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Abstract

This report analyzes the expected benefits, costs, and implications of three
levels of federal commitment and subsidy for the accelerated commercializa-
tion of solar energy. It includes estimates of potential solar use representing
16 to 23 percent of the nation’s energy supply in the year 2000. Projections
are based on data available as of early 1979.
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Preface

This report is one of a series designed to support program planning for the
accelerated commercialization of solar technologies. This work was per-
formed for the Conservation and Solar Applications Branch of the Depart-
ment of Energy (DOE). Much of this analysis was in support of the Solar
Energy Domestic Policy Review or was performed subsequently to expand
upon the issues raised in the latter stages of that review. However, the
analysis and conclusions contained herein are wholly the responsibility of
The MITRE Corporation. No acceptance or endorsement by the Depart-
ment of Energy is implied.

The intention of this report and the other reports in this series is to expand
upon President Carter’s national goal for solar energy use by:

* providing detailed technology utilization goals on a regional basis
* assessing physical, institutional, financial, and research requirements to

achieve the stated goals .

* providing ‘‘growth trajectories’’ which may be used as check-points to
" assess the progression towards the stated goals ‘

This report presents a national overview of the benefits and costs expected
to result from various levels of government commitment and subsidies for
solar. It provides a context for understanding how the development and im-
plementation of solar technologies might contribute to the total U.S. energy
balance, employment, national security, pollution reduction and other issues
of national consequence.

Another report in this series, Price/Demand Scenarios and Projections of
Solar Utlization Undcr the National Euergy Act, MTR-8057, describes the
macroeconomic assumptions of each of the three levels of accelerated com-
mercialization. A third, Guidelines for Regional Planning, MTR-79W00385,
addresses the regionally-specific benefits, costs and implicalions of solar
- technology implecmentation. It includes detailed data to support the Regional
Sular Energy Centers in their formulation of required commercialization im-
plementation plans.
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Executive Summary

The federal government has responded to the na-
tion’s growing need for renewable energy resources
with an increasing commitment to the commer-
cialization of solar energy. The solar research,
development, demonstration, and information pro-
grams and the solar subsidies encompassed by the
National Energy Act (NEA) aim to ensure the
availability of a broad range of commercially viable
products. The National Plan for the Accelerated
Commercialization of Solar Energy (NPAC) is an at-
tempt to develop a covordinated plan for the commer-
cialization of solar technologies.

This report analyzes the expected benefits, costs,
and implications of three levels of federal commit-
ment and subsidy for accelerated solar commer-

cialization.! A Reference Case containing the current
" levels of financial incentives (federal and state, in-
cluding those of the NEA) and nonfinancial commer-
cialization programs (information exchange and
dissemination and removal of legal and institutional
barriers) was used as a basis against which to measure
the effects of alternate strategies for accelerating
commercialization. The three accelerated levels
‘would result in solar contributions of about 19, 22,
and 26 quads by 2000.2

Although this analysis preceded President Carter’s
setting a goal of solar’s providing 20 percent of the
nation’s energy requirements by the year 2000, the
22-quad level of commercialization corresponds ap-
proximately to the president’s goal. However, the
underlying assumptions differ considerably. Most
notably, the projected national gross energy demand
used in this study is 115 quads, while the president’s
goal is based on a 95-quad energy demand.3

MITRE estimates were derived from analyses of
solar energy technology costs and performance,
market development, health and environmental im-
pacts, and the economic costs and benefits expected
from the use of solar technologies. These analyses
were provided by The MITRE Corporation, Booz-
Allen & Hamilton, Battclle Pacific Northwest
Laboratory, Planning Research Corporation, the
Solar Energy Research Institute, and a variety of sup-
poUrt contractors.

Guides for Accelerated Solar
Commercialization Planning

1. Accelerated solar commercialization will require
extensive federal programs to remove economic and
institutional barriers.

Economic incentives are essential to the commer-
cialization of solar energy. R&D, institutional, and
information programs alone are not sufficient to
_result in early commercialization. To maximize the

impacts of the financial incentives, these programs
should be expanded to an appropriate level. Their ex-
pansion would promote public awareness; expedite
industry infrastructure development; identify labor,
material, and capital resources; determine ap-
propriate solar/utility interface alternatives; and
resolve legal code, standard, and zoning issues.

2. Federal and private RD&D programs must pro-
vide commercially competitive solar technologies.

Of the solar capacity expected to be installed between
1980 and 2000, 30 to 40 percent will be provided by
technologies that are not now commercially available
and must be developed. Those solar technologies
now commercially available also need RD&D sup-
port to reduce costs and increase reliability.

3. Establishing a solar industry and promoting a
rapid transition to solar energy will require a major
investment by the nation.

To triple the current solar capacity (from 4.9 quads
to 14.6 quads by 2000 under the Reference Case),
over $500 billion (1976 $) will be required. To achieve
an annual production of about 22 quads of solar
energy, an estimated cumulative public and private
expenditure of over $800 billion ($1 trillion in 1978
dollars) will be required (see pages 23-25).* This
could represent as much as 20 percent of the nation’s
investment capital over the next twenty years.

4. A significant solar energy contribution by the year
2000 will have major implications.

— A large and vigorous domestic industry would
be established. Under the Reference Case, annual
sales of solar systems in the year 2000 would amount
to approximately $35 billionS—a greater than 150-
fold increase over current solar sales. Over 50 million
solar systems in residential and commercial buildings
and industrial plants would supply space heat, hot
water, process heat, and electricity.

— If solar energy were to supply 20 percent of the
nation’s energy needs in 2000, 50 percent of the
homes in this country would have a solar system in
one form or another. They would provide over 3.6

"This analysis was conducted during the fall of 1978 and completed in the
spring of 1979. Unless otherwise noted, all costs are in 1976 dollars.

2Throughout this report, energy savings means primary fuel displaced.

3The 115-quad figure was derived from a scenario based on mid-priced oil
($25/bbl). The scenario was confirmed by a DOE-funded analysis by
Brookhaven National Laboratory. -

*Accounting for conventional capacily displaced and certain quantifiable
benefits, the net cost would be as low as $400 billion (1976 $).

SCurrent annual sales for General Motors are approximately $63 billion.



quads of energy savings. Electric utilities would use
over 4,000 large-scale systems including hydroelec-
tric, wind, solar thermal, photovoltaic, biomass elec-
tric, and ocean thermal systems.

Numbers of solar systems for the principle solar
contributors expected to be installed by the year 2000
are shown in Table $-1.

— Under the Reference Case, over 1 million per-
sons would be employed by the turn of the century in
the production of steel, glass, aluminum, copper,
and concrete and the manufacture, installation, and
maintenance of the solar systems. This would con-
stitute roughly 1 percent of the labor force in the year
2000.

— Greater flexibility in energy choices would
result in less risk of debilitating embargoes and im-
prove national security (see pages 29-32). As solar
energy displaces the use of imported oil, the country
will be less vulnerable to the disastrous economic ef-
fects of an oil embargo. Commercialization of solar
energy within the U.S. will result in the probable ac-
ceprance of the technology overseas, further decreas-
ing the potential instabilities of an oil embargo. 1his
should lead to improved national security, allowing
the nation to enjoy greater flexibility in the design of
foreign policics.

5. Significant solar energy savings by the year 2000
are expected from residential and commercial ther-
mal systems, thermal and biomass process heat
systems, thermal and wind electric systems, and
hydroelectric generators (see Table $-11).

Initially, energy savings would be provided by solar
hot water and space heating in buildings, wood
stoves, solar- and biomass-generated industrial pro-
cess heat, and hydroelectric generators. These

'R Cane et al.. “long Term Solar Parity Considerations Based on an
Analysis of Incentives to Energy Production,’’ Battelle Pacihc NoFtnwest
Laboratory, Nov. 1978.

technologies are expected to save up to 5.8 quads per
year by 1985 under the Reference Case.

6. The utilization of solar technologies will vary
greatly from rcgion to region due to variations in
regional demands, resource availability, and the price
of conventional fuels.

Energy saved by solar technologies is generally ex-
pected to be greatest in southern and western regions.
Projections of the regional use of solar energy (based
on the nine U.S. Census Regions of Figure S-1) are
shown in Table S-II1.

7. Subsidies for conventional energy sources,
government regulations, and energy pricing policies
have made it difficult for solar energy technologies to
compete in the marketplace.

Average historical subsidies for all energy tech-
nologics amount to $.15 per MMBTU (1976 $).!
Average historical subsidies for nuclear encrgy
amount to about $1.90 per MMBTU. The net effect
of these energy subsidies has been to reduce the prices
ot thc conventonal fuels against which solar cnorgy
must compete. In addition, the consumer faces
average rather than marginal prices for other energy
sources but must pay the marginal price for solar
energy. Since solar costs are primarily capital costs,
they cannot be expensed in the same manner as con-
ventional fuels which, therefore, enjoy a lower effec-
tive price than solar.

8. The mix of solar technologies and the proportion
of solar in each markct scctor are expected to change
little with increased equivalent subsidies for all
technologies.

If across-the-board subsidies for all technologies are
increased, (he proportion and mix of technologies
will remain about the same as long Aas the
marketplace is free to select the most appropriate and
cost-effcctive solar technology for an application.

