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FOREWORD 

This paper was prepared as an invited presentation to the 30th Annual / 
National Plant Engineering and Maintenance Conference in Chicago, 
lliinois. The presentation was made in a session entitled "The Solar 
Transition." Interest in the subject of energy conservation and renewable 
energy is almost universal among today's plant engineers, and it . is 
particularly appropriate that time should have been given to the discussion 
of the role of solar thermal energy as industry begins a new decade.· 

Information contained in this paper has been generated from work 
performed in Task 3472 (Engineering Field Test Evaluation) and in Task 
3473.30 (Solar IPH Cost and Cost Goal Analysis). We gratefully recognize 
the contributions of Mr; E. Kenneth May and Mr. Charles Kutscher who 
have contributed greatly to the understanding of industrial applications and 
of solar thermal IPH systems, respectively, through their work at the Solar 
Energy Research Institute. 

Systems Development Branch 

Approved for: 

SOLAR ENERGY RESEARCH INSTITUTE 
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SUMMARY 

The role of solar energy in supplying heat and hot water to residential and commercial· 
buildings is familiar to many of us. On the other hand, the role that solar energy may 
play in displacing imported energy supplies in the industrial and utility sectors of ten goes 
tmrecognized. The versatility of solar technology lends itself well to applications in in
dustry; particularly to the supplemental supply of process heat of all kinds. 

The realization of that potential will depend, however, on the identification of the most 
suitable applications and locations for industrial solar energy and the continued im
provement in cost, durability, and reliability of solar equipment. The status of solar 
thermal technology for industrial process heat applications is surveyed in this paper, in
cluding a description of current costs and operating histories. Because the current status 
is unsatisfactory in view of the goals established by President Carter for solar industrial 
energy, this paper outlines the most important objectives to be met in improving system 
performance, reducing cost, and identifying markets for solar IPH. The effect of gov
ernment tax policy will be of little impact until technical efficiency and cost effective
ness are significantly improved. 
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SECTION I 

INTRODUCTION 

In a recent publication by the Harvard Business School, the attitude of industry toward 
production costs, and especially toward those costs associated with energy supply, is 
summarized in the following statement: "Industry is characterized by constant self
awareness. Ever greater effort goes into computing and comparing in order to better al
locate resources, balance processes and improve products. Industry has a bottom line, 
and profits are its final test" (Stobaugh 1979). Indeed, as rapidly rising energy costs put a 
squeeze on profits, most industries have posted an enviable record in reduction of energy 
consumption.* While not every corporation can afford to be innovative, a significant 
number of corporations still find the resources to support the research and development 
necessary to alter energy consumption in production processes or to change the source of 
energy supply to those processes. This generally innovative attitude makes industry a 
fertile ground for the introduction of new energy supply technologies, such as solar 
energy. 

From the perspective of the solar energy research community, industry has become an 
important focal area for one major reason: sheer size of demand. Manufacturing ac
counts fer approximately 35% of the end-use demand for energy in the United States 
(1978)-a share which is nearly equal to total residential and commercial energy use and 
1.3 times the total energy demand for transportation** (EIA 1980). The Department of 
Energy regards the possibility of displacing fossil fuel as a primary argument in favor of 
solar energy; the large demand of the industrial sector supports an emphasis on solar 
industrial applications. Potential solar supply to industrial energy needs could come in a 
variety of ways. For example, the term "solar energy" encompasses not only the direct 
use of the thermal energy of the sun, but also the direct use of photoelectric energy 
through solar cells and the indirect use of solar energy in the form of biomass or wind. 
These solar energy forms could supply industrial energy not only as heat, but as electric 
power, mechanical power, or synthetic fuels and feedstocks. Although certain 
technologies, such as biomass, have the potential for much broader and more significant 
impact than others, all may have applicability, separately or together, in specific 
markets. 

Attention in this paper is devoted to direct solar thermal technologies and their applica
tion to industrial process heat. While solar thermal applications are certainly not the 
only feasible options being explored by industry and the government today, this program 
is perhaps the most active element of the federal industrial solar program and one for 
which at least preliminary results in actual field tests are available. The federal gov
emment is sponsoring an active program in the analysis and demonstration of this 
technology fer industry in an attempt to move it from familiar and accepted ground in 

*According to Energy magazine, 3 April 1978; U.S. manufacturing concerns reduced ener
gy consumption per dollar of value added by an average of 2696 from 1971 to 1976 (P. 8). 

