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Overview

This assessment reviews the potential of a family of solar energy equip-
ment called “onsite” energy systems because they are designed to be lo-
cated on or near the buildings or groups of buildings which they provide with
heat or electricity. The technologies examined produce useful energy directly
from sunlight; equipment making indirect use of solar energy, such as wind
machines or devices using biological materials as a fuel, is not examined.

The technical feasibility of most direct, onsite solar energy systems has
been experimentally established. While onsite solar energy systems are com-
petitive with conventional energy sources in a limited number of applications
today, widespread use will require demonstrating that projected cost reduc-
tions can be achieved. By the mid-1980’s, the range of costs which can be
reasonably forecast for energy from onsite energy devices will overlap the
range of costs forecast for energy from conventional sources for a variety of
residential, commercial, and industrial applications. An uncertainty inherent
in such comparisons is the price society will be willing to pay for the social
and environmental benefits of onsite solar energy.

If energy can be produced from onsite
solar energy systems at competitive prices,
the increasing centralization which has char-
acterized the equipment and institutions
associated with energy industries for the
past 30 years could be dramatically altered;
basic patterns of energy consumption and
production could be changed; energy-pro-
ducing equipment could be owned by many
types of organizations and even individual
homeowners. Given the increasing fraction
of U.S. industrial assets which are being in-
vested in energy industries, tendencies
toward centralization of many aspects of
society couId also be affected.

The onsite solar energy industry is in most
cases a straightforward extension of existing
heating, cooling, and air-conditioning in-
dustries. It could clearly develop without
Federal participation. Unless a concerted ef-
fort is made to identify the special problems
of
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onsite technology, remove reguIatory bar-

riers, provide financial incentives, and sup-
port an aggressive research, development
and demonstration program, however, it is
unlikely that onsite equipment will be able
to contribute significantly to U.S. energy
supplies by the year 2000. With such sup-
port, it is possible that onsite solar devices
could be made competitive in markets rep-
resenting over 40 percent of U.S. energy de-
mand by the mid-1980s, although the output
of solar equipment installed by this date is
unlikely to be able to meet more than a
small fraction of this potential market. Exist-
ing Federal programs controlling fuel prices
and subsidizing nonsolar energy sources
have created a situation where, without
compensating subsidies, solar energy i s
uniquely disadvantaged. Federal support of
solar energy has concentrated dispropor-
tionate attention to central electric gener-
ating systems instead of  exploit ing the
special opportunities provided by onsite
equipment

RESULTS OF THE ECONOMIC ANALYSIS

Solar systems designed to provide do-
mestic hot water (3,5 percent of U.S.
energy demand) are competitive with
electric hot water systems in most parts

of the United States today if compar-
isons are based on the average monthly
payments made for energy during the
life of the system. Solar space-heating
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for  new resident ia l  and commercial
buildings (1 7.8 percent of U.S. energy de-
mand) is somewhat less advanced but is,
or should soon be, marginally competi-
tive with heat pump and electric resist-
ance space heating in many areas of the
country.

On the same basis, solar space-heating
and hot water systems may be competi-
tive with oil or gas delivered to typical
residential or commercial customers by
the mid-1980’s. The solar energy equip-
ment should be competitive with heating
systems using synthetic oil and gas.

Solar energy from systems which provide
100 percent of the heating and hot water
required by large buildings or groups of
houses may not cost significantly more
than energy from systems designed to
meet 50 to 70 percent of these demands.

Cost reductions and improvements in the
performance of solar cells (photovolta-
ics), small engines powered from solar
sources, and solar collectors possible by
the mid-1 980’s may result in onsite solar
energy systems capable of producing
electricity for residential and commer-
cial buildings for $0.04 to $0.10/kWh — a
price which would probably be competi-
tive with electricity delivered to these
customers from conventional utilities.

Ful l  explorat ion of  the potent ia l  for
energy conservation and the use of sim-
ple “passive” solar space-conditioning
techniques should clearly precede any
attempt to use more complex solar ener-
gy equipment.

It will be possible to construct onsite
energy systems capable of supplying all
electrical and thermal energy needs of a
building from direct solar energy sys-
tems, but it wilI usualIy be less expensive
to rely on some other form of energy as a
backup if this alternative is available. In
some of the cases examined, the 100-
percent solar systems did not cost signif-
icantly more than smaller solar install a-
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tions on a life-cycle cost basis; in other
cases, however, 100-percent solar sys-
tems were twice as expensive.

