefit of STT. From Table 6-1, it is evident
that the benefits are significant under plausible scenarios regarding future
fuel prices and STT system costs.

8.1.1 Fuel Price Uncertainty

An important point becomes evident from examination of Figure 6-1 and
Table 6~1. STT benefit projections are extremely sensitive to the level of
STT system costs and future fuel prices. 1If system costs remain above
$3000/kWe, the market for STT will be limited. Similarly, if fuel costs
follow the low fuel price scenario, the near-term market for STT will be small
even if STT system costs approach the $1750/kWe cost target. Reducing STT
system costs requires investment in both R&D and solar thermal production
facilities. If fuel prices follow the low price scenario, private industry
faces a substantial risk that all of this investment will be lost.

Future oil price rrojections vary widely over time. Figure 8-1 shows
the fluctuations in the oil price projections made by Data Resources, Inc.,
(DRI) over a four-year period. Figure 8-1 also shows the oil price forecasts
used in this report. The DRI forecasts made in Summer 1979 and Spring 1980
illustrate the dramatic increase in fuel price projections that followed the
1978-79 Iranian oil embargo. Prior to the embargo, price forecasts fell
between the NEP-III low and medium fuel price scenarios. After the embargo,
the medium to high scenarios were considered most probable. Since Spring
1980, oil price projections have been decreasing. In particular, following
the oil glut beginning early in 1982, price forecasts are once again in the
range of low to medium oil price scenarios. The wide fluctuations experienced
in energy price projections over the last four years illustrate the risk
associated with investments in STT R&D and production facilities.

8.1.2 OPEC Control

Fuel price uncertainty is accentuated by the influence of the OPEC
cartel. The OPEC nations possess a significant percentage of the lowest cost
oil resources. As a recult, world oil prices are largely determined through
the price-setting policies of OPEC, and OPEC's influence is expected to

8-1
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continue in the future. If solar thermal technologies (or other alternative
energy resources) threaten to displace substantial quantities of imported oil,
OPEC has the ability to lower oil prices and undercut the price of the
developing technologies. In other words, there may be a relationship in
Table 6-1 between STT system costs and the fuel price scenario: the lower the
system costs, the more likely the low fuel price scenario.28 (For further
discussion see Ref. 28,)

Uncertainty over future fuel prices and the potential link between
alternative energy technologies and future oil prices is expected to limit
private investments in both R&D and production capacity for alternative energy
technologies including STT. SIT benefit projections range from $0 to greater
than 10 billion. Capturing these benefits requires expenditures for both R&D
and production facilities. If oil prices remain low, there is a substantial
risk that all of this investment will be lost. The lack of potential markets
under the low o0il price scenario, coupled with concern for the threat asso-
ciated with OPEC's control over energy prices, will dissuade private firms
from investing in STT. Private industry cannot be expected to fund both the
development of STT as well as the production facilities required to make
STT cost-competitive.

8.1.3. Public Versus Private Objectives

Public objectives, however, differ from those of a private profit-
making firm. The public objectives include offsetting the oil price
uncertainty introduced by OPEC, protecting the economy from the disruptive
influence of rapidly escalating fuel prices, and limiting the environmental
consequences of oil, coal, and nuclear facilities. Private incentives for
conducting STT R&D are limited due to the oil price uncertainty iantroduced by
the OPEC cartel. From society's point of view, the values in Table 6-1
represent costs which might be incurred by not developing an STT option. In
the high fuel price scenario, these costs are substantial (exceeding $10
billion) and can be avoided if resources are devoted to STT development. 1In
addition to the benefits associated with energy cost savings, expenditures on
STT R&D would limit both the disruptive impact of future increases in world
0il prices and the environmental deterioration associated with petroleum,
coal, and nuclear facilities. Private industry is unlikely to fund this R&D
in the presence of OPEC's influence over oil prices. Federal participation is
required to offset OPEC's influence and capture the significant national
benefits associated with STT R&D. '

8.2 CURRENT FEDERAL INCENTIVES

One impediment to the widespread application of solar thermal electric
systems is the current high system cost. As is evident from the preceding

o W

28gyccessful development of STT alone would probably not generate significant
pressure on OPEC oil prices. If STT cost reductions reflect reductions in
the costs of other alternative energy resources as well, the correlation

between STT system costs and future oil prices may be significant.
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discussions, the market for STT systems (currently costing in the range of
$4000/kWe) is limited given today's oil prices. Furthermore, the economic and
technical uncertainties introduced by the absence of operating experience for
large-scale solar thermal electric systems create additional barriers to the
installation of STT. Combined with uncertainty regarding future fuel prices,
these factors make private investments in STT R&D or system installations
extremely unlikely. System cost reductions can be secured by two means:

(1) increasing production volume to capture both scale and learning economies
and (2) R&D to develop more efficient solar thermal technologies.

The Federal government can pursue a variety of alternative policies
to stimulate investment in STT R&D and production facilities. Two Federal
incentive mechanisms currently used include (1) Federal tax incentives to
encourage STT installations and (2) direct R&D funding. Tax incentives,
including accelerated depreciation and energy tax credits, subsidize capital
expenditures and reduce the effective after-tax cost of STT systems.
Subsidized by tax incentives, third party investors can provide early markets
for STT systems. These markets would generate operating experience and reduce
system costs through increased STT production volume. To attract third party
investors, however, it is considered essential that state and Federal tax
incentives be extended until at least 1990. Stimulated by the operating
experience and cost reductions provided through third party investments during
the late 1980s, STT could penetrate other favorable markets during the early
1990s (e.g., non-grid-connected electric applications, grid-connected
utilities with significant oil-fired capacity and a close correspondence
between peak insolation and peak electricity demand, and storage-coupled STT
systems). Third party investors and favorable applications can provide the
production volume and operating experience necessary to establish a viable STT
industry infrastructure. Simultaneously, direct R&D funding will assist in
establishing solar thermal technologies capable of meeting the 1990 cost goai
and the 2000 cost goal for STT electric systems without storage, $1750/kWe and
$1200/kWe, respectively, in 1981 dollars. As Figure 8-2 illustrates, if STT
system costs (without storage) fall within this range during the late 1990s,
STT (without storage) can economically compete in electric utilities dominated
by coal-fired generating capacity. Thus, Federal tax incentives during the
late 1980s combined with direct R&D funding are expected to develop both the
solar thermal technology base and industrial production capability required to
establish a self-sustaining private STT industry during the late 1990s .29

