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Economic Feasibility of
Solar Water and Space Heating

Roger H. Bezdek, Alan S. Hirshberg, William H. Babcock

Direct use of the sun’s energy is of in-
terest as a means of alleviating U.S. en-
ergy problems. The expected response
of consumers to the financial incentives
contained in the National Energy Con-
~servation Policy Act (NECPA) of 1978 is
of particular concern to energy policy-

dwellings for four representative U.S.
cities. Three economic decision criteria
are utilized to determine economic feasi-
bility: payback period, years to recovery
of down payment, and years to net posi-
tive cash flow. Solar system perform-
ance is compared in each city with the

Summary. The economic feasibility in 1977 and 1978 of solar water and combined
water and space heating is analyzed for single-family detached residences and multi-
family apartment buildings in four representative U.S. cities: Boston, Massachusetts;
Washington, D.C.; Grand Junction, Colorado; and Los Angeles, California. Three ec-
onomic decision criteria are utilized: payback period, years to recovery of down pay-
ment, and years to net positive cash flow. The cost competitiveness of the solar sys-
tems compared to heating systems based on electricity, fuel oil, and natural gas is
then discussed for each city, and the impact of the federal tax credit for solar energy
systems is assessed. It is found that even without federal incentives some solar water
and space heating systems are competitive. Enactment of the solar tax credit, how-
ever, greatly enhances their competitiveness. The implications of these findings for
government tax and energy pricing policies are discussed.

makers. These incentives are primarily
directed toward solar applications for
supplying domestic hot water and for
space heating, which together represent
20 percent of annual U.S. energy con-
sumption.

The ability of solar energy systems to
contribute to this large market depends
on the current economic feasibility of so-
lar water and space heating systems and
the effectiveness of the financial in-
centives in enhancing their attractive-
ness. In this article we discuss the eco-
nomic feasibility for 1977 and 1978 of so-
lar water and combined water and space
heating for single-family and multifamily
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performance of heating systems based
on electricity, fuel oil, and natural gas.
The impact on solar economic feasibility
of the federal tax credit in the NECPA is
also assessed.

Solar System Description

Solar water heating refers to the use of
solar radiation to heat water for domestic
use—for showers, washing dishes, and
so on. Solar space heating refers to the
use of solar radiation to heat the building
space. For technological as well as eco-
nomic reasons, solar space heating sys-
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tems are often designed to provide do-
mestic hot water; thus the solar space
heating systems analyzed here are in
reality combined solar water and space
heating systems. Typical systems of both
types are shown in Figs. 1 and 2.

The solar domestic hot water system
(Fig. 1) consists essentially of solar ener-
gy collectors, a water storage tank, a
heat exchanger, a drain down tank, a cir-
culating pump, a tempering valve, and a
differential thermostat. In this example
the backup system is a conventional
electric resistance domestic water heat-
er.

Whenever the temperature of the solar
collectors is higher than the storage tank
temperature, the differential thermostat
energizes the circulating pump. Water is
circulated between the solar collectors
and the storage tank, thereby heating the
storage water. Cold city water is in-
troduced into the bottom of the storage
tank, where it is heated by solar-heated
water. Heated water is supplied to fau-
cets after passing through the conven-
tional water heater and a tempering
valve. The tempering valve mixes solar-
heated water with cold city water, if nec-
essary, to provide the desired water tem-
perature. However, if solar-heated water
is not available, the conventional water
heater is energized. Whenever solar en-
ergy is not available and the solar collec-
tor temperature is lower than the storage
tank temperature, the differential ther-
mostat de-energizes the circulating pump
and causes the water contained in the
collectors to drain into the drain down
tank, thus preventing energy losses from
the collectors and freezing of com-
ponents.

