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Chapter Il

Federal Policy for Promoting and
Regulating Onsite Solar Energy

One of the attractive features of onsite solar energy is that it can be devel-
oped and marketed with very little special assistance from Federal or State
governments. A small solar industry already exists and the analysis of this
paper suggests that a market for unsubsidized equipment may expand rapid-
ly. Solar energy systems are easily compatible with existing institutions: They
can be produced by any of a large number of existing industries; financed in
conventional ways; built and operated with existing labor skills. Moreover,
they will not have a major negative environmental impact. As a result, their in-
troduction will not need to be controlled by an elaborate set of new regu-
lations, legislation, or regulatory agencies— modest adjustments of existing
regulations governing conventional heating and cooling equipment should
suffice i n most cases. The solar industry may not be able to have a major im-
pact on U.S. energy supplies, however, without coherent and sustained sup-

port from Federal and State governments.

Since onsite solar technology will appar-
ently develop without Federal incentives, it
might be tempting to conclude that the best
policy for the Government to adopt would
be no policy at all Existing Federal energy
policy, however, will affect onsite solar
energy equipment whether or not an at-
tempt is made to develop a specific policy
for it. The energy market in which solar tech-
nology must compete is highly artificial
because of the layers of Federal regulations,
controls, and subsidies which have accumu-
lated over the years; energy legislation
adopted during the next few years is likely
to increase the complexity of these regula-
tions rather than eliminate them. In many
ways, current policies acting as disincen-
tives for on site solar equipment include:

— Policies which maintain the price of
residential fuels at artificially low lev-
els;

— Policies which permit tax advantages to
mining and drilling operations and larg-
er utility-owned generating facilities
but which do not provide equivalent
subsidies to onsite equipment.

— Policies which subsidize research on
centralized generating facilities with-
out giving serious support to onsite
equipment.

The fact that these policies have the ef-
fect of reducing the cost of fossil and
nuclear energy relative to solar energy may
be largely inadvertent. They have, however,
produced a situation where a decision to
make no change in policy translates into a
decision to continue disincentives to onsite
solar energy.

Without Federal assistance, the fledgling
solar industry is likely to grow slowly. Typ-
ically, several decades are required before
major innovation moves out of a laboratory
and becomes a commercially marketable
product. In the case of solar products, there
are a number of reasons for delay, Con-
sumer concerns about the reliability of the
technology, about the resale value of
buildings with the equipment attached, and
about the possible rapid obsolescence of
novel equipment must be allayed. Investors
and financial institutions must be convinced
that a market of sufficient size exists to
justify the investments required for mass
production. Installers, architects, code of-
ficials, and equipment designers must feel
that they have reliable and accurate in-
formation about the costs and performance
of the equipment and about techniques for
evaluating competing designs before they
can seriously consider the options offered
by a novel technology, Insurance companies
must be convinced that risks are acceptable.

59
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As a burgeoning technology, solar energy
faces a uniquely difficult marketing prob-
lem because it requires a large initial invest-
ment; that is, the bulk of the money spent
for solar energy goes for purchasing the
equipment rather than paying monthly fuel
bills. Thus, the attractiveness of solar equip-
ment is generally only apparent if “life cycle
costing” techniques are used, but such
techniques are currently seldom employed
by consumers.

No matter how modest the objectives,
developing coherent and useful legislation
for onsite solar technology presents a chal-
lenging problem. Unlike the Federal pro-
grams to develop nuclear fission or fusion
reactors where a relatively small number of
organizations manufacture or purchase the
facilities, development of an adequate
policy for stimulating onsite solar equip-
ment will require the Government to assess
the needs and preferences of large numbers
of groups and individuals, each with its own
interests. Units will be built, owned, and
operated by individuals and organizations
with skills and expectations that cover a
wide range. And, because solar technology
must be tailored for specific climates,
buildings, and energy requirements, incen-
tives must apply to a large variety of dif-
ferent system concepts.

One of the greatest challenges in design-
ing an effective Federal program in this area
will be to insure that the programs deal fair-
ly with the diverse group of individuals and
organizations that may be affected by the
policy. It will be necessary, for example, to
find a way to deal equitably with innova-
tions originating from organizations which
differ greatly in size. Similarly, it will be
necessary to insure that policies designed to
affect consumers provide incentives which
are accessible to persons with low incomes.
(It does little good to provide a low-interest
loan or a tax credit to an organization or in-
dividual unable to provide the downpay -
ment for a solar device. )

There will, of course, be disagreement
about the types of legislation needed in
regard to onsite solar energy generation

since different observers will have different
perceptions about the future costs, availa-
bility, and acceptability of different energy
sources; moreover, different observers will
attach different values to the environmental
and social benefits which solar energy can
offer. While there may be disagreement
about the desirability of action, however,
there is little doubt that Federal legislation
can accelerate the rate at which solar equip-
ment enters the market, if this is judged to
be a desirable objective.

By way of caution, however, it must be re-
membered that the Government has almost
no history of intervening in the development
of commercial products. While it has a well-
established role in supporting basic research
and in regulating the impact of new technol-
ogies which have become established, it has
rarely set about to nurse a specific technol-
ogy out of the research laboratory and into
the marketplace. The one noteworthy exam-
ple of Federal success in this area is the agri-
cultural extension program which has, on a
continuous basis, transformed university-
born concepts into routine farming prac-
tices, Another possible example is the Feder-
al program to develop a commercial nuclear
power program, although many in the indus-
try seem to feel that Federal participation in
the program has been at best a mixed bless-
ing.

Most of the products which have reached
the commercial market because of Federal
development funding have been serendipi-
tous “spinoffs” from projects sponsored by
the -Department of Defense or by the Na-
tional Aeronautics and Space Administra-
tion. In these cases, the commercialization
process was not a goal of the Federal sup-
port program, but rather resulted because
the Federal contract enabled the company
to develop equipment and expertise needed
to meet a commercial application. Some
outstanding examples are the transistor in-
dustry developed by Texas Instruments and
other companies as a result of space and
defense requirements and the Boeing 707 jet
aircraft which grew out of that company’s
design of the military KC-1 §5.
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It is important to recognize that there are
dangers associated with overzealous Feder-
al participation in the development of com-
mercial products. A poorly designed pro-
gram can interfere with the normal develop-
ment of business relationships, promote in-
ferior products, encourage the wrong enter-
prises to enter the field, and otherwise
distort the development of normal markets.
It is certainly possible to find examples
where Federal efforts to alter existing
market structures have failed. The “opera-
tion breakthrough” program, an attempt to
reshape the home building industry in the
image of the aerospace companies, would

A SURVEY OF

Before turning to a more detailed discus-
sion of the different kinds of incentives
available, it may be useful to review the
kinds of policy options which have been pro-
posed for promoting and regulating solar
energy, and the likely effects of each:

POLICIES THAT WOULD INCREASE
THE COST OF CONVENTIONAL
ENERGY SOURCES

One of the simplest and most powerful
ways to provide incentives to solar equip-
ment would be to increase the cost of con-
ventional fuels. This could be done by (a)
removing implicit subsidies, (b) freeing
prices from controls, or (c) taxing the energy
sources directly. This technique would re-
quire virtually no net Federal expenses and
would require the least Federal involvement
in decisions made by the free market. In-
creasing the cost of conventional energy
sources could be justified solely on the basis
of the need to conserve those resources
which are being rapidly depleted under the
current price structure. It could also be
justified as an attempt to have prices in-
clude such external costs as environmental
damage, social disruption, the indirect drain

almost certainly have been designed very
differently if the Government had had an
adequate grasp of the real problems faced
by builders.

Successfully administering a program for
the commercialization of solar technology,
with its complex matrix of problems and op-
portunities, will severely tax Federal bu-
reaucracies accustomed to dealing with
small numbers of well-structured projects.
An effective program will require imagina-
tion, flexibility, and a willingness to try new
ideas and live with some mistakes.

POLICY OPTIONS

on foreign-exchange resulting from oil im-
ports, and national security risks.

A policy of increasing the cost of conven-
tional energy would clearly not be without
problems. Such a policy would create infla-
tionary pressures and the burden would be
borne most heavily by people with low in-
comes unless some compensating mech-
anism of repayments can be found. Continu-
ing our present course of increasing oil im-
ports, with the attendant balance of pay-
ments deficits problems which such policies
create, can also be inflationary. It is unclear
how long Federal policy will be able to
maintain U.S. fuel prices at their current
levels while world prices increase rapidly.
There is reason to believe that it would be
preferable to encourage a gradual increase
rather than to find prices growing explosive-
ly during a short interval.

POLICIES THAT WOULD REDUCE THE
NET COST OF PRODUCING AND/OR
PURCHASING SOLAR EQUIPMENT

Policies designed to accomplish this ob-
jective fall into four basic categories:

1. Providing financial incentives to poten-
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tial owners to encourage them to pur-
chase solar equipment, thereby
creating an expanded market and justi-
fying mass production. Techniques for
accomplishing this include:

—Giving income tax credits and allow-
ing accelerated depreciation tech-
niques (see Issue 1). *

— Removing barriers to obtaining
financing for solar equipment (see
Issue 2).

—Encouraging States and municipal-
ities to exempt solar equipment from
property taxes and sales taxes (per-
haps by providing Federal payments
to States in compensation for lost
revenues, see Issue 1).

— Permitting tax exemptions for in-
come derived from loans for solar
equipment.

— Enhancing consumer confidence in
equipment by developing a system of
unified performance standards by
certifying (and perhaps subsidizing)
testing laboratories (see Issue 7), and
by ensuring proper training for build-
ing inspectors.

These incentives could have a significant
effect on the perceived cost of solar equip-
ment. One potential problem, however, is
that although tax incentives would minimize
Government interference in the free market,
they could so reduce the risks of purchasing
novel equipment that an opportunity would
be opened for fraud through the marketing
of unreliable systems. This prospect could
be diminished by requiring that all who wish
to qualify for incentives must purchase only
equipment that meets minimum Federal
standards. A balance must be found be-
tween the desire for a free market and a
need for Government oversight.

2. Using Federal purchases of solar de-
vices to stimulate the market by adver-

*These numbers refer to the next section of the
report, which is organized around several crucial
1ssues and provides a more complete discussion of
these topics

tising and demonstrating their utility
(see Issue 3).

3. Providing direct incentives to manufac-
turers of solar equipment in one or
more of the following ways:

— Loan guarantees and loan subsidies.

—Tax relief similar to that discussed
for equipment purchases (i.e., invest-
ment tax credits, or accelerated de-
preciation allowances).

—Cost-sharing through direct grants
(see Issue 4).

— Encouragement of exports (partic-
ularly to developing countries).

Incentives to manufacturers could be ex-
tremely useful today, since solar equipment
is developing rapidly. Manufacturers are
understandably reluctant to invest in pro-
duction equipment that they feel may soon
become obsolete. This reluctance could be
reduced considerably if they were permitted
to “write-of f* manufacturing equipment
over a relatively short period through ac-
celerated depreciation allowances. Another
problem for firms attempting to market a
new concept, availability of financing, can
be particularly troublesome for small com-
panies lacking established relationships with
lending institutions.

Designing an effective policy for assisting
manufacturers of solar equipment will re-
quire overcoming a difficult problem. It is
desirable to ensure that the results of feder-
ally sponsored development programs are
widely disseminated and utilized. If the
company performing the research is unable
to maintain any proprietary interest in the
product developed, however, it may be re-
luctant to invest in production (see Issue 5).

It will be necessary to ensure that no or-
ganization gains monopoly control over cru-
cial areas of the solar industry and to ensure
that small businesses are fairly treated (see
Issue 6).

4. Providing assistance in developing
equipment standards and a testing cap-
ability in private testing la boratories..
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This assistance would be valuable
because it could help to alleviate concerns
about performance and reliability which
have been a major barrier to sales.

RESEARCH AND DEVELOPMENT
SUPPORT

Federal support for basic research and de-
velopment of small solar energy equipment
can clearly accelerate the rate at which new
types of solar devices reach the market. The
investment required to develop most of the
onsite equipment considered in this assess-
ment may be consistently smaller than that
needed to develop operational systems us-
ing synthetic fuels, fusion, or advanced fis-
sion reactors. As a result, it should be possi-
ble to explore a wider range of small, onsite
technologies than if the same amount of
funds were invested in developing technol-
ogy for larger, more centralized equipment.
This means that investments can be made in
promising, but high-risk projects without
committing large amounts of Federal capi-
tal.

On the other hand, if the Federal Govern-
ment does not provide the relatively modest
funding required for development of onsite
solar equipment, the effect will amount to a
disincentive; that is, the current dispropor-
tionate Federal research emphasis on non-
solar technologies would place solar equip-
ment at a disadvantage in relation to sub-
sidized energy supplies

LEGAL AND REGULATORY
CONSIDERATIONS

Policies Governing the Relationship
Between Utilities and Onsite
Generating Equipment

The vast majority of all energy consumed
in the United States is generated and sold by
electric and gas utilities utilizing large, cen-
tralized equipment. As a result, State laws
and regulations governing the operation of

small energy generating equipment are fre-
guently archaic, and sometimes confusing,
In some cases, they can present serious bar-
riers to the use of onsite equipment:

— In some States the owner of an apart-
ment building or shopping center would
apparently be unable to sell solar-de-
rived energy to clients or customers
without filing as a public utility. The
procedural complexity of operating as
a utility would almost certainly prevent
the installation of onsite equipment.

— Laws establishing the right of utilities to
own and operate energy generating
equipment located in buildings not
owned by utilities are frequently un-
clear.

—There is no well-established procedure
for ensuring that utilities will provide
backup power for onsite equipment at
rates which would be fair to all parties,
and there are no procedures governing
the rates at which utilities should pur-
chase energy from onsite generating
systems during periods when such facil-
ities are generating more energy than is
needed onsite. The analysis of the legal
aspects of onsite energy equipment
which appears in chapter VI of this re-
port indicates that these utility-related
problems are the principal legal and
regulatory issues likely to require im-
mediate attention.

Policy alternatives for dealing with these
issues fall into two categories:

1. Policies designed to clarify the rights of
owners of onsite energy equipment Al-
ternatives include:

— Exemption of onsite equipment from
regulation by public utility law (some
definition will be required to distin-
guish “onsite” equipment from con-
ventional utility equipment),

— Establishment of the right of owners
of onsite energy equipment to pur-
chase power from existing utilities at
fair rates.
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— Establishment of the right of owners
of onsite energy equipment to sell
energy to electric utilities at fair rates

2. Policies designed to encourage utility
ownership of onsite equipment, to per-
m it flexibility in joint ownership proj-
ects, and to clarify the difficulties
which might arise if a utility owned or
operated equipment located in build-
ings not owned by the utility.

The techniques available for implement-
ing these utility policies depend critically on
whether a statement of Federal jurisdiction
in this area, such as the one contained in the
proposed National Energy Act of 1977, be-
comes law. If Congress finds that “the
generation, transmission, and sale of elec-
tric energy and the transportation and sale
of natural gas affect interstate commerce,
and that adequate and reliable supplies of
electric energy and natural gas are neces-
sary for the general welfare and national
security,”' the options discussed above can
be directly implemented by Federal legisla-
tion requiring State utility commissions to
impose the regulations and procedures rec-
ommended. Otherwise, the Federal Govern-
ment’'s power would be limited to persua-
sion, encouragement, and perhaps the provi-
sion of analytical support and guidelines for
the recommended policies.

Sunrights

Another area which requires some atten-
tion is the issue of “sunlights. " Although
there are presently no Federal laws designed
to protect the right of an owner of solar
equipment to have adequate access to sun-
light, the analysis prepared for this study has
indicated that probably none will be need-
ed. The Federal Government could, how-
ever, facilitate efforts along these lines be-
ing made by State and local regulatory
bodies. Options include the following:

— States could be encouraged to require
new subdivisions, commercial malls,

‘ Proposed National ‘Energy Act of 1977, Sectlon 501
()

and industrial parks to formulate cove-
nants which will protect the sunrights
of al | property owners,

—-The Federal Government could sub-
sidize training programs for local plan-
ners and zoning officials which would
help them to use local regulations more
effectively to protect sun rights.

— The Federal Government could encour-
age States to confirm the rights of in-
dividual property owners to negotiate
easements guaranteeing light and air,
as has already been done in Colorado,
and help prepare standard forms and
recording procedures,

—A requirement to assess solar energy
impacts could be added to the list of
factors which must be considered in
evaluating federally sponsored or regu-
lated building projects, State govern-
ments could be encouraged to follow
suit.

POLICIES THAT WOULD ESTABLISH
FOREIGN ASSISTANCE PROGRAMS
INVOLVING SOLAR TECHNOLOGY

These foreign assistance programs would
have the objective of relieving stress on
world fuel markets by helping to provide the
means to use locally available energy. Such
programs could also stimulate an overseas
market for onsite solar equipment devel-
oped and possibly manufactured in the
United States. Options for Federal policy in-
clude:

— Ensuring that onsite solar energy tech-
nologies be included in programs for
foreign economic assistance whenever
appropriate,

—Subsidizing the training of foreign na-
tions in the skills needed to design,
manufacture, and install solar equip-
ment.

—Augmenting the funds available to in-
ternational lending institutions for
loans related to solar energy equip-
ment.
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—Providing a continuing international
flow of information about products,
technical developments, analytical
work, and other progress made in solar
equipment.