29There are a variety of alternative Federal policies that would have a
similar impact on the STT industry. Detailed comparison of these
alternatives is beyond the scope of this report. Attention here is
regtricted to the potential impact of energy tax credits and direct R&D
funding, two Federal incentives currently in use.
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SECTION 9

CONCLUSIONS

Development of solar thermal technologies is consistent with national
energy policies. O0il supply disruptions during the 1970s generated widespread
public and political support for a diversified energy R&D portfolio. 1In the
presence of technical, economic, and environmental uncertainties, a diversified
R&D portfolio increases the probability of successfully developing domestic
energy resources capable of satisfying a broad range of future energy demands
without imposing significant environmental hazards. Avoiding excessive
reliance on a single energy technology is one approach to limiting the
possibility of a future energy crisis. STT provides a renewable domestic
source of power capable of generating electricity, heat, or a combination of
electric and thermal power. STT can be employed in a variety of economic
sectors, including electric utilities, industries requiring thermal power, and
in the future production of transportable fuels and chemical feedstocks. This
flexibility makes STT a potentially valuable element of the national effort to
diversify the energy sector.

This analysis has estimated the 1990 economic market potential and the
corresponding energy cost savings associated with cost-competitive installa-
tions of STT in electric utility applications under a range of future fuel
price scenarios and STT system costs. This analysis concludes that the
potential benefits from Federal participation in solar thermal technology R&D
can be expected to vary widely depending both on the STT system cost and on
the relevant fuel price scenario. As with most R&D projects, the outcome is
quite uncertain, as reflected by the range of plausible SIT system costs. In
the STT R&D program, however, this uncertainty is compounded by the extreme
variability in expectations regarding future fuel prices. World oil prices
are largely determined by the price-setting policies of the OPEC cartel, which
can lower oil prices and undercut the price of developing technologies. After
the 1978-79 Iranian oil embargo, fuel prices were generally expected to fall
within the medium or high fuel price scenario. Since the o0il glut early in
1982, the low oil price scenaric appears most probable. Because fuel price
expectations vary greatly, impacting the anticipated benefits from STT R&D,
there is a greater-than-average uncertainty regarding STT R&D. To private
industry, STT R&D represents a risky investment; private STT R&D initiatives
are unlikely in the absence of Federal participation.

The Federal government, however, has a variety of concerns, including
minimizing the impact of energy market imperfections, protecting the economy
from the disruptive influence of rapidly escalating fuel prices, and limiting
the environmental consequences of oil, coal, and nuclear facilities. Due to
the energy market imperfections introduced by the OPEC cartel, private industry
is unlikely to independently finance STT R&D. Expenditures on STT R&D could
result in significant energy cost savings, limit the impact cf oil price
increases, and reduce environmental degradation associated with conventional
energy technologies. Federal participation in STT R&D would help capture these
significant national benefits.

9-1




(1)

(2)

(3

major conclusions of this analysis can be summarized as follows:

Third party investors (assuming extension of state and Federal
tax incentives), non-grid-connected electric applications,
grid-connected utilities with a heavy reliance on oil-fired
capacity and a close correspondence between peak insolation and
peak electricity demand, and storage-coupled STT systems are
expected to provide early markets for solar thermal electric
systems.

If STT system cost reductions are secured through Federal R&D
programs and the increased production volume associated with early
STT markets, solar thermal electric systems are expected to begin
competing in coal-dominated grid-connected electric utilities in
the mid-1990s. The economic market potential will increase as STT
system costs (without storage) reach the range of $1750/kWe to
$1200/kWe (the 1990 and 2000 cost targets, respectively, in

1981 dollars).

The energy cost savings associated with cost competitive STT
installations range from $0 to 10 billion (1990 values in 1981
dollars) depending on the scenario for future fuel prices and STT
system costs. Since private investment in STT is unlikely in the
absence of Federal participation, these benefits can be attributed
to the Federal R&D program. If the Federal program continues at
its current funding level between now and 1990, (approximately $50
million per year), the present value of the resulting energy cost
savings will significantly exceed the present value of the
expenditures from early generation STT electric systems under all
but a few combinations of system costs and fuel prices.
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APPENDIX A

INDIRECT IMPACTS

Solar thermal electric systems can provide a number of benefits in
addition to the energy cost savings described in the text of this report.
Include? as additional impacts are environmental impacts and the balance of
payments and national security impacts associated with reductions in oil
imports. These are indirect impacts to the extent that they are not directly
reflected in market prices. As such, indirect impacts do not enter private
industry's decision making proceca.36 Fron society's viewpoint, however,
indirect impacts can have important social and economic implicatioms. For
this reason it is important to address the indirect impacts associated with
the development of STT. In the presence of significant indirect benefits, the
value of STT to society exceeds the value of STT to private industry. If
unable to capture all relevant benefits, private industry will tend to
underinvest in STIT, providing additional rationale for Federal participation
in STT development.