Providing backup electricity to onsite
solar energy systems may, in some cases,
cost electric utilities more per unit of
energy delivered than the average utility
cost .  Solar  energy systems are not
unique in this respect, however, since
many conventional buildings impose de-
mands on electric utilities which ad-
versely affect utility costs. When the real
incremental cost of producing electricity
for each type of building is computed,
the total cost of operating solar energy
systems backed up with conventional
electric utilities is, in many cases, com-
parable to the cost of operating conven-
tional all-electric buildings. Most solar
heating systems are equipped with ener-
gy storage devices which, at a modest
additional expense, can be used to re-
duce or possibly eliminate most adverse
effects on electric utilities attribut
to solar demand patterns.

Existing rate structures and avail
metering equipment may not be

able

able
ade-

quate to produce an acceptable pattern
of charging and discharging onsite stor-
age equipment. As a result, onsite stor-
age equipment may not be able to elimi-
nate al I adverse affects of solar equip-
ment on electric utilities. It is extremely
expensive to leave costly generating
equipment idle; large electric-generating
systems may therefore not be the most
attractive way to provide backup power
to onsite solar energy systems, partic-
uIarly if the onsite devices generate elec-
tricity as well as thermal energy and low-
cost electric storage is not available. The
best technique for providing backup
power requires a careful understanding
of the relative costs of onsite and cen-
tralized storage equipment, energy dis-
tribution costs, and the costs of main-
taining standby generating capacity.
These costs vary greatly around the
country.
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9. By the mid-1980’s, solar systems de-
signed to provide agricuItural or indus-
trial process heat at temperatures below
5500 F (2 to 7 percent of present U.S.
energy demand) will not be competitive
with direct combustion of coal in large
industries but may be an attractive alter-
native in situations where the direct use
of coal is expensive or restricted because
of environmental regulations, lack of ac-
cess to coal supplies, or other factors.

10. The fact that onsite solar energy systems
are calculated to be competitive on the
basis of monthly costs does not mean
that these devices will rapidly penetrate
the market. The fraction of U.S. energy
supplies which onsite systems wit I supply
will depend on the extent to which cus-
tomers make purchases on the basis of
operating costs (instead of comparing

ONSITE SOLAR

1. Onsite technology is not characterized by
a single dominant design concept but
rather by an enormous variety of com-
peting approaches. Systems must be tail-
ored to specific climates and applica-
tions. The equipment works best when the
building or industrial process which it
serves is designed to make the most effi-
cient use of the solar resource.

2. There are no clear economies of scale in
solar collectors, solar cells, or in many
types of engines compatible with solar
energy, although there are economies of
scale in many kinds of energy storage
equipment. Small, distributed energy sys-
tems can readily “cogenerate” heat and
electricity and have several advantages
not easily expressed in conventional eco-
nomic terms: relative ease of using low-
temperature heat , short construction
times which permit rapid adjustment to
changing energy demand; relatively small
investments in each installation; and effi-
cient land use (since collectors can be
located on rooftops).

11.

only the initial purchase price), the rate
at which an infrastructure for manufac-
turing, installing, and supporting such
systems develops, the removal of regula-
tory barriers, and the incentives which
are avaiIable.

The small size of onsite solar equipment
does not preclude utility ownership,
although there may be regulatory prob-
lems associated with such an arrange-
ment. Utilities can provide market ag-
gregation and financing for systems
where building owners are unable to
raise capital. Utilities wilI uniquely com-
pare the cost of energy from new solar
equipment with the cost of energy from
new conventional plants — energy which
typically is more expensive than the
average cost of energy delivered to util-
ity customers.

TECHNOLOGY
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Development of simple collectors– both
stationary systems and devices which
move, tracking the Sun — is of central im-
portance. While a wide range of applica-
tions can probably be found for colIectors
which cost $7 to $12 per square foot, de-
velopment of collectors costing $4 to $7
per square foot would greatly increase the
number of potential near-term uses for
solar energy equipment. The optical and
mechanical problems confronted in de-
veloping such devices will more probably
be overcome with patience and clever
designs than with fundamental research
breakthroughs.

The potential of low-cost thermal storage
has not been adequately explored. This
shouId make possible solar heating sys-
tems requiring no backup energy. Devel-
opment of a chemical reaction capable of
storing solar energy efficiently and eco-
nomicalIy in chemical form would greatly
expand the potential uses of solar energy.
Neither approach has been given ade-
quate priority.
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5. The cost of solar cells can be reduced by
mass producing current  s i l icon cel l
designs, developing thin films of amor-
phous silicon material, cadmium sulfide,
or other materials with acceptable effi-
ciencies, or by designing low-cost optical
systems to focus Iight on high-efficiency
cells. Solar engines can be designed to
operate at 1300 to 2000 F using machines
that are essentially refrigerators running
backward, at intermediate temperatures
(using standard steam engines and ad-
vanced designs), and at high temperatures
(1,400 0 F) using Stirling engines and other
machines with potentially high efficien-
cies. A funding strategy must be devel-
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oped which amounts to a system for plac-
ing bets on a broad spectrum of schemes.

