


--The objectives and goals of Federal solar heat ing and cooling 
activittes. 

--Interagency coordination of Federal solar heat fng and cooling 
activitfes. 
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The Honorable Mike RcCormackB ChaIrman 
Subcoml ttee on Energy 
Commfttee on Science and Astronautfcs h< -/ 

'- ' House of Representatives 
-L ,_ 

"> 
Dear Rr. Chairman: 

As you requested on October Hr 1973, we revfewed selected Federal 
and private solar energy activities. In accordance with our unit5iiiding 
of your speclflc a?<K-of interest, He obtalned informatIon on: 

--Federal funding of sola~ergy rese_arch.,development, and 
dez>trr_atjon actfvitles. 

--Prfvate-sector solar heatfng ana cooling actfvities. 

--Economfc evaluatfons that have been made of solar heating 
and cooling, including an examination of the methodology 
and data used. 

Our work included a review of Federal records, literature, and 
periodi:a?s concerning solar energy, and an analysis of two economic 
evaluations of solar heatfng and cooling. We also IntervIewed 
individuals and representatives of various Federal agencies, companies, 
and organizations working on solar heating and cooling. 

k'e briefed your Subcommittee staff on the results of our work on 
June 7, 1974, at which time arrangements were made for us to brief the 
Subcoi=ittee members today. The infornaticn we presented at these 
briefings is sumarized below and is dfscussed more fully on the cited 
pages of the report. 

Federal fundfng for solar energy research, development, and 
demonstration actfvlties has increased each year since 1?70. Solar 
heating and cooling has received rare of this funding than any other 
solar program area. 
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A major increase in funding came in fiscal year 1974 when solar 
heating and cooling received $8.2 million--nearly half the total Federal 
solar energy budget. The $50 millfon 1975 solar energy budget request 
includes $17 mfllfon for solar heating and cooling. (See pp. 1 through 
3.) 

1 The National Sctence Foundation was desfgnated in April 1973 by 9 f-- ,‘3 
/' the Office of Hanagoment and Budget as the lead agency In Federal support 

of research on terresffal applications Jf solar power. The Federal 
objectives and 5-year goals concernfng solar heating and cooling are 
discussed on pages 3 and 4. 

The Foundation has coordinated the various Federal solar heating 
and cooling actfvftfes through several means, including the formulation 
of a Federal solar heating and cooling program and an Interagency Panel 
for Terrestrial Applfcatfons of Solar Energy. (See p. 5.) 

There is considerable private-sector interest in solar heating and 
cooling. Actfvftfes have ranged from basic research to market analyses 
of probable buyer and ffnancfal and fnsurance institution acceptance. 
Efforts have ranged fro1 fndfdfduals who fabrfcated and installed solar 
heatfng systems on thefr own homes to about 70 organizations working 
together to determfne thtl feasfbflfty of brfnglng a solar climate control 
industry into befng. (See pp. 6 through 9.) 

Our revfew revealed two comprehensfvs economic evaluatfons of solar 
heatfng and cooling. One concerns the use of solar energy for heatfng; 
the other concerns the use of solar energy for combined keatfng and 
coolfng. 

We adjusted the evaluation results to provfde a more current picture 
of costs and tested the sensitfvity of the adjusted results to other 
assumptions made or factors used when possible or lfkely variations had 
tha potential of sfgnfficantly changing the fndfcated economic feasibility 
of solar heating and cooling. (See pp. 10 through 23.) 

Hore than anything, the costs presented and the comparisons made 
in the report lead to the realfzatfon that determining the future 
economic feasfbflfty of sotar heatfng and cooling is a complex task 
which must be based on a number of assumptions. Differing assumptions 
regarding certain key factors bear significantly on the questfon of 
economic feasibility. Two of the more important factors are conventional 
fuel prfces and solar collector costs. 
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L Although solar systems may not be econo~~ically feasfble in many 
areas of the United States at this tfme, contfnued fncreases fn gas, 
oil, and electricfey prices --slmflar to those occurring fn the last 
year--should improve the relative cost posftlon of solar heating and 
cool Ing. HoWever, the key fn mak4ng solar systa~s economfcally conpctttfve 
with conventional systms appears to lie In the ability of American 
ingenuity to buf?d, deliver, and fnstall solar collectors at prfces 
substantjally lower than present prfces. 