A.l FIRST-ORDER ENVIRONMENTAL IMFACTS

Environmentally, STT provides important benefits by reducing the use of
fossil and nuclear fuels in electric power generation. Reducing the use of
nuclear fuels will help alleviate the problems associated with nuclear waste
disposal; reducing the use of fossil-fired fuels will alleviaie air pollution
emissions (including SOy, NOy, and CO7 buildup). Data on STT fuel displace-
ment by fuel type can be used tc indicate the extent of envircnmental impacts.

From the utility simulation used tov derive the demind curves depicted
in Figure 6-1, information is available regarding the quantity of each fuel
type displaced by STT for each point on the demand curve. For assessing
environmental impacts, coal and oil displacements are the relevant concerns.
Table A-1 presents the average annual quantity of coal and oil displaced by
STT for the three fuel price scenarios and STT system ccsts considered in this
analysis. Considering the proposed 1990 air pollution standards, these data
can be used to determine the reductions in air pollution attributable to STT
for each fuel price and STT system cost combination.

Compared to the annual quantity of coal and oil consumed nationally in
electric utility, transportation, industrial, commercial, and residential
applications, the furl displacements in Table A-l are relatively insignificant.
Correspondingly, the impact of STT on the national air pollution problem will
also be limited.

301e impacts considered as indirect benefits are equivalent to the external
benefits discussed in standard economic textbooks.
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Table A-l. Average Annual STT Fuel Displacement (Btu x 1012)

Fuel Price scenario

Low Medium High
Fuel Type
STT Cost 9
$/kWe Coal 0il Coal 0il Coal 0il
2200 0 0 0 0 7 3
1750 0 0 4 2 80 14
1300 3 2 45 12 250 17

Regionally, however, the environmental impact of STT can be signifi-
cant. Electric power plants account for a substantial percent of the pollu-
tants in many regional air basins. STT penetration in these air basins would
reduce the capital expenditures associated with emission control technology.
STT would also eliminate power plant emissions that were not controlled by
emissions standards. These additional reductions in air pollution provide
health benefits and reduce crop damage. Finally, STT installations would
provide salable pollution offsets. Industrial growth is frequently constrained
in air basins where pollution exceeds Federal standards. The creation of
salable offsets through STT installations would provide the opportunity for
further industrial growth. The regional environmental impacts of STT are
potentially significant.

In California's South Coast Air Basin, for example, approximately 302
of the sulfur oxides and 10% of the nitrogen oxides, two important components
of air pollution in Southern California, can be attributed to emissions from
oil-fired power plants (Ref. 12). The major electric utility in the area,
Southern California Edison Company, has a high pe._centage of newly installed
oil-fired plants. The relatively high dependence on o0il as & fuel source for
electricity generation in Southern California -- and the related air pollution
problems -- are not expected to change dramatically before 1990.

STT penetration in Southern California can have significant enviren-
mental impacts. As Table A-2 indicates, STT installations would reduce the
capita) expenditures associated with improved emissions control technology, an
impact estimated to add an additional $50 to 150/kW of installed capacity to
the 1990 value of STT3! (Ref. 12). STT would also eliminate power plant

3lBaaed on the avoided capita) expenditures for improved pollution control
technology as required to meet thz stricter proposed emiesions controls
standards for 1990.




Table A-2. Savings in Expenditures for Improved Pollution Control
Technologies (S.7ings per kWe of Installed Solar
Thernal Capacity)

Contribution to

Emission 2 Solar Thermal Value,
Control Technclogy Controlled Reduction 1981 $/kWe
Wet Scrubbing S0y 90 50-150
Selective Catalytic
Reduction NO, 90 50~100
Selective Catalytic
Reduction SOy & NOy 90/90 50-150

emissions that were not contrclled by the proposed 1990 power plant emissions
standards. As explained above, this wuuld create health benefits, reduce crop
damage, and provide salable pollution offsets. The regional environmental
inpacts can be significant for Southern California and other specific air
basins in high insolation regions where slectric power plant emissions create
air pollution problems.

In addition to the first-order enviromnmental impacts discussed above,
there are a variety of second-order environmental impacts. As STT replaces
power plants using fossil and nuclesr fuels, environmental benefits will
accrue from the reduced drilling, mining, refiniag, and transportsation
requirements associated with conventional fuel types. Partially or completely
offsetting these benefite are the environmental impacts asscciated with STT
production and installation. Detailed analysis to det~>rmine the net effect of
these second-order environmental impacts is bayond the scope of this
analysis. However, preliminary evidence indi:ates that the production and
operation of solar thermal technologies does not impose any serious
environmental hazards (Ref. 2, pp 17-19).

A.2 FIRST-ORDER PETROLEUM IMPORT IMPACYTS

The fuel displacement data in Table A-l can also be used tc discuss the
potential impact of STT on U.S. petroleum importc. Because imported nil is
the highest cost source of oil in the United States, reductions in oil consump-
tion are typiczlly expected to tramslate directly into import reductions.
Furthermore, due to substitution oppertunities between petroleum and natural
gas, a portion of any natural gas displaced is frequently expected to further
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reduce oil imports. Oil import reductions will have both national security
and balance of payments implications.

As with eanvironmental impacts, national security and balance of payments
impacts are indirect benefits that accrue to society in general. However,
because they are not reflected in the market price of STT, they are externmal
to private industry's decision-making process. If significant, petroleum
import impacts provide an additional rationale for Federal participation in
STT development.