There is a large overlap between technol-
ogy developed for onsite solar energy
systems and technology developed to im-
prove the efficiency of using conven-
tional energy sources — particularly in
energy storage and engine design.

No major technical problems should be
encountered in connecting solar thermal
or solar electric systems to electric utility
grids. Utilities should be able to purchase
excess electricity generated in onsite units
for 25 to 100 percent of the price they
charge for electricity.

MAJOR IMPACTS

1. Onsite solar energy services can be easily
integrated into the existing construction
and heating, ventilating, and air-condi-
tioning industries. The equipment can be
manufactured, installed, maintained, fi-
nanced, and insured by the organizations
and individuals now performing the same
services for conventional heating and
cooling and industrial equipment.

2. If small solar energy systems prove eco-
nomically attractive, the concept of the
“natural monopoly” of existing utilities
wouId need to be reviewed.

3. The widespread use of onsite equipment
would increase the number of jobs re-
quired to generate energy. Jobs would be
created because imported oil would be
replaced with energy from domestically
produced solar equipment and because
solar energy is more labor intensive than
energy from conventional sources. The
new jobs would be primarily in construc-
tion trades, metals, and chemicals. They
would tend to be located where such jobs
now exist and should provide a relatively
stable source of employment, The long-
term implications of a shift to labor-

intensive energy sources, however, are not
welI understood.

4. Solar energy systems produce far less ag-
gregate air and water pollution during
their manufacture and operating Iifetimes
than energy systems based on fossil fuels.
Solar equipment may be a particularly at-
tractive energy source in areas where in-
creases in emissions are prohibited. The
major environmental problem of solar
equipment is the use of land. However,
this impact on land use can be minimized
by carefully integrating solar collectors
into building designs, but densely popu-
lated urban and suburban communities
may have regions where shade from trees
or buildings make the use of onsite solar
energy unattractive.

5. Widespread use of solar energy world-
wide could greatly reduce tensions asso-
ciated with world competition over dimin-
ishing sources of fossil fuels without en-
couraging the use of technologies which
increase the risk of nuclear weapons pro-
liferation. Growth of a solar industry
wouId reduce imports and encourage in-
vestments in the U.S. economy,



WHAT CAN THE FEDERAL GOVERNMENT DO?
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The most straightforward, but polit ically
the most dIfficuIt, approach to stimu-
lating markets for onsite solar energy
wouId be to remove prlce controls and im-
plicit subsidies granted to conventional
energy sources, and aIlow energy prices to
rise to the cost of energy from new pro-
d u c t Ion f a c i I i t i es

The marketing of solar equipment could
be seriously disrupted if incompetent or
unethical dealers give the technology a
reputation for poor performance Per-
formance standards and uniform testing
procedures must be developed rapidly to
prevent abuses It is necessary, however,
that these standards be continually up-
dated to keep pace with a rapidly moving
technology and to insure that the regula-
tions do not inadvertently discriminate
against new concepts

Investment tax credits, low-interest loans,
exempt ions from property tax, and accel-
erated depreciation aIlowances on solar
equipment can significantly reduce the
cost of solar energy perceived by prospec-
tive buyers No one program will work
equally well to provide incentives for all
systems to a I I types of owners, SimiIar
kinds of incentives applied to manufac-
turers could be used to reduce the price
of solar equipment.

Regulations governing the rates at which
energy is sold to and purchased from on-
site energy systems need to be developed
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rapidIy, ReguIations preventing nonutility
ownership of  onsite generat in g e q u i p -
ment, and interfering with utiIity owner-
ship of onsite energy equipment need to
be reviewed and updated.

A variety of Federal subsidy programs
already exist which can be modified to en-
courage the use of solar energy systems
The use of solar equipment on Federal in-
stalIations can stimulate sales and reduce
costs,

A significant amount of basic research
and advanced development work remains
to be done. Promising areas of research
were noted in the previous discussion of
onsite technology

The U.S. program in onsite solar energy
couId be improved through closer coop-
eration with foreign programs. Many
types of onsite solar energy are likely to
be economically attractive abroad before
they enter commercial markets in the
United States. It is unlikely that other na-
tions will move rapidly to integrate solar
energy options into their energy planning

unless the United States makes a major
commitment to use of solar energy.

Perhaps the most important step which
can be taken with respect to onsite solar
energy is to insure that the advantages of
the onsite approaches are seriously con-
sidered in constructing overalI U.S, energy
planning,