The combined solar water and space
heating system (Fig. 2) consists essen-
tially of solar energy collectors, a water
storage tank, a heat exchanger, two cir-
culating pumps, a water heating coil, and
a differential thermostat. The backup
systems are an electric resistance do-

Roger Bezdek is chief of the Barriers and In-
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cations, Department of Energy, Washington, D.C.
20545. Alan Hirshberg is principal and William Bab-
cock is associate at Booz, Allen & Hamilton Inc.,
Bethesda, Maryland 20014,
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mestic water heater and an electric resis-
tance forced-air furnace.

As in the case of the solar water heat-
ing system, whenever the temperature of
the solar collectors is higher than the
storage tank temperature, the differential
thermostat energizes the solar collector
loop pump, thereby heating the storage
tank. Cold city water is introduced into
the heat exchanger located in the storage
tank, where it is heated by the storage
tank water. Heated water is supplied to
faucets after passing through a conven-
tional solar water heater and a tempering
valve. If solar-heated water is not avail-
able, the backup solar water heater is
energized.

Space heating is accomplished by
means of a solar water heating coil lo-
cated in the return airstream of the back-
up electric furnace. Whenever the space
calls for heat, the system pump is ener-
gized, causing solar-heated tank water to
circulate through the solar water heating
coil. However, if the space calls for heat-
ing and solar-heated water is not avail-
able, the system pump is automatically
de-energized and backup heating is pro-
vided by the electric resistance furnace.

Methodology and Data Base

The economic feasibility of solar water
and space heating has been the subject of
a number of studies, which have often
arrived at conflicting results (/). Con-
clusions that are national in scope are
difficult to reach and support for several
reasons: (i) important cost and perform-
ance factors vary among published stud-
ies; (ii) system performance varies with
local climates, weather, and solar in-
solation; (iii) the economics of solar
heating systems are strongly affected by
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the unique thermal characteristics of
each type of building; (iv) today’s fuel
prices and electric rates, which deter-
mine immediate cost savings, vary
across the nation; (v) vital solar system
characteristics, such as useful lifetime
and operating costs, are not known with
certainty; (vi) the specification of fuel
price escalation rates has a substantial
effect on economic results (2); (vii) the
method of financing the solar investment
varies between users; and (viii) the cri-
teria by which investors judge solar sys-
tem economics are inadequately under-
stood today and will undoubtedly change
over time.

Even though there is much uncertainty
associated with analyzing the economic
feasibility of solar water and space heat-
ing systems, our analysis does illuminate
the potential effects of the solar tax cred-
it and other government incentives.

In this analysis, we deal with the feasi-
bility of solar water and space heating on
strictly economic grounds. However, it
is important to note that there are strong
motivations other than financial ones to
induce consumers to purchase solar en-
ergy systems. These motivations range
from environmental concerns and a de-
sire to attain a degree of individual ener-
gy independence to the desire to be the
“first on the block’ to acquire a new
technology. It is difficult to assess the
importance of these types of non-
financial motivations in influencing con-
sumers’ decisions to purchase solar en-
ergy systems. There is strong evidence,
however, that nonfinancial consider-
ations have been of paramount impor-
tance in influencing such decisions (3). In
one study it was even reported that near-
ly one-third of the solar heating systems
purchased are being installed in resi-
dences where natural gas hookups are

available (¢). Thus, the importance of
nonfinancial considerations as a stimulus
to the solar energy industry cannot be
overemphasized.

Nevertheless, in the long run, the cost
competitiveness of solar heating systems
compared to other energy systems will
determine the rate of market penetration
of solar systems, and the economics of
solar heating and cooling depend criti-
cally on the relative prices of conven-
tional fuels. Any policies such as taxes
on fuel, deregulation, or marginal cost
pricing that increase fuel costs will make
solar energy applications more cost com-
petitive. Such policies will also provide a
strong incentive for a variety of energy
conservation practices.

In this study actual data were used
whenever possible and estimates were
based on the most current information
available to us. A modified version of the
residential solar economic performance
model developed for the Department of
Housing and Urban Development
(HUD) by Booz, Allen & Hamilton pro-
vided a well-documented methodology
for the study (5). We assessed the eco-
nomic feasibility of solar water heating
systems and combined solar water and
space heating systems compared to sys-
tems based on oil, natural gas, and elec-

tricity for two types of buildings —single-

family detached homes and multifamily
garden apartments—in four locations
representative of most U.S. regions:
Boston, Massachusetts; Washington,
D.C.; Grand Junction, Colorado; and
Los Angeles, California.