Table S-1
Number of Solar Systems Installed by the Year 2000

Number of Systems

Market Sector/Application Average Size Reference Case 1y uUiaans 22 Quads 20 Quads _
Rogidential .
Hot Water 50 Sq. Ft. 25,600,000 31,600,000 33,600,000 35,700,000
Water, Heating & Cooling 240 3¢y T 7.700.000 10,300,000 13,300.000 18,400,000
Passive 300 Sq. Ft. 4,900,000 6,800,000 7,600,000 9,900,000
Commercial
Hot Water 175 Sq. Ft. 810,000 870,000 880,000 880,000
Water, Heating & Cooling 1,900 Sq. Ft. 980,000 1,110,000 1,230,000 1,330,000
Passive 18,000 Sq. Ft. 130,000 140,000 144,000 150,000
Industrial .
Thermal 100,000 Sq. Ft. 41,000 50,600 63,300 99,100
Biomass 1,000 Tons per Day 410 600 700 750
Utitities -
Wind 100 MWe Array 360 540 670 730
Hydroelectric 50 MWe 1,740 1,780 1,820 1,890
Solar Thermal 100 MWe 280 550 710 810




Table S-11
Annual Energy Savings by Market Sector and Technology in the Year 2000
(Quads of Primary Fuel Displaced)

Level of Commercialization

Reference 19 Quads/Yr 22 Quads/Yr 26 Quads/Yr
Case ' Scenario - cenario Scenario
Sector
Demand Percent of Percent of Percent of Percent of -
Sector (Quads’Year?) Technotogy Quads Total Solar Quads Total Solar Quads Total Solar Quads Total Solar

Resid2ntial 20.3 Thermal 1.1 7.5 1.5 8.0 1.8 8.0 2.3 8.8
: Passive 0.2 1.4 0.3 1.6 0.3 1.3 0.4 1.5

Wind 0.3 2.0 0.4 2.1 0.5 2.2 0.6 23 -
Photovoltaics 0.2 1.4 0.3 1.6 03 1.3 0.4 1.5

Wood Stoves? 0.6 4.1 0.7 3.7 0.8 3.6 0.9 3.5 -
Commercial 18.0 Thermal 0.7 4.8 0.8 4.3 0.9 4.0 1.0 3.8
Passive * — * — * —_ * —
W|nd * —_— * — * p— * —
Photovoltaics * * — * — 0.1 0.4
Industrial 55.0 Solar Thermal 2.2 15.0 2.5 13.3 3.2 14.2 4.0 15.4
. Biomass? 2.2 15.0 3.2 17.0 3.7 16.4 4.0 15.4
Photovoltaics * — * - * - * —
Wind 0.1 0.7 0.1 0.5 0.1 0.4 0.1 0.4
Solar Thermal Electric * — * — * — . —

Solar Total Energy Systems * - 0.1 05 0.1 0.4 0.2 0.8 .
. Small-Scale Hydroelectric 0.2 1.4 0.2 1.1 0.3 1.3 0.4 1.5
Electric 43.0 Wind _ 1.3 8.8 2.0 10.6 2.5 111 2.8 10.8
Utility Solar Thermal 1.0 - 6.8 1.6 8.5 2.0 8.9 2.2 8.5

Photovoltaics * — 0.3 1.6 0.5 2.2 0.6 23.°
Ocean Thermal 0.1 0.7 0.2 1.1 0.3 1.3 0.4 1.5
Biomass Electric * — 041 0.5 0.2 0.9 0.3 1.2

. Hydroelectric3 3.8 25.9 3.9 20.7 4.0 17.8 4.2 16.2 -
Synthetic 1.4 - Wood 0.5 3.4 0.4 21 0.7 3.1 0.8 3.8
Fuels and Animal Waste 0.2 1.4 0.2 1.1 0.3 13 0.3 1.2
Chemicals
Total** 14.7 (13) 18.8 (16) 22.5 (20) 26.0 (23)
Incremental Over Reference Case 0 4.2 79 11.4
Incramental Over Current Leve 9.8 13.9 17.6 211

'Includes fossil fuel equivaient of end use electricity dJemand as well as demand of energy for generation. Thus, there is double accounting of intermediate fuels and
energy preduced from those fuels. Actual gross demand is 115 quads.

2inciudss current use of 0.3 quads of biomass in the residential secto: ana 1.6 quads in the industrial sector.

Jincludes 3.0 quads current use. )

‘Less than 0.1 quads.
**Numbers in parenthesis represent percent of projected national gross er.ergy demand.
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9. In some cases, solar development will result in
short-term increases in environmental pollution.

The production of energy from solar technologies is
generaily an environmentally benign process.
However, solar technologies tend to be capital- and
materials-intensive. The mining and manufacturing
activities to support the manufacturing of solar
systems can actually lead to short-term increases in
-environmental pollutants. By the year 2000, solar
savings from increased wood burning, biomass farm-
ing, and mining and manufacturing activities are ex-
pected to result in slight increases of total suspended
particles (TSP) in air and total suspended solids
(TSS) in water. However, significant decreases are
expected to result in carbon dioxide (CO,), industrial
sludge, sulphur oxides (SO,), and nitrous oxides
(NO,) due to solar displacement of the use of fossil
fuels (see pages 30-32). These trends continue as
energy savings grow beyond the Reference Case.

10. Subsidizing solar energy may cost the federal
government—primarily in revenues lost to tax credits

*The Final Report of the Impacts Panel (DPR) notes that the extra costs in-
curred over the nonsolar base case range from $61.5 billion for the solar
base case 10 $180.4 billion for the solar maximum practical case. The max-
imum practical case is equivalent io the president’s 20 percent goal.

_at least $10 bullion to $180 billion (1976 $) by the
year 2000, depending on the level uf solar commer:
cialization achieved.

The primary federal costs will be to: (a) offset the
higher capital costs for solar compared to conven-
tional fuels and (b) reflect potential economic
benefits and the subsidy levels of conventional fuels
ou a conlinuing basis (parity). If the federal govern-
ment takes a more active role in solar energy produc-
tion and purchase du¢ to lags in solar technology
developments, economic competitiveness, and public
commitment, federal costs may be higher (see page
23).

Energy Savings Under the Reference Case

Under the NEA—and assuming that the current com-
mitments to market-ready solar technologies will be
extended to other solar technologies as they become
available—it may be possible to almost triple the cur-
rent level of solar energy use within twenty years (see
Figure S-2). This would increase the energy saved by
the solar contribution from the present level of 4.9
quads to 14.6 quads by 2000.

Significant energy savings would begin around
1985 and escalate rapidly through the turn of the cen-
tury (see Figure S-3 and Table S-1V). Near-term



Table S-111
Regional Solar Energy Savings in the Year 2000

Energy Savings
(Quads of fossil fuel equivalent)

Reference 19 Quads/Yr 22 Quads/Yr 26 Quads/Yr

Case : Scenario Scenario Scenario
Regional Solar Percent of . Percent of Percent of Percent of
Energy Center Census Regicn Quads Total Solar Quads Total Solar Quads Total Sotar Quads Total Solar
Northeastern New England 6 41 7 3.7 .9 4.0 1.0 3.8
Mid Atlantic 1.5 10.2 1.9 10.1 2.3 10.2 2.6 10.0
Southeastern -South Atlantic 2.3 15.6 3.3 17.6 4.0 17.8 4.8 18.5
South East Central . 1.3 8.8 1.7 9.0 2.1 9.3 2.4 9.2
South V/est Central 2.0 13.6 2.3 12.2 2.8 12.4 3.3 12.7
Mid Amer ca North East Central 1.5 10.2 2.2 11.7 2.9 12.9 3.5 13.5
North West Central .8 5.4 1.0 5.3 1.3 5.8 1.4 5.4
Western Sun Mountain 1.2 3.2 1.4 7.4 1.6 7.1 1.7 6.5
Pacificl 3.6 24.5 4.3 22.9 47 20.9 5.3 20.4
Total? 14.7 (13)3 18.8 (16) 225 (20) 26.0 (23)

The large sciar energy production here is due primarily o hydroelectric proauction. much of which is in existence today.
2Columns mzy not add due to round off conventions.
3Numbers in parenthesis reprssent percent of p-ojected national gross energy demand (115 Zuads).
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"Hydroelectric energy savings are 3.0 quads and biomass energy savings are 1.9 quads.

Figure S-2
Growth of Annual Energy Savings by Market Sector—Reference Case
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Figure S-3 _
Growth of Annual Energy Savings by Major Solar
Technologies—Reference Case

(1985) energy savings would result from solar hot"

water and space heating systems in the residential and
commercial sectors (0.25 quads), solar industrial pro-
cess heat used as fuel savers to existing systems (0.13
quads), and an additional 0.2 quads each for in-
dustrial biomass and hydroelectric power.

By 1990, active solar thermal systems for buildings

are expected to save about 0.6 quads annually.
Another 0.4 quads of savings from wood stoves and
0.05 quads from small-scale wind and passive solar
buildings designs are expected. In the industrial sec-
tor, solar process heat systems would contribute 0.5
quads and biomass utilization for process heat would
increase by about 0.4 quads over the 1.6 quads cur-
rently used. Central electric utility solar technologies
begin to come on line around 1986. Large-scale wind
machines used in fuel- and water-saver modes are ex-
pected to save about 0.15 quads by 1990 and solar
thermal repowering systems! about 0.05 quads.
Hydroelectric utilization, including small-scale
systems (less than 15 MWe) at existing dams, would
increase hy 0.4 quads over the present level of 3.0

quads. The total solar contribution is, therefore, ex-
pected to be somewhat less than 2.4 quads by 1990
over the present level of use.

By the turn of the century, about 9.6 quads of ad-
ditional savings may be expected from solar
technologies. The major contributors would be active
direct thermal systems for buildings (1.7 quads),
wood stoves (an additional 0.3 quads over the 1978
level), residential wind systems (0.3 quads), passive
building designs (0.2 quads), solar process heat (2.2
quads), new biomass process heat (an additional 0.6

.quads over the 1978 level), utility-size wind machines

(1.3 quads), ocean thermal energy conversion (0.1
quads), new hydroelectric (1.0 quads) synthetic fuels
and chemicals from wood biomass (0.5 quads), and
methane from animal waste (0.2'quads).

Barriers to Solar Commercialization

Any level of accelerated commercialization will re-

!Solar thermal repowering involves the retrofit of existing oil- and gas-fired
steam plants in areas of high insolation with the solar thermal central
receiver system.



Table S-IV
Annual Energy Savings by Technology
(Quads of Primary Fuel Displaced)

Sector Technology 1978 1985 1990 ) 2000
Residential Thermal — 0.13 .31 1.06
Passive — 0.01 .04 0.20
Wind — — 0.05 0.31.
Photovoltaics - — 0.02 0.18
Wood Stoves 0.30 0.40 0.47 0.60
Commercial Thermal - 0.12 0.27 0.66
Passive — — 0.01 0.02
Wind — — — 0.02
Photovoitaics — — — 0.03
Industrial Solar Thermal - 0.13 0.50 2.18
Biomass 1.60 . 1.80 2.00 2.20
Wind — — - 0.05
Photovoltaics — - — 0.03
Thermal Electric - i — — 0.02
Total Encrgy — —_ — 0.01
Small goalo Hydro. = — - 0.15
Electric Wind — - 0.15 1.32
Utility Golar Thermal — — 0.05 0.08
Photovoltalcs — — - 0.01
Ocean Thermai — - ’ — 0.10
Biomass Electric — — 0.01 0.03
Hydro. 3.00 3.20 3.40 3.80
Synthetic Wood - - — .0.45
Fuels and Animal Waste — — — 0.20
Chernicals
Total 4.90 5.79 7.28 14.59

Source: Kathy K. Rebibo, Toward a National Plan for the Commercialization of Solar Energy: Price/Demand Scenarios and Projections of Solar Litilization Under the

National Energy Act, Thc MITRE Corporation, MTR-§057, 1379.

quire that solar technologies be successfully
developed and actively marketed by industry (and
government, as appropriate). This will not be an easy
achievement. Inflation and uncertainties in foreign
energy supplies and domestic energy policy make it
hard for both industry and the public to judge the
role solar energy may play in the solution of energy-
related problems.