** According to the Energy lnfermation Administration (EIA), i~stry (including 
agriculture, mining, and heavy construction) consumed 29.247 quads (IO Btu) of primary 
energy in 1978. Approximately 22.6 quads were consumed directly in manufacturing 
industries, SIC codes 20 to 39. Residential and commercial consumption was 28.582 quads 
and transpertation consumption 20.614 quads, fer a total of 78.443 quads consumed in the 
U.S during 1978. 

I 
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residential use into the relatively untested territory of industry. An examination of past 
progress provides a worthwhile example of the many problems that will be encountered in 
the intro9uction of new technology to the industrial energy marketplace. 
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SECTION 2.0 

SOLAR TECHNOLOGY FOR PROCESS HEAT 

The efficiency of solar thermal collectors depends to a large extent on the temperatures 
of heat output required. Industrial process heat (referred to here as IPH) accounts for 
approximately half of manufacturing energy end-use demand and is required over a wide 
range of output temperatures, as shown in Fig. 1 (InterTechnology 1977). Therefore, al
though a large variety of solar thermal technologies are theoretically suitable for IPH, 
only certain technologies off er conversion efficiencies high enough to be commercially 
viable. Many of these collector technologies have been field-tested in residential, com
mercial, or industrial settings; others are still under development in laboratories 
throughout the United States. As noted in Fig. 2, the practical ranges of operating tem
peratures have considerable overlap. The choice of a particular solar collector and heat 
transfer system from these overlapping operating ranges depends on local climatic condi
tioos, process requirements, and of course, cost.* 

Figure 1. Distribution of Industrial Process Heat 
Demand by Temperature Range (1974) 

Percent 
of Total 

Process Heat 
Demand 

< 212 212- 350 350- 550 550-1100 1100- 2000 >2000 
Temperature Range {° F) 

Source: lnterTechnology, 1977. 

*A computerized routine for comparison and selection of appropriate solar collectors and 
heat transfer systems on the basis of these conditions has been developed at the Solar 
Energy Research Institute (SERI). The computer program is known as 
PROSYS/ECONMAT and is described in SERI/TR-34-091, End-Use Matching for Solar In
dustrial Proces.,;; He.at. 

3 



SEll 1 

Figure 2. Practical Operating Temperature 
Ranges of Several Types of Solar 
Thermal Collectors for Industrial 
Process Heat 
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Collector tP.r.hnologies may be conveniently divided into four categories, based on optir.111 
nharacteristics. Nontracking, nonconcentrating ~olleclui'S (almost cxclucively comprisP.c'I 
of the so-called flat-plate collector) hav~ the bro&de:Jt bm:o of im1tall~tinn 11nd develop
ment history. Over 80,000 active solar heating, cooling, or hot water systems have been 
installed in residential or commercial facilities across the U.S., and most rely on flat
plate solar collectors. Nearly 50,000 sq. ft. of flat-plate collectors have been installed 
at six sites for industrjal applications. In all, nearly 12 million sq._ ft. of medium temper
ature collectors have been shipped by domestic producers since 1974 (Bureau of the Cen
sus 1980).* Nontracklng, semiconcentrating technology jg typified by the evacuated 
tube collector in connection with either cusp or V-trough reflector backings. These col
lectors appear to be gaining more favor among plant engineers for their ability to obtain 
output temperatures higher than the traditional flat-plate collector (up to 350°F) while 
maintaining the simplicity of a fixed mounting. The third m&jor category is the line
focusing, tracking collector. Several variations of line-focusing technology have been 
proposed; nearly all a,re capable of extended operation at output temperatures of approx
imately 500° F. The parabolic trough collector, in which optical concentration ratios of 

*Despite the volume of this production, there are still significant engineering pcoblems to 
be overcome in flat-plate collector installations. See, for example, remarks by HUD of
ficial Joseph Sherman in the Solar Energy Intelligence Report, Vol. 6, No. 8, 25 February 
1980, p. 71. 
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50 or more can be obtained, is the most commonly used device. Over 39,000 sq. ft. of 
parabolic trough collectors 'have been installed for industrial use since 1977. 