Preliminary analysis indicates that the short-run impact of STT on U.S.
0il imports will be limited (Ref. 29). Refining a barrel of crude oil
produces a range of products including gasoline, distillate cil (diesel fuel),
and residual oil. As the relative prices of refined products change, there is
flexibility in the mix of products produced during the refining process. This
flexibility, however, is limited in the short-run until refineries can respond
by changing the technology embodied in their refining capacity. Utilities
primarily con~me two types of oil: Residual oil is used to satisfy base- and
intermediate- 10ad electricity demands while distillate oil is used to satisfy
peak-load demands. In the short-run, little substituticm occurs between
residual and distillate oil in electricity generation. Early solar thermal
electric installations are expected to occur in the high insolation regioms in
the southwestern United States, spreading later to the south central region.
As Figure A-la indicates, STT without storage primarily dirplaces residual
0oil. Distillate consumption actually increases. In the Southwest, there is
currently a glut of residual oil available from refining domestic crude oil.
Crude oil is imported into the Southwest in order to satisfy the transportation
demand for oil (diesel fuel and gasoline). A similar situation exists in the
south central U.S. Displacement of residual oil by STT in the southwestern
and south central United Stdtes will not reduce oil imports to these regionms
in the short-run.

Kesidual oil consumpti.m exceeds the supply from domestic crude on the
East Coast. Displacement ¢i ..sidual oil on the East Coast would reduce oil
imports. To use the excess rupply of south central U.S. and West Ccast
residual oil to satisfy the excess demand for residual on the East Coast, would
require that the oil be transported and further refined to lower the sulfur
content. These costs mgke this - ..'location economically prohibitive in most
cases. Residual oil shipments .. - the Gulf Coast to the East Coast are

limited. Excess residual oil in tue West is exported to Japan and the Far East.

321¢ is difficult to attach a value to the increased national security
associated with reduced petroleum imports. One possible approach is based
on the strategic petroleum reserve. Using current plans, the strategic
petroleum reserve will contain 750 million barrels of oil by 1989, with a
withdrawal capacity of 4.5 million barrels per day (compared to projected
imports of crude cil and oil products totaling 5.75 million barrels per day;
Ref. 8, Table A-8). The strategic petroleum reserve represents a 168-day
supply of oil at the proposed withdrawal rate. For every barrel of imported
0il displaced per day by STT, the U.S. could reduce the strategic petroleum
reserve by 168 barrels and still maintain an equal level of "national
security." At the oil prices used in this study, reductions in daily oil
imports will have a 1990 value of $6388, 8736, and 11,424 (1981 dollars) per
barrel in the low, medium, and high oil price scenarios, respectively.

A-4
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The first-order impact of STT on oil imports in the short-run is
expected to be small; in the long-run the impact might be significant.33
Taken together, the tendency for STT without storage to displace residual oil,
the current glut of residual oil in the western and south central United
States, the prohibitive costs of reallocating excess residual to the Fast
Coast, and the limited short-run substitution between types of oil in both
refining and electricity generation all serve to minimize the short-run impact
of STT om oil imports. In the long-run, competitive industries characteris-
tically demonstrate substantial flexibility. Refinery and utility generating
capacity is expected to change in response to the glut of residual oil.
Substitution will occur between types of o0il and between oil and other fuels.
Alternative uses will be found for residual oil, some of which may reduce the
demand for other types of oil. Since imported crude is the highest cost
source of o0il in the U.S., these changes should reduce oil imports. 1In
addition, STT with storage does displace both distillate and residual oil
(Figure A-1b). Reduced distillate consumption leads directly to reduced
demand for imported crude oil in the western and south central regions. As a
result, the first-order and second-order long-run impacts of STT on imported
crude cil can be significant. In this case, STT would improve national
gecurity and the U.S. balance of payments.

A.3 CONCLUSIONS

This appendix has discused preliminary measurements regarding two
indirect (external) impacts associated with STT installatioms: first-order
environmental impacts and first-order oil import impacts. Since indirect
impacts are not reflected in private market transactions, private industry
does not consider these impacts in their decision-making process. If the
indirect benefits are significant, private industry will urnderinvest in STT
from society's viewpoint. Significant indirect benefits provide an additional
rationale for Federal participation to support the private development of STT.

Based on the preliminary analysis presented here, first-order
environmental impacts are insignificant nationally, but potentially important
on a regional basis. The first-order impact on oil imports, national
security, and balance of payments is expected to be small in the short-run,
but may increase over time.

335 corresponding statement can be made for the impact of STT on national
security and the U.S. balance of payments. To the extent that displaced
residual oil is exported, however, there may be some balance of payments
impact in the short-run.
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APPENDIX B

DERIVATION OF EQUATIONS34

B.l THE VALUE OF SOLAR THERMAL TECHNOLOGIES IN ELECTRIC UTILITY APPLICATIONS

The methodology used to calculate the value of STT assumes that electric
utility rates are set to earn utilities a predetermined return on capital
investment. In other words, the net present value of all cash flows discounted
at a rate equal to the utility's cost of capital is constrained to zero.

Based on this assumption, the cash flow for a utility using a mix of conven-
tional generating capacity (the no-solar case) can be expressed as follows:

S4B s ss“s) - PV(FNS + FR° 4 MY+ SELS + REPYC + INTQO

N
(B-1) PV (R}.-:vt ¢ ¢ ¢ ¢

+ PDR_ NS, :S + o. + INSNS)
where

PV = Present value operator; converts the cash flow into a present
value by discounting future cash flows;

REV = Revenue from sale of electricity;
BS = Revenue from sale of bonds (debt);

SS

n

Revenue from sale of stock (equity);
C = Total cost of conventional generating equipment;

F = Cost of fuel;

=
[l

= Cost of O&M;

C:
=
]

= Stock earnings;

REP = Repayment of equity principal;
INT = Interest payment on debt;

PDR = Provision for debt retirement;

X

Profits taxes;

34The equations presen.ed here are based on J. W. Doane, et al, The Cost of
Eneggy from Utility-Owned Electric Systems, ERDA/JPL-1012- 76/3 Jet Propul-
sion Laboratory, Pasadena, Callfornla, June 1976. This appendix revises an
earlier STT vaiue analysis presented in W. Gates Breakeven Cos’ Analysis for
Solar Thermal Parabolic Dish Systems, Economic Research Series, Paper No. 7,
Jet Propulsion Laboratcry, Pasadena, California, June 1981,

B-1



OT

Other taxes (property, state, sales, etc.);
INS = Insurance payments.