—Tailoring the U.S. research program to
maximize its usefulness internationally
whenever this is possible. (For example,
if a choice between a complex and a
simple approach is difficult. The deci-
sion may be tilted in the direction of
developing a simple system, if interna-
tional needs are considered. )

PROGRAMS IN EDUCATION AND
PUBLIC IN FORMATION

One of the barriers to the introduction of
onsite equipment is the shortage of archi-
tects, builders, system designers, installers,
and operators familiar with the practical
problems and advantages of the equipment.
This could be remedied in a variety of ways:

—A program offering federally funded
fellowships and scholarships in engi-
neering and architectural programs.

— Federal assistance for midcareer train-
ing in the problems of designing energy-
efficient buildings and industrial sys-
tems for architects, engineering con-
sultants, and other relevant groups.
This could be done under the auspices
of existing trade associations.

—A program subsidizing labor union
training programs designed to develop
additional skills needed to install and
operate on site energy equipment.

Another problem is the fact that most
potential customers for onsite equipment
will not consider it as a serious alternative
when making purchasing decisions simply
because they are unfamiliar with the ap-
proach. This could be remedied to some ex-
tent with programs designed to bring life cy-
cle costing to the attention of prospective
buyers (possibly through the auspices of
lending institutions). It might also be useful
to conduct brief training programs for pro-
fessionals in a position to affect the deci-
sions made by their organizations about
building designs and the purchase of energy-
related equipment,

POLICY OPTIONS FROM THREE PERSPECTIVES

Selection of a specific set of policies from
the catalog of options just discussed is not
an easy process since such decisions must
be made without the comfort of confident
forecasts about the long-term costs of solar
or any other energy technology. Moreover,
political judgments must be made about the
ultimate value of the potential benefits of
solar equipment which cannot be evaluated
in conventional economic terms. The fol-
lowing section discusses three different per-
spectives on these issues, and presents
groups of specific policies which might be
chosen to meet each objective.

PERSPECTIVE A

It is sometimes argued that the Nation's
energy requirements can be met, at least for

the next several decades, by gas, coal, and
nuclear sources — and without dramatic cost
increases, a dangerously high proportion of
imports, or unacceptable environmental
risks. Adherents of this position believe that
these sources will last until their use is
superseded by a new technology — fusion
being the most commonly mentioned. It is
assumed that this new technology will pro-
vide energy at prices very close (in constant
dollars) to those charged for electricity to-
day. In this view, solar energy would play
only a minimal role; indeed, its only func-
tion would be to serve as a kind of insurance
against the failure of fusion to develop into
a usable technology.

From this perspective, it is logical that
Federal policies concerning solar energy
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should be limited to: (a) those designed to
eliminate obstacles to development and use
of the technology, and (b) those providing
for basic research. Such research would be
of a comparatively low priority and could
not be expected to have an impact on the
commercial energy market for many years.
The resources committed to the effort
would be relatively modest.

In more specific terms, the following
policies would appear to be consistent with
Perspective A.

POLICY OPTIONS FOR PERSPECTIVE A
Incentives for Owners of Buildings

| Amend the National Housing Act to
make it clear that Federal Housing Ad-
ministration (F HA) insurance can be
given to solar energy projects under
Title | (for retrofit of solar devices and
for mobile homes) and under 203b (for
new construction).

2 Amend the Federal Home Loan Mort-
gage Corporation Act (FHLMCA) so that
the Federal National Mortgage Associa-
tion will be empowered to provide a
secondary market for mortgages and
loans covering onsite solar energy
equipment.

3 Amend the National Housing Act to
permit Federal Housing Administration
Title | funds to be used as second mort-
gages associated with Farmers Home
Administration (FmHA) loan guaran-
tees.

4 Provide funds to ensure that techniques
for measuring the performance of col-
lector and storage systems are devel-
oped by the National Bureau of Stand-
ards or its designers and that these tech-
niques are rapidly communicated to
private testing laboratories.

5. Require that all collectors and onsite
storage systems sold be accompanied
by literature clearly showing the equip-
ment's standardized performance char-
acteristics as measured by reputable
laboratories.

Programs to Provide Information About Solar
Equipment and Education Programs for
Designers and Installers

| Require that any energy audits con-
ducted of Federal buildings, and any
standards established for Federal pur-
chase and rental, include an analysis of
the potential contribution of solar ener-
gy equipment for heating, cooling, and
cogeneration.

2 Require similar energy audits of all
housing and building projects which re-
ceive any Federal assistance or which
are under the jurisdiction of Federal
agencies (this would include public
housing, housing repossessed under de-
faults in FHA, Veterans Administration
(VA), and FmHA loan guarantee and in-
surance program s,)

3. Provide midcareer training for public
officials in a position to make judg-
ments about building designs and ener-
gy-related equipment for Federal build-
ings. Such training would familiarize
them with solar technologies, design
alternatives, and techniques for evalu-
ating their economic merit.

4. Subsidize midcareer training programs
for architects, engineers, and interested
builders.

5 Establish a university fellowhsip and
scholarship program which would pro-
vide training in areas of science and
engineering relevant to solar energy
development programs.

6 Develop standards for emerging solar
equipment and certify testing labora-
tories.

Research and Development

From this perspective, the most profitable
strategy would be to fund a number of basic
research projects, looking for ways to dra-
matically reduce costs or improve the per-
formance of solar equipment. An orderly
procedure would be developed to test the
many advanced concepts which have been
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proposed before making any decision about
large-scale demonstrations.

Analysis of Policy Options Above

1. Effectiveness. — These policy options
have limited objectives. They would
remove obvious impediments to wider
use of solar technology, but they would
not greatly accelerate the rate at which
solar equipment enters the market.
Commercial markets could well over-
take federally sponsored efforts.

2. Cost.— Since most of the elements of
this policy are regulatory in nature, the
proposals would cost very little. The
only direct expense involved would be
for energy analyses of buildings (invest-
ments which should be cost-effective)
and training programs.

PERSPECTIVE B

A second view holds that the future price
and availability of all nonsolar fuel sources
is very uncertain and that solar-based tech-
nology holds real promise of playing a major
role in supplying energy in the near future.
Those who accept this view also believe that
the real price of fossil fuels could increase
by as much as as a factor of 2 or 3 and elec-
tricity prices increase by as much as 50 per-
cent over the next two to three decades and
that the price levels for energy produced by
such planned nonsolar technologies as fu-
sion may be high enough to make solar tech-
nology competitive.

Thus, they feel that solar technology
should be treated on an equal basis with all
other promising new energy sources. This
perspective would require additional Feder-
al action as outlined below.

POLICY OPTIONS FOR
PERSPECTIVE B

All of the Policies Discussed Under
Perspective A (except as modified below)

Incentives to Stimulate Market

1. All owners would be given an invest-
ment tax credit of 20 percent on quali-
fying solar equipment (including heat-
ing, cooling, process heat, heat pumps
and other applications requiring me-
chanical drives, and electric genera-
tion). After a 5-year experiment with
these incentives, depreciation sched-
ules would revert to standard and tax
credits would be reduced to 10 percent.
Homeowners and owners of residential
apartment buildings, however, would
retain the right to use credits and
depreciation schedules permitted for
industry. Refunds would be made if the
credits exceeded tax liability.

2. An easy-to-use computer program
would be subsidized to evaluate the ef-
fectiveness of a variety of solar hot
water, space-heating, cooling, and elec-
tric generating systems which may be
used on typical building types. The pro-
gram would be adjusted for each cli-
matic region and would need to be up-
dated annually to maintain current in-
formation about costs and perform-
ance. Such a program could be devel-
oped by the American Society of Heat-
ing, Refrigerating, and Air-Conditioning
Engineers (ASH RAE) or some other pro-
fessional society with Department of
Energy (DOE) support. It should be flex-
ible enough to reflect local climatic
conditions and building costs, and to
assess the potential of the equipment
when used on a number of typical
building types. It should provide prac-
tical information about anticipated ini-
tial and life-cycle costs, which should
be based on a predetermined consumer
discount rate (perhaps 10 percent for
homeowner-owned units and higher for
commercial systems). Life-cycle costing
would be based on an assumed rate of
increase in conventional energy costs
to be established by DOE. The program
should be accessible on a time-sharing
basis via computer terminal and tele-
phone from as many regions as possi-
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ble. It should be made simple to under-
stand, easy to operate, and inexpensive
to run.

. The National Housing Act, the Service-
man’s Readjustment Act, and the acts
establishing the Federal National Mort-
gage Association (FNMA), the Federal
Home Loan Bank Board, and the Farm-
ers Home Administration could be
amended to require that all applica-
tions for guarantee, or mortgage in-
surance, and all mortgages eligible for
repurchase by FNMA or the FHLMA be
accompanied by a document showing
that the building has been reviewed for
energy efficiency under an approved
procedure which includes assessment
of the potential of solar equipment.
The Federal analysis program described
above could be used for this purpose.
This would permit both the prospective
borrower and lender to review the cur-
rent and future costs of supplying ener-
gy for the building and to give both par-
ties an opportunity to analyze the value
of solar equipment in reducing these
costs. It would, in effect, be equivalent
to legislation requiring that the efficien-
cy of consumer products be clearly
shown whenever the items are sold.

. All Federal buildings, including defense
installations in the United States and
abroad, and all buildings operated un-
der Federal auspices (e.g., public hous-
ing, repossessed housing) would be re-
viewed to establish the cost effec-
tiveness of solar equipment. Funds
would be provided for retrofit installa-
tions wherever cost-effectiveness was
established. The Administration should
be instructed to determine the circum-
stances under which existing appropri-
ations to subsidize operating costs of
federally owned buildings and build-
ings operated with Federal subsidies
could be diverted to capitalize solar
equipment under current legislation
and regulations.

. The Adminstration should be required
to examine the following grant pro-

grams to determine what funds appro-
priated in these areas can be used to
subsidize the purchase of solar equip-
ment (see Issue 4 for details):

—The community development block
grants.

— Housing rehabilitation
(Section 21 3).

programs

— Homeowner grants (Section 302).

— Homeowners incentive demonstra-
tion programs (Title 1V).

— Housing finance interest subsidies.

— Funds allocated by the Energy Con-
servation and Production Act for re-
newable technologies.

—Grants administered for energy con-
servation by the Administration on
Aging (HE W).

—Grants administered for energy con-
servation by the Social Services Ad-
ministration.

— FmHA grants for improving rural
homes so that they can meet code re-
quirements.

— Grants made under the Public Works
and Economic Development Act.

—Any other grant programs which the
Administration feels might be used to
purchase solar equipment.

Incentives for Manufacturers

1.

Allow qualifying manufacturers of so-
lar equipment a 20-percent tax credit
and 3-year depreciation allowances on
machinery used in producing solar
energy equipment. These incentives
would apply to equipment purchased
during the next 5 years.

Require the administration to conduct
a study that would evaluate the desir-
ability of a variety of alternative cost-
sharing programs which would be effec-
tive in subsidizing manufacturers’ rele-
vant research in solar energy, which
could be made available to the public



Ch. Il Federal Policy for Promoting and Regulating Onsite Solar Energy . 69

in some form, and yet at the same time
protect the patentability of devices de-
veloped in part with private funds.

3. Measure cost sharing in terms of the
fraction of a company’s total assets
which it is willing to make available for
Federal cost sharing (instead of requir-
ing small companies to compete direct-
ly with larger concerns in total dollars
available for cost sharing).

4 Subsidize the development of a com-
puter model which would facilitate the
analysis of the detailed performance of
a variety of different onsite solar
devices attached to realistic building
and industrial loads. Ensure that the
widest possible group of system design-
ers and engineers have access to the
program, (An attempt should be made
to ensure that existing work in this area
is not duplicated. The Canadian Gov-
ernment, for example, has apparently
developed a similar program for use by
Canadian designers).

Research, Development, and
Demonstration (RD&D)

A balanced program of research, develop-
ment, and demonstration should be devel-
oped and carefully integrated with the re-
quirements of the industries which will
manufacture, install, and support the equip-
ment developed. The program should in-
clude the following areas:

PASSIVE HEATING AND COOLING

Work needs to be done to design and
make instrumented tests of buildings
matched to a large variety of climatic condi-
tions Other research topics in this area
which would benefit from additional work
include:

« Computer simulations of passive build-
ing designs.

* Studies of retrofit potential of passive
buildings,

+ Demonstration of passive facilities for
livestock, storage, and other nonresi-
dential application

ACTIVE SPACE-HEATING SYSTEMS
AND SOLAR WATER HEATING

A number of advanced collector designs
(used both for heating and air-conditioning)
remain in preliminary stages of develop-
ment. Devices include improved plastics for
inexpensive collectors, air-inflated collec-
tors, nontracking concentrators, tubular col-
lectors with and without simple concen-
trators, simple booster devices, one-axis
tracking devices using mirrors or lenses, and
a variety of other systems.

SOLAR COOLING

Solar cooling is not a commercial technol-
ogy but a number of different concepts are
ready, or nearly ready for demonstration.
These include advanced absorption, adsorp-
tion, and Rankine cycle devices and inte-
grated total energy systems with fossil fuel
used as a backup.

AGRICULTURAL AND INDUSTRIAL
PROCESS HEATING

A number of commercial products are
available in the lower and intermediate tem-
perature ranges.

Demonstrations in this area should in-
clude:

— Drying for agricultural products;
— Desalinization;

— Process water for washing, textiles, pa-
per, food processing, and other low-
temperature applications; and

— Irrigation pumping,

Research work would include the devel-
opment of inexpensive collectors for low
(150° to 250° F) temperature, intermediate
temperature (250° to 500°F) and high tem-
perature (greater than 5000 F) applications.

THERMAL STORAGE

A variety of techniques have the theo-
retical potential for providing large amounts
of thermal storage at very low cost. Devel-
opment of such technologies would remove
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many of the problems faced in providing
backup power for solar energy devices. It
should be possible, for example, to build
systems capable of providing 100 percent of
the heating and hot water requirements of
apartment buildings or clusters of houses us-
ing large tanks of water (with earth pro-
viding the principal insulation), ponds,
trenches full of hot rock, aquifer storage of
hot water, storage in in-situ rock, and other
techniques. Research in more advanced
thermal storage systems (multiple tank, salt
gradient, phase change, organic and in-
organic chemical reaction devices, etc. ) is
also needed and much work remains in-
complete.

SOLAR THERMAL ELECTRIC

work needs to be done on development
of collectors, integration of solar devices
with end-use equipment, improved heat-
transfer systems, receivers, heat engines,
and many other components which would
increase design flexibility and reduce costs.

Development of low-temperature Ran-
kine engines, high-temperature Stirling and
Brayton cycle engines, and improved small
steam cycle systems is needed. Research in
advanced materials (particularly ceramics)
would be useful for both collector and en-
gine designs.

Work on systems integration needs to be
done to identify promising concepts in a
broad range of potential applications of
small and intermediate size.

Research on electric storage systems is a
critical factor. Work is needed on a number
of advanced lead-acid, high-temperature,
aqueous, and REDOX batteries, as well as in
mechanical storage concepts such as fly-
wheels, underground pumped hydro, and
others. Thermochemical storage systems
could greatly reduce the cost of storing and
transporting solar energy for use in thermo-
electric systems and in direct high-tempera-
ture process applications.

PHOTOVOLTAICS

Areas where research would be useful in-
clude:

—Advanced research on amorphous
silicon, thin film materials (e. g., CdS, llI-
IV heterojunctions, organic substances
and dyes), amorphous silicon, poly-
crystalline silicon, concentrator cells
(GAA1As, multifunction cells, high effi-
ciency silicon thermophotovoltaic de-
vices, interdigitated back contact cells,
vertical multifunction cells, etc.). Basic
research on semiconductor properties
of interesting materials.

—Systems analysis and engineering of
control systems for practical applica-
tion, installation problems, mounting
racks, cleaning, cogeneration studies
and designs, heat exchange designs,
plumbing, etc.

—Silicon solar array technology (pilot
plant for polysilicon production, full-
scale demonstration of advanced crys-
tal growing and slicing machinery, subs i-
dizing design of large-scale fabrication
and production facilities, advanced en-
capsulation, etc),

—Concentrator development (unique
problems associated with cell attach-
ment, cogeneration, heat rejection) for
a range of concentrators including: dye
concentrators, lens, and mirror systems.

DISSEMINATION OF RESULTS

Ensure that results of Federal RD&D pro-
grams exploring technology for heat en-
gines, thermal and electric storage, collector
designs, and other subsystems which can be
used in onsite solar energy equipment are
widely disseminated to the diverse com-
munity of institutions and individuals work-
ing on onsite solar equipment.

DEMONSTRATION AND RESEARCH STRATEGY

Develop and propose a program for the
demonstration of a comprehensive spec-
trum of onsite solar energy systems. This
would include (but not be limited to) the
following:

— A detailed plan for the demonstration
of the range of solar thermal and solar
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electric facilities from existing simple
hot-water and heating systems to larger,
more complex, and perhaps more ex-
perimental devices

—A systematic program for developing
and demonstrating a large number of
subsystem technologies which are ap-
plicable to small onsite units but which
could be enlarged or aggregated for
larger systems. For example, concen-
trating collectors developed for onsite
applications could provide valuable in-
formation on designs that would be use-
ful in larger facilities Smaller demon-
strations would permit a greater variety
of technologies to be tried.