Aside from questions of economics, efforts to develop solar energy 
will continue to be fmportant because of the need to conserve non- 
renewable energy resources and PSnd alternative sources of energy. 

As requested by your Offfce, because of Impendfng congressional 
action on solar heatfng and coolfng legfslation, wz did not obtafn 
Witten comments on thfs report from any Federal or private OPganiEit:XI. 
We do not plan to distrjbute this report further unless you agree or 
publicly announce Its contents. hfe understand that the report may be 
published as a Committee Print. 
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GENERAL ACCOUMING OFFICE 

REPORT ON REVIW OF SELECTED FEDERAL 

AND PRIVATE SOLAR ENERGY ACTIVITTES 

At the request of the Chaiman, Subcommfttee on Energy, House 
Comittee on Science and Astronautics, we reviewed selected Federal 
and private solar energy actlvttfes. Speciffcally, we obtained 
informatfcn on: 

--federal funding of solar energy research, development, 
and dw!wxtretion actJvfties. 

--The objectives end goals of Federal solar heating and 
cooling actfvIties. 

--Interagency coordination of Federal solar heating and 
cooling actlvfties. 

--Private-sector solar heating and cooling activities. 

--Economfc evaluatfons that have been made of solar 
beatfng and cooljng, including an examrnatfon of the 
metIwdology and data used. 

Before the current wfdespread recognition of the need to 
develop alternative sources of energy, solar energy research received 
oni y modest Federal support. From 1950 through 1970, for example, 
annual Federal funding for solar energy research, development, and 
demonstration activities averaged about $lCO,OOO. Since then, however, 
Federal funding has increased each fiscal year, as shown in the table 
on page 2. 

Since 1970, solar heatr'ng and cooling has received more Federal 
funding than any other solar program area. A major increase in fund- 
in9 came in fiscal year 1974 when solar heatjng and cooling received 
$8.2 millfon--nearly half the total Federal solar energy budget. 
Although the 650 mIllfan 1975 solar energy budget request represents a 
somfwhat more balanced solar energy program, solar heating and cooling 

- funding was more than doubled to a total of $17 million. 

Officials of the Rational Science Foundation (NSF)--designated in 
April 1973 by the Office of Management and Budget as the lead agency 
in Federal support of research on terrestrial applications of solar 
power--advised us that the entire $50 millicn is to be appropriated to 
NSF which will be responsible for distributing it to the other agencies. 



Federal Funding of Solar Encr$y 

Research, Developent, and Demonstration Activities 

By Program Area 

Proqram area 

Heating and cooling 
of buildings 

Solar thermal energy 
conversion 

Photovoitaic 
conversion 

Bioconversion 

Wind energy 
conversion 

Ocean thermal energy 
conversion 

Workshop and program 
assistance 

Total 

1975 
1974 budget 

1973 estimate request 

(millions) 

so.54 

0.06 

0.03 

0.60 

-- 

$1 33 i- -- 

$0.10 

0.55 

0.41 

0.35 

0.08 

0.19 

$1.68 

2 

$1.36 $ 8.20 817.0 

1.43 

0.92 

0.68 

2.42 10.0 

3.71 8.0 

1.05 5.0 

0.20 1.20 7.0 

0.23 0.70 3.0 

0.26 

$5.08 

-- 

$50.0 $17.28 
-- 



The following table shows, by agency, the estimated fiscal 
year 1974 Federal funding of solar heating and coolfng activities. 

A3Kwnt 
Aqency ~miltionsl 

NSF 86.71 

NatSonal Aeronautics and 
Space Administration (RAM) 

U.S. Navy 

.28 

.02 

U.S. Afs force .09 

Atomic Energy Commissfon (RX) .60 

National Bureau of Standards (NBS) .lO 

Department of I-tousing 
and Urban Development 

Total 

(HUD) .40 

$8.20 

As of March 14, 1974, there were 25 Federal contracts and grants 
totaling about $4.6 mlllion whtch related to solar heating and cooling. 
These are listed in appendix I and cower a wide range of activities from 
basic research to tests and evaluations of solar collectors, storage 
devices, and demonstration projects. 

OBJECTIVES MD GOXS OF FEDEM SOLAR 
HEATING AhD COOLI% ACTIVITIES 

The Federal objectives concerning solar heating and cooling, as 
promulgated by NSF, are 

--to establish the full technology base for the widespread 
availability and utilization of solar energy systems to 
help meet the heating and cooling needs of all typ2s of 
buildings in all the climatic regions of the United 
States to the degree that such applications can be made 
economically viable and socially and environmentally 
acceptable and 

. 
--to move the technology to the coiranercial sector as 

rapidly as the capabilities and funding in that sector 
become available. 