Laboratcry and pilot development of tracking, point-focusing collector technology is 
bringing these technologies to the verge of industrial deployment. Two major categories 
of point-focusing technology have been developed: (1) the distributed parabolic dish and 
(2) the central receiver. These collector technologies, because of their ability to provide 
concentratioo ratia; of up to 1000, are able to produce temperatures in excess of 2500°F. 

The solar collector array acts as a heat source for energy delivery systems tailored to 
particular process needs. For example, by circulating heat transfer fluids through the 
collector array (including ethylene glycol/water solutions at low temperatures· or com
mercial heat transfer oils at higher temperatures), industrial hot water, hot air, or indus
trial steam may be provided via heat exchangers. Occasionally, it may be appropriate to 
substitute oil heated directly in the array for heat transfer oils heated in process fur
naces. Alternatively, water or air may be heated directly in certain types of solar col
lector arrays and used in the process. Although these "direct" systems off er the highest 
possible efficiencies, they are often impossible to implement because of the standards of 
purity of the industry in question (e.g., food processing) or because of inherent difficul
ties with freezing and storage. Steam may also be produced directly in solar collector 
arrays by flashing water to steam or by direct boiling (as in central receiver technology). 

Nearly every system and collector concept is represented in the Department of Energy's 
field engineering test program. Rather than pursue an exhaustive theoretical discussion 
of these concepts, this paper concentrates on a discussion of the particular system con
cepts and applicatioos contained in the federal program. 

The Department of Energy· has sponsored the design, and in some cases construction and 
operatioo, of 18 solar industrial process heat projects since 1975 (see Fig. 3). Eleven of 

Figure 3. DOE Solar Thermal 
IPH Field Experiments 

Fruit Dehydrating ~. 
Pasadena 
Commercial Laundry 

Legend 
• Operational 
• Under Construction 
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these projects are now operating; six have been operating for at least one year. Three 
more projects to· provide soler-generated process steam are llllder construction and will 
be operational in 1981. In addition, conceptual designs have been initiated for other 
large-scale steam systems and soon will be begun for several large-scale hot water sys
tems. These field projects represent ~he state of the art in collector equipment and in 
system design. It is instructive to review their status as an indicator of present trends. 

6 
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SECTION 3.0 

REVIEW OF COST AND PERFORMANCE OF SOLAR IPH SYSTEMS 

By and large, solar IPH systems will supplement existing heating systems by displacing 
fa;sil fuels. Although energy storage has been incorporated into several of the current 
demonstration systems, each retains a full-capacity fossil fuel backup. As a result, the 
success of solar IPH systems is measured by annual fuel savings, which are directly pro
portional to the energy delivery capacity and utilization of the solar system. The energy 
delivery capacity of solar IPH systems designed in the DOE program vary from a pre
dicted high of. 370,000 Btu/year per square foot of collector aperture area to a low of 
110,000 Btu/yr (see Table 1). This predicted delivered energy capacity is based on 100% 
utilization of the solar system; that is, solar heat from the collector array was assumed 
to be usefully absorbed by the process at all times that the system was operating. Actual 
experience with the operating demonstrations shows that full utilization is infrequent. 
This lack of utilization, along with unexpected inefficiencies in the delivery system and 
in the collector array, led to lower annual outputs than predicted in design. As shown in 
Table 1, the actual annual energy capacity varied from a high of 148,000 Btu/yr per 
square foot to a low of 35,000 Btu/yr per square foot for the five systems for which op
erating data is available. 

Because the energy delivery of a solar thermal IPH system is calculated with respect to 
actual delivered heat at the point of use, a solar system providing one Btu of energy ac
tually displaces more than one Btu of fuel equivalent. The efficiency of conversion of 
the solar system is implicitly contained in the energy delivery figures given; the 
efficiency of fuel conversion (which may vary from 65% to 85% in conventional boilers 
and furnaces) is often not included in calculating fossil energy displacement. The fuel 
savings of a solar system, then, are equal to the annual energy capacity of the system 
divided by the conventional fossil fuel conversion efficiency. 