— A strategy for identifying intermediate
and long-term markets for onsite solar
energy systems. The plan should exam-
ine a variety of potential applications,
the significance of regional variations
in cimate, €nergy prices, and other fac-
tors.

A fixed sum should be set aside with the
single purpose of funding innovative small-
scale energy technologies that show prom-
ise These monies would be distributed as
direct prizes or grants to all types of inven-
tors in typical amounts of $50,000 to
$100,000 The selection of these projects
should be performed by panels of qualified
experts drawn from a broad cross-section of
equipment developers and designers, in-
cluding, among others, independent inven-
tors, manufacturing firm researchers, univer-
sity engineering and science staffs, con-
sulting engineers, and personnel from Gov-
ernment laboratories Application pro-
cedures should be as simple as possible to
encourage broad participation; the program
should be widely advertised; and winners
should be announced with fanfare,

Develop a system to subsidize proposals
made by small organization. This might in-
clude a procedure by which brief submls-
sions from qualifylng small businesses
would be screened for nitial technical mer-
it. Small grants might then be awarded to
assist them in developing the proposal.

Underwrite the testing of solar equipment
developed by small companies, such testin,
to be conducted in Federal or private lab-
oratories.

Foreign Assistance

. Ensure that programs developing priori-
ties for Government-supported re-
search and federally sponsored studies
include an assessment of the potential
for overseas sales.

2 Encourage the development of skills
related to solar energy in developing
nations by providing fellowships as a
part of an economic assistance pro-
gram,

3 Encourage and expand joint research
ventures with other governments and
international organizations engaged in
solar energy research.

4 Augment U.S. contributions to interna-
tional lending institutions with the ob-
jective of encouraging onsite solar
energy facilities in developing nations.

5 Provide foreign aid in the form of tech-
nical assistance for demonstrating on-
site solar systems in less-developed
countries

6 Any proposal for foreign economic
assistance involving energy must con-
sider onsite solar equipment on an equi-
table basis. Training should be provided
for United Nations, Agency for Interna-
tion Development, and Peace Corps of-
ficials planning such programs. Outside
experts in this area should be utilized to
facilitate a review of proposals.

Policies Affecting Public Utilities

Assuming that involvement in regulation
of public utilities by the Federal Govern-
ment has been established as a legitimate
activity under the “interstate commerce
clause' of the Constitution, the following
policies could be established by Federal
legislation.

1. No organization which generates less
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than 5 MW of thermal or electric ener-
gy will be regulated as a public utility
unless this status is desired by the
organization, In the latter instance,
conventional regulatory procedures
would apply. The nonregulated organi-
zation would be permitted to generate
and sell energy to all consumers in its
immediate area, without limitations on’
the prices charged or income earned. A
study should be commissioned to deter-
mine if this size threshold should be in-
creased.

2. No organization which generates less
than 5 Mw of thermal or electric ener-
gy shall be required to obtain a cer-
tificate of convenience and necessity
from local utility regulatory commis-
sions in order to construct a plant
(unless it has asked to be regulated
under existing utility statutes).

3. The Administration should be in-
structed to examine the Sherman and
Clayton Antitrust Acts and the Public
Utility Holding Company Act to deter-
mine whether they prevent utilities
from owning onsite energy equipment.
If they do so, amendments should be
proposed which would remove such
barriers.

4. Any studies conducted by utilities to
determine fair pricing policies for sell-
ing electricity and for purchasing elec-
tricity from industrial “cogenerators”
must be expanded to include an anal-
ysis of the costs of supplying backup
power to a variety of types of onsite
solar electric generating facilities.

Effectiveness

It is always somewhat perilous to forecast
the impact of any program for providing tax
subsidies since consumer behavior can be
unpredictable. Table Il indicates the ef-
fect of a 20-percent tax credit on the per-
ceived cost of solar energy provided by a
variety of different types of solar equip-
ment, assuming that consumers utilize a life
cycle costing technique to determine aver-
age energy costs. It can be seen that the tax
credit would have the effect of reducing the
cost of solar energy by 0.5¢ to 3¢/kWh. The
more the solar system costs, the greater the
tax credit and the greater the effective Fed-
eral subsidy. The table also shows the cost
of the subsidies to the Government as a re-
sult of loss of tax revenues. The direct costs
shown, however, significantly overestimate
the net cost of the subsidies because extra
tax revenues will result from production in-

Table 111-1 .—The Effective Cost of Solar Energy in Omaha, Nebr.,
for 20 Percent Investment Tax Credit [¢/kWh]

20 percent Direct
No Investment  Federal
mcentives  Tax credit  subsidy .

Solar hotwater . . .. ..................

Solar heating and hot water. . . .. .........
Heating and hot water with seasonal storage .
Solar heating hot water and cooling . . . . ... ..
Solar Photovoltaic electricity. . . . ...........

..... 2,0- 4.2 1.4-33 0.6-0.9
3.0-7.7 2.0-6.6 10-1.1
3.8- 6.9 2.5-4.7 1.3-2.2

..... 6.0 4.0 2.0

..... 3.8-11.8 2.8-9.1 1.0-2.7

‘This 1s the effective cost of the subsidy to the Government rellting from the tax revenues because of the tax credits It Is
calculated assuming that the Government applles a 10 Percent discount rate to future costs (See text )

Assumptions 1985 startup of equipment

The price ranges reflect the cost differences expected in the variety of resldential equipment see Volume 1

Chapter IV



Ch. Il Federal Policy for Promoting and Regulating Onsite Solar Energy Z 73

creases by businesses manufacturing and in-
stalling solar equipment, and from increased
sales in supporting industries, such as the
manufacture of glass and primary metals.
This revenue would at least partially offset
the direct revenues lost because of the
credits | t a dollar is spent on solar equip-
ment manufactured in the United States
rather than on imported oil, the U.S. gross
national product (GNP) could be increased
by $2 to $5 Since the average Federal tax
revenue per dollar of GNP is about 20 per-
cent, an incentive which encouraged a dol-
lar Investment in solar equipment could
yield as much as $().40 to $1.00 in added Fed-
eral tax revenue Since this revenue would
be obtained close to the time when the sub-
sidy was granted, its “present value” to the
Government would be high.

Reducing the price of solar equipment
also would be expected to expand sales and
thereby encourage the introduction of mass
product ion equipment in technologies
where such equipment can be used effec-
tively.

PERSPECTIVE C

A third perspective is an extension of the
view just discussed (Perspective B). It con-
tends that the cost of energy could soon
climb rapidly because of increasing com-
petition for limited supplies. In this view, the
virtues of solar energy — notably its benign
impact on the environment, its desirable im-
pact on labor, its impact on reducing com-
petition on world energy supplies, its ability
to avoid monopoly ownership of energy
sources, and its potential for reducing the
risks of climatic change and nuclear prolif-
eratlon — merit an aggressive promotional
program, even if the technology is not ex-
pected to become fully competitive in con-
ventional economic terms.

POLICY OPTIONS FOR
PERSPECTIVE C

An example of the policies which would
be added under this perspective include:

L

All of the policies discussed under
Perspective A and B except as strength-
ened below.

. All owners would be given an invest-

ment tax credit of 20 percent on qual-
ifying solar equipment (including heat-
ing, cooling, process heat, mechanical
drive, and electric generating devices)
and would be permitted to depreciate
solar equipment over a 5-year interval,
These incentives would continue until
Congress determined that they were no
longer required to ensure the competi-
tiveness of solar equipment.

The income from all loans made for
solar equipment would be exempt from
Federal taxation.

. All manufacturers of solar equipment

would be given an investment tax credit
of 20 percent on qualifying manufac-
turing equipment over a period of 5
years. These incentives would continue
until Congress determined that they
were no longer required to ensure the
competitiveness of solar equipment.

. Federal purchases of onsite solar ener-

gy equipment would be required for ex-
isting and new Federal buildings con-
structed with Federal support, in all
cases when it could be shown that the
technology would be cost-effective
based on a low discount rate (e. g., 3 per-
cent) and a high assumed increase in
the cost of conventional energy,

- FHA minimum property standards

would be required to include onsite
solar equipment whenever an analysis
demonstrated that the equipment
would be cost-effective on the basis of
approved analytical techniques dis-
cussed previously. (As a possible
variant of this approach there might be
a provision for subsidized interest rates
to cover the incremental cost of solar
equipment. )

Utilities would be required to inform all
residential and small industrial and
commercial customers of the savings
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they might realize by installing a varie-
ty of different types of onsite solar
equipment. The utilities also would be
required to provide installers and finan-
cing for any projects selected by the
owners of the buildings. The utility
would be reimbursed with charges add-
ed to the owner’s bill over a 10-year
period. (This is similar to the program
for insulating buildings proposed in the
National Energy Plan. )

8. The price of electricity would be raised
to a rate which reflects the marginal
cost of providing electricity from the
most recent plant placed online. And
the price of oil would be raised to
reflect the cost of adding additional oil
supplies. The funds generated by the
taxes required to do this would be redis-
tributed in the manner proposed by the
National Energy Plan.

9 It would be determined that the devel-
opment of low-cost solar collection,
conversion, and storage equipment is a
major national priority. An aggressive
research and marketing program with
ambitious goals for cost reductions and
installed capacity would be funded at a
rate which would reflect the urgency of
the priority given

10, A separate section of the Small Busi-
ness Administration would be estab-
lished solely to guarantee loans made
for manufacturing equipment used to
produce solar equipment.

11. Environmental legislation would be
strictly enforced, conventional power-
plants held to strict safety standards,
and proposals for nuclear waste dis-
posal be subjected to exhaustive ex-
aminations.

Research and Development

The development of solar energy equip-
ment under this approach would be ag-
gressively pursued as a major national
priority. The basic categories of projects
receiving support would be the same as
those discussed under Perspective B, but
funding would be given to a broad range of
projects, marketing programs would be ac-
celerated, and emphasis placed on both
near-term and long-term approaches Part of
the price of an accelerated program, judged
to be acceptable because of the priority
given the undertaking, would be an increase
in funds wasted on designs which are even-
tually overtaken by better approaches. Pro-
ponents of this point of view argue that if
the United States were willing to make a
multi bill ion dollar commitment to a project
to put man on the moon, a commitment of
similar size would be justified to develop
safe and reliable solar energy equipment.

Analysis

The incentives discussed in this perspec-
tive will, as expected, have a greater effect
in reducing the cost of solar energy per-
ceived by solar equipment owners, and will
cost the Government more to implement.
Table | 11-2 indicates the impact of a group
of policies which consist of:

— A 20-percent investment tax credit,

—A 5-year depreciation allowed for all
solar equipment, and

— Exemption from property taxes
It can be seen that these credits reduce

the effective cost of residential solar energy
by 1.5¢ to 6¢/kWh

ISSUES

ISSUE 1

What changes in the Federal tax laws
would be the most effective in encourag-
ing private investment in solar equipment?

How much would such policies cost the
taxpayers?

The tax laws can provide powerful incen-
tives for the use of solar equipment without
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Table ill-2—The Effective Cost of Solar Energy in Residential Buildings
in Omaha, Nebr., [¢/kWh] With a High Level of Incentives

Direct
No Federal
Incentives Incentives* subsidy**

Solarhotwater . . ............ . 2.0- 4.2 0.8-2.0 1.6-2.2
Solar heating and hotwater. . . .................. 3.0- 7.7 1.1-4.1 1.9-3,6
Solar heating and hot water with seasonal storage. . .

Solar heating and hot water with seasonal storage. . . 3.8- 6.9 1.3-2.9 2.5-4.0
Solar heating, cooling, and hot water . . . ........... 6.0 2.2 3.8
Solar photovoltaic electricity. . . .. ............... 3.8-11.8 1.2-5.7 2.6-6.1

. Fulllncentives consist of a 20 percent investment tax credit. an allowed 5 year depreciation schedule, and exemption
from property tax

“ This 1s the effective cost of the subsidy to the Government resulting from the tax revenues because of the tax credits It Is
calculated assuming that the Government applies a 10 percent discount rate to future costs (See caveat in text )

Assumptions 1985 startup of equipment

See volume Il for details of systems analyzed

2. Accelerated depreciation allowances.
Accelerated depreciation allowances
would be of greatest interest to cor-
porations, utilities, and individuals in
high tax brackets. No individual is pres-
ently permitted to depreciate equip-
ment in his own home, although equip-
ment installed in the home by a com-
pany which sells energy could depre-
ciate the equipment.

the need for major Federal intervention in
the operations of the free market. Several
alternatives are possible:

1. A direct income tax credit. Such credits
would allow the taxpayer to subtract a
fixed fraction of the initial installed
cost of solar equipment from his in-
come tax Since these credits are deduc-
tions from taxes rather than from in-
come, they would apply equally to al I

applicants provisions must also be The effect of different types of deprecia-

made so this program is fair to low in- tion schedules is illustrated in figure 111-2,
come families who are not now re- Several observations can be made immedi-
quired to file tax returns and to families ate y:

whose tax credits exceed the taxes they
owe The effect of different types of tax
credits is illustrated in figure IlI-1.

1. Permitting a homeowner to depreciate
the capital he invested in solar equip-
ment over a period of 3 to 5 years

Under existing laws, tax credits are would reduce his effective capital

permitted for some commercial and in-
dustrial equiprment, but not for invest-
ments in buildings, Nor are they allow-
ed for heatlng, cooling, or other energy-
generating equipment i nstalled in
buildings However, a company that in-
stall such equipment in a building it
does not own — and then sells the ener-
gy produced — would probably qualify
for atax credit under present laws

charges by about one-third Since in-
stitutional owners of energy-generating
equipment are permitted to depreciate
their equipment, the current tax policy
forbidding homeowners to do this has
the effect, if not the intention, of
discriminating against the ownership of
such equipment by the homeowner.
(This incentive would be of greatest
benefit to owners in high tax brackets )
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Figure lll-1 .—Effective Capital Costs as a Function of Investment Tax Credit
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Figure llI-2.—Effective Capital Costs as a Function of Depreciation Schedules
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2. Commercial, industrial, and utility own-
ers can also be strongly influenced by
altering policies on deductions for de-
preciation. In the cases shown in figure
Ill-2, real estate investors, who expect a
10-percent return on their capital after
taxes can reduce their capital-related
costs by over one-third if they are per-
mitted to depreciate equipment rapid-
ly. The effect is even greater for an in-
dustrial owner expecting a 20-percent
rate of return.

PROPERTY TAXES

Property taxes can add as much as 10 to
25 percent to the cost of solar energy. The
taxes, of course, are imposed entirely by
States and municipalities and vary greatly
around the country (see table 11 1-3). | n some
urban areas in the northeast, for example,
taxes are so high that an investment in on-
site solar equipment would be prohibitively
expensive for many individuals and com-
panies. Figure | | I-3 illustrates the substantial
effect of removing a “typical” property tax
since, in most cases, the tax increases the ef-
fective investment cost by nearly 10 per-
cent.

Some problems may arise concerning the
property taxes paid by utilities and other
organizations if they own solar equipment.
Because in many cases these organizations
pay taxes at much higher rates than those
paid by individuals, there would be a disin-
centive to invest in solar equipment.
Whether this is desirable must be decided.
Another decision is whether to exempt com-
panies which manufacture solar equipment
from property taxes. There might also be
some confusion about charging the property
taxes in a case where a utility or other
private concern places equipment on a
house or building and charges the building
owner for the energy produced.

Property taxes are not imposed by the
Federal Government and therefore cannot
be removed with Federal legislation. It may
be possible to use Federal programs to en-
courage local governments to remove prop-
erty taxes, perhaps by agreeing to compen-
sate them in some way for lost revenues at-
tributable to solar property tax exemptions
or to penalize States which do not reduce
property taxes by withholding Federal solar
subsidies. The National Energy Plan pro-
posed by the Administration states that it

Table IlI-3.—Property Tax Rates in Selected U.S. Cities

Residential Property Tax Rates in Selected Large Cities: 1974

Effective Tax
Rate per $100

Effective Tax
Rate per $100

City Rank Rate City Rank Rate
Boston.................... 1 $5.94 New York City . . . ... .. 16 $2.18
Buffalo.................. 2 431 San Francisco . ......... 17 2.13 ,— OTA
Milwaukee ... ............. 3 3.63 Cleveland . . . .......... 18 188 Baseline
LosAngeles . ............. 4 3.43 Seattle. . . ............ 19 1.82 assumption
San Antonio ., . ............ 5 3.43 St.louis............... 20 1.80 $200
Indianapolis . . .. ......... 6 3.29 Memphis . . . ...... ... 21 177
Baltimore . ................ 7 3,24 Denver............. 22 1,71
Pittsburgh ... . . . . . . .. 8 2.82 Jacksonville . . . . ... ... 23 1.69
Philadelphia. . . ............ 9 2.80 New Orleans ., . . ... .. 24 1,69
Chicago. . . ... ......... 10 2.75 Kansas City . . ... .... 25 1,57
Detroit . . ............... 11 2.73 Phoenix. . .............. 26 1.55
Dallas . ................. 12 2.60 Washington, D.C. . . . . . 27 1.54
Houston ., ........... R 13 2.38 Nashville . ... ......... 28 139
Atlanta . . . ............. 14 2.24 Cincinnati . ............. 29 1.31
San Diego. ., . .. ... .. 15 2.23 Columbus . ............ 30 1.17

SOURCE: Government of the District of Columbia, Department of Finance and Revenue, TaxBurdens:n Wash inqtonD C Com
pared with Malor State and Local Tax Burdens in the Nation's Thirty Largest Cities 1974.
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Figure 1lI-3.— Effective Capital Costs With and Without Property Taxes
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would be desirable for the States to exempt
solar devices from property taxes, and
several have already done so.”