NSF'S S-year solar heating and cooling goals are (1) to provide 
increased performance and new options for components, subsystems, and 
systems and (2) to compiete system proof-of-concept experiments to the 
point that detailed tests and evaluations of systems may be conducted. 
Information on NSF's proof-of-concept experiments is contained in 
appendix II, as is information on NSF's other solar heating and cooling 
activities. 

The following table--which indicates the type of involvement 
Federal agencies have in key solar heating and cooling activities-- 
shows that manv aqencies are involved in solar demonstration projects 
and testing and evaluating solar systems, but that only a few are 
involved in basic research and improvements of technology. 

Demonstration Test and Improvements 
Agency project(s) evaluation ofx 

NSF X X X 

NASA X X 

Department of 
Defense (DOD) X 

AEC 

NBS X X 

HUD X X 

General Services 
Administration (GSA) X 

Postal Service X 

Research 

X 

X 

X 

4ppendixes III through VI contain information on each of the above 
listed agencies‘ solar heating and cooling activities. 



As the lead agency fn Federal support of terrestrial applications 
of solar energy, NSF has coordinated the various Federal solar heating 
and cooling activities cssentiatly through: 

--The formulstfon of a Federal*solar heating and cooling 
program, the objectives and 5-hear goals of which uere 
discussed on pqes 3 and 4. 

--An Interagency Panel for Terrestrial Applications of 
Solar Energy, which meets monthly. 

--Frequent cwxnunfcation--formal and informal-- with the 
Interagency Panel members. 

--SponsorsYip of and participation in workshops and 
conferences on solar energy. 

The Interagency Panel 1s made up of representatives Of NSF, 
MASA, DOD, AU, NBS, HUD, GSA, the Environmental Protection &encY, 
and the Departments of Agriculture, the Interior, and Transportation. 

Our work did not include an evaluatfon of the effcctlveness 
the fnteragency coordinatfon of Federal solar heating aftd cooling 

of 

actlvIties. 



PRIVATE-SECTOR SOLAR 
%??%G AND CDDLING ACTIVITIES 

There is considerable private-sector interest in solar heating 
and cooling. Activities have ranged from basic research to market analyses 
of probable buyer and financial and insurance institution acceptance. 
Efforts have ranged from individuals who fabricated and installed solar 
heating systems on their own homes to about 70 organizations working 
together to determine the feasibility of bringing a solar climate control 
industry into being. 

NSF has compiled lists of several hundred individuals, companies 
and organizations interested in solar heating and cooling. One is a 
solicitation list of 310 names for NSF proof-of-concept experiment 
contracts; the other is a list of 214 names NSF prepared for the NATO 
Committee on the Challenges of &dern Society. These lists were furnished 
the Subcommittee staff at the brfeffng on the results of our work on 
June 7, 1974. 

From our efforts there appears to be private-sector consensus on 
the following important solar heating and cooling issues. 

--The development of practical solar heating and cooling systems 
has no major technical barriers. 

--Solar heating technology exists now, and cost reductfon through 
mass production is needed to make it economically competitive 
with conventional systems. 

--Collectors and cooling technology require the most improve- 
ment. Improvements can be accomplished through an intensive 
development program. 

--There are major uncertainties with regard to factors such 
as public acceptance, legal rights to unshaded sun, the 
establishment of a supporting fndustry, and methods of marketing 
and financing high first-cost systems. The development of 
economically competitive systems would likely provide the 
incentives needed to overcome these problems. 

--Economic incentives such as Federal subsidies, tax credfts, 
and low-interest bank loans may be necessary to encourage 
widespread use of solar energy. 

More then 30 solar-heated structures have been built in the 
United States; some of these are also cooled with solar energy. Some 
are houses; some are buildings. Some are for experimental purposes 
only; others are for conventional uses. They were built with both 
private and Federal funds in various climatic regions of the country. 
Appendix VII contains information on each of the structures we identified. 
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We were unable to determine the amount of private funding of 
solar heating and cooling activities because individuals who developed 
and outfitted their homes with solar systems did so on their own time 
and did not record costs, and companies and organizations with significant 
activities and financial involvement considered funding as proprietary 
and confidential information or could not separate the costs of solar 
activities from costs of their other activities. 