Solar collector sizes for this analysis
were predetermined. Specifically, we
fixed the collector size in each city to be
capable of providing 70 percent of the
hot water or 50 percent of the space heat-
ing (or both) needed annually for the
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building. This assumption was made to
keep the financially optimum system size
from becoming unrealistically small. The
systems analyzed here are based on
conventional flat-plate collector tech-
nology, which is presently available
in the marketplace in all geographic
regions (6).

The basic assumptions used in the
analysis are listed in Table 1. They were
derived from several standard sources.
The number of occupants, hot water us-
age, and supply temperature were
adopted from the book of fundamentals
of the American Society of Heating, Re-
frigerating, and Air-Conditioning Engi-
neers (ASHRAE). The building thermal
factor represents the heat loss rate of a

typical building insulated to a level con-
sistent with the 1977 HUD minimum
property standards. Collector parame-
ters were obtained by averaging the col-
lector parameters of ten currently avail-
able solar collectors.

Fixed and variable components of sys-
tem cost were determined from a regres-
sion analysis of cost and collector area
for 37 HUD residential solar demonstra-
tion projects. Solar systems were as-
sumed to be exempt from property tax-
es. Maintenance cost was assumed to be
1'/2 percent per year of the system cost,
which is similar to the maintenance cost
of a typical house during a year. The
building owner’s financial parameters in-
clude the tax bracket for a homeowner

Table 1. Basic assumptions.

earning about $25,000 per year. Mort-
gage rates of 20 percent down and 8!/2
percent for a 30-year loan period were
used. Fuel escalation rates for oil and
electricity were assumed to be 2 percent
above the 5 percent average yearly rate
of inflation, and natural gas was assumed
to escalate at the inflation rate plus § per-
cent, reflecting partial deregulation. The
discount rate of 10 percent is the official
rate used by the Office of Management
and Budget. The coefficients of perform-
ance for heat pumps were obtained from
the Department of Energy. The four
cities considered were chosen on the
basis of the availability of data, their use
in previous analyses, and their geograph-
ic distribution. Fuel prices used are

Parameter Single family Multifamily
Building energy use parameters
Number of occupants 4 100
Hot water usage, gallons per day 80 2000
Supply temperature, degrees Fahrenheit 140 140
Temperature Average ambient Average ambient
Building thermal factor, Btu’s per square foot per 8.42 8.42
degree-day Fahrenheit
Building floor area, square feet 1500 32,000
Collector parameters
F'RU* 0.83 0.83
F'ra* 0.7 0.7
Glazing Double Double

Collector area

Tilt

Hot water system cost

Fixed component, dollars

Variable component, dollars per square foot
Hot water and space heating cost

Fixed component, dollars

Variable component, dollars per square foot
Additional property tax

Maintenance (solar) as fraction of installed cost

Hot water, per year

Hot water and space heating, per year
Depreciation (system life, 20 years)
System life, years

Tax bracket, percent
Financing

Period, years

Interest rate, percent

Down payment, percent
Discount rate, percent
Fuel price escalation, percent

Electric and oil

Gas
Inflation rate, percent
Utility rate discrimination
Tax credit

Heat pump coefficient of performance$§
Boston
Washington, D.C.
Grand Junction
Los Angeles

Fixed to meet 70 percent of DHW
demand and (or) 50 percent of

Fixed to meet 70 percent of DHW
demand and (or) 50 percent of

SH demand+ SH demandt
Latitude Latitude
System cost parameters
400 500
22 25
1300 1500
22 30
0 0
0.015 0.015
0.015 0.015
NA# Straight line
20 20
Owner financial parameters
30 50
30 25
81!/2 8
20 30
10 10
7 7
10 10
S 5
No No
30 percent of $2000, 20 percent 10 percent
of next $8000
2.0 2.0
2.1 2.1
1.9 1.9
2.5 2.5

*F'pU, is a measure of heat transmission losses from the collector; F'ra is a measure of the transmissivity and absorptivity of the collector.

water; SH, space heating. $NA, not applicable.
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TDHW, domestic hot

§ Amount of usable energy out divided by amount of energy in.
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1977-1978 prices for the cities included
in the analysis (7).