Solar energy development is further handicapped
by the unique economic and institutional
characteristics of the cutrent solar market. In the
past, new energy sources have offered the public a
cost-effective alternative with clear advantages over
prevailing energy sources. However, solar energy
systeins usudlly require higher capital costs than con-
ventional energy alternatives. Further, the economic
merits of solar are not immediately apparent and are
difficult to project. Consumers must be willing to

trade off the higher initial costs of solar technologies
against expected futurc energy savings. This situation
is exacerbated by the inequitable tax treatment that
solar has received relative to conventional energy
sources. The NEA financial incentives are intended
to provide some reduction of the economic barriers
facing commercially available solar technologies over
the next five years. But these incentives may not be
sufficient to make rnost solar systems competitive
now, and when incentives expire in 1984, solar
systems are expected to suffer price disadvantages
compared to federally-subsidized conventional fuels.
Price regulation, average pricing policies, and expen-
sing allowances that affect conventional fuels
favorahly also give conventional fucls actnal or
perceived price advantages relative to solar. Figure S-
4 compares expected delivered energy costs for
selected technologies and conventional fuels in the
years 1985 and 2000.
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Introduction

The federal government has responded to the na-
tion’s growing need for renewable energy resources
with an increasing commitment to help develop and
commercialize solar energy technologies. The
Domestic Policy Review on Solar Energy (DPR) dur-
ing the summer of 1978, the appointment of Solar
Resource Managers within DOE, the establishment
of Regional Solar Energy Centers (RSECs), and the
rapid growth of the Solar Energy Research Institute
(SERI) reflect this commitment,

As a result of the DPR, the administration has set
a goal of solar technologies’ providing 20 percent of
the nation’s energy by the year 2000. The effective
coordination of solar commercialization activities re-
quires policy direction and consistent guidelines for
implementation. The DPR will provide the policy
direction and the National Plan for the Accelerated
Commercialization of Solar Energy (NPAQ),
ordered by Congress in P.L. 94-385, will provide an
initial set of implementation guidelines. This report
represents the initial phases of the planning process
to achieve the solar utilization goal.

Since this analysis preceded the determination of a
solar goal by the administration, a range of goals was
analyzed as a function of various levels of federal
financial incentives. Detailed regional and
technology market projections resulted. In the first
phases of accelerated commercialization, these pro-
jections can provide a framework for regional and
programmatic emphasis. Further analysis of the pro-
jections can yield requirements, rates of growth, and
impacts related to varying levels of accelerated solar
commercialization.

Specific commercialization program requirements
will be determined using the collective data base and
the experience of the four RSECs and other federal
agencies that have been involved in commercializa-
tion planning and programs. State and local govern-
ments, SERI, private industry, the public, and
federal contractors are also expected to provide
valuable contributions and experience.

The Energy Technology Offices of DOE have solar
technology development plans which provide
reasonable expectations of commercial readiness.
Solar Resource Managers can provide the initial
technology-specific implementation program
elements required to meet programmatic re-
quirements. The four RSECs are developing
regionally-specific data bases and experience in-
valuable to the development of regional commer-
cialization implementation strategies. SERI can pro-
vide monitoring and policy analyses, and the DPR
can provide guidelines for federal policies.

Under a continuing NPAC process,
towards the objectives and

progress
industrial/market

response can be continuously monitored and
evaluated. Based on this evaluation, programmatic
requirements can be continuously revised and up-
dated.

The Metrek analysis is based on projections of

“solar technology market penetrations and associated

impacts. They were developed from computer

market penetration models (Rebibo, 1977) which

stimulate on a year-by-year basis market decisions to

purchase solar and conventional technologies in each

market sector to satisfy an assumed energy demand.

An extensive data base in conjunction with these

models includes estimates (current and future) of:

¢ size of the potential market

¢ solar technology costs and expected cost reduc-

tions (experience curves)

competing technology costs

regional fuel prices

mix of competing fuels

regional climate data

‘“‘suitability’’ (orientation of existing buildings,

land availability, etc.)

* energy load profiles

* market lags reflecting initial resistance to new
technologies

There is greater uncertainty in the projections of a
single case than in the relative difference between the
cases. Variations in market penetration projections
under varying assumptions should be considered
more valid than absolute numbers of a single
scenario.

Assumptions of future fuel prices and the demand
for energy are important factors in the projections of
solar utilization. In this analysis, it is assumed that
the delivered price of oil (to the industrial sector)
reaches $25 per barrel (1976 $) in the year 2000. U.S.
energy consumption is expected to reach 115 quads
(quadrillion BTUSs) in 2000. A full description of the
macro-economic assumptions can be found in
MITRE’s Report, Toward a National Plan for the
Commercialization of Solar Energy— Price/Demand
Scenarios and Projections of Solar Utilization Under
the National Energy Act.

Additional models were used in assessing en-
vironmental, health and economic impacts of solar
technology market penetration. The Strategic En-
vironmental Assessment System (SEAS) provided na-
tional and regional levels of environmental pollutants
for varying levels of solar market penetration. A
model developed by Resources for the Future deter-
mined health impacts and economic damages
associated with the estimated pollution levels pro-
jected by SEAS. The INFORM model, a part of
SEAS, determined other economic consequences of
solar technology market penetration.

1fja



The Reference Case

The effects of accelerated levels of commercialization

were measured against a Reference Case based on the

financial incentives in the National Energy Act. The

Reference Case projected an annual energy savings

from solar technologies in the year 2000 of about 15

quads.! This includes 4.9 quads of hydroelectric and

biomass combustion currently in place.
The Reference Case is a success-oriented scenario
based on the following premises:

e Current technology development programs are
successful, program costs are met, and
technologies are commercially available by the
date shown in Table II-I (Column 3, Estimated
Market Availability).

¢ Industry is willing to produce and market the
systems in a timely fashion. '

¢ Existing federal and state financial incentives and
barrier removal programs, including those of the
recently enacted National Energy Act, are effec-
tively implemented. The federal energy tax credits
that apply to solar technologies are summarized in
Table 11-1 (Column 4, Investment Tax Credit).

¢ Nonfinancial commercialization programs
directed toward obtaining public visibility, infor-
mation exchange and dissemination, and the
removal of legal and institutional barriers are im-
plied in the solar market acceptance. Such pro-
grams currently exist for commercially available
solar technologies; projections of impacts for the
Reference Case assume that the current level of
nonfinancial commercialization programs will be
extended to each technology as it matures. Ac-
celerated commercialization implies additional tax
or other major financial incentives and even more
aggressive programs 1o handle the nonfinancial

- problems. These nonfinancial problems include
product definition, perceived risk by consumers,
solar/utility interface, restrictive codes, covenants
and zoning, land acquisition and environmental
restrictions (for large utility and biomass fuel ap-
plications), and acceptance by and integration
within existing industry infrastructures.

* The market acceptance of solar technologies is
based on the competitive economic position of the
technologies tempered by a market lag function.
This market lag function (logit or S-shaped curve)
is derived from historical data on the rate of accep-
tance of new energy technologies. Thus, it is
assumed that the initial market reluctance to ac-
cept new solar technologies will be overcome at a
rate similar to that of emerging energy
technologies in the past.

In essence, the Reference Case assumes successful
commercialization of solar technologies at a rate con-
sistent with that of other emerging technologies in the

past. Central to this scenario, as well as to the ac-
celerated scenarios later discussed, is the assumption
that the capital costs of solar systems will decrease in
real dollars over time. It is further assumed that
potential solar users will respond positively to the in-
creasingly favorable economics, thus creating a de-
mand for solar systems. Industry, then, will respond
positively to the perceived demand and will actively
develop the required infrastructure to market,
manufacture, install, service, and warranty solar
systems. Other participants such as financiers, code
officials, government officials, and utility executives
will also take measures to alleviate the other institu-
tional, financial, and technical barriers impeding the
use of solar. Although federal actions may be im-
plemented to accelerate infrastructure development
and remove barriers, in the absence of mandatory
solar utilization, it is assumed that system cost will be
the primary determinant of the rate of solar accep-
tance.

In this analysis, solar system capital costs decrease
over time due to product development, automation,
learning, materials substitution, and continued
technology development. Capital costs per million
BTUs per year of energy produced are shown in
Figure I1-1 for individual solar technologies and con-
ventional alternatives. Solar costs are derived
through time as a function of cumulative production,
scale, and annual production capacity. In each case,
the costs decline, in real dollars, from the current
cost to an ultimate mass production cost. In deter-
mining ultimate costs, system costs were broken
down by component. System components subject to
cost decreases such as collectors, photovoltaic arrays,
heliostats, and wind machines were analyzed in terms
of material, fabrication, and installation costs which
would be associated with the anticipated ultimate
designs. Costs associated with system components
currently mass-produced or commonly available
(support structures, pumps, piping, inverters, etc.)
were held relatively constant depending upon
whether or not further development work is an-
ticipated to decrease their costs. The capital cost per
unit of energy produced is further enhanced by im-
proved performance resulting from research and
development. In most cases, MITRE cost/perfor-
mance estimates were used (Bennington et al., 1976
and Curto et al., 1979). When available, detailed
cost/price analyses of other DOE contractors were
used. The McDonnell Douglas study of mass-
produced, high-performance heliostats for solar ther-
mal central receiver applications is an example. Their

'Throughout this repori, energy savings from solar refers 10 primary fuel
displaced.
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Table I1-1

Current Status of Solar Commercialization

Current Fedzral Commercialization Activities

Barrier
Solar Market Mar<et Investment Tax Federal Removal
Technology Sector A.ailability Credit R&D Demonstrations Buys Procrams Current Market Status
Solar Thermal
Electrical No current market.
Applications Industrial 1933 — X X

Residential 1933 — X. X X

Commercial 1933 — X X X

Utility 1936 - X X

Lew : .
Temperature Residential 1976 30%-20% $2,200 X X X 60,000 heating and hct water systems
total to 1985 installed. Large merchandising operations

Commercial 1976 10% to 1982 X X X (e.g., Sears) have entzred the
market. National and regional advertising
efforts have increased dramatically
since passage of NEA. Systems
are moving closer to packaged,
modularized systems.