The subscript t denotes the year while the superscript NS signifies the
no-solar case.

Some of the terms defined above can be described more explicitly. In
particular, corporate profits taxes can be expressed as:

NS _ NS _ _NS s NS NS _ ...N3 _ NS, _ __ NS
(B-2) TX® = (REV\® - Fy° - M{® - OT,> - INS\> - INT® - DEP")t - ITC]
where

DEP = Depreciation allowance;
T = Effective profits tax rate, If the subscripts £ and s denote
the Federal and state profits tax rates, respectively,
T=1T¢ + (1-7)Tg;
ITC = Eff. tive investment tax credit. If the subscripts f and s

denote the Federal and state investment tax credits, respec-—
tively, ITC = ITCf + (1-1£)ITCg.

Other terms can be specified as follows:

INT = kq+a « C, where o = debt fraction

k4 = interest rate on debt.
PDR = SFF = 0 *» C, where SFF is the annual contribution to a sinking fund
factor to repay the debt principal.
SE = (ke *+ h)(1 - a)-C, where k, is the average return on equity and

h is the equity premium for the project in question. (kg + h)

is referred to as the project specific hurdle rate of return on
equity and is the return required to entice equity investment for
a particular opportunity.

REP = SFF (1 - a)-C.
DEP, = d,-C, where d; is the depreciation fraction in year t.

ITC = beC, where b represents the effective investment tax credit
fraction.

35For a further discussion of the sinking fund factor, see Doane, The Cost of
Energy from Utility-Owned Electric Systems, pp A-12 and B-5.

36por 4 further discussion of the hurdle rate of return, see Gates, Breakeven
Cost Analysis for Solar Thermal Parabolic Dish Systems, pp 21-28.
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Other taxes (OT) and insurance (INS) are assumed to be equal to a percentage
of the total capital expenditure. Thus,

OT + INS = B}+C.

Finally, it is assumed that the revenue generated through the sale of stocks
and bonds is just equal to the utility's cost of generating capacity. Thus,

NS
pv = BSpy * SSpye

(B-3) ¢
By substituting Equations B-2 and B-3 into Equation B-l and using the
relationships discussed above, the cash flow expression can be rewritten as:

(B-4) pv{(l - 1) Rsvfs} = pv{(1 - 1) Ffs + (1 - 1) Mfs + (ke + W) (1 - ) NS

N
S NS.CNS

)™ 4 (1 -1) k

+ SFF (1 - o :S. aNS-CNS

+ SFFeq
+ (1= 1B C - roa -C - b-CNS}.

A similar equation can be derived for the cash flow of a utility using a mix
of generating units that include STT. More specifically, define CS as the
cost of the conventional generating capacity in the solar case, and STS as
the total cost of the solar thermal capacity. The cash flow for the solar
case can then be expressed as:

(B-5) pv{<1 - T)REVS} = pv{(1 o+ (1 -0 + &k + 0D - S+ st
t t t e
+ SFF(1 - oS)(c® + o) + (1 - t)kg coS(cS + s1%) + sFFeaS(cS + sTS)

+ (1 - T)Bl(cS + 815 -T'dt(Cs + 5T -b (¢S + STS)}

where the superscript S denotes the solar case.

This value analysis assumes that a utility will install STT only if it
can earn the alliowed return on its investment in the solar case, while supply-
ing an equal or greater quantity of electricity at the same or lower rates as
in the no-solar case. In other words, REV§S must be greater than or
equal to REVE. Based (1 this assumption, Equations B-4 and B-5 can be used
to derive the maximum amount that the utility would willingly pay for a solar
thermal power plant. Assuming hNS = hs = h, aNS = as = a, and kgs = ki = kd’

Equations B~4 and B-5 can be equated and solved for ST?. In this case,

(B-6) Pv{sT°} <

NS .S s .8 , _ Cvea - NS S
- a - ‘)(Fc - }t) + (- r)(H? - “:) + [(ke +B( - @) + (- Dkpa + SFE+ (1 - D8, - 104, b](c c”)
[(k, + D1 - 0) + (1 - Digra+ SFE+ (1 - 1) - td, - b]
B~-3

i
i
H
i
1
H
1
i




Equation B-6 can be further simplified by using the following relationships:

(1) Ffs - Fi = Fct. The difference between the fuel coat of the no-solar

and solar cases is called the fuel credit.

(2) MES - M: = HCt. The difference between the O&M cost of the no-solar

and solar cases is called the O&M credit, which can be positive or
negative.

(3) CNS - Cs = CC. The difference between the conventional capital invest-

ment in the no-solar and solar cases is called the capicity credit.

(4) Assume all capacity credits are realized when the solar thermal systen
is installed: PV(CC) = CC.

(5) Tne present value operator can be expressed mathematically as PV(Xt)=

T

2: Xt(l + 1)t where T is the SIT system lifetime and r is the discount
=1
4 rate.

(6) Assume the discount rate in the present value operator is approximated
by the after-tax weight-average cost of capital r = a(l - T)kg
+ (1 - a)keo37

(7) Using the definition of r given above,

] -t 38
: BV {, + W= @)+ (1= Digye o+ SFE} =1+ (1- on L+ D)
t=1 *

H (8) Assume all investment tax credits are realized at,the end of the first

- year of STT plant operation: PV(b+CC) = (1 + r) ~ beCC.