The incentive package utilized is the
federal income tax credit as proposed in
the House version of the National Ener-
gy Act (H.R. 8444). The Act provides for
a residential tax credit of 30 percent of
the first $1500 and 20 percent of the next
$8500 of expenditures for solar equip-
ment, up to a total maximum credit of
$2150. The business tax credit provides
for a 10 percent investment tax credit
(ITC) over and above the 10 percent con-
ventional ITC for approved solar ex-
penditures in commercial applications
@).

Economic feasibility is usually under-
stood to represent the achievement of a
certain level of consumer acceptance.
Therefore, feasibility is dependent not
only on the quantitative economic per-
formance data provided by the model,
but also on the decision criteria utilized
by the consumer. For individual home-
owners, market analysts have found that
cash flow measures are paramount (9).
Three measures are particularly impor-
tant. Years to positive cash flow is the
number of years elapsed until fuel cost
savings become greater than the extra
expenses of the solar system, after taxes.
The criterion assumed is 3 years because
most homeowners expect rapid savings
for an ‘‘energy conserving’’ investment.
Years to recover down payment is the
number of years required for accumu-
lated savings to offset initial cash pay-
ments and early cash flow losses, after
taxes. The criterion assumed is 5 years,
based on today’s average housing turn-
over rate of 5 years. Payback period is
the number of years required for accu-
mulated savings to repay the full cost of
the system (or equal the remaining prin-
cipal on aloan, if financed). The criterion
assumed is 10 years. Actual purchase
criteria and their relative importance
will, of course, be unique to each indi-
vidual. However, we believe that these
are representative of the criteria which
must be satisfied before most American
homeowners will purchase solar equip-
ment.

For owners of multifamily buildings,
the decision criteria are quite different.
Most apartments are owned by limited
partnerships, which are formed to utilize
tax deductions from depreciation-gener-
ated tax losses. For this reason, the in-
ternal rate of return (IRR) is the key per-
formance measure. Typically, before-tax
IRR’s range from 10 to 20 percent. As
the criterion for the solar investment, we
assumed that a minimum IRR of 15 per-
cent was required.
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Current Cost Economic Assessment

Some solar water heating and com-
bined water and space heating systems
are economically viable in some regions
of the United States today, even without
a federal tax credit incentive. The most
economically viable systems are primari-
ly solar water heating systems that have
electricity as the alternative energy
source. In addition, solar water and
space heating systems are competitive

against electricity-based systems in cer-
tain parts of the country, and they be-
come more competitive with the federal
income tax credits.

We define a solar system in a single-
family detached residence as being eco-
nomically feasible when any two of the
three criteria discussed above are satis-
fied: (i) a positive cash flow is realized in
3 years or less; (ii) down payment is re-
covered in 5 years or less; and (iii) pay-
back is achieved in 10 years or less. If

Table 2. Economic measures for solar hot water systems for single-family homes with and

without the federal tax credit.

Alternative

As-
City and Electricity Fuel oil Natural gas sumed
criterion : : ; cri-
With- gy With i Wit wien terion
out out out
Boston
Payback period, years 15 13 23 21 21 20 10
Years to recover 8 1 18 12 18 14 S
down payment
Years to positive 1 1 8 8 9 9 3
cash flow
Washington, D.C.
Payback period, years 15 13 22 20 24 22 10
Years to recover 8 1 16 1 21 18 S
down payment
Years to positive 1 1 7 7 12 12 3
cash flow
Grand Junction
Payback period, years 11 9 14 12 23 21 10
Years to recover 4 1 7 1 20 15 S
down payment
Years to positive 1 1 1 1 11 11 3
cash flow
Los Angeles
Payback period, years 11 9 NU* NU 24 23 10
Years to recover 4 1 NU NU 22 18 S
down payment
Years to positive 1 1 NU NU 12 12 3
cash flow

*NU, not utilized (fuel oil is not utilized for water or space heating in Los Angeles).