Many of the better known individuals, companies, and organizations 
interested in solar heating and cooling have testified before or provided 
information on their activities to committees in both Houses of the 
Congress. A number of organizations have been compiling information on 
these and other private-sector solar heating and cooling activities. 
Appendix VIII provides information on documents and publications on 
such activities in preparation or planning at the time of our review. 

The following activities of those we contacted indicate the broad 
solar heatlng and cooling interests in the private sector. 

Burt, Hill and Associates 

This architectural firm headquartered in Butler, Pennsylvania, 
has a long-standing interest in energy conservation, as well as a more 
recent interest in solar energy. The firm (1) is testing solar collectors 
it has made, (2) is workin with l4estinghouse in a proof-of-concept 
experiment for NSF, and (3 9 has designed a solar demonstration house to 
be constructed in Shanghaf, Nest Virginia, for Ms. A. N. Wilson. 

Institute of Energy Conversion 
of the University of Delaware 

The Institute has conducted research and developed a system to 
provide heating, cooling, and electricity. An experimental house 
("Solar One") has been built and instrumented for test purposes. The 
work of the Institute has received support from the University, NSF, 
the Office of Naval Research, and several gas, power, and light 
companies. 

Solar Energy Systems, Inc. 

This company is an outgrowth of the Institute of Energy Conversion‘s 
pork and will carry out product and market development of products 
based on the work of the Institute. Initially, work will be concentrated 
on photovoltaic cells. Ultimately, Solar Energy Systems plans to 
combine heat absorption, thermal storage, DC to AC electric conversion, 
and electric storage into one system. 
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Energex Corporation 

Energex, Las Vegas, Nevada, offers collectors for solar heatfng 
and a number of products using solar energy. A total system "package" 
is available, and tSere were p'lans to construct a 24-unit solar heated 
and cooled housing project near Las Vegas. In addition, Energex planned 
to operate and test a solar heating and cooling system jn a manufacturfng 
building. 

Gaydardt Industrfes 

Gaydardt, a research and development firm headquartered fn 
Brandywine, Maryland, has developed and patented a collector. Several 
have been instalJed in the suburban Washington, D.C., area. These 
systems do not provide large amounts of heat storage. Future work 
is planned on storage and cool f ng. 

Arthur D. Lfttle, Inc. 

This firm, headquartered in Cam&ridge, Massachusetts, has organized 
a program, involving about 70 organizatfons, to determine the feasjbility 
ofbringinga solar climate controi tndustry into being. The three-phase 
program fs planned to (1) identify p.>tentfaJly successful businesses in 
solar c'linate control and the prerequisites for success, (2) evatuate 
speciffc solar energy hardware and formu'late detafJed business plans9 and 
(3) collaborate with companfes participating in the project to implement 
these business plans. 

The ff1-m has done desfgn work on a solar heated and cooled office 
building to be built for the Massachusetts Audubon Society fn Lincoln, 
lilassachusetts. 

Solarex Corporation 

Soiarex has ongoing research and devefopment in heating, cooling 
and collector coatjngs. Solarex is also testfng and evaluatfng solar 
collectors at fts facilities in Rockville, Haryland. The company 
has a collector available and will quote prices for specific installations; 
costs vary with the size and complexity of the installation contemplated. 

Solar Systems of Delaware 

Solar Systems fs a research and development firm which can provide 
total systems or any of the various components. A foam tubing has been 
developed for collectors, and work has been done using asphalt for 
heat storage. Some 30 collector unfts have been fabricated; one is set 
up to show how the unfts will work. The company believes providing an 
alternate source of energy to agricultural and fndustrial users is the 
single area of greatest solar promfse, unless the aesthetic and technical 
problecX of retrofitting buildings can be overcome. 



Sunworks, Inc. 

This Guilford, Connecticut, firm markets a collector and designs 
sys terns. The collector fs of the flat-plate, sfngle-pane type. A 
house in Westbrook, Connecttcut, was fitted with a solar system in 
February 1974, and another was planned for April 1974. A solar system 
wfll provide space and water heating at the factory where the un-its are 
fabricated. 

Thomason Solar Homes, Inc. 