T
. - -t _
(9) Define dpf = :-Zl d, (1 + 1) PV(dt)-

(10) Assume overnight conmstruction for the solar thermal system.

Using these relationships, Equation B-6 can be rewritten as:

37For a further discussion regarding the use of the after-tax weightcd-average
cost of capital as the discount rate, see Gates, Breakeven Cost Analysis for
Solar Thermal Parabolic Dish Systems, pp 13-28.

T
382 (r + SFF)(1 + £) % = 1, see Doane, The Cost of Energy from Utility-—Owned
t=1
Solar ELlectric Systems, pp B~5, B~7, B-1l4.
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: t | < -t
2 (L=DFC(1L+x) "+ 3 (1-TMC(L+1) " +p-CC

(3-7) ST ¢ =1 t=1
' P
L -t -1
where p = 1+ (1 - a)h > (1 + 1)  =-1+dpf - b(l + r)
t=1

I -t
+(1-1) 8 S (1+r)
t=1

Two further assumptionz are used in this report. In the first place,
h, the equity premium required for investments in STT, is assumed to be equal
to zero. Secondly, the O&M costs associated with the solar thermal plant are
expressed as a percent of the initial STT system cost (denoted 83). In this
case, MC; represents the O&M credit associated with conventional generating
capacity. Thus, Equation B-7 becomes

T T
(8-8) ST°S Y (1-DFC, (1+1) "+ 3 (1- 0K, (1+ 07 +prce
t=1 t=1
T (1 + em)t
oo (1= 08 3 [t

t=1

T
where p = 1 - tedpf - b(1l + r)-1 + (1 - T)'B1 > (1 + r)-t; and e_ is the
t=1

escalation rate of the solar O&M costs.

B.2 THE DIRECT IMPACT OF STT ON FEDERAL TAX REVENUES

Equation B-2 can be used to determine the impact that STT installations
have on the Federal corporate profits tax paid by investor—owned utilities.
According to Equation B-2 and the definitions and relationships outlined in
Section B.l above, the present value of the Federal corporate profits taxes
paid by an investor—owned utility in the no-solar case can be expressed as:

PV t t 1 d

t=1

T
(3-9) TX\S —{ S [REV':S -F - - BN -k e - cNS]Te(l + rg)_t:

- b-CNS (1 + rg)-l where Te is the effective Federal tax rate.




Because state taxes are deducted from taxable income before the Federal tax bill
is calculated, 1_ can be defined as T, = (1 - Ts)Tf' The superscript g

signifies the use of the Federal discount rate to evaluate cash flows to the
government, The present value of the Federal corporate profits tax in the
solar case can be written as:

T
s S .8 _ .8 s s P
(B-10) TX,, ;tgl [m~:vt Fo - M, = B (C° + ST") - B,°ST°(1 + e )

- kg as(cS + s15) - dt(Cs + s19)] T (1 + rg)_t} -b(c® + sT5)(1 + &)1

The change in the Federal corporate profits tax can be found by sub-

tracting B~9 from B-1lU. Given both REV?S = REVi and the definitions for
S S

FCt, MCt, and CC, the change in Federal corporate profits taxes equals:

_ S _ NS _ g\t 1 _ 2 o8
(B-11) aTX,, = TX,, - TXpo c>='1 [Fct + MC ]t (1 + %) "+ y+CC - y«ST,

where

T
Yl ‘[.2: (Bl + kd'a)(l + )7t . dpf]r + b(l + rg)-l, and
t=1 €

T
2 - t . gyt : gy~1
Y -[tgi(sl + 62(1 + em) + ky a) (1 +1r%) + dpr]Te + b(1 + %) ~.

If the value of Equation B-11 is positive, then Federal revenues from

corporate profits taxes will increase. If B-1ll is negative, Federal revenues
will decrease.

Electric utility decision makers will evaluate the cust and value of
STT and determine the level of solar thermal installations. Equation B-8
attempts to represent this evaluation process. The values of the fuel, O&M,
and capacity credits used in Equation B-1ll result from these utility decisions.
Based on these credits, the impact of STT on Federal corporate profits taxes
is estimated in Equation B-l1.

Since Equation B-11 represents a cash flow accruing to the Federal
government, the Federal discount rate is the appropriate rate to use for this
analysis. This is signified by including a superscript g on the discount rate.
1f the Federal government is concerned with near-term budget deficits, the
Federal discount rate can be quite high.39 As the Federal time-horizon
increases, the discount rate will decrease. If the Federal discount rate is

394 discount rate in the range of 0.25 to 0.50 would restrict primary atten-
tion to a four-year period.
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high, the negative revenue flows in the early years of the STT life-cycle
associated with the investment tax credit (and accelerated depreciation) will
tend to swamp the positive revenue flows associated with the fuel and 0&M
credits that accrue in the later years of the life-cycle. ATXpy will be
negative for high values of r. As the discount rate decreases, the later
positive revenue flows increase in importance relative to the negative flows
occurring in the early years. ATXpy will increase in value as the Federal
discount rate decreases. As there is no consensus regarding the appropriate
Federal discount rate, a range of rates should be examined.