The costs of solar IPH systems have varied considerably with respect to location, collec
tor type, and auxiliary system construction requirements. Design costs of IPH systems 
are shown in Table 1, along with actual costs incurred in six completed projects. Al
though capital costs in terms of dollars per square foot are commonly quoted, these units 
can be somewhat misleading. To show costs that are related to units of energy capacity, 
the capital costs of the systems are also shown in dollars per million Btu per year of 
nominal output. [This unit, similar to cost units of $/kW, or $/(MBtu/h), is adopted for 
convenience in calculating levelized solar costs and for consistency with normal conven
tional practices; throughout the paper the unit will be referred to as energy capacity cost 
and written as $/(MBtu/yr)]. Note that the costs vary from a low of 108 $/(MBtu/yr) to a 
high of 536 $/(MBtu/yr) on a predicted performance basis. The average cost, exclusive of 
the highest and lowest costs given, is 276 $/(MBtu/yr). Assuming that simple, after-tax 
payback periods of three to five years will be required of energy saving investments, one 
finds that the break-even market price of the displaced fuel would have to be between 
$94 and $52 per million Btu to justify a solar investment at this average cost.* 

*Break-even fuel costs have been calculated on the basis of a simple (undiscounted) pay
back formula that takes into account tax effects (see Dickinson 1979, p. 25). Straight 
line depreciation over 10 years was assumed, annual operating and maintenance costs 
were taken as 3% of initial capital cost, an investment tax credit of 20% was used, an ef
fective total tax rate of 50% taken, and displacement of fuel used at 70% efficiency was 
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Table 1. COST !\ND PERFORMANCE OF SOLAR THERMAL IPH SYSTEMS 

Actual 
AmuaJ E!r.!ergy Delivery Net Capital Cost 

System 
Predictec Actual Efficiency Predicted Actual 

Approximfite 
Size (ft ) (MB1u/yr) (Btu,'yr).-ft 2: MBt·1/yr (Btu/yr)/f t2 % $/ft2 $/(MBtu/yr) $/(MBtu/yr) 

7,300 2,156 291,000 74.80 253 
6,700 1,400 210,0C1J 369 55,000 8.1 85.10 407 1,541 
9,200 l,!:00 160,000 320 35,000 9.1 42.80 263 1,233 

13,100 3,'iOO 280,0(•0 744 57,000 19.1 56.00 198 986 
2,500 900 360,0C D 370 148,000 32.5 87 .10 242 593 

21,000 2, ::oo 11 ),000 1,135 54,000 17.5 24.60 225 456 
8,300 l,~19 15),0(•0 51.13 348 

11,500 1,-&00 120,omo 65.00 536 
10,000 2, "00 270,000 74.00 274 
6,500 1,600 250,000 70.00 284 

20,200 2,550 130,010 55.00 438 
9,500 2,900 300,000 68.00 222 

10,600 3,900 370,000 40.00 108 
15,400 5,)00 320,0·)0 50.00 156 
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Even with a ten-year payback allowed, the break-even cost would be $20/MBtu, or nearly" 
$120 per barrel of oil. Obviously, at such costs, solar IPH systems are not competitive. 

More recent cost projections have been rnade for proposed solar industrial process heat 
systems that have an average predicted capacity cost somewhat less than 276 
$/(MBtu/yr). Proposed solar industrial process heat projects, including cost information 
where available, are shown in Table 2. The average capacity cost for these proposed pro
jects is about 160 $/(MBtu/yr). Break-even fuel costs would vary between $54/MBtu (or 
about $325/bbl of oil equivalent) for 3-year payback to $12/MBtu (or about $72/bbl of oil) 
for. a IO-year payback. If a 10-year payback were acceptable, then it is possible that 
certain companies paying for fuel purchased at or near marginal world oil prices (cur
rently around $42/bbl) would find solar supplement to process heat an acceptable invest
ment. 