Industrial 1976 10% tc 1982 X X Large numbers of low-temperature,
agricultural systems. No privately
funded medium- or high-temperature
systems have been built. Several large
corporations (e.g., McDonnell Douglas)
actively pursuing the market.

Cooling Residential 1990 — x X X Absorption air-conditioning systems in

Commercial 1990 - x X X X commercial solar applications have been
demonstrated, as well as residential
solar-assisted heat pumps. Appropriate
sizing of residential systems is being
studied, along with compatibility of
cooling and heating systems in packaged
designs. Additional design work is
required.

High .
Temperature Industrial 1983 — X X X No current market for high-temperature
process heat applications.
Passive Residential 1976 30%-20% $2,200 Early stages; expertise varies greatly
Tz=tal to 1985 X X X by region. Roughly 100 A&E firms
Commercial 1976 — X X X advertise their passive capabilities.

Widespread A&E industry interest in
passive as near-term solar potential.

- Technology not well developed or

standardized.
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Table I1-I (Continued)
Current Status of Solar Commercialization

Current Federal Commercialization Activities

Barrier
Solar Market Market Investment Tax Federal Removal
Technology Sector Availability Credit R&D Demonstrations Buys Programs Current Market Status
Wind . Residential 1980 30%-20% $2,200 X Between 30 and 40 manufacturers,
. Total to 1985 including foreign firms. Approximately
Commercial 1980 10% tc 1982 X 150,000 water pumping and 1,000 electrical
Industrial 1980 10% ta 1982 X X generation systems presently installed,
Utility 1983 — ’ X X mostly small-scale systems. Federal
’ demonstration program provides a
guaranteed market for large (1-2 MW)
system manufacturers. NEA incentives
are expected to stimulate the market
Ocean for small scale systems.

Thermal Utility 1995 — X No current market for ocean thermal
- energy conversion systems.
Photovoltaics  Residential 1985 30-20% $2,200 X X Single crystal silicon is the only
- Commerciel 1985 10% to 1982 T X X X commercially viable product. Limited

Industrial 1980 10% to 1982 X X X market for remote and extraterrestrial
Utility 1990 — X X X applications. No major production
facility investments. 1977 sales were
700 KW, or $10 million dollars. The
federal photovoltaics program of $1.6
billion through 1988 includes a
guaranteed federal market.
Biomass Industrial - 10% io 1982 After hydroelectric, biomass is the
- Residential - — single largest use of solar energy in
Commercial — — the U.S., roughly 1.9 quads in 1977.
Utility —_ — X X Biomass utilization is constrained more
Synfuels 1990 - X X by supply than by demand in the long run.

Almost all Utilization occurs in pulp

and paper industry. Burlington, Vt.

first electric utility to burn-wood

chips. Pullman Corp. operating two
wood chip plants. Biomass combustion
is a mature technology. Approximately
0.3 quads are utilized today for
residential space heating.

No current market for conversion
to synthetic fuels and chemicals.
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Table II-I (Concludzd)

Curreht Status of Solar Commercialization

Current Federal Ccmmercialization Activities

Barrier
Solar Market Market. Investment Tax Federal Removal
Technology Sector Availability Credit R&D Demonstrations Buys Programs Current Market Status
Hydroelectric  Industrial — 10% tc 1982 X Mature industry with about 3.0 quads of
- Utility 1976 - X annual energy savings. Federal focus
on small-scale (less than 15 MW)

applications that have been either abandoned
or left undeveloped.
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Capital Costs per Quad of Capacity: Dispersed Solar Applications Compared to Conventional Fuels

study included prototype testing; materials and com-
ponent testing; time-and-motion studies; pilot; early
commercial, and ultimate production plant design;
estimates of optimal level of repair criteria for O&M;
design and evaluation of washing equipment; handl-
ing equipment and robotics for manufacturing equip-
ment; and formulation of detailed cost estimates as a
function of production volume and history. As a
result of this analysis, it is expected that heliostat
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costs will decrease 80 percent from pilot production

(2,500 units) to ultimate mass production (1,000,000
units per year, 10,000,000 units cumulative produc-
tion). The cost decrease from $11,794 per heliostat
($22.33/square foot) to $2,322 per heliostat
(34.39/square foot) represents a reduction, in 1976
dollars, of $2,784 in labor, $2,728 in materials, and
$3,960 in tooling write-offs.

Using the McDonnell Douglas estimates of



heliostat price reductions, MITRE estimated costs
and performance of an initial and ultimate central
receiver industrial process heat facility. As shown in
Figure 1I-2, most of the cost reductions are in the
heliostats.

The estimates provided in this analysis should be
considered as minimum potential costs. No attempt
has been made to track the effects of competition on
price and/or the expected profit margins that pro-
ducers will require. The McDonnell Douglas
estimates assume a constant 16 percent profit margin
in estimating the price of heliostats. In'many cases,
price is held relatively constant as costs decrease or
prices. decrease parallel to cost, thus allowing an in-
creasing percentage in profit margin as production
increases as shown in Figures 11-3a and II-3b. Evenin
those cases where prices decrease at a rate faster than
cost (such as in Phase B of Figure 1I-3a) in a strategy
of preemptive pricing, prices usually level off at
reasonable levels and parallel costs. Figure 1I-3a is
usually characteristic of a competitive market and
Figure II-3b is characteristic of a strategy to
discourage entry of new competitors by a dominant
producer. Thus, while costs may be estimated with
some certainty through engineering analyses, prices
are uncertain due to ambiguities related to the future
characteristics of the market.
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Figure II-3a
A Characteristic Pattern of Costs and Prices

There are further uncertainties involved in
estimating the capital investment in total systems.
Even in the construction of well-understood pro-
cesses, uncertainties related to specific sites,
availability and cost of labor, delivery schedules for

Sandia CRTF (5 MW,,)
Prototype: $11 Million

Ultimate (240 MW,,)
$44 Million

$2,200/KW,, Tower
$180/KWyy 3.0 Piping, Pumps
Tower First Commercial (240 MW,;) 3.1
/ 1.8 $138 Million
Hellostats:
___Controls 8575/ KWy, 17.6 Receiver
1.4 2.5
Heliostats |nstrun11e4ntation Tower St%r?ge
(Including R&D) : 3.4 :
6.3 X Piping, Pumps
3’ 1 i Balance of Plant,
7 < ’ Fee, Contingenscy
; 8.9
Heliostats e __Reieznver s Controls,
88.6 / o . nstrumentation,
. Heat Exchanger
Storage 2.6
8.1
Balance of Plant,
Fee, Contingency
24.4
Controls, Instrumentation,
Heat Exchanger
6.0
Figure 11-2

Central Receiver System Costs, 1976 Dollars
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Figure I1-3b A
An Alternative Pattern of Costs and Prices

components, weather, etc. all cause deviations from
the original estimate. In the case of many solar
technologies, systems have not yet been built around
them and there is a lack of knowledge as to the prac-
tical issues of construction. Generally, the ability to
estimate plant investment improves as the technology
or process becomes better understood. However,
construction estimates also tend to increase as the
. scheduled construction date nears. This phenomenon

is apparent in active solar flat plate heating systems.

In 1970, $2/square foot was a commonly accepted
figure for active solar space heating systems (Tybout
and Lof, 1970). In 1976, $20/square -foot was a com-
monly accepted cost figure (Bennington et al., 1976).

Current costs of $29/square foot to $48/square. foot
are consistent with actual system costs (Hirshberg
and Hartman, 1979). In constant 1976 dollars, active
solar space heating system costs have increased by
more than a factor of 10 since 1970 and have increas-
ed by a factor of 1.6 to 1.8 since 1975. So, while re-
cent engineering analyses may accurately estimate the
price of future solar systems, it is highly possible that
trends, biases, and unforeseen costs may cause these
estimates to be increased significantly.

Inflation is responsible for further uncertainties in
projecting solar system costs. In this study, costs
were analyzed on a constant dollar basis, implying
that there is no differential effect on solar by infla-
tion relative to conventional technology system costs.
Although this may be the case, the possibility exists
that inflation may have differential cost impacts
which may or may not favor the solar technologies.
These differential cost impacts would likely result
from differing labor and material mixes between
solar and conventional technologies. Residential and
commercial applications of solar as components of

- new buildings may more closely track construction

and real estate escalation rates which are generally
higher than GNP inflation rates.

As previously stated, the Reference Case
represents a success-oriented scenario for solar
development. If all current and proposed actions are
successful, it would be reasonable to assume that
solar system costs and .prices would be reduced
significantly. However, even within a success orienta-
tion, it is difficult to say with certainty how much

‘and how fast solar prices will decrease. In this

analysis, an attempt was made to treat prices con-
sistently throughout all the cases examined.
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National Impacts of
Accelerated Commercia’lization"

Achieving the administration’s ambitious goal of
solar technologies’ providing 20. percent of the na-
tion’s energy needs by the year 2000 will require a
major national commitment to resolve the obstacles
hindering the commercialization of solar
technologies. These obstacles include the
unavailability of reliable solar equipment for some
technologies, high initial solar capital costs, potential
legal and institutional barriers, absence of a market
infrastructure and manufacturing capacity, and a
lack of information and educational programs.

The primary actions expeclted to promote ac-
celerated commercialization of solar technologies in-
clude additional commitments to RD&D, financial
incentives, and institutional programs. RD&D can
underwrite front-end, high-risk costs and lower the
risk to solar manufacturers by indicating a near-term
federal commitment to the development and use of a
solar technology. Risk to consumers can be reduced
by RD&D programs which demonstrate the
technological feasibility, reliability, and cost-
effectiveness of solar technologies.

Financial incentives help to underwrite the risk
assumed by the private sector in investing in a new
technology. They can provide the difference between
public and private values of the activity to society.
They can provide parity in treatment for solar
technologies in relation to the levels of subsidies pro-
vided to conventional energy sources or market pari-
ty at levels sufficient to make solar competitive with
conventional fuels. Financial incentives can also pro-
vide a financial impetus to remove or accelerate the
removal of institutional barriers that may hinder the
use of solar technologies.

Nuclcar, coal, oil, and gas technologies have
benefited from a wide variety of federal energy sub-
sidies. In FY 1977 federal subsidies for energy pro-
duction totaled $19.1 billion (1976 $), including
RD&D expenditures, tax incentives, and direct
government intervention in the marketplace (see
Figure I11-1).