SALES TAXES

Sales taxes also lie beyond the Federal
sphere, but they, too, can present an impedi-
ment to the installation of solar equipment.
Here again, the rates for sales taxes vary
from State to State. In Connecticut it is 7
percent, in Nebraska it is 2.5 percent, in New
Hampshire there is none.Removing the tax
from sales of solar equipment would be of
some benefit in reducing initial costs. How-
ever, an exemption would not have as great
an effect as the property tax exemption
which must be paid each year.

The Cost of Tax Incentives to the Government

The cost to the Government of changes in
tax policy can be computed from the data in
figures Il I-1 and 1l 1-2 if it assumed that the
Government and the private investor use the
same discount rate (see volume 11, chapter
I). This is done by finding the difference be-
tween the “effective cost of capital” which
would apply with and without the change in
policy. For example, if the effective interest
rate paid on capital applied to a real-estate
investor is 10.6 percent without a tax credit
and 8.6 percent with a 20-percent credit, the
average annual loss of revenues to the Gov-
ernment during the life of the equipment is
simply 2 percent of the initial cost.

ISSUE 2

Will difficulties in obtaining loans hinder the
installation of onsite solar-energy equip-
ment? If so, can Federal authority to regulate
the mortgage reduce such problems?

‘The NationalEnergy Plan, p 76

‘National Bureau of Standards, Survey of State
Legislation in Solar Energy

‘The World Almanac and Book ot Facts 1977,
Newspaper Enterprise Association, I nc , Cleveland &
New York, p 105

SUMMARY

The short answer to the first question is:
probably, at least for a while. Banks and
other lending institutions are understand-
ably reluctant to invest in mortgages for
residential buildings that plan to use costly
new energy equipment with unproven mar-
ket value, since they might not be able to
recover the value of such loans i n a fore-
closure sale. They are similarly reluctant to
provide funding for commercial and in-
dustrial equipment if the owner cannot con-
vince them that the system will produce a
favorable cash flow during the period of the
loan. Present statistics about the market-
ability and performance of most types of
solar energy equipment are inadequate to
support actuarially sound decisions, and
few prospective lenders appear to have seen
what little information is now available.
Although solar devices with proven charac-
teristics can be expected to gain gradual ac-
ceptance in the lending industry, the ques-
tion of whether the Government can or
should accelerate this process has not been
resolved.

The Government has successfully used
loan guarantee and mortgage insurance pro-
grams in the past to induce private lending
institutions to provide funds for projects
deemed socially desirable; Federal Housing
Administration (FHA) and Veterans Adminis-
tration (VA) have made loans available to
prospective homebuyers for decades. The
Government is also in a position to alter cur-
rent banking practices through the great
variety of regulatory and secondary mort-
gage institutions which operate under Feder-
al charter, The potential for using these
organizations to stimulate loans for solar
programs is discussed below,

THE PROBLEM

In the absence of adequate information
on the reliability, lifetimes, and marketabil-
ity of solar equipment, many banks are re-
luctant to include solar devices in the value
of mortgages made on residential buildings.
In a recent survey by Regional and Urban
Planning Implementation, Inc. (R UP 1), 63



Ch. Il Federal Policy for Promoting and Regulating Onsite Solar Energy . 81

percent of the lending institutions inter-
viewed Indicated that they would “exclude
the excess cost (of solar equipment) from
the appraised value of the house” for loan-
making purposes, and an additional 22 per-
cent indicated that they would lower the
loan-to-value ratio of the loan. *The average
loan actually issued by the institutions inter-
viewed covered 55 percent of the value of
the solar devices. ' (However, the institutions
felt that it solar devices were deemed to be
an actuarially sound investment, they would
lend funds for the devices at the same rates
they charged for other types of building
loans. ) Most of the solar loans were issued
for expensive custom-built homes, and in
many cases the owners or builders had an
established relationship with the lender. ’

This reluctance to issue loans for solar
devices is accentuated both by the fact that
most banks are simply unaware of the in-
format ion gathered about solar equipment,
and by the tact that very few lending institu-
tions take energy costs into account when
determining the ability of a prospective bor-
rower to meet mortgage payments.

Most lending institutions do not include
an applicant’'s projected energy bills in an
assessment of his ability to meet mortgage
payments But this practice is changing.
Forty percent of the lending institutions in-
terviewed in the RUPI study indicated that
since 1973 energy considerations had in-
fluenced lending decisions “a great deal” or
had become “critical” in lending decisions,
and 50 percent stated that the importance
of energy in these decisions would increase.’
Most banks rely primarily on the principal,
interest, taxes, and insurance (PIT ) evalua-
tion technique, which compares a prospec-
tive borrower’s income before taxes to the
PIT | costs which he must bear to support his

*Regional and Urban Planning Implementation Inc
(R UP 1), Home Mortgage Lending and Solar Energy,
February 1977, p 13 (Prepared for the Division of
Energy, Building Technology and Standards, Office of
Policy Development and Research, HUD )

*1bid , p 99
"Ibid
*RUPI, p 52

investment ina home. Since the borrower is
equally committed to carrying the energy
costs of his home, there has been specula-
tion that the PIT | formula may be expanded
to include energy costs (although this is not
now a common practice).

Lack of information about home energy
consumption and the value of solar equip-
ment makes it difficult for institutions to
evaluate energy costs, even if they have a
desire to do so. Only 9 percent of the lenders
interviewed in the RUPI study had seen esti-
mates of solar energy savings, only 4 percent
had seen cost benefit analysis for solar
equipment, and only 9 percent had seen an
installed solar device or plans for an opera-
tional system. *

THE EFFECT OF MORTGAGE
POLICY ON SOLAR COSTS

The availability of financing can present a
major barrier to rapid introduction of solar
equipment. The effects of loan-to-value ra-
tios on overall capital costs are shown in
figure 1l11-4 and the effect of changing in-
terest rates is shown in figure 111-5. The
results require some interpretation:

— From the perspective of a present value
analysis, the fraction borrowed has
relatively little effect on the capital
costs perceived by the homeowner,
given the assumption that the owner
uses a 10-percent discount rate to
evaluate future costs. This is because
the discount rate chosen in the calcula-
tion is close to the interest rate charged
for the loan. The fraction borrowed can
have a much greater effect than figure
1 | I-4 indicates, however, since the re-
quirement for a large downpayment
can be a prohibitive barrier.

—The fraction borrowed strongly affects
the prices which must be charged by in-
dustrial firms and, to a lesser extent, the
prices charged by the hypothetical real
estate investor. This is simply due to the
fact that the investors expect a much

‘RUPI, p 61
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Figure ill-4.—The Effect of Loan-To-Value Ratios on Overall Capital Costs
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Figure ill-5.—The Effect of Interest Rates on Overall Capital Costs
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higher return on their capital than the
interest rates assumed for the loan.

— Interpretation of the effect of interest
rates on loans is straightforward. The
policy issue raised here is one of finding
a way to persuade lending institutions
to risk investments in solar equipment.

Figure | | 1-6 shows the results of a recent
survey of the reaction of a number of lend-
ing institutions to a number of proposed
policies. It is apparent that the lenders are
not interested in tax incentives which assist
potential owners. They are much more in-
terested in performance certification of the
devices and in Federal insurance and sec-
ondary markets for mortgages.

Many existing Federal programs insure or
subsidize loans to promote objectives
deemed socially desirable. These programs
are discussed in the following section. How-.
ever, one difficulty with a policy that cre-
ates such distortions in the loan market is
that the implicit subsidies are extremely dif-
ficult to calculate, Encouraging the use of
capital in one area necessarily removes the
capital from other applications; thus, it is
never clear who, if anyone, suffers as a
result.

Another option for encouraging lending
institutions to make financing available to
potential owners of solar equipment would
be to find some way of requiring lending in-
stitutions to include estimates of the bor-
rower’'s ability to cover utility costs in the
process of estimating the borrower’s ability
to pay back the loan. This type of analysis
might often benefit solar equipment owners.
Several techniques for doing this are dis-
cussed.

A SOLAR LOAN PROGRAM

A program which made loans more attrac-
tive to potential solar customers would have
several generic advantages over tax incen-
tives:

1, They avoid complicating the tax laws.
Recent tax reforms have attempted to
separate Government incentives pro-

grams from the revenue-raising func-
tion of the Internal Revenue Service.

2. The benefits of a subsidized loan may
be easier for a prospective buyer to un-
derstand and its impact is more im-
mediate. It is apparent that consumers
of solar energy equipment must be per-
suaded to make purchases on the basis
that their net monthly payments for
energy will be lower if they install solar
energy equipment. It is easier to make
comparisons between conventional and
solar billing when loan incentives are
provided.

A tax rebate requires owners to tie up
their own capital while waiting for a re-
fund. This wait can create real financial
difficulty and the delayed gratification
can have a psychological impact reduc-
ing the attractiveness of the incentive.

3. It may be easier for low-income
families to take advantage of a loan
program which requires a relatively
small downpayment, for example, than
a program which requires negotiating
loans from conventional sources. It is
interesting to notice that loan incen-
tives may be more attractive to low-
income homeowners than to home-
owners with large incomes. Families in
high-income tax brackets pay a lower
effective interest rate since interest is
deductible, and would therefore not
benefit as greatly from an incentive
which lowered the interest rates and
hence their deduction.

4. If it is possible to place the loan as a
part of a mortgage package used to
finance an entire building or house, it
may be possible to reduce the cost of
administering the program and apprais-
ing the solar equipment. If tax programs
are used, the IRS must presumably find
a way to make independent audits of
the projects.

Loan programs, of course, are not without
problems. They can be complex and costly
to administer, particularly if it is necessary
to establish a separate bureaucracy to over-
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Figure Ill-6.— Lender Perceptions of Likely Impact of Incentive Options on Loan Decisions
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see the operation of the program. Lending
institutions constantly complain about the
amount of paperwork required by Federal
regulatory authorities and this paperwork
can contribute significantly to the cost of a
loan. Since the costs of paperwork are near-
ly Independent of the size of the loan, loan
subsidies may not be an detractive tech-
niqgue for encouraging the installation of
solar equipment costing less than $1,000 to
$1,500. In these cases, it is much more likely
that the purchaser will be able to make a
single payment for the equipment and a
direct grant or tax credit would be easier to
administer.

There has also been some concern about
loan support programs which commit the
Government to administering programs over
a term of many years.

The significance of all of the problems
cited here depend on the details of how the
loan program is administered. Concern
about long-term Federal commitments can
be reduced, for example, by simply having
the Government make a single payment to a
lending institution which would administer
the loan, to cover the difference between
the return received from a subsidized and a
commercial loan.

If the Government uses an 8-percent dis-
count rate (roughly the current cost of long-
term Government bonds) a 3-percent loan
covering 95 percent of the cost of a solar
system owned by an individual homeowner
has roughly the same effect on average
monthly costs as an investment tax credit of
34 percent. If the system is owned by the
owners of an apartment building, the loan
would be equivalent to a credit of about 62
percent. The Government cost associated
with the loan program for homeowners
would be about the same as that for an in-
vestment tax credit of 29 percent (assuming
no loan placement fee).

EXISTING FEDERAL LOAN PROGRAMS

The Federal Government has a great vari-
ety of programs for subsidizing and regu-

lating the U.S. financial community. These
fall into the following categories:

1. Direct Federal loans and programs
which subsidize the interest paid to pri-
vate lending institutions;

2. Programs which “guarantee” loans with
a contract in which the Government
agrees to purchase a mortgage offered
by a private investment company if the
borrower defaults (typically the debtor
is then still liable to the Government for
the outstanding funds and must either
sell the property or permit the Govern-
ment to sell it for him);

3. Loan “insurance” programs, in which
the Government charges the borrower a
small annual fee and agrees to reim-
burse the lender in the event of a de-
fault;

4. Federally chartered but privately
owned “secondary mortgage” institu-
tions, which purchase mortgages from
primary lenders in order to free the
funds of these lenders for further mort-
gages; the Federal National Mortgage
Association can borrow funds directly
from the Federal Treasury; and

5. Regulatory institutions which oversee
the operations of banks, savings and
loan institutions, and other lending
organizations,

Each of these programs and organizations
could retard the installation of solar equip-
ment or, if Federal leverage is applied, ac-
celerate it.

Direct Federal Loan Guarantees for Buildings

Most direct Federal loans are issued to
projects designed to serve low-income
groups—-urban housing projects, hospitals,
homes for the aging-although some funds
are available for experimental communities
and new energy equipment. Any direct loans
for solar equipment will have to compete
with their use for urgent social programs. It
may make sense to increase funding in these
direct-loan programs to reduce dependence
on long-term Federal support for operating
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costs (see discussion in the previous issue),
The major direct-loan programs are:

Programs Administered by the Department
of Housing and Urban Development (HUD).—
1) Public Housing: The Housing Act of 1937
(section 5) permits the Federal Government
to directly finance housing for low-income
families and the elderly through federally
guaranteed municipal bonds. Additional
funds are allocated each year to allow
“modern i z at ion” of existing structures
These programs do not have specific goals
for energy conservation, although the prop-
erties must meet certain minimum HUD
standards. Energy conservation features
could be included in these standards.

(2) Housing for the Elderly and the Hand-
icapped: Section 202 of the Housing Act of
1959 provides loans for nonprofit sponsors
of new or substantially rehabilitated rental
housing for the elderly or the handicapped.
The program also has no standards specif-
ically designed for energy conservation. The
projects constructed under this section,
however, tend to be initiated by experienced
and sophisticated managers, contractors,
and architects, who are more likely to be at-
tracted to novel energy systems than are the
builders of public housing projects, which
have been plagued by cost overruns, de-
faults, and tenant problems,

Programs Administered by the U.S. Depart-
ment of Agriculture (USDA). — The Depart-
ment of Agriculture has two large Federal
loan programs for low- and moderate-in-
come rural families that could have applica-
tions for solar technology.

The first is a new conservation program
under the Farmers Home Administration
(FmHA), a $500 million to $1 billion project
announced on February 28, 1977. Under this
program, customers of electric cooperatives
can receive 8 percent loans, repayable
through their monthly electric bills, for such
conservation measures as weatherization,
storm window and door installation, and in-
stallation of attic cans, to a maximum ex-
penditure of $1,500 a family. No new Feder-
al appropriations or authorizations were

necessary for this program; the money is left
over from the FmHA’s Section 502 home-
construction loan program. But the conser-
vation guidelines do not permit structural
work, thus precluding solar installations. No
legislation would be necessary to change
the regulations; it could be done adminis-
tratively within the Agriculture Department

The second large program is the Rural
Electrification Administration (REA) loan
program to electric cooperatives. There are
two parts to this program — a direct loan au-
thority of $75 million to $900 million (in FY
76) to cooperatives for electric distribution
and transmission facilities. This program
would appear to have no solar applications.
However, a second REA program would. It is
an open-ended REA loan-guarantee pro-
gram, again to co-ops, for construction of
electric generating facilities.

These loans, at prevailing interest rates,
are made by a commercial bank or, more
commonly, through the Federal Financing
Bank within the Treasury Department. In
calendar 1976, such REA-guaranteed loans
totaled $3.7 bill ion,

There are no restrictions, either under the
law or under REA regulations, as to what
type of electric generating facility may be
made with the REA-guaranteed loans. Thus,
a solar electric generating plant could quali-
fy for such a loan — at least so far as REA is
concerned — assuming that the lending in-
stitution and the local electric co- operative
conclude that the solar installation would
be cost-effective.

The two largest impediments to using this
large Federal program to foster the solar
market would seem to be (a) the need for a
backup system (a small diesel generator
could suffice) and (b) the problem of con-
vincing banks and co-op officials that a
solar generating facility would be practical
(when it is possible to make such a case).
REA officials stress that their agency’s mis-
sion is not to experiment with new or novel
technologies, but to provide electricity to
rural customers at the cheapest possible
rates.
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Programs Administered by the Small Business
Administration (SBA).— The SBA has funds
available for subsidizing loans to qualifying
small businesses. These funds might be use-
ful to firms manufacturing or installing solar
equipment, since such firms tend to be quite
small.

Loan Guarantees

Veterans Administration (VA).— The Serv-
iceman’s Readjustment Act of 1944 allows
the VA to guarantee loans to qualifying
veterans for residential buildings with one to
four units. The program guarantees about
350,000 units a year, The loans can be made
for any amount and cover 100 percent of the
value of the property. There are no energy-
conservation requirements, although the VA
will only insure property which meets “mini-
mum property standards” established by the
FHA.

Federal Energy Administration (FEA).—The
Energy Conservation and Production Act
provides loan guarantees for a wide range of
conservation and solar energy equipment.
Regulations governing the application of the
funds were still being drafted in mid-1977.

HUD Loan Guarantee Programs.—-Amend-
ments to the Housing Act of 1968 authorize
HUD to make loan guarantees for privately
developed new towns and for a variety of
community facilities. To date, the program
has extended guarantees to 13 new towns,
some of which have projects for solar heat-
ing and cooling funded under the ERDA/-
HUD solar heating and cooling demonstra-
tion program.