Table 3. Internal rates of return (percentages) for solar water heating and combined water and
space heating for multifamily garden apartments with and without the federal solar income tax

credit.
City and Electricity Elec;)tl:;ﬁpheat Fuel oil Natural gas
type of
heating With- iy With i Wit gy Wit g
out out out out
Boston
Water <0 <0 NA* NA <0 <0 <0 <0
Water and space 0 3 <0 <0 <0 <0 <0 <0
Grand Junction
Water 13 18 NA NA 13 18 <0 <0
Water and space 8 13 0 2 8 13 <0 <0
Los Angeles
Water 13 16 NA NA NU¥t NU <0 <0
Water and space 20 27 3 7 NU NU 0 2
Washington, D.C.
Water <0 0 NA NA <0 <0 <0 <0
Water and space 3 7 <0 <0 <0 <0 <0 <0

*NA, not applicable.

+tNU, not utilized (fuel oil is not utilized for water or space heating in Los Angeles).
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only one of the three criteria is satisfied,
the system is considered marginally
competitive. The specific results of our
economic analysis are discussed below.

The economic feasibility of solar water
heating in single-family detached resi-
dences in each of the four cities, in com-
parison to the three conventional fuels,
with and without the federal tax credit, is
summarized in Table 2. Even without the
federal tax credit, solar water heating is
economically viable when electricity is

the alternative in some parts of the na-
tion today. Table 2 shows that solar wa-
ter heating is economically feasible in
Grand Junction and Los Angeles and
marginally economic in Boston and
Washington, D.C. In the former two
cities, two of the three feasibility criteria
(years to down payment recovery and
years to positive cash flow) are satisfied,
and in the latter two cities the criterion of
years to positive cash flow is satisfied.
When compared to fuel oil and natural

Table 4. Economic measures for solar space and hot water systems for single-family detached

homes with and without the federal tax credit.

Alternative

. .. Electric heat . As-
City and Electricity Fuel oil Natural gas sumed
L0 pump i
criterion o - cri-
With gy Withe gy With iy Withe g, ferion
out out out out
Boston
Payback period, years 18 17 25 23 27 25 24 23 10
Years to recover 11 1 22 19 24 21 21 19 5
down payment
Years to positive 3 3 11 11 13 13 12 12 3
cash flow
Washington, D.C.
Payback period, years 19 17 24 23 25 24 26 25 10
Years to recover 12 1 21 19 22 18 25 23 S
down payment
Years to positive 3 3 10 10 11 11 14 14 3
cash flow

Grand Junction
Payback period, years 13 12 18

Years to recover 6 1 11
down payment

Years to positive 1 1 2
cash flow

Los Angeles
Payback period, years 13 11 27

Years to recover 6 1 26
down payment

Years to positive 1 1 14
cash flow

1 10 1 23 21 5
2 1 1 13 13 3
26 NU* NU 27 25 10
22 NU NU 25 23 5
14 NU NU 14 14 3

*NU, not utilized.

Table 5. Internal rates of return (percentages) for solar water heating and combined water and
space heating for multifamily garden apartments assuming that no income tax write-off for fuel

expenses is allowed.