Where.the economic impetus provided by financial
incentives is not sufficient to overcome institutional
barriers, institutional programs supported by the
government may assist in their removal. Such pro-
grams could disseminate information on a timely
basis to participants in the solar commercialization
process and could catalyze the solar energy in-
frastructure to reduce the amount of time ordinarily
required for full acceptance of a new technology.

These institutional programs fall into two
categories: (1) those that attempl (0 remove bairiers
to commercialization or meet requirements for com-
mercialization over a shorter time period than nor-
mal market forces would provide and (2) those that
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actively promote solar utilization through nonfinan-
cial incentives. ’

Meeting Commercialization Requirements
and Removing Barriers

There are often long delays, distortions,-and costs in-
volved when potential users try to obtain information
concerning solar energy. The federal government can
expedite solar commercialization by underwriting the
costs of an information exchange process. The
Agricultural Extension Service within the farm com-
munity and the Energy Extension Service are models
in this area. The Residential Conservation Service
under the NEA will also aid in this process.

The federal government, assisted by the Regional
Solar Energy Centers, can aid state and local govern-
ments in information exchange, development of
model codes and covenants, and, where appropriate,
by regulatory and legislative actions. Barriers such as
zoning laws, building codes and covenants, and the
lack of guaranteed solar access can inhibit solar com-
mercialization. Uncertainties about discriminatory
utility rate schedules may further impede solar
growth, and local property taxes that include solar
systems may impose severe economic handicaps to
solar energy. :

Nonfinancial Incentives

Over and above programs that may act to remove
barriers, the federal government, with the Regional
Solar Energy Centers, may actively promote solar
energy through the use of nonfinancial incentives and
through cooperative industry and state/local pro-
grams. The federal program may seek to partially
underwrite front-end product and market develop-
ment costs through cost-shared demonstrations, pro-
duct evaluation, test marketing, and advertising. As
called for under the NEA, the federal government
can provide an early guaranteed market for solar
technologies. Using methods similar to current anti-
inflation activities, the federal government can iden-
tify specific focus groups with the assistance of the
Regional Solar Energy Centers, and, through direct
contact, solicit support in the form of actions which
would be beneficial for solar use. These focus groups
may be comprised of major industrial firms, large
residential/commercial developers, major utilities,
and state public utility commissions.

National Impacts

Three accelerated levels of solar commercialization
were analyzed. Levels I, 11, and III would contribute
18.8, 22.5, and 26.0 quads per year, respectively. The
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Energy Production and Subsidies, 1977

national impacts of the widespread use of solar
energy technologies were analyzed in terms of:

® energy savings

e capital investment * -

® solar industry development

¢ environmental and health effects

These impacts were analyzed as a continuum of in-
creasing solar energy use. This approach permits the
use of this analysis to derive the impacts for any level
of commercialization as well as for differing expecta-
tions as to the level of market penetration for a given
commercialization scenario. .

In determining impacts, a series of models and in-
puts. was used. Price/demand scenarios were
developed in conjunction with the Domestic Policy
Review (DPR) using the Project Independence
Evaluation System (PIES) and FOSSIL I (Rebibo,
1979). These scenarios were input to the System for
Projecting Utilization of Renewable Resources
(SPURR) (Rebibo et al., 1977). Output from SPURR
included solar market penetration estimates, gross
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capital and labor requirements, and estimates of sec-
tor splits and fuels displaced. Using these estimates,
net environmental residuals and net economic effects
were derived through linecar interpolation of the
SEAS (Strategic Environmental Assessment System)
DPR estimates. These effects were then input. to the
BENEFITS model, developed by Ridker and Watson
(1977) to determine health and environmental im-
pacts (see Figure I11-2).

Energy Savings
Expected energy savings by market sector and

“technology are shown in Table 111-1 for the Reference

Case and the three accelerated levels of commer-
cialization. The mix of solar technologies and the
proportion of solar in each market sector does not
change dramatically as solar energy utilization is in-
creased. Hydroelectric capacity does not grow as fast
as the other solar technologies due to resource limita-
tions for large-scale hydro. Central utility



technologies other than hydroelectric increase slight-
ly faster than the average because the potential
market is large and utilities are not limited in choos-
ing sites as in the dispersed markets where the system

must be placed on-site. Technology mixes tend to re-

main the same because it is assumed that the financial
incentives for acceleration treat technologies
uniformly. If other mechanisms such as government
purchases or assistance to manufacturers or financial
incentives for specific technologies are employed,
then the technology mixes will show greater
divergence with acceleration.

Private and Federal Expenditures

Except for biomass systems, solar technologies re-
quire a higher capital investment per unit of energy
saved than alternative conventional energy sources.
The total amount of private and federal expenditures
required increases rapidly with acceleration as shown
in Figure III-3. This graph includes not only the
monies spent for purchases of solar equipment but
also federal RD&D expenses.

Averaged over the next twenty years, private and
federal expenditures amount to about $36 billion to
$90 billion per quad. Overall, expenditures per quad
increase with increased levels of commercialization
because a greater number of solar systems that are in-
trinsically less economical are sold. However, several
technologies, notably commercial active thermal
systems and industrial thermal process heat systems,
show a decrease with greater market penetration. In

these cases, the production cost per system has

decreased with experience, resulting in lower required
expenditures. :

Federal Costs

Projected federal costs to achieve reference and ac-
celerated levels of commercialization are depicted in
Figures 111-4a and I11-4b. Since this study emphasiz-
ed tax credits as the primary form of federal incentive
(see appendix), revenues lost to tax credits con-
stitute the major component of federal cost. Alter-
natively, emphasis could be placed on regulation or
desubsidization of conventional fuels. However,
even though federal costs may be lower, the dif-
ference would still have to be paid from elsewhere in
the economy. Secondary impacts of regulation may
even prove to be more costly to the economy as a
whole. '

The cost level for the Reference Case includes
revenues lost to tax credits, approximately $500
million dollars for research, development, and
demonstration . costs budgeted annually through
1983, and approximately $333 million dollars annual-
ly for continuation of current levels of hydroelectric
construction, operation, regulation, tax exemption,
and low-interest loan programs.

The Reference Case costs are optimistic for several
reasons. Current RD&D programs are planned and
funded based on the assumption that technological
breakthroughs, development innovations, and suc-
cessful demonstrations occur so that the technologies

DPR

Price/Demand

PIES .
Scenarios

SPURR

Fossii | -J

Solar Market
Penetration

Gross Capital
and Labor
Requirements

TN

Sector Splits;
Fuels Displaced

Net Benefits
Residuals

Model

SEAS

Net Economic
Effects

Figure I11-2
Solar Impacts Assessment Methodology

Environmental and
Health Impacts
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Table I11-1
Annual Energy Saviags by Market Sector and Technology in the Yezr 2000
(Quads of Primary Fuel Displaced)

Level of Commercialization

Reference 19 Quads/vr 22 Quads/Yr 26 Quads/Yr
Case Scenaric Scenario Scenaric
Sector
Demand ' Percent of Perzent of Percent of Percent of
Sector (Quads/Year') Technology QAuad Total Solar = Quads  Total Solar Quads  Total Solar Quads  Total Solar
Residential 20.3 Thermal i 7.5 1.5 80 1.8 8.0 2.3 B.
Passive 0.2 1.4 0.3 16 c.3 1.3 0.4 1.5
Wind 0.3 2.0 0.4 21 0.5 2.2 0.6 2.3
Photovo taics 0.2 1.4 0.3 1.6 0.3 1.3 0.4 1.5
Wood Stoves? 0.5 4.1 0.7 3.7 0.8 3.6 0.9 3.5
Commercial 18.0 Thermal 0.7 4.8 0.8 4.3 0.9 4.0 1.0 3.8
Passive v —_ M - * —_ * —
W nd N — - - . — * —
Photovoltaics * * — * — 0.1 0.4
Industrial 55.0 Sclar Thermat 2.2 15.0 2.5 13.3 3.2 14.2 4.0 15.4
Biomass? 2.2 15.0 5.2 17.0 3.7 16.4 4.0 15.4
PFotovoltaics: - — . — . — . .
W nd 0.1 0.7 C.1 0.5 0.1 0.4 0.1 0.4
Sclar Thermal Electric * — * — . — * —
Sclar Total Energy Systems ’ —_ 0.1 0.5 0.1 0.4 0.2 0.8
. Small-scale Hydroelectric 0.2 1.4 0.2 1.1 0.3 1.3 0.4 1.5
Electric 49.0 Wind 1.3 8.8 2.0 10.3 2.5 11.1 2.8 10.8
Utility Scilar Thermal 1.0 6.8 1.6 8.5 2.0 8.9 2.2 8.5
Photovol-aics * — 0.3 1.3 0.5 2.2 0.6 2.3
Ocean Tkermal 0.1 0.7 0.2 .| 0.3 1.3 0.4 1.5
Biomass Eleciric v — 0.1 0.5 0.2 0.9 0.3 1.2
) Hydroelectric3 3.8 25.9 3.9 20.7 0 17.8 4.2 16.2
Synthetic 4.4 Wood 0.5 3.4 0.4 24 0.7 3.1 0.8 3.8
Fuels and Animal Waste 0.2 1.4 0.2 i1 0.3 1.3 0.3 1.2
Chemicals
Total** 14.7 (13) 18.8 (16) 22.5 (20) 26.0 (23)
Incremen:al Over Reference Case 0 4.2 7.9 114 -
Incremzntal Cver Current Level 9.8 13.9 17.6 21.1

lincludes fossil fuel equivalant of end use electrici:y demand as veell as zemand of energy for generatin. Thus. shere is double accounting cf intermediate fuels and
energy produced from those fuels. Actual gross demand iz 115 quads.

2includes current use of 0.3 quads of biomass in the resicential seztor and 1.6 quads in ihe industraal sector.

3inciudes 3.0 quads current use.

“Less than 0.1 quads.
**Numbers in parenthesis represent percent of projzzted national 3ross energy demand.
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Figure I11-3
Gross Capital Expenditures (1980 to 2000) to
Accelerate the Commercialization of Solar Energy

are commercially available and economically com-
petitive on schedule. Also, it is assumed that infor-
mation exchange and dissemination programs will ef-
fectively reach all of the decision makers; legal and
institutional barriers will be removed; industry will
be willing and able to produce and market solar
systems at the required rate; and that the public will
make major investments in solar systems for
residences, stores, factories, and utilities.