Mortgage Insurance

The Housing Act of 1934 established the
Federal Housing Administration (FHA) and
the FHA Insurance Fund to allow families
with low and moderate incomes to obtain
mortgages at reasonable rates, The program
has since expanded to include apartments,
cooperatives, nursing homes, and group

“PublicLaw 94-385, Title IV, section D
‘ ‘Title IV of the Housing Act of 1968, amended as
Title VIl of the Housing Act of 1970

medical practice facilities, The insurance
program collects premiums from borrowers
and provides a fund to reimburse lenders in
the case of defaults. The value of interest
rates allowed for FHA-insured loans varies
and has recently been below the rate
charged by the private mortgage insurance
companies. In 1977, home-purchase loans
financed under Section 203b charged 8-
percent interest; home-improvement loans
under Title | charged 12 percent.

FHA’'s direct participation in the mort-
gage market is diminishing. It now insures
only about 17 percent of the loans made on
1- to 4-unit nonfarm residential buildings.
The program is still extremely influential,
however, if only because of the standards it
sets for residential structures. All older
homes purchased with FHA insurance must
be appraised by the FHA and receive a “Cer-
tificate of Reasonable Value, " which forms
the basis of the loan amount. New homes
can be insured only if they meet FHA's
“minimum property standards, " As noted
earlier, these standards form the basis for
many other Federal loan programs. They are
also widely used by private lending institu-
tions as the standards of value. Builders
designing low-cost housing have, in many
cases, chosen to meet these standards,
since housing quality that did not measure
up to them would have reduced the avail a-
bility of financing for potential buyers.

The FHA standards reflect both the qual-
ity of the construction and its marketability.
No firm policy has been established for
solar-energy devices, although a 1974
amendment to the FHA law permits the use
of FHA loans for solar equipment (The
amendment may have been unnecessary, as
FHA loans were used during the 1930’s to
purchase solar water heaters in Florida. )

Current FHA solar standards of perform-
ance quality employ the National Bureau of

Standards “ Interim Performance Criteria”
for solar devices. ” The major difficulty,
"RUPI, p 133

“FHA document FPMC-FHA, datedtebruary 19,
1976
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however, will not be the quality of the
equipment but whether it will contribute to
the resale value of the house. FHA is par-
ticularly sensitive on this point, since it
deals primarily with low- and middle-income
families to whom initial housing costs are
important, A recent FHA publication noted
that in inspecting property with solar
devices, “[the] field office must also deter-
mine that a ready market exists for the pro-
perty with the increased cost of the solar
equipment."* An applicant failing to obtain
FHA certification for a solar device has the
right to a hearin,before the local FHA of-
fice The results are difficult to predict and
wi Il doubtlessly depend on the officials’
familiarity with costs and benefits of solar
equipment. Failing to obtain a direct FHA
loan, the applicant has the option of utiliz-
ing a H U D “ Experimental Housing Program
(Section 233). "

HUD’s experimental housing program is
designed to provide an incentive for the con-
struction of innovative or unconventional
housing systems that do not meet the con-
servative standards of the FH A certification
processes. The program’s larger purpose is
to develop familiarity with experimental
designs that will provide the basis for alter-
ing the FHA standards.®Unfortunately, in-
fluence of experimental programs on tradi-
tional housing has not been notable thus far,

Loans for home improvement and mobile
homes insured under Title | do not require a
preinspection, although FHA audits projects
after loans are granted. Up to $7,500 can be
obtained without security.

The proposed National Energy Act would
amend the act establishing these loan guar-
antee programs in three ways:

1. Section 110 would add public utilities
to the types of institutions which can
place loans for energy-conservation
equipment insurable by FHA.

“FPMC-FHA 76-8
"Orville Lee, Director of HUD's Section 233 pro-
grams, private communication, 1977

=842 O -7

2 Section 111 clarifies the definitions for
energy-conserving equipment and solar-
energy devices.

3 Section 112 provides an opportunity to
use Title | funds for experimental
energy equipment but at higher interest
rates than those <conventionlly
charged for home improvements, Ac-
tual rates would be determined by a
study conducted by the Secretary of
HUD.

Federally Chartered Secondary. Mortgage Institutions

Many of the mortgages issued for residen-
tial buildings in the United States are not
held by the primary lending institution for
the full mortgage period. Instead, they are
sold to organizations which are more in-
terested in holding notes over a long period
and which use the primary lenders as agents
to acquire them. Selling mortgages to a
secondary-mortgage institution frees the
assets of the primary lender, who is then
able to use these funds to issue further mort-
gages. The Federal Government sponsors
two of the largest purchasers of secondary
loans: the Federal National Mortgage Asso-
ciation (called “Fannie Mae” by generations
of brokers unable to pronounce FNMA), and
the Federal Home Loan Mortgage Corpora-
tion (alias “Freddie Mac").

Primary lenders are critically interested in
ensuring that their loans will be repurchased
by these organizations. If the secondary-
mortgage institutions are negatively in-
clined toward solar equipment, this could
affect the willingness of primary lenders to
approve loans involving such equipment.
According to the RUPI study cited earlier,
both FHLMC and FNMA have indicated that
“until solar systems achieve some degree of
market acceptance, they may conclude that
incremental first costs should be largely,
perhaps even entirely, excluded from the
mortgageable value for the purpose of their
programs,’”” The manager of FNMA apprai-
sals was quoted as sayin that if “people

'eTitle 12 {Banks and Banking, subchapter I | 1,
171 6a)
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wish to experiment they should do so with
their own money, not someone else's."”

On the other hand, the quasi-public na-
ture of these organizations makes them sus-
ceptible to public-policy guidance.

The Federal National Mortgage Associa-
tion was established by Congress in 1934 to
“provide supplementary assistance to the
secondary market for home mortgages by
providing a degree of liquidity for mortgage
investments, thereby improving the distribu-
tion of investment capital available for
home mortgage financing” and to provide
special assistance for special purposes. It
purchased about $7 billion in loans in
1974.%1t raises funds by private subscrip-
tion, but has “backstop” authority to bor-
row directly from the Federal Treasury. Five
of its 15 board members are appointed di-
rectly by the President of the United States,
Fannie Mae can purchase loans guaranteed
by FHA or other institutions [section
1717(b.1 )] at full value. It can also purchase
conventional uninsured loans, subject to re-
strictions on the loan-to-value ratio and
other limitations [section 1717(b.2)]. About
85 percent of its loans are purchased from
mortgage bankers.

The FNMA tends to place great reliance
on the judgment of primary lenders, and as a
result, its lending policies tend to be deter-
mined by the values of the mortgage bank-
ing industry.

The Federal Home Loan Mortgage Cor-
poration operates under the auspices of the
Federal Home Loan Bank Board (FHLBB)
and primarily serves savings and loan in-
stitutions. The Corporation purchased ap-
proximately $1.5 billion in loans in 1974.
The members of the board of the FHLMC are
appointed by the FHLBB, who in turn are ap-
pointed by the President. The Corporation
acts under regulations established in the
Federal Home Loan Bank Act, It raises

‘ ‘Barrett, Financing the Solar Home, NSF Grant
APR 75-18360 (J une 1976), p 141

“Barrett, op cit, p 139

“Barrett, Financing the Solar Home, NSF Grant
APR 75-18360 (June 1976), p 139

funds, entirely by subscription, from the in-
stitutions it services. The FHLMC's regula-
tions place more risk on the primary lenders.
For example, the FHLMC can require the
primary lender to take back a repurchased
loan if irregularities are discovered.

The proposed National Energy Act would
amend the charters of both the FHLMC and
FNMA, to make it clear that funds can be
used for loans for “energy-conserving im-
provements to residential real estate.””
Solar devices are not explicity mentioned,
but their inclusion may have been intended.

Regulatory Authority

Nearly 97 percent of all loans granted in
the United States are issued by lending or-
ganizations subject to some kind of Federal
regulation. Savings and loan associations,
for example, are tightly controlled by the
Federal Home Loan Bank Board. The Feder-
al Deposit Insurance Corporation regulates
mutual savings and commercial banks. Nei-
ther appear to have a specific policy for en-
couraging or discouraging energy-related
loans.

ISSUE 3

Can purchases of solar equipment for Feder-
al buildings be used to stimulate the solar in-
dustry?

A major program for installing solar
equipment on Federal buildings could be
one of the Government’'s most powerful
tools for encouraging the development of
mass production of solar equipment by pri-
vate industry.

Consider the following:

. The Federal Government owns or leases
approximately 446,000 buildings in the
United States, with a combined floor
area of nearly 3 billion square feet and
was spending almost $1.7 bill ion an-
nually by mid-1977 to heat and cool
them. (That figure was expected to

2Tjtle 1, sections113 and 114
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reach $1 9 billion by the end of 1977,
and about $3.5 billion by 1985, ) If 10
percent of the present heating/cooling
costs were capitalized — used for debt
payments for the purchase of solar
equipment — the Government could
purchase nearly 100 million square feet
of solar collectors annually. *

. The Federal Government subsidizes
operating expenses, including heating
and cooling costs, of a large number of
projects built with Federal assistance.
The Department of Housing and Urban
Development alone paid more than
$575 million in 1977 to subsidize the
operating and energy bills of the nearly
1 million units of public housing ad-
ministered by subsidized local housing
authorities If 10 percent of this were
capitalized, the Government could sup-
port the purchase of nearly 30 million
square feet of collectors annually.

N«

It would be difficult for the Govern-
ment to encourage private concerns to
install solar equipment if it is not using
solar equipment on its own buildings.

In spite of the enormous potential, Feder-
al programs for purchase of solar equipment
have been proceeding quite slowly, largely
because of concern about the cost effec-
tiveness of solar devices. This concern is
often magnified by the inability of program
administrators to accurately evaluate the
costs of solar techniques, | n some cases, re-
quired formulas for determining the worth
of a Federal investment (i. e., fixed limits on
building costs, and present value computa-
tions with high discount rates) have in-
hibited these programs.

The opportunity to use Federal buildings
for experimental energy equipment raises
three difficult but important questions:

1. What should the Government use as a
“discount rate” to evaluate alternative in-
vestments?

‘Assuming $20 per square foot for an Installed sys-
tem

There is a considerable amount of
disagreement among analysts on this point
Some argue that the Government should
make decisions with the same expectations
of return as private investors This view was
formalized in a ruling by OMB, which held
that the Government should only invest In
equipment which would result in a 10-per-
cent return on investment since this rate
“represents an estimate of the average rate
of return on private investment before taxes
and after inflation.”* Others argue, how-
ever, that the free market does not neces-
sarily accurately assess the social costs of
investments and that the Federal Govern-
ment should therefore use investment cri-
teria which better reflect social costs. Even
if this basic principle is accepted, however,
it becomes extremely difficult to determine
what economic expectations are proper In-
vestments must be assigned values based on
concerns about the environment, social
costs, benefits to labor, benefits to national
security, the stability of resource supplies,
and other criteria difficult to evaluate in
conventional economic terms

When the Government makes an invest-
ment that pays less than the return which
could be realized if invested in the free
market, society is losing some of the value
of that capital. This of course means that
society is subsidizing the investment In
some way. The exact amount of this subsidy,
however, can be as difficult to quantify as
the value society might realize from the in-
vestment.

Nonetheless, several discount rates can
be used to evaluate Federal equipment pur-
chases:

« 10 percent rate of return after taxes and
before inflation: this technique would
result in Federal investments in solar
equipment which neither lead nor lag
investments made by private industry.

* Use of a rate of return equal to the rate
of the growth of the U.S. GNP: this

“George P Shultz, “Discount Rates to Be Used in
Evaluating Time-Dlstrlbuted Costs and Benefits, ”
OMB Circular A-94, Mar 27, 1972
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would encourage Federal purchases of stimulus to Federal purchase of the
solar equipment and ensure that funds equipment. (Zero percent discount
extracted from the economy by the rate. )

Government were not affecting overall
economic growth. (This would imply a

: Th i i
real discount rate of 2 to 5 percent. ) e effect of applying different Federal

discount rates to prospective Federal in-

+ Require only that the Federal Govern- vestments is illustrated in figure IlI-7; the an-
ment recapture its initial investment ticipated effects of three separate discount
without earning a return on the funds: rates on Federal decisions to purchase ener-
this would obviously be a stronger gy equipment are shown in figure | | 1-8.

Figure ill-7.—The Effective Cost of Capital to the Government as a Function of the
Discount Rate Used in Decisionmaking

(Assumptions methodology used in preparing this figure are discussed in detail in
volume 11, chapter 1)
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Figure 1lI-8.—The Effect of Federal Discount Rate on the Perceived Cost of Federal
Investments in Three Types of Solar Installations

(in $/month/unit in a 196 un

it high rise apartment)

77//

0% Federal Discount Rate

5% Federal Discount Rate

10% Federal Discount Rate

(1) conventiona system / 142 //I 288 ]
(2) solarheat & 1.W. / /J 97 1/1 155 |
(3) sofar electric #1 ///. 103 //;/ 187
T 7 7
(4) solar electric #2 AY: /’[ 230 ]
T
(1) conventional system /,/,ﬁ 11 ///l 220 J
(2) solar heat & HW 10% //j 148]
Wy A 08
(3) solarelectric #1 153 1
(4) sotlarelectric #2 { 207 1
(1) conventional system /1,0,2%1 173 ]
(2) solarheat & HW. S/ / 127 7//‘;I|15q
(3) solarelectric #1 //[91 // 132
(4) solarelectric #2 7/ 7/ﬂ59 W//;I 201 ]

ASSUMPTIONS

SOURCE: Office of Technology Assessment

(1) conventional system s an all electnic heating & cooling & hot water system using a two-pipe distribution system. central chilling units, and resistance
heating elements n eash unit

(2 solarheatinganoh i tw ater system uses 4100 m*of flat platerallectorswh irh cast 196 $/m2 installed (near termpries) and 1 2 mihonk & h lowtemperature
thermalstorageiseasonal inu ndergrounc lan ks

(31 Slarele too #0Y U SC 52500 mfuftaoaxistrank ing olletorswith GaAsphotovolta. el Is The colledtorscost 102 $ 'm?in stalledinatuding elisianop
timistiestmate r»tfur;mprues) 10000 k w h of low te m perature thermal storage no batteries are used

14)solareleitrn #2 uses 4263 m ‘of one ax IS trarkin 9 roilect Jr swiet h sihionphotoyoltaicells The tallertors Iost 300 $im2includn gthe ost o | the 15000
$ipeakk w) thesyste m has 17000 k w h of lowtemperatire th ermalstorageandnsbatt enes

assumes 1976 start u prostsandelectrirpriesn 1¢aS 1 nq alongBNL fore asts

assumes that electricprices Increase by a factor of 5 over 60 = years {in constant dollars)

2. If it is determined that the Government
should subsidize the market in novel en-

ergy equipment, how should it select
equipment?
If it is assumed that the Government will

purchase equipment which cannot be justi-
fied in traditional economic terms, values
other than those used by the free market
must be applied This is a perilous under-
taking since it runs the risk that the bureauc-
racy will select equipment which would not
have been chosen by the market if it had |

been given time to develop along traditional
lines, In extreme cases, mistakes might ac-
tually result in slowing the rate at which
solar equipment enters the market if the
Federal stimulus results in accelerating the
installation of less desirable devices,
thereby diminishing interest in promisin,
alternatives. At a minimum, any Federal pro-
curement program must be carefully inte-
grated with an overall plan to promote a
market for solar equipment as discussed in
the section reviewing overall policy alter-
natives.



94 . Solar Technology to Today’s Energy Needs

3. What future fuel prices should the Gov-
ernment assume when evaluating the
cost-effectiveness of solar technologies
for specific applications?

THE POTENTIAL OF INDIVIDUAL AGENCIES

Department of Defense (DOD)

The Department of Defense operates
380,000 buildings with a total floor space of
2.5 billion square feet. ” This includes
260,000 units of family housing in the United
States. It recognizes that energy costs are
becoming a major burden and a program is
now underway to install a variety of solar-
equipment designs on several typical DOD
building types. Some of the projects are
funded by DOE; some are funded internally.
The projects include:

—Shopping centers at Kirkland and Ran-
dolph Air Force Bases (heat and cool).

—Administration building at Fort Hood
(heat and cool).

— High-temperature water from concen-
trating collectors at Fort Carson, Colo.

—132 residential units on 16 Air Force,
Navy, and Army bases (heat).

—-Three Army Reserve centers (heat and
cool).

— 50,000 square feet of classroom at Fort
Huachuca, Ariz.

—Air Force Academy housing (heat and
cool, funded by USAF).

— Refrigeration at the Navy regional med-
ical center at Orlando, Fla.

According to a study conducted for DOD
by the BDM Corporation, solar photovoltaic
cells can compete with many generating de-
vices now used to provide electricity to
remote sites, (Standard DOD techniques
were used to measure cost-effectiveness. )
The study estimated that DOD could pur-
chase over $100 million of silicon solar cells

“ERDA-76-6, pp 71, 75.

annually without subsidy if the current price
of cells dropped by about 50 percent.*
DOD is also testing the applicability of solar
power in several new DOD construction
projects and indications are that the results,
if promising, will be phased quickly into
other DOD construction and modernization
projects.

Veterans Administration (VA)

Several solar projects have been proposed
in the VA's 5-year plan:

. Retrofit of the San Diego VA Hospital
for solar heating and cooling.