B.3 THE VALUE OF SOLAR THERMAL TECHNOLOGIES TO THIRD PARTY OWNERS

Third party ownership allows equity investors to capture Federal and
state energy tax credits and to depreciate capital equipment over a five-year
period (as opposed to the 15-year period for investor-owned utilities). In
the third party ownership case, the discounted cash flow must be sufficient to
earn investors their required rate of return on their equity investment. This
requirement can be expressed as follows:

S

- > :
(B-12) PV(Pt + Bst) __Pv(s1 +M_+ INT_ + PDR_+ TX_+ OT_+ INSt)

where P, is the payment from the utility to the third par“y owners (assumed

to be equal to the utility's net avoided fuel, O&M, and cecpital costs). For
the third party owner, the discount rate is equal to the oimer's required rate
of return on equity; tax rates are personal income tax rates; and the rest of
the variables have been defined previously. TX; in this case can be written
as:

I
(B-13) Txt = (Pt - M OTt mst INTt DEPt)T ITC, ETC,

where ETC is the effective energy tax credit and Tl is the effective personal
income tax rate. Using the subscripts f and s to refer to Federal and state
rates, respectively, then

ETC = ETC_ + (1 - TI)ETC
f f 8

and

I 1 I. 1
T Te ¥ (1 - Tf)Ts .

Assuming BSy = aSTS and using the relationships given previously,
Equation B-12 can be rewritten as:

(B-14) Pv{(1 - TI)Pt };zpv{(1 -ohst® + (1 - TI)k; vol o515 + of ¢ sFF. 5T

I

+ (1 - TI)BI . sTS + (1 - 11)82(1 + em)STS -1 -DEPz

S s
- . - . ST
ITC, « ST° - EIC - S }
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Equation B-14 can be simplified as follows:

(B-15) s18 <

- 11) t

(1!

P+
1 t

Lad

T l+e

T T T
a-ah+ Y [srr + Q- Tl)k:] da+HTe S - rl)al a+eHte Y a- 1‘)82(-—-%) - theape! - e 4 ErO) (1 + £H)7?
I+r

t=l t=l tel

The costs and revenues for the utility in the no-solar case are
identical to those described earlier in Equation B-4. When a third party owns
and operates the solar thermal system and sells electricity to the utility,
the payment from the utility to the third party owner is equal to the utility's
net avoided fuel, O&M, and capital costs. In the solar case with third party
ownership, the utility's costs and revenues can be expressed as:

S S s . S S S S 3 S S
(B-16) pv(REvt + BSt)+ sS, PV(C +F + M+ Pt + SE_ + REP_ + INT,

S S S S
+ PDRt + TXt + O'I‘t + INSt) .

Rewriting Equation B-16 using the relationships explained earlier yields:

U, S

)Pt

(B-17) pv{u - r")mzvf} - pv{u - s a-O e

¢ G+ w1 - a)e® + (1 - oaDysrrec® + (1 - i s e ecS 4 alesErec®

+ (1= g c® - Ul - b-cs} .
. S NS
Recalling that PV(REVt) = PV(REVt ), the present valre of the payments

from the utility to the third party owner can be found by equating Equations
B-4 and B-17 and solving for P, as follows:

T T
. -y re v e - Mo e DT e
(3-18) Y P.(1+ )7t = il 5 el
t=] (1 -1)

T
- U U,~1
where, as before, pU =1+ (1 - au)h > 1+ rU) t. TU'dpf -b(l +1r)
t=1

T
U U,-t
+ (1 -1 )81 z (L+r .

t=1
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A number of alternative payment streams will satisfy the conditiouns
outlined in Equation B-18. One potential payment streem assumes that FC and
MC are paid in the year in which they are realized and the capacity credit is
paid in equal increments over the length of the purchase agreement. In this
case, Py can be expressed as:

v, T I
(B-19) B, = FC_+ MC, + L5 ('5_(1 + 1)) t) 1
(1 -17) ‘t=1 ‘

B.4 THE DIRECT IMPACT OF STT ON FEDERAL TAX REVENUES: THE THIRD PARTY
OWNERSHIP CASE

Ian the case of third party ownership, the direct impact on Federal tax
revenues is found by combining the tax impacts of the third party owners and
the electric utility. Since the state tates are deducted from taxable income
betfore the Federal tax bill is calculated, the effective Federel tax rate is
given by To = (1 - Tg)Tg¢. Similarly, the effective Federal energy tax credit
is given by ETC, = ETCg - Tf +» ETCg. The Federal discount rate is again the
appropriate discount rate to use in evaluating tax impacts.

For the electric utility, the Federal corporate profits taxes in the
no-solar case are given by Equation B-9., 1In the solar case with third party
ownership of the solar thermal systems, the corporate profits taxes can be
expressed as:

T
_ s . S S _ S _S_,...8_U._. .85 _ U _SU g\t
(B-20) TXp, t§1g[REvt Fp =M = P = B"C —a ko€ ~d Clr, (1+r)}
- bc (1 + )7L
The change in the Federal corporate profits taxes paid by the electric

utility can be found by subtracting Equation B-9 from Equation B-19, which
yields:

T
U _ oS _ NS o < _ Sq.U gyt U,
(B-21) ATX" = TX - TX o t>:1 [Fct + MC, pt] T, (1+ 25+ 000 [ec],
) I U U g =t v].u g\ -1
where P "[2 81+kd°a (1 + ) = + dpf ]Te+b'(1+r) .

t=1

The taxes paid by the third party investors, given by Equation B-13,
can be written as:

(B-22) aTX' = [p‘i]rI (1+ &) - ol st

e

(a4
-3

1
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wh I, TB+ (1+e)t + kgl + 8)7 4 apel ]
ere o t>:1(1 Bz em d-a) o + dp Te

+ (b + ETCe) a + 8L,

The totial Federal tax impact in the third party ownership case can be expressed
by combining Equations B-21 and B-22, which yields:

T U I L u g
(B-23) ATX™ = aTX + aTX = 3 [Fc_+MC Jr (1 + 1) +

t=1

(ad
u{1n

[Pij(T: - Tg)(l + rg)-t
1
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APPENDIX C

EIA FUEL PRICE PROJECTIONS: IMPACT OF WORLD OIL PRICES ON THE
DCMFESTIC PRICE CF¥ NATURAL GAS

Projections of future prices for naturai gas frequenily exhibit a
positive relationship between world oil prices and the domestic price of
natural gas., This relationship is normally expiained as follows (see Figure
C-1): When the price of oil increases relative to other energy sources,
consumers will replace their oil consuaption with other relatively cheaper
energy sources. Thus, the demand for alternative energy svurces will increase,
causing prices to increase as well., This effect is expected :o be particularly
important for natural gas, which is frequently considered to he a close
substitute for petroleum in a variety of uses.