Even if these assumptions prove correct, federal
costs will most likely be higher than the levels of
Figures III-4a and 4b due to the large number of
uncertainties in a technological innovation as com-
plex as solar energy. Also, research, development,
and demonstration are expected to continue at a
higher level after 1983 than before. Photovoltaics
and ocean thermal systems are still in the research
phase and most other technologies are in the
demonstration phase. Solar thermal space heating
and hot water, wood burning, passive space heating,
and wind electricity generation are the only
technologies currently commercially available.

Projected federal solar incentives range from $.19
per MMBTU for the Reference Case to $1.40 per
MMBTU for the highest level of commercialization.
Average historical federal energy incentives have
ranged from $.05 per MMBTU for natural gas to
$1.90 per MMBTU for nuclear energy. The com-
parison of solar subsidies with historical energy sub-
sidies, illustrated in Figure III-5a, is useful but not
precise due to variations in type of subsidy and state
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Commercialization of Solar Energy
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of technology development. Solar technologies will
not produce substantial amounts of energy until the
last decade of the century. However, they require
large expenditures, initially. The conventional
technologies with which solar is compared (with the
exception of nuclear energy) are producing energy at
fully developed levels. Comparison of federal sub-
sidies per annual energy production is depicted in
Figure I1I-5b.

Subsidies for nondefense nuclear energy, which
currently represents 50 GWe of capacity and satisfies
2.8 quads per year of demand, totaled $19 billion bet-
ween 1950 and 1977 for liability insurance, research
and development, enrichment plants, the Atomic
Energy Commission, and the Nuclear Regulatory
Commission. Energy production in 1970 after twenty
years of subsidies totaling $10 billion, a period com-
parable to the solar time frame used in this report,
was one-quarter quad.

Federal subsidies for hydroelectricity for the
period 1933 to 1977 totaled $25 billion for tax-
exempr power revenues, construction and operation
of dams, low-interest loans, and regulation of non-
federal dams. Hydroelectricity currently represents
60 GWe of capacity and satisfies 3.0 quads per year
of demand. For more information concerning
historical energy subsidies, see the appendix.

Solar Industry

In terms of energy savings, hydroelectric is today’s-

largest solar technology. It is-supported by a mature
indistry with considerable federal assistance (ap-
proximately $1 billion in 1977, including prorated
electricity subsidies). The. other major solar
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Figure I1I-5a

Comparison of Projected Federal Solar Incentives
(to 2000) per MMBTU of Annual Energy Savings to
-Average Historical Federal Incentives per MM BTU
of Annual Energy Produced

technology today is the use of biomass for process
heat by industry. Almost all of this occurs in the pulp
and paper industry with the use of wood residues.
Although still small in terms of national energy
savings, new solar industries are beginning to
establish commercial markets in solar hot water and
space heating systems, buildings designed with
passive solar systems, and small-scale wind
machines. Currently, there are approximately 60,000
buildings with active solar thermal systems (ex-
cluding swimming pool heaters), about 90 percent of
which are hot water systems. This is growing at a rate
of about 10,000 new systems per year. Passive solar
design in new buildings is used in an estimated 1,000
buildings today and is doubling each year. Small-
scale wind machincs, a solar technology which has
had commercial success in the past, is making a
comeback. There are currently about 150,000 farm-
type wind machincs usced piimarily fu1 waler pump-
ing. This figure is expected to grow at a rate of 2,000
t0 3,000 per year. In addition, there are approximate
ly 1,000 wind generators in place producing electrici-
ty. About 100 to 200 are added each year.
Solar-related employment is expected to be over 1
million people in the year 2000 in the Reference Case.
This includes both direct solar employment (for ex-
ample, solar manufacturers) and indirect employ-
ment (for example, steel workers). About one-third

" of the work force would be direct and two-thirds in-
. direct. Figure 111-6 shows how this labor force is ex-

pected to increase with incrcased commercialization.
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Projected Solar Incentives and Energy Savings
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Figure I11-6
Direct and Indirect Annual Solar Employment in the
Year 2000

Expected numbers of systems in place in the future
for the Reference Case and a highly accelerated com-
mercialization case are shown in Table 11I-11.

Annual sales are an important consideration to the
solar industry. These are shown in Figure 11I-7 for
the year 2000 for increasing levels of accelerated
commercialization.

Environmental and Health Impacts

For the most part, solar energy has positive long-run
environmental and health impacts. Short-term en-
vironmental impacts from solar energy are not as
generally benign. The manufacture and construction
of solar systems has a certain front-end environmen-
tal cost associated with it as is the case in the financial
sense. With regard to both financial and environmen-
tal criteria, the front-end cost is counterbalanced
against savings during the life of the system.

By way of example, Figure I11-8 depicts the initial
capital cost of a solar hot water system versus the un-
discounted annual costs and savings over the system
life. There is an initial capital or system cost of
$2,370 (assuming no financing) in the year of in-
stallation. Following installation, the owner pays
property tax and O&M costs and also accrues savings
from conventional fuels displaced so that the system
more than pays for itsclf on a simple payback basis.

The same solar hot water heater has an associated
life-cycle pollution balance. In the year of installa-
tion, there are several indirect construction residuals

‘produced due to the manufacture of the solar system.

The indirect construction residuals associated- with
the same capacity of an alternative energy form—for
instance, a coal-fired electric power plant—are
somewhat less than those associated with solar. In

_the year of installation, the solar system is a net -

pollution contributor. The solar system manufacture

" and installation results in an additional 2’ pounds of
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particulates and 5 pounds of SO,. Thé amounts of
biochemical oxygen demand (BOD), total suspended
solids (TSS), and nitrous oxides (NO,) decrease
slightly. Following system start-up, however, the
solar system causes no further residuals and causes
savings or negative residuals through precluding the
use of approximately one-half ton of coal per year
(approximately 10 ‘million BTUs). The net savings
pay back the net positive residuals from.manufacture
and installation within three years and result in
significant positive environmental impacts over the
life of the system.

The general effect resulting from this example can
be broadened, with some reservation, to represent
what may happen on a national basis with regard to
net changes in pollution damages resulting from ac-
celerated solar utilization. At increasing levels of
solar utilization, more solar systems will be built in a
relatively short period of time thus exacerbating the
front-end pollution damages. Since the number of
systems built increases dramatically prior to the year
2000 with the majority of systems built in the 1990s,
solar may possibly still be a net pollution contributor
by the turn of the century and will continue to be a
net pollution contributor until the rate of market
growth begins to stabilize. Beyond that point, solar
will provide significant environmental and health
benefits to the country.

The SEAS model calculates indirect construction
residuals and direct operating residuals for varying
energy mixes and economic scenarios. Based upon
changes in energy mixes resulting from the increasing
levels of solar utilization projected in this analysis, a
modest decrease is seen in several pollutants on a na-
tional basis when compared to the Reference Case.
These decreases are shown in Figure 111-9 along with
1975 levels of pollutants as a current reference.

The economic benefits derived from these reduc-
tions in pollutants are extremely difficult to quantify.
A preliminary analysis of the impact of reduced
pollution on health effects indicated that each addi-
tional quad of solar energy used above the Reference
Case will result in $10 to $15 billion in health
benefits. An alternative method of accounting for the
economic benefit of reduced pollution is to look at
the reduction in pollution control costs. On this
basis, each additional solar quad above the Reference
Case would save approximately $0.5 billion between
now and the year 2000 (Conopask, 1979). Although
both of these attempts to quantify the economic
henefits of decreased pollution resulting from solar
energy are preliminary, they strongly indicate signifi-
cant economic benefits from solar-related pollution
abatement.
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Table II1-11
Estimated Solar Energy Systems Sold by the Year 2000

1985 1990 2000
Typical Reierence High Level of Reference High Level of Reference High Level of
Markz=t ’ System - Case Commercialization Case. Commerzialization Case Commercialization

Technology Sector Size » 14 Quads) (25 Quads) (14 Quais) (25 Cuads) | (14 Quads) (25 Quads)

Thermal hot water Residential 3570 5q. ft. 4,170,000 8,360,000 9,350,009 18,590,000 25,550,000 35,710,000

Commercial 160-175 sq. ft. 150,000 330,000 360,020 5£0,000 810,000 880,000

Thermal heating and Resident:al 115-130 sq. ft. 1 320,000 3,120,000 2,600,030 . 6,2£0,000 6,690,000 13,600,000

hot water Commercial 11151250 sq. ft. 130,000 270,000 290,00 430,000 600,000 700,000

Thermal cooling, heating Residen: al 120-240 sq. ft. 170,000 1,040,000 300,000 1,9C0,000 950,000 4,880,000

and hot water Commerzial 1835-1920 sq. ft. 90,000 180,000 170,000 320,000 - 380,000 630,000

Passive heating Resideniial 150-350 sq. ft. 150,000 370,000 970,000 2,352,000 4,870,000 9,930,000

Commerzial 700-2600 sq. ft. 10,000 20,000 40,000 72,000 130,000 150,000

Small-scale wind Resideniial IkWe 154,000 440,000 1,040,000 2,50),000 6,350,000 12,140,000

Commerdial A0kWe 290 554 i 5,0Ca 9,510 26,000 45,000

Industriat 200 kWwe 3 9 ) 59) 860 3,915 4,115

Large-scale wind Industria 5 modules of 2.5 MWe 0 1 il 22 84 63

: Utitity 10 MWe 0 0 21 171 358 734

Solar thermal electric Industrial 500-750 kWe 0 0 107 215 827 860

Industrial 14 MWe 0 0 33 79 261 253

Utility 1C0 Mwe 0 0 il 237 285 809

Photovoltaics Resident:al 34 kWe 21,000 65,000 700,000 1,700,000 6,000,000 12,300,200

: Commercial 54-66 kWe 0 0 2,96) 2,900 32,135 59,000

Industrial 460-540 kWe 0 0 0 : 0 655 681

Industrial 13-15 MWe 0 0 0 0 145 - 156

Utility 10 MW 0 0 o 37 6 226

Ocean thermal Utility 403 MWe 0 0 G 0 3 14

Biomass electric Utility 46 MWe 0 43 € 87 13 107

Thermal low temperature’  Industrial 100,000 sq. ft. 161 389 62C 1 491 3,669 8,267

Thermal medium 2,740 5,686 10,39¢ 18 099 25,166 56,545

temperature Industrial 100,C00 sc. ft. 392 755 1,479 3,401 12,703 34,321

Thermal high temperature  Industrial 100,C0C sq. ft. 0 0 1 8 48 300
Solar total energy systems  Industrial 500,000 sq. ft. '

"Low temperature = less than 10)°C; medium temperature = 100°-150°C; 1igh temperature = over 120°C.
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Annual Solar Sales with Increased Commercialization

Other Benefits of Solar Energy Not Included

Accelerating the use of solar energy will result in
several additional national benefits not included in
the total national cost analysis. Although there is
some overlap, these benefits are in the areas of em-
bargo protection, increased world stability, national
security, decreased environmental hazards, increased
employment, and the provision of a secure energy
. supply.