Unf <rttmately, the poor perf a-mance of the field experiments described in Table 1 
actually diminishes the prospects of economic competitiveness in the near term. When 
actual operating annual output is folded into the calculation of capital cost for capacity, 
the average cost is 962 $/(MBtu/yr). Hence, the break-even equivalent oil cost is over 
three times higher, or approximately $460 per barrel. Two conclusions are obvious: 
first, actual obtained performance of solar IPH systems must improve dramatically; and 
second, installed costs must be reduced in a commensurate fashion. Durability and reli
ability require far more demonstration, of course, but it is clear that without significant 
general improvement in cost effectiveness, solar IPH will hardly offer an attractive 
opportunity for industrial capital. The remainder of this paper.describes the actions that 
are being taken, or must be taken, in order to make solar IPH a viable investment. 

Table 2. PREDICTED COST AND PERFORMANCE OP PROPOSED 
SOLAR THERMAL IPH SYSTEMS 

Ap(?roximtte Annual Energy Delivery Ca(ri tal Cost 
System Size (ft ) (MBtu/yr) . $/ MBtu/yr) 

1 20,000 147 
2 9,000 219 
3 24,000 100 
4 ~50,000 12,600 209 
5 14,700 152 
6 8,760 155 
7 17,500 144 
8 237,900 118,700 
9 171,300 70,400 

10 671,000 339,000 
11 210,000 179,200 
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SECTION 4.0 

PROSPECTS FOR SOLAR IPH 

Successful implementation of solar thermal systems in industry will depend upon an ·at
tack on at least three fronts. First, the cost and performance of solar thermal systems 
for IPH must be improved substantially. Second, the most appropriate and advantageous 
applications for this technology must be located and developed. And third, the govern
ment, if it decides involvement is warranted, should act to encourage implementation 
through the various instruments of policy at its disposal. The successful introduction of a 
new technology into the industrial marketplace must follow those attacks in sequence. In 
other words, primary emphasis must be placed on obtaining a viable technology. Gov
ernment incentives or market development can make no headway without a viable 
product. 

To obtain the cost and performance improvements necessary to promote solar technology 
as a viable investment, it is first important to establish exactly what performance and 
cost improvements are required to be cost-competitive: cost and performance goals 
must be established. There are obvious physical limitations to performance improve
ment; the efficiency of a solar thermal system cannot exceed 100%. What average annu
al efficiency can ultimately be obtained is the subject of a great deal of research at the 
present time. According to scientists at the Solar Energy Research Institute, physical 
limitations of the properties of reflective materials, glass, heat transfer media, and insu
lation will probably limit solar system average annual efficiency at intermediate temper
atures to approximately 60%. This 60% limit should be considered as an ultimate goal, 
approachable only with extremely precise control, high-quality materials, and efficient 
system design and operation. Cost limits for the solar thermal systems are more diffi
cult to define, except that, of course, the cost of the system may not be zero. A possible 
lower Jimit on the cost of solar systems, based on basic materials and land costs, is 
$10/ft • . 

The combination of cost and performance is embodied in the energy capacity cost of so
lar IPH systems, expressed as $/(MBtu/yr). Assuming that at least a 3-year payback will 
be required of energy-related investments in the future,* and that alternative fuels will 
be available at or below the current marginal cost of crude oil, the appropriate solar 
cost/performance goal may be calculated. Hence, for an alternative fuel price of 
$7 /MBtu and a fossil fuel conversion efficiency of 70%, solar thermal IPH systems must 
not exceed an energy capacity cost of 20.62 $/(MBtu/yr). If the best possible solar sys
tem efficiency were obtained and the best possible location was available (for e~ample, 
El Paso,. Texas~ the annual delivered energy would be 0.60 x 840,000 (Btu/ft )/yr = 
504,000 (Btu/ft )/yr. In order to meet a goal of 20.62 $/(MBtu/yr), the system would 
have to be installed at less than $10.40 per square foot of collector aperture f'ea. Con
sidering that the average cost of installed systems in Table 1 is about $61/ft , the chal
lenge represented by this goal is significant. 

*In interviews conducted by consultants for the Southern California Gas Company during 
1977, it was found that a number of companies were willing to consider 5-year payback 
periods on energy-related investments. If a 5-year payback is assumed in the above cal
culations, the required installed system cost must be no greater than about $19.00 per 
square foot. 