City and Electricity hgf;tlﬁrcxp Fuel oil Natural gas
type of
heating With- i With i Wit g Wit G
out out out out
Boston
Water 14 18 NA* NA 6 9 7 10
Water and space 14 19 9 15 8 13 9 12
Grand Junction
Water 31 44 NA NA 30 42 7 10
Water and space 23 32 16 21 22 31 4 7
Los Angeles
Water 36 49 NA NA NUft NU 10 14
Water and space 41 48 26 36 NU NU 11 16
Washington, D.C.
Water 17 23 NA NA 9 13 3 6
Water and space 17 28 10 14 11 16 6 10

*NA, not applicable.
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1tNU, not utilized (fuel oil is not utilized for water or space heating in Los Angeles).

gas systems, however, solar water heat-
ing is not economically viable in any of
the four cities. Solar versus fuel oil for
water heating is marginally competitive
in Grand Junction. Solar water heating is
not economically competitive with natu-
ral gas in any city.

As shown in Table 2, the tax credit
makes solar water heating clearly eco-
nomic in every location compared to
electric water heating. However, the re-
sults shown in Table 2 also indicate that
although the economic feasibility of solar
water heating improves compared to oil
and natural gas, the tax credit is not large
enough to make it cost-competitive with
either fuel.

Table 3 shows the IRR’s achievable
for garden apartments in the four loca-
tions. At best, it can be said that solar
water heating can be economically justi-
fied when compared to the alternative of
electricity, depending on location. In
Los Angeles and Grand Junction, solar
water heating is marginally feasible
(IRR’s of 13 percent), whereas in Boston
and Washington, D.C., a solar water
heating system would not be economi-
cally competitive. When compared to
fuel oil or natural gas, solar water heat-
ing is not economically viable. The pro-
posed 10 percent tax credit for com-
mercial buildings does significantly af-
fect the feasibility of solar water heating
compared to electric water heating in
Los Angeles and Grand Junction, where
it results in an IRR greater than 15 per-
cent. However, in Boston and Washing-
ton, D.C., against electricity and in all
cities against fuel oil and natural gas, so-
lar water heating is not eccnomically fea-
sible, even with the federal investment
tax credit (/0).

Table 4 shows the economic feasibility
of combined solar water and space heat-
ing systems for single-family detached
residences in each city, with and without
the federal tax credit. Without the tax
credit, combined solar water and space
heating is at best marginally competitive
with electric resistance heating in Los
Angeles and Grand Junction. Los Ange-
les is the best location (hot water ac-
counts for a large fraction of total heating
needs), followed closely by Grand Junc-
tion (there is a high correlation between
heating season and solar insolation), and
finally Boston and Washington, D.C.
Combined solar water and space heating
systems are not economically justified in
any of the four locations when compared
to the electric heat pump, fuel oil, or
natural gas.

The federal tax credit again has a sig-
nificant impact on the economic feasibil-

SCIENCE, VOL. 203



ity of solar water and space heating sys-
tems compared to electric systems. With
the tax credit the solar systems become
economically competitive with electric-
ity in Los Angeles and Grand Junction
and marginally competitive in Washing-
ton, D.C., and Boston. However, the
federal tax credit is not likely to have sig-
nificant impact on the use of fuel oil or
natural gas by homeowners. The eco-
nomics of solar versus electricity are im-
proved to the point where many more
systems may be installed when the all-
electric home is the only alternative.
However, when fuel oil or natural gas is
available, solar is a choice that is difficult
to justify for single-family homes on
strictly economic grounds.

For multi-unit apartment buildings,
combined solar water and space heating
systems are economic in some locations
when compared to electric resistance
systems, as shown in Table 3, but they
are clearly viable only in Los Angeles. In
Los Angeles (against electricity) the IRR
is 20 percent without the credit and 27
percent with the credit. In each of the
other areas without the credit the expected
returns are in the IRR range 0 to 10 per-
cent, which is likely to be inadequate
for most apartment building investors.
When compared to oil and natural gas,
as before, solar systems are not econom-
ically feasible. Contributing greatly to
the advantage of conventional systems is
the fact that fuel and electricity costs are
tax-deductible to apartment owners,
which reduces the effective savings with
solar by substantial amounts.