Embargo Protection

Our increased dependence on imported gas and oil
carrtes with it the potential threat of a debilitating
embargo. We are currently spending approximately
$3 billion per quad to stockpile oil as insurance
against an oil embargo. The use of solar and other
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renewable energy technologies would provide even
more protection.

Following the 1973 oil embargo, the rate of growth
of GNP dropped drastically. Based on potential
GNP, defined as the output the economy could pro-
duce with the existing technology under conditions of
high sustainable utilization (U.S. Council of
Economic Advisors, 1977), the cumulative loss in
GNP for the period 1974 through 1976 was. $377
billion. This loss can be attributed to the embargo
and the increase in energy prices that followed.!

IEffects of the embargo were estimated by using the 1972 GNP to cnergy
consumption ratio and assuming the one-month embargo reduced energy
consumption by 2 percent. Two percent = 25 percent/12. Twenty-five per-
cent of energy consumption is imported oil; 1712 represents one month of
the year. -
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Example of Annual Solar Costs and Savings for a Solar Hot Water System, 1976 Dollars

' Increased World Stability

A decrease in the use of depletable energy resources
(especially oil) by the U.S. will lessen the world
pressures on energy resources. Commercialization of
solar energy within the U.S. could result in the in-
creased use of solar technologies worldwide through
export of the technological capability and the equip-
ment itself. This would further decrease pressure on
the world oil market as well as provide a possible
economic gain for this country through exports of
solar equipment. Use of solar technology is especially
appropriate in developing countries which have not
yet established a large centralized energy infrastruc-
ture. A healthy, viable solar industry in this country
may contribute to the energy needs of developing
countries, further promoting world stability.

An additional economic gain to the U.S. could
result if economic development within the third
world is promoted. The Overseas Development
Council has reported estimates that a 3 percent in-

crease in the growth rates of the non-oil-exporting’

developing countries could result in an annual in-
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crease of 1 percent in the growth rates of the in-
dustrialized countries (McLaughlin et al., 1979).

National Security

Development of a viable solar energy industry and re-
quisite infrastructure indicates a U.S. commitment to
solve its energy problems. As oil and gas are displac-
ed by solar energy, U.S. national security will be im-
proved and the nation will enjoy greater flexibility in
the design of foreign policies.

Decreased Environmental Hazards

In addition to the reduction in economic damages ac-
counted for in the total national cost, the en-
vironmental threat from carbon-dioxide build up,
nuclear waste, thermal pollution, and industrial
sludge from coal scrubbers would be reduced. In-
creasing concentration of CO, in the atmosphere
may lead to a gradual heating of our biosphere with
potentially serious global consequences. Study is cur-
rently underway to better understand the future
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causes and affects of CO, buildup. CO, emissions in
2000 are expected to be 9 percent less with an increase
of 11 quads of solar over the Reference Case.

Radioactive wastes from nuclear power plants pose
serious problems because of the lack of adequate
disposal methods. In 1976, a 1,000 MW commercial
nuclear power plant operating under normal condi-
tions produced 30 metric tons of nuclear wastes.
Each ton contained 30 kg of fissionable material
when loaded and 10 kg of transuranium elements
when discharged. The increased use of solar
technologies results in approximately thirteen less
1,000 MW nuclear plants in the high solar case than
in the Reference Case. This implies a yearly reduction
of 390 metric tons of radioactive waste.

Sludges left over from the removal of suifur from
coal may pose a major disposal problem in the
future. The current annual 9 million tons of in-
dustrial sludges is expected to reach about 100
million tons by the year 2000 in the Reference Case
primarily due to the control of sulfur oxides from
¢oal burning. This amount 1s expected to be 5 percent
less with 11 additional quads of solar energy. These
sludges, the consistency of toothpaste, must be
disposed of in such a way that the heavy metals they
‘contain will not leak into water supply sources.

This country has exhibited a willingness to pay for
a safe and healthy environment. The cost of pollu-
tion abatement equipment to control selected air and
water pollutants was $32 billion in 1975 and is ex-
- pected to be over $50 billion in 1990.
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Increased Employment

Increased use of solar energy is expected to create ad-
ditional jobs. These benefits are nol part of the total
national cost analysis because the national economic
model assumed a fully employed economy. Although
all of the effects of developing a large solar industry
are not clear, there is a strong potential for economic
gain, especially in the near term where unemploy-
ment is @ major national concern. The size of the
solar industry is expected to be almost twice as large
in the high solar case (with 11 additional quads) than
in the Reference Case.

Secure Energy Supply

It is possible that the most important argument for
the commercialization of solar energy is the need for
a secure and readily available supply of energy to
guarantee economic growth through the end of the
century and heyond.

It is especially important to recognize the long lead
times (twenty to thirty years) required to develop new
energy technolgies. While this lead time can be com-
pressed by spending large sums of money, there is a
great deal of inertia because of the immense
economic, social, and political problems involved in
shifting to a different energy source. In the develop-
ment of cammercial nuclear power, this long lead
time was recognized and federal assistance for the the
development of nuclear power set a powerful prece-
dent for the acceleration of the development of an
energy technology.



Regional Impacts
of the Reference Case

Regional use of solar technologies varies according to
fuel prices, energy demand, climate, availability of
biomass and hydro resources, and local incentive
programs. Solar projections have been disaggregated
by Census Regions (Figure IV-1). Market penetration
is generally expected to be highest in southern and
western regions where insolation and hydro resources
are greatest. The regional projections for the
Reference Case for the year 2000 are summarized in
Figure IV-2.

The New England Region’ .

The New England Region is expected to have a
relatively high percentage of solar market penetra-
tion by the year 2000 primarily because of high fuel
costs and uncertainty about the availability of oil and
gas supplies. Wind and biomass are important
renewable resources in this region. Over thirty-five
electric utility wind systems! and 35,500 residential
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wind systems are expected to be installed by the year
2000. ’ )

The Mid-Atlantic Region

Solar energy is expected to contribute only 9 percent
of the energy needs in the Mid-Atlantic Region in
2000 with the Reference Case incentives. Solar
heating and cooling of buildings and wind systems
are expected to displace sizable amounts of energy in
this region. It is estimated that there will be over 8
million solar homes and about sixty-five 100-MWe
wind systems installed by 2000.

The South Atlantic Region

The South Atlantic Region will be the second largest
user of solar energy. Every solar technology shows

'Each utility wind system has a rated capacity of 100 MWe and is comprised
of an array of large-scale wind machines, each with a rated capacity of 1.5 to
2 MWe,
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promise because of high fuel prices and the high
availability -of solar resources. This region is the
- largest user of biomass for both process heat and for
conversion to synthetic fuels and chemicals. Approx-
imately 0.9 quads of biomass is expected to be used
for energy purposes by the year 2000.

The East North Central Region

The East North Central Region is the largest region
in terms of total energy needs. The total solar con-
tribution is somewhat limited because of a scarcity of
hydro and biomass resources. This region is ex-
pected, however, to use more square feet of solar col-
lectors for heating and cooling of buildings than any
other region with almost 8 million systems in place by
2000. Agricultural and industrial process heat and
wind cncrgy conversion systems will also he impor-
tant. About 8,000 process heat systems and sixty-six

utility-size wind systems are expected to be installed - -

by 2000.

The East South Central Region

Eleven percent of the energy needs of the East South.

Central Region is projected to come from solar
energy by 2000. The major contributors should be
wind, biomass and hydroelectric with approximately
sixty-eight large-scale wind systéms and energy sav-
ings of 0.4 quads from biomass and 0.25 quads from
hydroelectric.

The West North Central Region

" The West North Central Region has good insolation
and a large heating load for buildings which con-
tributes to the penetration of solar building applica-
tions. By 2000, there are expected to be over 3 million
solar homes in this region. Central utility solar ther-
mal electric systems are also expected to make an im-

pdrtant contribution with over sixty systerhs"(iOO
MWe) in place by 2000. T

The West South Central Region

It is estimated that solar technologies will satisfy
about 12 percent of the energy demand in the West

. South Central Region by the turn of the century.

Large industrial energy demand and good insolation
are responsible for making this region the largest user
of solar process heat technologies: Over 17,000
systems are expected to be operating by the year

.2000. Other large contributors include biomass,
~heating and cooling of buildings (5.5 million.systems)

and central utility solar thermal electric (sixty-three

" 100-MWe systems).

The Mountain Region

In spite of the low prices for coal and electricity in
this region, solar technologies are expected to supply
25 percent of the region’s energy requirements in
2000. Projections indicate that hydroelectric, saving
0.6 quads of fuels, and central utility solar thermal
electric with thirty-five systems will be major con-
tributors. i ' :

The Pacific Region

The Pacific Region is the most favorable for solar
energy. Thirty percent of the region’s energy needs is
expected to come from solar in 2000. Out of the
estimated 3.4 quads of solar, 1.9 quads are expected
to be hydroelectric. Other solar technologies are also
expected to do well. This region has an ample supply
of biomass, wind and sun. The year 2000 projections
include 5.5 million residential and commercial
buildings with active or passive solar systems, almost
10,000 industrial process heat systems, seventeen
utility-size wind systems, and seventy-five utility
solar thermal electric systems. .
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Appendix—Using Federal Tax
Incentives to Accelerate
Solar Energy Commercialization

The federal government can accelerate the commer-
cialization of solar energy technologies in several
ways. The government can mandate the use of solar
energy systems. It can desubsidize conventional fuels
or deregulate oil and gas prices. It can also directly
subsidize solar. Or it can design a package to ac-
celerate the acceptance and use of solar technologies
that includes a mix of these actions. .

This study emphasized federal subsidies over
regulatory measures. Although subsidies in the form
of tax credits require a change in the tax code
through appropriate legislation, they do not require
the oversight of an additional federal bureaucracy.
More important, they involve only minor costs to the
government if the technology does not gain accep-
tance in the marketplace.

Three Levels of Federal Commitment Analyzed

Three levels of commercialization and the associated
level of federal commitment were chosen for this
analysis. These commercialization levels bracket the
options presented by the DPR. They are based on an
analysis of historical levels of subsidies for conven-
tional fuels and the net national benefits that would
result from solar use. Each level of commercializa-
tion would involve three broad categories of federal
action: technological development, institutional and
market response activities, and direct subsidies.