11 
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In addition to the obvious need for system cost reduction and better output performance, 
solar thermal technology is in need of improved durability and reliability. In many cases, 
simple improvements in engineering practice will result in better IPH systems. In others, 
more basic collector or component improvements are needed. 

Since one is faced with such distant prospects of widespread cost-competiveness of solar 
process heat, any near-term implementation of this technology is crucially dependent on 
the choice of application. Not every industrial concem has the same outlook for fossil 
fuel availability or price. In certain situations, the actual cost of fuel may be much 
higher or much lower than the $7 /MBtu assumed above. In addition, some industrial pro
cesses are more physically compatible with solar thermal heat (and the way in which it 
may be supplied) than others. Recent investigations at the Solar Energy Research Insti
tute indicate that solar energy is most suited to applications which have most, or all, of 
the following properties: 

(1) a location with high solar insolation and high ambient temperatures, 

(2) a location with low air pollution levels so as not to degrade collector surf aces, 

(3) a location where environmental standards or fuel regulation discourage or pro-
hibit fossil fuel use, 

(4) low temperature requirements in the process, 

(5) continuous operations where temperature or heat rate control are not critical, 

(6) built-in storage in the process, 

(7) high and rapidly escalating fuel costs or inefficient fuel usage, 

(8) tmcertain fuel supplies and energy-intensive or -dependent processing, and 

(9) available land or roof area and suitable plant layout to facilitate the addition of 
a solar system. 

It is likely that the coincidence of all of these factors will be found only in a few isolated 
industrial plants. Certain industries, such as the food processing tnoostry, seem to pos· 
sess many of these important characteristics and may be the rn~t likely initial mo.rkets 
for solar energy. However, spccifio processes and plant locations must be identified be
fore the applicability of solar energy can be determined. The task is nearly impossible 
for solar equipment suppliers to complete; as a result, the identification of specific ap
plications will depend to a great extent upon self-evaluation by plant engineers and man
agers. The ability of plant personnel to recognize good solar applications will, in turn, 

· depend upon effective commlIDication between solar research and development programs 
and the industrial commlIDity regarding the status and prospec~ for solar IPH. 

12 
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SECTION 5.0 

FEDERAL POLICY AND THE PROSPECTS FOR SOLAR IPH 

As stated earlier, it is important to recognize that government tax incentive and market 
development programs are ineffective without a viable technology base. Therefore, 
federal market stimulation is a final and indirect phase of government involvement and 
must be carefully scrutinized to ensure that such "benevolent" interference is efficient 
and productive. Perhaps the measure of that effectiveness should be the speed with 
which the government is able to withdraw from participation. 

President Carter, on 20 June 1979, declared that 20% of domestic energy demand would 
be supplied by renewable resources in the year 2000, and that of that goal, 14% of the 
renewable energy (or 2.6 quads) would be provided in the industrial and agricultural sec
tor by solar thermal energy. At predicted output efficiencies, this goal would require the 
cumulative installation of somewhere between eight and ten billion square feet of solar 
collectors in industry, equivalent to a total capital expenditure of nearly $400 billion. 
This goal is an ambitious one and undoubtedly will require a vigorous economic incentive 
program. 

Federal economic incentives are most frequently associated with provisions for tax re
lief, since these are most often the ·most direct and unobtrusive means of conferring eco
nomic value upon selected classes of capital investment. Since 30 September 1978, an 
investment tax credit of 10% has been available (in addition to the standard 10% caoital 
equipment tax credit) for solar process heat equipment purchased by industry. Legisla
tion sponsored by Senator Robert Packwood (Oregon) and Representative Wyche Fowler 
(Georgia) in 1979, sought to increase this additional tax credit to 40%, thus making the 
total credit 50% for solar IPH investments. The final version of this proposal, agreed 
upon by a House-Senate conference committee on 11 February 1980, grants an additional 
15% investment tax credit, for a total credit of 25% on solar systems purchased for in
dustrial process heat. Three-year carryback and seven-year carryforward of the credit 
would be allowed* (SEffi 1980). As shown in Fig. 4, the effect of a 25% investment tax 
credit rather than the current 20% credit is so small as to be ineffective. The effect of 
a possible 50% investment tax credit is enough, however, to make solar IPH systems in
stalled for 160 $/{MBtu/yr) a competitive investment with ten-year payback where dis
placed fuel costs an average of $5/MBtu. 