. A solar-assisted heat pump for a new
VA hospital to be built in Palo Alto,
Cal if.

. Solar hot water systems for three new
hospitals under construction.

. 20 other projects were in the design
stage for FY 77; 40 more were i n the pre-
liminary design stage for FY 78,

The VA’s 171 hospitals are built, operated,
and maintained by the VA itself, rather than
by the General Services Administration
(GSA), which is responsible for acquisition
and maintenance of the VA’s non hospital fa-
cilities (these are discussed under the GSA
program). Fuel expenditures for the 171 VA
hospitals amounted to $23.5 million in FY
75.

VA officials have informally indicated
that the agency’s hospital system could ac-
commodate 120 solar installations, at a cost
of some $32 million. They estimate that ret-
rofit would save $1.6 million annually in fuel
costs and that this saving could be diverted
into a principal/interest debt repayment
fund for the solar equipment. * To accom-
plish this, the VA’s 5-year Energy Plan would
have to be revised. But apparently no legis-
lation nor additional funding would be re-
quired.

2'DOD Photovoltaic Energy Conversion Systems

Market Inventory and Analyses, " Prepared for DOD
and FEA, spring 1977

*Clark Granninger, VA, 1977
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U.S. Postal Service (USPS)

An FEA-sponsored study found that USPS
“owns or operates approximately 75 million
square feet of floor space in 36,000 build-
ings. " Of this floor space, approximately 80
percent is concentrated in 750 buildings. ”

The USPS has two solar demonstrations
underway: a new post office building under
construction in Ridley Park, Pa., and a retro-
fit project in Boulder, Colo A study is being
made of the possibility of designing solar
equipment for a standardized building de-
sign which the USPS could use in many parts
of the country.

The USPS leases more than 80 percent of
its buildings from the private sector, and the
agency has the legislative authority and ad-
ministrative flexibility to work any kind of
variation on utility payment responsibility
At present, however, it has no positive pro-
gram for promoting the use of solar power in
its leasing program. The agency has not de-
veloped a comparative cost analysis system,
but USPS officials feel that regional USPS
personnel are professionally competent, as
well as definitely inclined, to solicit solar as
part of its leasing program if encouraged to
do so.

General Services Administration (GSA)

The General Services Administration has
jurisdiction over all Federal office space,
with the exception of post offices, DOD
facilities, VA hospitals, and certain other
specialized facilities It has installed solar
equipment on only two Federal buildings —
one In Saginaw, Mich , the other in Man-
chester, N.H. Planned projects include:

. Heating and cooling facilities i n a new
Border Patrol building at Marfa, Tex.

Z Heating and cooling facilities at
Federal office buildings in Denver,
Colo , and Carbondale, IlI,

. Solar heating and cooling facilities at a
Forest Service building in Arizona

““Sola r Energy Government Build ingsProject,
MITRECorporation, p 4

. Regional GSA adminstrators are soon
to make recommendations for solar en-
ergy projects for one or two GSA build-
ings in each region of the country,

GSA’s ability to install solar equipment is
limited by the fact that in recent years it has
often chosen to lease buildings rather than
to purchase them.

Health, Education, and Welfare (HEW)

The Department of Health, Education,
and Welfare is charged with demonstrating 3
solar heating and cooling in Federal and
private hospitals and other health-care facil-
ities as part of DOE commercial demon-
stration program. An interagency agreement
between DOE and HEW authorized HEW to
solicit proposals for such projects, it calls
for an “open” solicitation; that is, solar con-
tractors are to be invited to make proposals
for heating and cooling demonstrations at
certain health care facilities Five or six proj-
ects are anticipated under the proposal, and
about $1 million in DOE funds is involved.

In addition, DOE has funded a $300,000
project for a solar installation at an Indian
health-care facility in New Mexico and a
project at a Public Health Service hospital,”

BUILDINGS OPERATED FULLY, OR IN PART,
UNDER REGULATIONS ESTABLISHED BY
THE FEDERAL GOVERNMENT

The Federal Government, in addition to
the buildings it owns or leases, supervises
the operation of many buildings that receive
Federal loans or operating subsidies The
Government could use Its leverage to en-
courage the use of solar-energy equipment
on such projects. In the case of buildings
which receive operating subsidles partially
attributable to energy costs, the Govern-
ment might directly benefit from diverting
annual subsidy funds to programs designed
to capitalize solar devices.

The largest number of federally spon-
sored residential units have been con-

‘Carl Conner, ERDA, private communication, 1977
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structed under public housing programs.
Over 1 million units of low-cost housing
have been constructed with federally sub-
sidized municipal bonds since 1937. Projects
covered under Section 8 of the Housing Act
also receive annual payments to ensure that
tenants are charged no more than 15 to 25
percent of their annual income for rent,

Unfortunately, current accounting pro-
cedures make it difficult to determine the
fraction of annual subsidies attributable to
energy costs. HUD officials estimate that
energy costs currently account for 20 to 30
percent of the subsidy payments.

Public Housing

The Public Housing Program has funds for
modernizing existing structures (the approx-
imately $20 mill ion available in FY 77 was
capitalized by local developers into about
$200 million in project funding). Energy con-
servation is considered a major objective of
recent modernization investments. How-
ever, HUD has no program-wide conserva-
tion goals. There are no real incentives for
local housing officials to invest in conserva-
tion equipment, largely for the following
reasons:

—There is a general feeling that the Fed-
eral Government will have to continue
to subsidize energy costs, and local of-
ficials therefore apply all available
funds to other modernization projects.

—There is much less glamour in retrofit-
ting older establishments with conser-
vation equipment than in overseeing
innovative new projects. The effec-
tiveness of area personnel tends to be
judged on the basis of their perform-
ance on newer projects.

Until late 1974, HUD’'s legal staff had
ruled that operating subsidies for public
housing could not be used to capitalize in-
vestments in energy-conservation equip-
ment. A more recent ruling changed that
opinion, and there are now judged to be no
legal barriers to using operating funds for
solar and other energy equipment. However,
there has been little attempt to use oper-

ating funds for solar equipment, since HUD
officials are skeptical that solar devices
could be economically attractive on their
projects without additional Federal subsi-
dies.

Acquired Housing

In addition to public housing, the Federal
Government acquires a substantial number
of residential units because of foreclosures
on VA, FHA, and FmHA loans (HUD current-
ly owns approximately 90,000 such units).
The current policy is simply to dispose of
this property as rapidly as possible without
making modifications to the structures. It
might be desirable, however, to require that
the Federal Government provide certain of
these houses with energy-conserving equip-
ment before they are resold.

ISSUE 4

Could any existing Federal grant program be
used to subsidize the purchase of solar- ener-
gy equipment?

Yes; many of them could, Some direct-
grant programs already have energy conser-
vation as an explicit objective; others,
though initially designed for other purposes,
could be used to administer funds for solar
installations,

Taken together, funding for such pro-
grams totaled over a billion dollars in FY 77
and thus could be used to provide substan-
tial subsidies for solar equipment—even if
only a small fraction of the funds could be
justified for this purpose. However, it will be
difficult to divert funds from many existing
programs because they are already over-
subscribed for their primary purposes; in
these cases, solar equipment would have to
be paid for through additional funding. To
have solar grant money administered
through existing programs would have the
advantage of avoiding the addition of still
another separate program to what is already
a bewildering array.

If an attempt were to be made to coor-
dinate these diverse and frequently overlap-
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ping programs in the interests of acceler-
ating the commercialization of solar energy,
it would probably be desirable to use the
services of the Federal Regional Councils in
each of the 10 Federal regions nationwide.
Councils are headquartered in Atlanta, Bos-
ton, Chicago, Dallas, Denver, Kansas City,
New York, Philadelphia, San Francisco, and
Seattle These councils can use personnel
from several different agencies to coor-
dinate programs across jurisdictional lines
and which receive funding from several dif-
ferent sources.

FEDERAL GRANT PROGRAMS

It will not be possible to summarize all
Federal grant programs which could be used
to subsidize solar energy systems. A few of
the programs which seem most immediately
relevant are:

Programs Administered by HUD

Community Development Block Grants are
provided under the Housing and Community
Development Act for a variety of urban re-
newal and community improvement activi-
ties which may include the rehabilitation of
housing. About $250 million was spent dur-
ing FY 76 to secure loans totaling about $500
million Energy conservation was not a ma-
jor priority of these programs since most of
the funds were needed simply to make
buildings habitable.

Housing Rehabilitation Programs are funded
under Section 312 of the same Act. Their
purpose is to rehabilitate housing and to en-
sure that housing meets the requirements of
local building codes. Use of these funds for
conservation is improbable because the pro-
gram’s success tends to be measured by the
number of units completed. Solar installa-
tions would reduce this number.

Homeowner Grants are provided by Sec-
tion 302 of the Housing and Community De-
velopment Act to assist persons needing
funds for housing repairs.

Homeowners Incentive Demonstration Pro-
grams, authorized under the FEA extension
act (Title IV), are designed to evaluate the

effectiveness of incentives for encouraging
homeowners to install energy-conservation
or solar energy devices, Two hundred mil-
lion dollars were authorized for the program
in FY 77.

Housing Finance Interest Subsidies are pro-
vided under the 1974 Housing and Commu-
nity Development Act. This Act allows HUD
to make grants to State housing finance
agencies that use the money to cover in-
terest payments on bonds sold for rehabil-
itating housing. Buildings must be examined
by HUD before such grants are made. They
must meet HUD’s minimum property stand-
ards. (See Issue 2 for a discussion of the im-
pact of these HUD standards.)

Programs Administered by the Department
of Energy

The Energy Conservation and Production Act
(P. L. 94-385) established a 3-year program in
which $200 m i I I ion would be given to people
with low incomes for the purpose of insu-
lating and “weatherizing” their residences.
The funds are to be administered at the
local level by community action agencies
Standards for allowable improvements will
be established by the National Bureau of
Standards.

Programs Administered by the Department of Health,
Education, and We/fare

The Administration on Aging oversees a pro-
gram which gives emergency relief to elderly
persons finding themselves unable to meet
rising fuel bills. Grants also are made to
State agencies which provide direct assist-
ance in insulating and weatherizing resi-
dences.” The program is very modest; its
budget is approximately $1.5 million.

The Social Services Administration provides
up to $500 for winterization to families qual-
ifying for Aid to Families with Dependent
Children. " The program requires the recip-
ients to match the amount of the Federal
grant

2’Older Americans Act, Title 111
“#SocialSecurity Act, Sectlon 403
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Programs Administered by the U.S.
Department of Agriculture

The Farmers Home Administration may
make loans or grants in amounts up to
$5,000 to low-income rural residents for the
purpose of improving their homes to meet
local code standards. ” The funds can also
be used to purchase insulation. Its appli-
cability to solar equipment is uncertain.

Programs Administered by the U.S. Department
of Commerce

The Economic Development Administration
is authorized by both the Public Works and
Economic Development Act of 1965 and by
the Public Works and Capital Development
and Investment Act to make grants to com-
munities with the central objective of stimu-
lating employment in regions with severe
unemployment problems. Annual expend-
itures are typically in the order of $200
million, although a special “one-shot” infu-
sion of $2 billion was granted in 1976 be-
cause of severe unemployment problems.

It may be easier to use this program for
solar and conservation investments than any
other Federal grant program. This is because
money used for these purposes would not
have to compete with other, critical uses of
the Federal grant funds (e. g., housing rehabi-
litation). The object of the program is to
stimulate employment and, as shown else-
where in this paper, solar energy is a labor-
intensive industry which requires skills in
job areas currently suffering serious unem-
ployment. Funds from the CD | program,
however, are typically used for “public
works” projects which have high visibility.

FEDERAL INFORMATION PROGRAMS

In addition to the major grant programs
described above, a series of activities which
provide grants and/or technical services ex-
ist within the various Federal agencies.
These include such things as the Extension
Service of the U.S. Department of Agricul-

“Housing Act of 1949, Sect lon 504

ture, the Product Dissemination Program of
HUD, the Comprehensive Employment and
Training Act administered by the Depart-
ment of Labor, the Community Services Ad-
ministration, and Action. Some of these pro-
grams are bringing energy conservation Into
their activities through various means.
These include grants for weatherization,
providing labor for performing this weather-
ization, and information services on reduc-
ing energy costs to homeowners.

These programs appear to have the flex-
ibility to incorporate solar energy in their ac-
tivities. As such, their contact with a large
portion of the American population could
serve to accelerate the penetration of solar
energy. A similar course is being proposed
with regard to the Energy Extension Service
now being developed by DOE.

ISSUE 5

When private companies are subsidized with
Federal funds to develop equipment for the
commercial market, how can a balance be
struck between the company’s need to retain
a useful proprietary interest in the technol-
ogies developed and the Nation’s right to
have complete disclosure of the results of
federally sponsored research?

There is no easy answer to this question.
But it raises what is likely to be a central
problem for all federally sponsored efforts
to develop small, commercially viable ener-
gy technology.

On the one hand, the public has a clear in-
terest in ensuring the widest possible dissem-
ination of research and development work
conducted under Federal auspices. This is
particularly important with onsite solar
equipment because many of the manufac-
turers are small, having neither large re-
search staffs nor easy access to information
about a rapidly changing technology.

On the other hand, a company which is
not permitted to retain any proprietary in-
formation concerning the equipment it de-
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velops with Federal funds may conclude
that it has no commercial interest in the
development. Without patent protection
and without any advantage of advanced
design knowledge, the company may deter-
mine that it cannot risk manufacturing the
equipment. The company would undoubted-
ly enjoy some competitive advantage as a
result of its research, if only because of the
experience and ideas it obtained. The Feder-
al grant would have placed the firm on the
edge of the “state-of-the-art” in at least one
area of technology— a position that would
leave the company in a uniquely favorable
position to make further progress with its
own funds. Most of the commercial technol-
ogies which have “spun off” from research
sponsored by the Department of Defense
and by NASA have resulted from such situa-
tions. Even in situations where the complete
results of research work were published, the
companies involved retained valuable ex-
perience in the practical difficulties asso-
ciated with manufacturing and design which
might be difficult or impossible to publish.
(A machinist who d is covers that a drill works
best if you spit on it before making a critical
hole, for example, may hold the key to a
problem which would require another com-
pany months to resolve. )

At present, the Government does not have
much flexibility in adjusting its policies in
this area Only NASA is now able to grant ex-
clusive license protection to products devel-
oped with Federal support. Several innova-
tive approaches have been proposed, how-
ever, and DOE is funding the development
of a new heat-engine design in an experi-
mental arrangement with the Sunstrand Cor-
poration. In this program, the Government is
acting very much like a private source of
“venture capita |,” giving partial develop-
ment funding and retaining a partial interest
in the result

A major effort should be made to explore
alternative approaches to Federal support
for commercial products, and to determine
their utllitv and jiustice to the taxpayer.

ISSUE 6

Should the Federal Solar Program include a
major effort to encourage competitiveness in
solar energy and promote small solar busi-
ness?

The relatively small investments associ-
ated with onsite solar energy devices have
made it possible for many small businesses
to enter the market. Indeed, much of the in-
novative work now being done in the area
has emerged from firms with very limited
assets. This unique feature of the onsite
solar energy field presents a difficult choice
for the policy maker. A program for support-
ing small, relatively simple technologies will
have many more firms to choose from than
a program for developing large energy tech-
nologies, which require large capital in-
vestments in individual projects. Supporting
some of the small solar energy firms offers
an opportunity to explore a rich variety of
concepts without a massive investment in
any one approach, as well as a better op-
portunity to foster competition in the ener-
gy market. Apart from any such pragmatic
advantages, promoting small business has
always been considered a desirable objec-
tive in and of itself; the small, independent
competitive firm is still a cherished ideal of
the American economic system.

On the other hand, small firms are likely
to have limited marketing experience, no na-
tionwide representatives and contacts, and
limited research funds. Some may be ineffi-
ciently managed and others have limited ex-
perience with the difficulties associated
with taking a good engineering concept, de-
veloping a marketable product, construct-
ing equipment for mass production of com-
parable products, and developing sales and
advertising policy. The policy options of-
fered in this paper do not resolve this dilem-
ma; they give encouragement to small enter-
prises but do not include requirements
which ensure that small enterprises get a
specified share of Federal funding.

The Small Business Administration (SBA)
has played a very limited role in promoting
small solar energy businesses, although it
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has begun to investigate the field as the
result of congressional prodding. SBA will
participate in DOE’s program to finance
selected energy-related inventions.

A separate but related issue concerns Fed-
eral policy on restraint of trade. It is appar-
ent that solar energy systems, particularly
onsite devices, will increase competition in
the energy supply industry. A substantial
fraction of the cost of smaller solar systems
(particularly and virtually the entire cost of
passive solar systems) results from onsite
construction work which would be per-
formed by local building contractors. The
building industry is one of the most com-
petitive industries in the country, The diver-
sity of approaches, the fact that different
climates will call for different systems, and
the relatively small investments required to
manufacture many simple types of solar de-
vices will almost certainly maintain the
competitive nature of the solar manufactur-
ing industry. There will, of course, be items
which can only be produced economically
in very large quantities. Production of sit i-
con solar cells, for example, probably must
take place in facilities capable of producing
5 to 50 MWe annually if low cell costs are to
be achieved.