The additional 10 percent tax credit
improves the economic feasibility of so-
lar water and space heating systems
compared to electric resistance systems
for multifamily buildings to the point
where the combined systems are viable
in Los Angeles (by a clear margin, with
an IRR of 25 to 30 percent) and Grand
Junction, and nearly so in Boston and
Washington, D.C. The credit does little
to affect solar economics when com-
pared to oil, the electric heat pump, or
natural gas.

Homeowner investments in solar hot
water systems can be expected to in-
crease substantially because of the feder-
al tax credit incentive. Installations may
be limited to cases in which electric wa-
ter heating is the only alternative to solar
water heating. At present, nearly 15 per-
cent of residential water heaters are elec-
tric. However, nearly 50 percent of new
installations are electric and the percent-
age is growing rapidly (/1). For this rea-
son, the principal impact of solar water
heating is likely to be on housing with
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electric water heating. There is also
likely to be accelerated market pene-
tration of solar space heating, but to a
lower degree than hot water systems.
Again, solar systems will be installed pri-
marily in cases where electric space
heating is the only alternative.

The impact of the tax credit on resi-
dential use of oil and natural gas is likely
to be low. Although economic measures
for solar water heating systems and com-
bined systems compared to oil and natu-
ral gas are improved, a substantial mar-
ket response is not expected until the in-
vestment criteria are met, or at least
nearly met.

Perhaps the most interesting implica-
tion of this analysis is that although the
residential tax credit will not significant-
ly affect the payback period or the years
to positive cash flow, it will dramatically
reduce the time required to recover the
down payment. This result is a logical
consequence of our definition of eco-
nomic feasibility and the administrative
structure of a tax credit. For an individ-
ual to claim a tax credit for a solar instal-
lation on his 1978 income tax returns, for
example, he must have incurred the ex-
penditures during calendar year 1978. He
is thus required to obtain financing for
the system (with approximately a 20 per-
cent down payment) and have it installed
during 1978. In April 1979 he applies for
the solar tax credit, which he may expect
to receive in May or June 1979. This tax
rebate will usually equal or exceed the
down payment he had to provide for the
solar system. However, it has no effect
on years to positive cash flow and little
effect on years to payback. This explains
why the federal tax credit, or any pro-
gram similar to it, will dramatically re-
duce the number of years to recovery of
down payment but leave the other two
economic decision criteria relatively un-
changed.

Conclusions and Policy Implications

At present, solar water heating is eco-
nomically competitive with electric wa-
ter heating in some regions of the United
States. In our analysis, we found solar
water heating to be competitive with
electricity in Grand Junction and Los
Angeles, but not in Boston or Washing-
ton, D.C. Solar water heating does not
compete in any of the four cities against
fuel oil or natural gas. The effect of the
tax credit is to make solar water heating
economically competitive with electric-
ity in all four cities and competitive with
fuel oil in Grand Junction. Even with the

tax credit, solar water heating for single-
family residences is still not competitive
with natural gas. For multifamily apart-
ments, solar water heating is competitive
with electricity in Los Angeles and with
both electricity and fuel oil in Grand
Junction.

Combined solar water and space heat-
ing is only marginally feasible in the four
cities for single-family residences. The
tax credit makes combined solar water
and space heating competitive with elec-
tricity in all four cities and with the heat
pump and fuel oil in Grand Junction. The
outlook for combined solar water and
space heating for multifamily apartments
is unclear. At present, solar water and
space heating is competitive only with
electricity in Los Angeles, and the tax
credit does not change this.

Additional incentives may therefore
be needed before solar energy can pene-
trate the residential market to a degree
where it makes a significant contribution
to national energy supplies. As ex-
pected, solar heating may reach wide-
spread use only in single-family homes
and only when electricity is the alterna-
tive. The rationale for additional govern-
ment action is embodied in the national
cost of increased consumption of oil and
natural gas. For example, when the costs
of the solar systems discussed here are
compared to the marginal cost of new oil
($15 per barrel or $0.75 per gallon—ap-
proximately the present price of import-
ed oil) and gas ($4 to $6 per million cubic
feet) supplies, solar energy becomes
cost-competitive (/2). With the federal
tax credit applied, and at marginal fossil
fuel costs, solar water heating is eco-
nomic in most U.S. locations and solar
space heating is economic in many loca-
tions. As a general rule, for most regions
of the country, the cost of an alternative
energy source must be in the range of $8
to $12 per million Btu’s to make solar
water heating economic and $15 to $30
per million Btu’s to make solar space
heating economic at 1978 solar equip-
ment costs.