The other major instrument of tax policy at the federal government's disposal is the defi
nition and establishment of allowed depreciation, or tax, life. Currently, the minimum 
ailowed depreciation period for capital equipment (in order to recover the full value of 
investment tax credits) is 7 years. Ordinarily, plant energy-related equipment (such as 
boilers and furnaces) have been allowed a depreciation life of between 15 and 23 years. 
In the previous calculations, a depreciation period of 10 years was assumed, because no 
specific rulings on solar IPH equipment have been made by the Internal Revenue Service 
and a shorter tax life is advantageous to capital-intensive investments. The effect of a 
decision by the government to allow a three-year (H.R. 5084), five-year, or seven-year 
amortization of solar investments is shown in Fig. 5. 

*The solar tax incentive bill (H. R. 3919) was tied to the so-called "Windfall Profits Tax" 
bill and is to be funded through the expected revenues accruing from petroleum ex~ise 
taxes. 

13 
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Figure 4. Effect of Investment Tax Credit 
on the Break-Even Price of 
Displaced Fossil Fuel 
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Despite the significant effects that massive federal tax incentives have on the break
even prit.?es of competing fuel for solar IPH, it is clear that investment will be limited by 
two major constraints. First, as mentioned before, solar IPH technology must 
demonstrate reliability and functional success over a suitable period of time and be 
adequately matched in physical capabilities to the task at hand. Second, industry must 
be able and willing to commit the capital required for the purchase of such systems. 
Manufacturing industries spent $109.4 billion on gross capital investment in 1978 
(Industry and Trade Administration 1980). Energy-related investment rttr~ly exceeds 25% 
of the total annual capital expenditure of industry in a given year, so that, at most, about 
$25 billion was spent on energy equipment in 1978. If only 1% of the energy consumed by 
the manufacturing sector for process heat in 1978 (approximately 0.1 quad) were 
provided by solar energy in that year, the capital investment required would have been at 
least $15 billion [assuming solar could be installed at the optimistic cost of 150 
$/(MB tu/yr)]. That is, to supplant 1 % of the process energy use of industry, an 
investment of at least 60% of the actual planned total energy-related expenditure in that 
year would have been required. This severe capital strain suggests two concerns. First, 
the commitment of large amounts of capital to renewable energy equipment will depend 
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Figure 5. Effect of Amortization Life on 
the Break-Even Price of 
Displaced Fossil Fuel 
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heavily upon the relative importance of energy as a factor in production for the industry 
concerned. For example, the likelihood of significant solar investment by apparel 
manufacturers (Sic 23), where energy cost is only 0.7% of the value of shipments, is not 
large. The likelihood of such an investment by organic fiber manufacturers (SIC 2824), 
where energy costs are 24.5% of the value of shipments, is much greater. A second 
concern, even for industries facing high energy costs, is simply the availability of desired 
capital. It is in this area that the federal government, through the indirect support of 
capital formation in the financial. network or through financing guarantees or federal 
loan banks, may have ~me effect. · 
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SECTION 6.0 

CONCLUSIONS 

Government policies can have a significant impact on the calculated economics of solar 
investments. However, tax benefits are never a substitute for reliable and efficient sys
tem performance. It is clear. that although solar thermal systems for industry exhibit 
significant fuel savings potential and might contribute significantly to national goals of 
energy self-sufficiency, the current state of solar thermal technology leaves most of this 
potential unrealized. More experience must be gained with operating systems in indus
trial environments and advances in technology must be sought in order to improve both 
cost and performance. Industry's bottom line is profit, and profit depends on successful 
operation at minimum cost. Solar energy must prove itself against .these criteria. If 
proven, the important intangible benefits of improved industrial energy efficiency and 
enhanced national energy security will provide a more suitable and stable business cli
mate for United States industry. 
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