The Federal Trade Commission is monitor-
ing the solar industry to insure that existing
oil companies and utilities do not dominate
the field to the point of restraint of competi-
tion in the area. Both utilities and major oil
companies are entering the solar industry. A
majority of the photovoltaic devices manu-
factured in the United States for example,
are produced in subsidiaries of major oil
companies. Both the Electric Power Re-
search Institute and American Gas Associa-
tion have sponsored projects in solar energy
and a number of utilities have undertaken
projects on their own. (For example, the
Southern California Gas Company has been
involved in a large-scale program for dem-
onstrating solar hot water in California since
1973. ) The Pennsylvania Gas and Water
Company acts as a manufacturer’s represen-
tative for solar collectors, and Gasco Inc. of
Honolulu has a direct merchandise arm

which sells collectors as well as gas appli-
ances.”The advantages and difficulties of
utility participation in ownership of onsite
solar energy equipment is discussed in some
detail in chapters V and VI. It will be ex-
tremely difficult for any organization to
monopolize the solar industry because of
the inherent diversity of approaches; there
will probably always be intense competition
between different designs. Probably the
most serious danger to competitiveness in
the solar industry is the Federal Government
itself. The potential for competition be-
tween different organizations and different
engineering concepts could be distorted if
Federal funding is unwisely allocated.

ISSUE 7

What sort of consumer protection is required
in solar energy products?

The central problem, not surprisingly, is
the novelty of the equipment. Homeowners,
builders, architects, and the financial in-
dustry share these fears:

1, Will the system work as advertised?
2. How long will it last?
3. Will operational costs be prohibitive?

4. Will a solar unit hurt the resale value
of property on which it is installed?

5. Will the technology change so rapidly
that the equipment now available will
soon be obsolete?

These anxieties are intensified because: (a)
there are no standard techniques for pre-
senting performance data on the variety of
different systems for sale, and (b) many sys-
tems are offered by small organizations
without substantial assets or wide experi-
ence in manufacturing. Indeed, many of the
firms now producing solar collectors, for ex-
ample, are likely to vanish during the next 10
years, leaving their customers with equip-

%) H Williams, “Solar Energy and the Gas Utility, ”
February 1977 (Distributed by the American Gas
Association )
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ment no one else is qualified to repair. That
part of the problem will get even worse, be-
cause potential buyers will be faced with an
ever-widening array of equipment and ad-
vertising ¢ laims.

To be sure, any new technology under-
goes such growing pains. And in due course
certain manufacturers will establish reputa-
tions for high-quality products and for back-
ing their systems with attractive mainte-
nance contracts. Unfortunately, it could
take years for this to happen — and in the
meantime some unscrupulous dealers are
likely to enter the field.

Can the Government help to remove most
of these concerns? It will be extremely dif-
ficult the way things look now — the Govern-
ment itself is uncertain about the best
technical approaches to support, and it
should not be dogmatic anyway. However,
standards have been established for the
equipment the Government buys, and this
could provide some guidance for prospec-
tive purchasers. A process for developing
standards for solar heating and solar hot
water equipment has been underway for
some time, and plans are being made to cer-
tify a national testing laboratory which can
assure that tests are properly administered.
Progress on both fronts, however, has been
frustratingly slow Great care is needed to
make sure that such standards do not in-
advertently eliminate novel approaches.

At a minimum, it will be necessary to
develop mechanisms to ensure that stand-
ards are updated to take account systema-
tically of advances in solar technology. It
will not be an easy matter to work out stan-
dards for another reason: each subtechnol-
ogy will require its own set of standards,
which must be arranged in such a way that
they are applicable to a variety of building
sites Some such work has already been
done The National Bureau of Standards has
developed interim standards for solar heat-
ing and hot-water systems, and NASA-Lewis
has developed preliminary standards for the
photoelectrlc systems which will be pur-
chased for electric generation.

The Government could also help by re-
quiring that all systems sold bear perform-
ance ratings conducted under procedures
prescribed by Federal law.

Another major problem has been the
shortage of building inspectors trained to
recognize mistakes made in installing solar
equipment. Installation costs often repre-
sent a significant fraction of the total cost of
a solar system, and a large fraction of the
problems encountered with solar equipment
is attributable to improper installation. Fed-
eral support of training programs for inspec-
tors could provide useful assistance in this
area.

However, none of these approaches can
eliminate the basic fear which surrounds a
novel technology. The most powerful influ-
ence on the public’'s reaction to onsite
equipment will be the behavior of the solar
industry itself. Because of its strong self-
interest in policing itself, the industry may
well be the best source of advice for ways in
which the Government might assist in build-
ing consumer confidence

ISSUE 8

What are the objectives of the solar demon-
stration program, and what criteria should be
applied to the systems demonstrated?

There has been considerable confusion in
both areas. On the one hand, demonstration
projects are presumably not a part of a re-
search program since the systems demon-
strated are presumably commercially avail-
able. On the other hand, there is little point
i n demonstrating that commercial systems
work if a market for them already exists or i n
demonstrating that they are too expensive if
there is no market. The program could be
used to reduce costs only if the program pur-
chased so many units of a given type [halt
manufacturers could justify installing mass-
production equipment, This course seems
undesirable, however, since funds used for
this purpose could probably be better used
to support tax incentives and loan assist-
ance.
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Passively heated and cooled buildings are
perhaps a unique case, however. A large
number of concepts are possible, and it is
frequently difficult to predict how designs
will work or how much they add to construc-
tion cost without field demonstrations. A
large number of demonstrations is needed
since it is necessary to carefully tailor de-
signs to each climate (perhaps to each mi-
croclimate). Another possible objective of
the program is to provide information about
the lifetime, reliability, operating costs, and
unexpected problems associated with instal-
lations operated by inexperienced owners.
While information in this area is needed, the
use of expensive demonstration programs to
gather it must be justified carefully. At a
minimum, the demonstration programs
should be integrated with an effort to obtain
data in these areas using laboratory testing
equipment. An effort should be made to
publish the results of instrumented analysis
of the demonstration units in many different
climatic regions as soon as possible and to
communicate this information to building
designers in the area.

Information gathered about the cost of
the units purchased in connection with the
demonstration program must be treated
with great caution and cost data prepared
with considerable care. It is important, for
example, to separate costs incurred in the
demonstration unit which would not have
been incurred if the device were built with-
out Federal support (the cost of instrumenta-
tion, for example, must be separated from
other costs). Interpretation of cost data is
difficult since, if the demonstration program
is choosing its sites properly, the demonstra-
tion solar device will be among the first of
its kind in the region. It is to be expected
that installers charge more for installing the
demonstration units than they would charge
once such installations become routine.
Mistakes encountered in the first-of-a-kind
installation can be avoided as experience is
gained.

Perhaps the most useful function of the
demonstration program is simply one of
propaganda: bringing solar energy systems

to the attention of the local population and
providing an example of a real, functioning
unit which can be visited by interested
building contractors, potential investors,
and other interested parties,

THE EXISTING MARKETING PLAN

There is a great deal of confusion in the
current program about which technologies
should be demonstrated, when they should
be demonstrated, and the size of the ap-
plications which should be chosen for dem-
onstrations. The lack of a coordinated plan
has resulted in the following:

1. A consistent underemphasis on retrofit
applications when the retrofit market is
much larger than the market for new
construction.

2. Underemphasis on combining solar and
conservation demonstrations, Passive
solar buildings have received little at-
tention as a result.

3. Lack of planning to extend demonstra-
tion into electric generation and cogen-
eration equipment and into industrial
and commercial markets.

A lack of a systematic approach to these
technologies has resulted in many a situa-
tion where systems intermediate between
residential and large utility applications
have been given much too little attention.
Part of this distortion, of course, is inherent
in the unevenness of congressional support
for different kinds of programs.

Commercial and industrial facilities and
multifamily residential units are attractive
initial markets for solar equipment for a
number of reasons:

Il It should be easier to retrofit solar
equipment on commercial buildings
than on residential buildings since run-
ning pipes from collectors to the heat-
ing and cooling equipment would dis-
rupt a proportionately smaller part of
the building.

2 The owners of commercial buildings
tend to be more sophisticated at anal-
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yzing life-cycle costing than owners of
single family residences.

3. Systems on commercial buildings may
have greater visibility than systems in
residential neighborhoods, and busi-
nesses would frequently advertise their
use of solar energy.

4 Cooling technology and some heat en-
gine technology which is not ready for
residential demonstrations is now avail-
able for commercial demonstration.

5. Single commercial systems would have
a much greater impact on fuel con-
sumption than an individual residence,
and would be easier to manage with a
small staff than numerous installations
on different types of residences.

ISSUE 9

Which Federal agencies are conducting solar
research programs, and how well are these
programs coordinated?

Those agencies with major responsibilities
in solar energy are DOE (which has been giv-
en responsibility for al | solar research pro-
grams and is developing programs to accel-
erate the commercialization of solar tech-
nologies which are ready for market) and
HUD (which is managing the residential
heating and cooling demonstration pro-
grams). | n addition to these major activities,
however, there are solar programs in the De-
partment of Health, Education, and Wel-
fare, the National Science Foundation
(which retains a small solar-energy staff
even though the bulk of research has been
transferred to DOE), the National Oceanic
and Atmospheric Administration [which col-
lects such climatic data as sunlight inten-
sities and wind-speeds for use in the evalua-
tion of solar technology), the Defense De-
partment (which is going to install a variety
of solar devices on military property, in-
cluding electric systems for remote facil-
ities], NASA (which has great institutional in-
terest in the development of an orbiting
solar photovoltaic system — and is reported-

ly investing heavily in designs for such
systems out of internal funds — as well as us-
ing solar cells to power spacecraft), the De-
partment of Agriculture (which is develop-
ing solar heating for barns and other farm
buildings, along with equipment for agricul-
tural process heat, irrigation pumps, etc.),
and the National Bureau of Standards
(which is developing standards and testing
procedures for solar equipment following in-
itial work by NASA). The Department of the
Interior and many other agencies have
smaller programs, most of them for the in-
stallation of a solar hot water or heating
system at one of the agency’s buildings.

Still other Federal agencies are in a posi-
tion to implement regulations affecting
solar energy systems. For example, the Fed-
eral Energy Regulatory Commissin(FERC)
in DOE (formerly the Federal Power Com-
mission) is helping to develop design re-
quirements for solar electric commercializa-
tion projects. The Veterans Administration
is examining the feasibility of allowing VA
loans to be used for solar equipment and is
planning to use solar equipment at some of
its hospitals. The section of HUD charged
with administering FHA loans is examining
the possibility of changing minimum proper-
ty standards to permit funding of solar
equipment. The Council on Environmental
Quality is conducting an independent study
of solar heating and cooling for single fami-
ly houses, The list could be extended.

To some extent, of course, duplication be-
tween agencies in solar research and devel-
opment produces healthy competition. It
can prevent the development of a monolith-
ic approach to solar-technology research
which could lock out innovative concepts.

On the whole, officials interviewed agree
that duplication exists, But they argue that
most work is complementary and that it is
coordinated with administration-wide solar
policy. They contend that each agency
should carry out its unique responsibility in
this area. Some say that funding solar devel-
opment through a number of agencies prob-
ably results in a larger total solar budget
because it is easier for each of two depart-
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ments to get a $2-million solar project than
it is for one department to get a single $4-
mill ion project.

There are, however, areas where confu-
sion in management could create difficul-
ties:

— Plans to change FHA and VA loans are
proceeding without any clear guidance
from DOE, which has a clear mandate
to commercialize solar energy technol-
ogy.

— In the meantime, HUD has proceeded
to fulfill its mandate in the demonstra-
tion of residential units and is develop-
ing technical expertise and manage-
ment experience in demonstrating nov-
el solar technologies

—There have been some misunderstand-
ings between NOAA and DOE over
which agency’s funds should be used to
maintain installations for developing a
data base on insolation, wind speed,
and ocean temperatures.

— Total energy studies are proceeding in
HUD and the National Bureau of Stand-
ards, as well as in DOE Coordination
between these programs could be im-
proved

— Research in advanced heat engine tech-
nology relevant to solar energy is being
funded by DOD, NBS, the Department
of Transportation, and NASA, as well as
by DOE In some cases duplication has
occurred. Coordination could be im-
proved,

— Heavy NASA support of orbiting photo-
voltaic systems, not well coordinated
with DOE, could greatly distort the
overall photovoltaic development pro-
gram.

ISSUE 10

Does the present Federal program for devel-
oping solar electric generating equipment
overemphasize large, central station ap-
proaches at the expense of smaller, onsite
approaches?

In spite of recent changes that have up-
graded research on electric generating sys-

tems for nonutil ty appl cations, the bulk of
DOE’s solar electric research program is di-
rected at technologies designed exclusively
for large, central generating facilities This
strategy has several difficulties:

. There is no clear indication that large
solar electric plants are more efficient
or produce less costly energy than
smaller, onsite facilities

2 The large-scale projects being exam-
ined are very unlikely to make a con-
tribution to commercial energy sup-
plies before the 1990’s; smaller devices
may have greater potential for making
contributions in the near future

3 The very large solar electric system be-
ing contemplated will require simul-
taneous development of several novel
types of technologies (collectors, re-
ceivers, storage devices, etc. ) These
systems will be required to operate on a
large scale in the proposed multi-mega-
watt systems. It may be better to test
and evaluate components on a smaller
scale, or to develop components which
could be used on a variety of systems of
different sizes.

4, Concentration on large systems re-
quires that difficult choices be made
between many competing approaches
before any of the alternatives have
been adequately tested. Funding small-
er projects would permit greater num-
bers of concepts to be tested at much
lower risk.

DOE officials recognize that there are
numerous total energy concepts and pro-
posals for generating electricity for special-
ized agricultural and industrial applications,
where available technology could be used in
an expanded demonstration program, But
they also note that additional funding would
require additional staffing, which remains as
the Office of Solar & Geothermal Energy
Program’s largest problem. The solar pro-
gram does project a number of experimental
projects, which could include agricultural
process heat, small community applica-
tions, agricultural and industrial centers,
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and several other projects in thermal elec-
tric generation. At least one project of each
type of total energy could be built to re-
search problems and demonstrate potential.
Programs to develop heat engines and stor-
age apparatus compatible with onsite elec-
tric equipment also appear to be supported
at much lower levels than is warranted by
the equipment’s potential.

ISSUE 11

What kinds of research need increased em-
phasis in the Federal solar program?

COLLECTORS

Supporting the development of advanced
collector design presents special difficulties
since there are a large number of devices be-
ing developed independent of Federal fund-
ing and the number of possible designs is ex-
tremely large. The development of reliable,
inexpensive collectors is, however, probably
the single most important technical problem
faced by the solar community.

Federal support has concentrated in four
areas: 1 ) improving the design of flat-plate
collectors used in connection with the heat-
in,and coollng demonstration program; 2)
developing heliostats for the central re-
ceiver demonstration projects; 3) developing
and testing materials for use in collectors
(e.g. , low-cost plastics for covers and receiv-
ers), and 4) developing a series of distributed
collector designs in connection with the to-
tal energy program While the last program
has been effectlve in testing a variety of col-
lectors, an even greater variety must remain
withiout serious Federal support. For exam-
ple, relatively little attention has been paid
to the development of Inexpensive pond col-
lector and simple, lightweight two-axis con-
centrators for use with small heat engines
and photovoitaic devices designed for use in
high-intensity sunlight One major difficulty
with many federally sponsored designs has
been the temptation to “over-engineer” de-
vices rather than to emphasize techniques
for simplicity, low material requirements,
and low cost.

HEAT ENGINES

An enormous range of technical possibil-
ities for heat engines is relevant to solar ap-
plications. While heat engines currently
available can be used in near-term solar
energy designs, few of the engines have
been designed especially for solar applica-
tions — modifications of engines produced
for some other application will be used. Ad-
ditionally, most near-term applications of
solar energy will utilize smaller heat engines
than those typically used in utility opera-
tions, and the technology for small heat
engines which can operate from an external
heat source is frequently not as advanced as
the technology used for large central power-
plants, in many cases, the only small heat
engines available are based on European
designs.

The development of improved heat en-
gines would unquestionably lower the cost
of solar energy for applications requiring a
high ratio of electrical to thermal energy
New devices which could make efficient use
of low-temperature solar heat sources could
reduce the complexity of solar collectors re-
quired for power generation. More efficient
heat engines can reduce total system costs
by reducing the size of the collector field
needed to provide a given amount of elec-
trical or mechanical energy since collector
costs tend to dominate overall system costs.
Development of a high-performance Stir-
ling, Ericsson, or closed-cycle Brayton
device would open many attractive options
for solar electric generation. Development
of improved cogenerating systems would
improve the overall utilization of the solar
energy received in applications where there
is a requirement for thermal energy,

Most federally supported work on ad-
vanced heat engines, however, is relevant
only for large central powerplants and the
funds available for engines designed for
solar, transportation, and industrial applica -
tions are very limited,

Background on Federal Programs

Most other work on advanced heat en-
gines in DOE is being funded by the Office
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of Conservation. Projects are funded in
three categories:

1. Heat engine research in the Division of
Transportation Energy Conservation.™

Development of new heat engines for au-
tomobiles and other road vehicles is being
coordinated with major U.S. automobile
manufacturers who apparently are unwilling
to fund development of advanced engines
without Federal prompting.