Since solar technologies are generally capital-
intensive and a large segment of the total costs are in-
curred at the time of purchase and installation, sub-
sidies are needed to overcome this high first cost and
promote their use until they become competitive.
Subsidies can take many forms: loan guarantees, tax-

represented using a single index known as ‘‘effective
subsidy.”’ Such a procedure lends itself to evaluation
of impacts using analytical models.

In this study, three different levels of effective sub-
sidies were chosen. The effective subsidies are divid-
ed into two categories: a sustained level of subsidy to
reflect parity with the subsidies provided to conven-
tional fuels and temporary front-end subsidies to
provide an initial market boost.

" Sustained Subsidies

credits, low interest loans, tax exemptions, and cash

grants. All of these, though different in form, can be

The sustained  subsidies evaluated for solar
technologies reflect: (1) the necessity of a federal sub-
sidy for solar to compete with conventional fuels (a
parity-level subsidy) and (2) the desirability of reduc-
ing the cost of solar to the consumer to reflect the
benefits associated with the use of solar technologles
discussed in Section II.

In designing the parity level of the sustained incen-
tive, subsidy levels historically provided for conven-
tional fuels were reviewed (Table A-I). Historical
averages range from $0.05 for natural gas to $1.90
for nuclear power per million BTUs of energy pro-
duced. Table A-II lists the 1977 subsidies for these
fuels. Current levels differ somewhat from historical
averages because some incentives such as depletion
allowances have become a small component of total
subsidies during the last five years. Because the
cause-effect relationships between subsidies and
energy production are difficult to identify, these
values were used as rough measures of parity.

Subsidies of $0.20 to $1.00 per million BTUs were
used as the parity level of incentive for solar
technologies. These values were used for each solar
technology regardless of the specific fuel agamst
which it may potentially compete.

Table A-1

Energy Production and Incentives! by Energy Type, 1933 to 1977

$ Incentive per

Incentives (Inc.) Production (Prod.) Million BTUs
Energy Type Period (Billions of 1976%)?2 (Quads) (Inc./Prod.)
Hydro 1933-1977 26 73 ..36
Coal 1950-1977 33 378 .09
Oil 1950-1977 97 454 .21
Gas 1950-1977 25 458 . .05
Nuclear 1950-1977 19 10 1.90
Total 200 1,373 .15

Source: B. Cone et al.,
Laboralary
incentives include pro-rated subsidies for electricity.

*Long Term Solar Parity Considerations Based on an Analysis of Incentives to Energy production, "’

Nov., 1978, Batteile Pacific Northwest

2Average annual GNP deflator 5.4% applied to 1977 § [Statistical Abstract of the U.S.. 1978, 99 ed.. p. 483. Table 782, U.S. Department of Commerce, Bureau of the

Census, Washington, 0.C., 1978.]
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Table A-I1

Energy Production and Incentives! by Energy Type, 1977

$ Incentive per

: Incentives (Inc.) Production (Prod.) Million BTUs
Energy Type (Billions of 1976%) (Quads) ] (Inc./Prod.)
Hydro .9 2.4 .38
Coal 3.6 16.7 .22
Qil 12.6 17.3 .73
Gas -0.043 20.6 -.002
Nuclear 2.0 2.7 . .74
Total. 19.1 59.7 .32

Source: Same as above.
’Incent/ves include pro-rated subsidies for electricity.

2Average annual GNP deflator 5.4% applied to 1977 $ [S!ausncal Abstract of the U.S., 1978, 99 ed., p. 483, Table 782, U.S. Department of Commerce, Bureau of the

Census, Washington, D.C., 1978.]

Iror the period 1 955 1977 a net negative incentive results from an increase in intrastate gas prices over regulated interstate gas prices.

Similarly, the sustained component of subsidies
reflecting the net national benefits that may be deriv-
ed from the use of solar technologies was estimated
to be in the range of $0.70 to $0.90 per million BTUs
of energy provided by solar technologies.

In designing the sustained component of the sub-
sidy levels for solar energy, the higher limits of the
ranges specified for parity and national value were
used for the highest level of commercialization and
the lower values for the lowest level of commer-
cialization. The components of the sustained subsidy
levels are shown in Table A-III.

The total sustained levels of subsidies designed for
the three accelerated commercialization levels are ap-
proximately equal to parity with the average cost of
conventional fuels, parity with oil, and parity with
nuclear power, rcspcctively.

Sinc¢e the major costs for solar energy systems are
capital costs incurred at the time of installation, the
sustained levels of subsidies were converted to sub-
sidies that would reduce installed cost.

Investment tax credits effective at the time of pur-
chase were selected. For example, if a specific solar
system is expected to displace 80 million BTUs of
conventional fuel equivalent every year during a
lifetime of  twenty years, then the sustained subsidy
level for this system under the lowest accelerated
commercialization level would be $72.00 (30.90 times
80 MMBTU/year) for each of the twenty years. The
present worth of these equal payments for twenty
years at a discount rate of, say 10 percent, amounts
to $612.00.! This would be the amount of subsidy for
the installed cost of the system under consideration.
If the system costs, for example, $15,000 to purchase
and install, then the subsidy would amount to an
equivalent investment tax credit of 4.08 percent.

Using a similar procedure, a typical solar system

was chosen for each market sector and the equivalent

investment tax credits were computed.

'The present worth factor at 10 percent interest for an equal payment of one
dollar for twenty years is found from compound interest tables to be 8.5.
This factor multiplied by $72.00 is $612.00.
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Front-end Subsidies

Solar commercialization is bournd to occur as conven-
tional fuel costs rise. Since the goal of this study is
the acceleration of the commercialization process,
there is a pronounced need for higher incentives in
the near term. They should be provided on a tem-
porary basis until solar systems become competitive
due to increased conventional fuel prices and lower
production costs for solar technologies. Such incen-
tives were provided by the federal government to en-
sure the commercialization of nuclear power (see
Figure A-1). During thc fiftics, substantial amounts
of federal funds were disbursed even though there
was very little output from nuclear plants. Since the
early sixties, however, nuclear power has contributed
significantly in meeting the growing demand for elec-
tricity.

It is expected that solar commercialization will
fullow the nuclear commerclalization parttern. Most
of the solar technologies should be economically
competitive with conventional systems by 1990.
Front-end incentives were, therefore, designed to be
phased out by the year when the average solar system
for a given market scctor becomes competitive with
the weighted average cost of using conventional
{uels.

Figure A-2 shows the life-cycle costs of using a
typical solar system for hot water and space heating

Table A-II1
Components of Sustained Subsidy Levels
(1976 $/MMBTU)

Parity Level National Value Total Sustained
Level Subsidy Subsidy Subsidy
| 0.20 0.70 0.90
Il 0.80 0.80 1.60
n 1.00 0.90 1.90

'Refers to fossil-fuel equivalent displaced.
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as a function of time. The life-cycle costs of using
each of the conventional fuels (oil, gas, electricity)
are also plotted as a function of time, assuming a 3.4
percent growth rate in conventional prices. The
weighted average conventional system life-cycle cost
is derived by weighing the cost of each system by the
fraction of the specific fuel used. The life-cycle.cost
of a solar system declines over time due to the ex-
pected reduction in the cost of production, distribu-
tion, and installation of solar systems as a conse-
quence of mass production. The respective front-end
incentives for each of the first few years are indicated
at the bottom of Figure A-2. These are expressed as
equivalent investment tax credits that are required to
make the solar system life-cycle cost equal to the
weighted average life-cycle cost of conventional
systems. This method was used to determine the
front-end incentives for the industrial, commercial,
utility, and the synthetic fuel market sectors.

In Figure A-3, a plot of the combined front-end in-
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centives and the sustained long-term incentives are
shown in terms of equivalent investment tax-credits
over time. Although the incentives are expressed as
equivalent tax credits, not all the incentives will be in
the form of tax credits since tax credits may not be
suitable for some consumers. The equivalent tax
credits may, for example, be divided between tax
credits and low-interest loans. Since both the tax
credits and the interest rates on debt financing in-
fluence the amortization factor for solar system in-

.itial costs, a direct relationship can be derived for

their equivalency in analytical terms. However, since
the relationship is nonlinear, a graphical plot as
shown in Figure A-4 was derived from a parametrnc
analysis of the amortization factor.

Summary of Subsidy Levels

Tables A-1V, A-V; and A-VT show the subsidies for
each of the three levels for each of the four major
market sectors.

Table A-1V
Level I Subsidy Levels
Front-End Target
Tax Credit Year for
Market Sector (Percent) Enactment
Residential 15 1987
Commercial 9 1983
Industrial / Byinfuels 5.9 1983
Utility 15 1980




Table A-V

Level II Incentive Packages

Front-End Tax Credit

Market Initial Last Front-End Sustained RD&D
Sector Year Year Loan Program Tax Credit Expenditures
Residential 1980 1982 20%
NEA + 5% NEA + 1%
Commercial 1980 1986 15%.
NEA + 26% 18%
Industriall 1980 1988 . 1980-1983 $50 million Standard ITC NEA Level
NEA + 10% Standard ITC annually + 11%
+ 11% 1984-1988 $125 million
annually
Synfuels! NEA + 10% Standard ITC Standard ICT NEA tevel
+ 1% + 1% .
Utility? 1980 1990 Standard ITC NEA +
Standard ITC Standard ITC + 10% $1 billion
+ 30% + 20% 1980-1990
"This secrO( has a standard investment tax credit of 10%.
Table A-VI
Level 11 Incentive Packages
Front-End Tax Credit
Market Initial Last Front-End Sustained RD&D
Sector Year Year Loan Program Tax Credit Expenditures
Residential 1980 1982 30% '
NEA + 13% NEA + 3%
(Under this option, the NEA
maximum of $2,200 is
eliminated)
Commercial 1980 1986 18%
: NEA + 48% 22%
Industrial? NEA + 15% Standard ITC 1980-1983 $50 million StandardITC NEA + 3
+ 13% annually + 13%
1984-1988 $155 million
annually
Synfuels? NEA + 15% Standard ITC Standard ITC ~ NEA +
+ 13% + 13% $1 billion,
. 1980-1995
Utility? 1980 1990 Standard ITC NEA +
Standard ITC Standard ITC + 10% $1.3 billion
+ 40% 1980-1990

+ 23%

"This sector has a standard investment tax credit of 10%.
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