EIA fuel price projections“o for the Southwest, on the other hand,
exhibit a negative correlation between world petroleum and domestic natural
gas prices. As world oil prices increase, domestic natural gas prices
decrease. In explaining this seemingly counter—-intuitive relationghip,
EIA points out that the line of reasoning represented by Figure C-! tells only
part of the story. There is an additional set of impacts that promote a
negative relationship between 0il and natural gas prices (Figure C-2). In
particular, as world oil prices increase, the gross national product (GNP)
decreases, reducing the demand for all goods and services, including natural
gas. In addition, as natural gas is substituted for petroleum, any upward
pressures on the price of natural gas will be at least partially offset by
increased conservation efforts. 1In the EIA forecasts, these latter impacts
dominate the former impact in the Southwest, resulting in a negative
correlation between the world price of petroleum and domestic natural gas
prices.

Figure C-)
Increase Increase in Substitution Increase in Increase in
in World Domestic QOil 1 of Natural Gas, [~ Domestic Domestic
0il Prices Prices etc., for 0il Demand for Price of
Natural Gas Hatural Gas

40Energy Infoimation Administration, 1980 Annual Repcrt tc Congress: Volume
111: Forecasts, U.S. Government Printing Office, Washington, D.C.,
March 1981.

411pid., Table 3-2, p 43.

421n standard economics, both conservation and the re; 1acement of petroleum
with alternative energy sourccs are referred to as s. stitution effects. As
petroleum prices increase, alternacive fuel sources aud ocher factors of
production will be substituted for petroleum wherever economically attrac-
tive. The relative impor:ance of these impacts depends on the own-price and
cross—price eiasticities of demand. Changes in energy demand due io changes
in GhP, on the other hand, are referred to as income cffects. The magnitude
of iucome effects depends on the income-elasticity of dewand.
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Figure C-2

Substitution Increase in Increase in Offsetting
of Natural p=e» Domestic == Natural Gas 1 Reductions in
Gas for 0il Price of Congervation Natural Gas
Increase Natural Gas Demand and Price
in World
0il Prices
\ Decrease in - Decrease in L Decrease in " Reductions in
Domestic GNP Aggregate Demand for Natural Gas
Demand Energy Demand and Price

EIA gives detailed explanatiou. =f both sets of relationships and of the
reasons to expect gas prices to decrease as petroleum prices increase. Briefly
stated, EIA assumnes that GNP is relatively sensitive to changes in the world
price of petroleum. Furthermore, ‘“ey assume that domestic energy consumption,
particularly natural gas, is strongly influenced by the level of GNP.
Similarly, it is assumed that conservation measures for petroleum and natural
gas are sensitive to energy prices as well 44 Thus, there is a strong tendency
for natural gas prices to decrease as world petroleum prices increase. On
the other hand, as the relative price of getroleum increases, the substitution
of natural gas for petroleum is limited.4

EIA expects limited substitution between oil and natural gas for four
reasons.*’ In the first place, natural gas substitution is artificially
constrained by the Powerplant and Industrial Fuel Use Act. Secondly, both oil
and gas are subject to strong competition from coal. As petroleum prices
increase, coal may be used to replace petroleum, particularly in the :ndustrial
sector and in applications using electricity produced from coal. Thirdly,
natural gas is not a good substitute for oil in many end uses (petrochemicals
and transportation), or in some regions (rural areas where no natural gas
transport system exists). Finally, natural gas supplies may be limited if
optimistic finding-rate assumptions are not met .48  Because of these
reasons, substitution of natural gas for oil, as petroleum prices increase, is
expected to occur primarily in the electric utility sector if gas usage is not
constrained by the Powerplant and Industrial Fuel Use Act. Because the
utility sector accounts for only a small portion of the total projected
consumption of natural gas (in 1999, 3 and 12%, respectively, with and without
compliance to the Powerplant and Industrial Fuel Use Act),%9 EIa expects

431bid., IEA, pp 41, 101-104.

441hid., pp 33, 39, 41.
In economic terms, the own-price and income-elasticity of demand are
both relatively elastic (high in value).
In olher words, the cross-price elasticity of demand is relatively
inelastic (low in value).

471bid., I1EA, » 91.

481bid., pp 39 47-79, 95.

491bid., p 46.
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the substitution of natural gas for petroleum to be dominated by the GNP and
secondary conservation effects. Thus, the price of natural gas in the Southwest
is expected to decrease as petrnleum prices increase.?0 Similarly, the auggly
and consumption of natural gas, in Btu's, is expected to decrease as well.
Alternative models and regions within the EIA forecasts that exhibit a positive
relationship between world oil prices and domestic natural gas prices (and
consumption) implicitly assume that the substitution of natural gas for
petroleum dominates the conservation and GNP impacts. (Note: There are many
other secondary impacts influencing the domestic price of natural gas that were
included in EIA's analysis. However, because of their relatively small effect

on natural gas price projections, these secondary impacts have been excluded
from this analysis.)

501bid., Table 3-2, p 43.

51Ibid., Table 3-1, p 42.
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