Three projects are of particular interest

for solar applications:

* A program is underway to develop an
efficient Brayton-cycle (gas turbine) en-
gine. In the past years, tests have accu-
mulated the equivalent of over 150,000
road-miles on some designs. Work is
also underway to develop ceramic en-
gine components capable of withstand-
ing very high temperatures (2,500" F).
The government will purchase seven
General Motors Brayton engines during
FY 78 for $500,000. The engines will be
used for road tests.

* The Government is also contributing to
the Ford/Philips program to develop a
Stirling engine for road vehicles. This
work will include continuing tests on
the current 170 hp design and develop-
ment of a smaller (80 to 100 hp) design.
Work next year will include completing
engine performance and emission tests
and improvements on the difficult
“heater” heat exchanger which has
plagued the Philips design. DOE is con-
tributing about $1.6 million to this proj-
ect in a cost-sharing program during FY

78.33
* Development of an organic Rankine de-

vice to increase the efficiency of a
truck diesel engine is also being sup-
ported. This combined-cycle design
would replace the truck’s muffler with
a boiler for the organic fluid,

*' ERDA Budget Estimates (Amended FY 78), Book 1,
p 57

tbid , p 96

“Division of Transportation, Office of Conserva-
tion, DOE

2. About $12 million will be spent on new
heat engines during FY 78 by the “heat
utilization” section of the Office of Con-
servation.* Projects funded in this area
will include support for two high-tem-
perature expanders which might be
used for combined cycles, support for
designs which will increase the pump-
ing efficiency of engines .35 Research on
small devices will include the develop-
ment of efficient steam turbine systems
in the 2 to 6 MW range and studies of
Stirling engine applications. The Stir-
ling work will include studies of designs
suitable for solar applications as well as
designs compatible with total 500 to
2,000 horsepower energy systems in res-
idences and industry. It is hoped that a
Stirling device for utility applications
could be produced commercially by
1982.*Work on Stirling engines is also
underway in DOE’'s Office of Nuclear
Energy Programs, DOD, NASA, and the
National Bureau of Standards, but con-
servation and solar applications offi-
cials claim there is little duplication. 37

3. Work is also being supported which will
examine engines for topping or bottom-
ing cycles for utilities and for industrial
processes. Therm ionic devices for high-
temperature topping is being supported
with the objective of actually operating
a device in a boiler by 1980.*Three dif-
ferent designs for organic Rankine cy-
cle devices are being supported for use
with medium-temperature waste heat
streams. Work on low-temperature sys-
tems is beginning, although its exact
structure seems somewhat vague.

Work on advanced heat engine designs is
also being supported by the Fossil and
Nuclear Energy Office of DOE. These de-

**ERDA Budget Estimates (Amended FY 78), p 80

51bid., p 82

“John Belding, Research and Technology Division,
Office of Conservation, DOE, private communica-
tion, 1977

“George Pezdirtz, Off Ice of Conservation, private
communication, 1977

“ERDA Budget, p 86



Ch. /// Federal Policy for Promoting and Regulating Onsite Solar Energy 7 107

signs are, almost without exception, ap-
plicable only to large central power applica-
tions. The fossil energy coal program has re-
quested $25.5 million in FY 78 budget au-
thority to develop advanced power systems
including combined cycle and Brayton cycle
devices. 39 The Nuclear Research and Appli-
cations Office of DOE is financing two
studies into Stirling engines, one totaling
almost $5 m i Il ion to develop a Stirling iso-
tope power system, contracted with General
Electric, and the other with Mechanical
Technologies, Inc., totaling more than $1.5
million.

In addition, Nuclear Research and Appli-
cations is funding a $2-million-a-year study
by Garrett Air Research, Inc., of Phoenix to
develop a 1.3 kilowatt Brayton isotope
power system, as well as a similarly financed
study by Sunstrand Corp to develop an or-
ganic Rankine device, also for a 1.3 kilowatt
system. Both are due to be demonstrated
during 1978; Nuclear Research and Appli-
cations officials say the choice will then be
made between the two systems 40

PHOTOVOLTAICS

A well-designed photovoltaic program
must maintain a careful balance between
basic research, development improvements
to current manufacturing processes, and en-
gineering work on practical system designs.
This is a difficult task since the field is
changing very rapidly It would be tempting
to delay major decisions in the area until
research work has sorted itself out, but it
should be possible to design a balanced pro-
gram, supporting production and demon-
stration work in areas where prospects of
success seem particularly high while contin-
uing to give support to advanced concepts.
(At a minimum, there seems to be no point
in waiting for “research breakthrough” from
arty of these devices without supporting a
vigorous research program, )

There is room for a considerable amount

of research on the basic physics and chem-

< Fossil £ nergy, £ RDA Budget, p 45
*°Robert Morrow, NRA, 1977

istry of photovoltaic devices. Serious work
in the area of developing materials for ter-
restrial solar cells has been underway for
only about 5 years. Work on the crystallog-
raphy, electrical, and optical properties of
silicon and other photovoltaic materials
could be extremely useful. The properties of
amorphous materials, which may have ap-
plications in photovoltaic devices, are still
largely unknown,

The variety of cell designs which have
been proposed for use in inexpensive flat ar-
rays and in various types of concentrators is
discussed in detail in chapter X. Many ad-
vanced cell concepts are receiving minimal
Federal support.

Finally, a number of fundamental ques-
tions about the most effective use of pho-
tovoltaic equipment must be resolved. De-
tailed system design work will need to be
done on the following topics:

— Mounting and support (e. g., should low-
cost cells be used as a building mater-
ial ?).

—What kind of cell cooling should be
used ?

— How should the systems best be inte-
grated into existing utility systems?
Should onsite or utility storage be used?
Should the system sell as well as buy
from an electric utility? Should an elec-
tric backup or onsite generator burning
fossil fuel be used when solar resources
are not available?

— How often should the devices be
cleaned ?

In the near term, it will be necessary to
design practical and reliable systems
for remote (often unattended) installa-
tions

STORAGE

The present DOE storage program sdom-
i nated by two objectives 1) develop ing very
large storage systems capable of operating
in electric utilitesto ‘“level” the loads met
by these utilities, and 2} the development of
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batteries for electric vehicles. Relatively
little work is being conducted expressly for
solar energy or for other onsite applications.
There is, for example, presently no tech-
nique for adequately evaluating the com-
plex issues of load management, transmis-
sion, and economies of scale for an inte-
grated energy system.

Simple systems for storing relatively low-
temperature thermal energy or chilled liqg-
u ids in tanks, ponds, and aquifers — systems
which appear very promising in the analysis
conducted in this report — have received
relatively little support or interest, An enor-
mous amount of fundamental work in ther-
mochemical storage systems remains to be
done, and a number of known reactions
have been characterized well enough to
merit accelerated engineering development
work, A number of simple systems for stor-
ing high-temperature energy in latent and
specific sensible and latent heat have never
received serious engineering design work. A
number of other advanced storage systems
(batteries, flywheels, and other devices)
could also profit from greater attention.

Background on Federal Storage Programs

In the Division of Energy Storage Systems
of DOE, a program has been developed to
investigate a variety of thermal and chem-
ical storage techniques. The m a i n objective
of these studies is to examine the feasibility
of storing heat or electricity in order to level
the loads of major utilities, although the
technologies developed will probably be
directly applicable to solar energy systetms
for which the storage requirements are simi-
lar. Research will be required, however, to
adapt such systems to solar applications.
Adaptation may be particularly difficult for
onsite systems which may have storage re-
quirements many times smaller than the
smallest utility units tested under this pro-
gram.

The storage program has an objective of
developing batteries with an overall effi-
ciency of 75 percent, and a 10-year installed
lifetime (approximately 2,500 deep cycles),

at a cost of less than $30 per kWh of storage
capacity. This program is also supporting
research to develop inexpensive and effi-
cient inverters for turning d.c. into a.c.
power; such systems are needed to make ef-
ficient use of batteries. Again, the primary
objective is the development of technology
for utility load leveling.

The electric vehicle storage program in
the Division of Energy Storage Systems is
examining a number of advanced batteries
which have low cost and low weight, and
which last 4 years. | n normal use the tech-
nology which DOE apparently feels has
most promise in this area is the lithium/iron
sulfide battery, although different pairs of
reactors are being sought. Three firms fabri-
cated such devices and delivered them to
DOE for testing in FY 7841 DOE's utility bat-
tery program has the objective of producing
batteries capable of 75-percent efficiency
and 10-year lifetimes in normal utility ap-
plications. Work on a large battery storage
test facility in New Jersey financed jointly
with the Electric Power Research Institute
began in FY 77.”The first batteries in this
realistic utility environment will be lead
acid batteries, but advanced batteries (prob-
ably zinc-chloride and sodium-sulphur bat-
teries) will be tested in the next phase.
Lithium/iron sulfide devices may be in-
stalled by FY 81. DOE is officially optimistic
about the potential of these batteries and
believes that the goal of $30 per kWh of
capacity can be achieved.

Solar technology could also make prof-
itable use of the variety of advanced energy
storage techniques being considered in the
Division of Energy Storage Systems. Hydro-
gen production and storage, underground
pumped hydroelectric storage, underground
compressed air storage, flywheels, and mag-
netic storage are all receiving at least some
attention in the current program. Many of
the secondary objectives of the energy stor-
age program are also directly relevant to
solar technologies. For example, the pro-

*'ERDA Conservation Budget FY 78, revised p 22ff

“Ibid
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gram to increase the efficiency of building
space-conditioning and the use of industrial
process heat through the judicious use of
thermal storage techniques has clear rele-
vance to solar programs. Major field tests of
seasonal and load-leveling storage for build-
ings are being conducted with the objective
of improving the efficiency of conventional
heating and cooling systems by 10 percent,
and a major portion of the FY 77 funds for
thermal storage were used to start work on
seasonal storage and structural materials
with thermal storage properties for use in
buildings.

ISSUE 12

Should funding levels in DOE programs cor-
relate to relative estimated contribution of
different technologies?

Tables | -4 and | 1I-5 compare the per-
centage of DOE solar funding given to three
major solar energy applications with projec-

tions of the potential energy contribution of
each solar application in the year 2000. No
clear correlation is apparent. Electricity gen-
erated by solar systems, for example, is ex-
pected to represent only about 34 percent of
the total contribution of solar equipment in
the year 2000 but is receiving 64 percent of
the funding, while industrial process heat is
expected to provide 52 percent of the ener-
gy generated by solar equipment while re-
ceiving only 4 percent of the funding.

DOE has given solar electric power “high-
est priority” in its planning because of its
potential as an “inexhaustible resource”
and, it is claimed, it will “be given priority
comparable to fusion and the breeder reac-
tors.”*Solar thermal systems, however, are
relegated to a lower priority and character-
ized only as technologies which should be
pursued only to “provide an energy ‘margin’
in the event of an R&D failure in other
areas.”™

“ERDA-76
“|bid

Table ill-4.—Authorizing Appropriations for the Energy Research and Development Administration,
U.S. House of Representatives, 95th Congress {1st Session], Conference Report No. 95-671

Total U.S.

demand for primary

Demand sector energy in 2000

ERDA goals for
energy provided
from solar energy*
sources in 2000

FY78 Budget Authority
(millions of dollars)

high demand low demand
estimate estimate
Residential and commercial
heating, cooling and hot
water . ... 31(29%) 23(40%) 2(18%) 96.4(30%)
Industrial & agricultural pro-
CeSS. ... 34(31%) 22(40%) 3(27 %) 10.3(3.1%)
Electricity . .............. 68(63%) 47(81%) 0.5(4.5% 216.1(67 %)
Total energy in sectors
listedabove®* ... ........ 108(100%) 58(100%) 11(100%) 322.8(100%)
SOURCES Hgh demand estimatc from ERDA 48 Voll pB 11
Low demand estimate based o a 1000 demand scenarloconstructed by thelnstitute for Energy Analysis
Fy78 Budget Authority from U S House of Representatives Con feren te Report  Au thonzing Appropriations frthe Energy Research and
Deve lopment Ad m instrat on October 6 1977 p 61 E R DA solarprodutang oals ollectedandreportedn Solar En< rgy A pgnicat o ns — A

Comparative A nalysisto t h e year 2020 Summary Repnrt Draft J u ly 1977 prepared by the M 1tre Corporation Me trek D vision
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Table 111.5.—Authorizing Appropriations for the Energy Research and
Development Administration, U.S. House of Representatives, 95th Congress
[1st session], Conference Report No. 95-671

Heating and cooling of buildings . . . . ..
Agricultural and industrial process ... , .
Solarelectric.......................

Heating & coolng . . . ...............
Agricultural and industrial process . . . . .
Solarthermal . ......................
Photovoltaics. . . .. .................
Wind . ...
Oceanthermal . ...................
Satellite power systems . .. ..........

TOTAL SOLAR ELECTRIC ... ... ...
Biomass...........oiiiiiii .

Operating Capital Plant Total
expenses  equipment
94.4 2.0 96.4
10.3 0 10,3
210.7 5.4 41 216.1
94.4 2.0 0 96.4
10.3 0 0 10.3
61.1 3.0 41.0 105.1
76.2 0.3 0 76,5
353 1.4 0 36.5
2.8 0 0 2,8
2.8 0 0 2.8
210.7 5.4 41 256.9
20.5 0.5 0 21.0

It is difficult to evaluate those arguments
since a comprehensive plan for integrating
Federal and industrial investments in solar
research has not been developed, and there
is no clear technique for determining when
the time has arrived for Federal research
support to be phased out and other types of
nontechnical support initiated. | n addition,
there has never been a comprehensive exam-
ination by DOE of either the economies and
diseconomies of scale in solar technology or
the relative merits of direct-thermal, elec-
tric, and combined electric and thermal
operations.

ISSUE 13

The Solar Energy Research Institute, in its
present operating relationship with DOE,
may not be sufficiently independent of DOE
to effectively meet its responsibilities in
reaching the objectives set forth by Con-
gress in the Solar Energy Research, Develop-
ment, and Demonstration Act of 1974.

In the Solar Energy Research, Develop-
ment, and Demonstration Act of 1974, Con-
gress found that “it is in the Nation’'s interest

to expedite the long-term development of

solar energy, ” and “. that the Nation
undertake an intensive research, develop-
ment, and demonstration program” in solar
energy, As a consequence, Congress de-
clared that it was the policy of the Federal
Government to “pursue a vigorous and vi-
able program of research of solar ener-
gy .; and provide for the development and
demonstration of practicable means to em-
ploy solar energy on a commercial scale. ”
To enable the Nation to fulfill this policy,
Congress established, in the same Act, the
Solar Energy Research Institute (SE RI) to
“perform such research, development, and
related functions” as determined by the
DOE, “or to be otherwise in furtherance of
the purpose and objectives of this Act. " In
other words, it was the intent of Congress
that SE RI, while providing support to DOE,
should also be able to provide independent
direction and assessment of the Nation’s ef-
fort to develop solar energy. This was re-
iterated at oversight hearings held a year
after the passage of the Act. There it was
stated that Congress intended that SERI be
“highly visible” and be an institute symbolic
of the “national will and the national effort”
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toward solar energy, It is clear, therefore,
that the Congress did not want SERI to be
completely dominated by any other organi-
zation responsible for portions of the Federal
solar energy program.

Since the startup of SERI nearly 1 year
ago, however, it appears this intent is not be-
ing met. | n particular, the present method of
funding SERI is to enact a “tax” on other
programs under the Assistant Secretary of
Research and Technology. No separate line
item for SE RI appears in the budget; this
severely limits the ability of Congress to
directly evaluate the effectiveness of SERI
through the budget process. Furthermore, it
is not clear whether SERI can report directly
to Congress without DOE approval and
c learance.

SERI must maintain an ability to fairly
assess and, if necessary, criticize the direc-
tion DOE takes on developing solar energy,
if it is to fulfill the original intent of the Act.
A clear congressional reaffirmation of
SERI's responsibility and mission and sepa-
rate funding status within the DOE budget,
would contribute significantly to SERI's in-
dependence In addition, it may be desirable
to establish a more direct link between Con-
gress and SERI to emphasize the intent of
Congress that SERI be a “visible” and “sym-
bolic” institute of the Federal policy toward
development of solar energy and not simply
another group to carry out current DOE
pollcy

ISSUE 14

Staffing Limitations

A persistent shortage of professional staff
has beenamajor constraint on DOE’s ability

to adequately manage the rapidly changing
and growing solar program. The FY 76 solar
budget, for example, was $116 million, but
only 46 staff professional positions were
allowed. This amounted to just over $2.5
mill ion per professional. The problem be-
came even worse in FY 77, with a budget of
$290 million to be spent by 54 profession-
als — amounting to nearly $5.5 million per
professional. The management of such large
amounts of funding is particularly difficult
in solar energy technologies, where the
typical contract is much smaller than the
average contract grant made by other sec-
tions of DOE.

The staffing shortage can create two
types of problems:

L It makes it difficult for DOE to react to
a large number of innovative ideas and
increases the temptation to spend
funds in a small number of major and
predictable projects rather than in a
larger number of smaller projects some
of which may have a higher risk.

2. It necessitates transfer of the detailed
management responsibility to organi-
zations outside the DOE's Solar Energy
Division.

The problem associated with short staff-
ing have been aggravated by demands
placed on staff by the continuing, extensive
public and congressional interest in solar en-
ergy which is floodin,DOE with inquiries,
Much of this difficulty has been relieved
under a grant to Franklin Institute, which
has set up a toll-free number (800-523-2929)
to answer inquiries about solar energy.