Solar energy is not currently com-
petitive with the average residential
price of natural gas in any region. Even
the federal tax credit does not make it at-
tractive compared to the average price of
gas. However, utilities purchasing new
supplies of natural gas must pay the in-
cremental cost of the new gas supply,
which is typically much higher than the
average price paid by consumers. Cur-
rent utility pricing policy insulates the
consumer from the true costs of new
supplies by ‘‘rolling in’’ the price of the
new supply with the price based on exist-
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ing gas supply contracts. An example
should help clarify this point.

Natural gas from some new sources,
such as coal gasification, is estimated to
cost $4 per thousand cubic feet. Assum-
ing a cost of $1 per thousand cubic feet
for distribution charges and 50 percent
efficient usage, the final cost of heat de-
livered to the consumer would be about
$10 per million Btu’s. The cost of solar
water heating delivered to the consumer
is about $8 per million Btu’s, assuming
an 8 percent loan and a 20-year term. A
hypothetical rational consumer will
choose to purchase the solar energy sys-
tem since it will save him about $2 per
million Btu’s. However, under current
regulatory pricing practice, the cost of
the new gas supply will be rolled in with
that of the existing supply, which cur-
rently costs about $1.50 per million
Btu’s. Assuming that the new gas sup-
plies about 5 percent of the total energy
(not an unreasonable amount for a coal
gasification plant), the result of this pric-
ing practice will be that the gas will cost
about $1.70 per thousand cubic feet, or
$3.40 per million Btu’s delivered, assum-
ing 50 percent efficiency. (Combining 100
million cubic feet at $1.15 and 5 million
cubic feet at $5 gives 105 million cubic
feet at a total value of $175,000 or about
$1.70 per thousand cubic feet.) The ratio-
nal consumer will find the $3.40 per mil-
lion Btu’s a bargain, even though the
cost of the new gas alone exceeds the
cost of the solar energy system. Thus,
the rolled in pricing method used by
regulatory bodies in effect insulates the
consumer from the true cost of the new
fuel supply. This pricing method is a sub-
stantial institutional barrier to the use of
solar energy.

Another serious barrier to solar pene-
tration of the commercial market is the
present federal income tax provisions
that permit full expensing of fuel and util-
ity costs. These provisions discriminate
against capital-intensive as opposed to
fuel-intensive hot water and heating sys-
tems, primarily because tax deductions
that are allowable for capital expenses
are usually less valuable than fuel ex-
penses, which are 100 percent tax
deductible. The net effect of these tax
code provisions is to discriminate against
the more capital-intensive solar energy
technologies. The dramatic impact of
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changing this policy can be seen by
comparing the IRR for multifamily apart-
ments, assuming no tax deductions for
fuel expenditures, as shown in Table 5,
to the IRR assuming tax deductions for
fuel expenditures as shown in Table 3.
With the elimination of fuel expense
deductions, the IRR’s for solar systems
are dramatically increased for all com-
peting fuels. Solar water heating and
combined solar water and space heating
systems would then be generally com-
petitive in all four cities against both
electricity and fuel oil.

In terms of direct economic in-
centives, the preceding analysis has an
additional implication. Because many
existing apartments and most new apart-
ments are owned by limited partnerships
that are formed specifically to take ad-
vantage of tax losses, the tax credit may
not be usable by most owners. Special
provisions by the Internal Revenue Serv-
ice may allow the credit to be passed on
to limited partners, but the policy ques-
tion remains unresolved. More impor-
tantly, apartment owners are likely to be
more responsive to accelerated deprecia-
tion incentives.
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