Dr. Harry fhomason, of District Heights, Maryland, has built and 
lived in three solar heated and cooled homes over the last 15 years. 
Dr. Thomason has developed and obtained patents in the areas of 
collectors, storage, heating, coolfng, and other features of the 
"Thomason Solarfs System." 

At the tfme of our revfew, seminars were befng held for builders, 
developers, and others to proivde a basic knowledge of solar heating 
and cooling. [uiore detailed courses were scheduled. bicenses are 
available for construction of homes usfng the Sofarfs systein, and plans 
were being made for the construction of so3ar heated and cooled houses 
to be sold to the pubTIc. 

Westinghouse Electric CorporatSon 

In addition to fts NSF proof-of-concept contract, Westinghouse has 
an ongofng project for tfesfgn and production of models of solar collectors 
for heating and cooling applications. A corporate SoTar Energy Advisory 
Board serves to assess applfcations of soTar energy 4th respect to 
corporate objectives and dfrectfon. 
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~~OliOYIC EVALUATIOKS OF 
SOLWNG 

Our reviwrevealed two comprehens ive economic eva luations of so?ar 
heating and cooling. Dr. George Lb'f of the Colorado State University and 
Dr. Richard Tybout of the Ohfo State University publfshed the evaluations 
jointly. One, published in 1970, concerns the use of solrr energy for 
heating; the other, published in 1973, concerns the use 0: solar energy 
for combined heating and cooling. 

Drs. Lb'f and Tybout are pioneers in economic studies of solar 
heating and cooling. Their cooperation and assistance made our analysis 
of their evaluations possible. Because of the impend!ng conqressional 
action on solar heating and cooling legislation, however, they kere not 
given an opportunity to comment on the results of our analysis. 

In both evaluations, Drs. L'df and Tybout estimated solar and 
conventfonal energy costs in each of eight cities representing eight 
world climatic regions. Both evaluations were based on then noncurrent 
cost data unadjusted for inflation and assumed solar collector costs of 
$2 and $4 per square foot installed. 

The 1970 heating evaluation covered two dffferent size houses. The 
published 1973 combined heating and cooling results covered only the 
larger house; results for the smaller house are not yet available. 

. 
A solar energy system requires a large initial capital outlay. 

Discount rates of 6 percent for the 1970 evalustjon and 8 percent for the 
1973 evaluation were used to convert the Init'ial solar systems capftal 
costs into equfvalent annual solar systems costs which could be compared 
to the fuel costs of conventional systems. Conventional systems were 
found to be necessary in each locatfon to supplement the solar systems 
during periods when adequate solar radiation was not available. Thus, 
the evaluations attempted to determjne whether the cost of the solar 
system could be justified on the basis of fuel savings alone. 

In making our analysis, we sought first to present the resuits of 
both evaluations in terms of 1972 costs--the latestlyear for which we 
could obtain complete conventiona? energy cost data --using an 8-percent 
discount rate in both evaluations because thae rate more nearly reflects 
today's home rrortga9e rate. Use of a lower than actual discount rate 
results lo an overstatement of the economfc feas-lbllity of sgfinr heating 
and cooling because of the high ir*tial capital costs of solar systems. 

1 
The gas, oil, and electricity prfces whfch were used are shorn in 
appendix IX. 
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We then tested the sensItlvlty of the adjusted results to other 
assumptfons made or factors used when possible or lfkely variations had 
the potential of sfgn~ffcantly changjng the fndfcated economic feasfb<lfty 
of solar heatlng and coolfng. These relate to 

--gas and of1 furnace efficfencfes, 

--conventional fuel prices, 

--solar co1 lector costs, and 

--structural heat loss and gafn. 

The results of our adjustfng the economic evaluatfons to reflect 
1972 costs and an 8-percent dliscount rate are shown In the tables on pages 12 
and 13, and our adjustments and analysfs of the other assumptfons or 
factors are dIscussed and explained under the captfons beginn'lng on 
page 14. 

(BTU) 
The tables show costs of supplyfng one nf?lion Brfltlsh thermal unfts 

of energy wcith least cost solar systems--solar eqwlpment combfned 
with conventfonal heatfng systems to obtain the least cost combfnation 
of both--and conventtonal systems alone. The 95,006 and 25,000 BTU per 
degree-day [BTU/DD) Ptgures In eba tables t-epwsent author-assumed energy 
requirements for a "sm~?l" house and a "large" house, respcctfvely. 

"Lo&" solar costs and "high" solar costs are based on collector 
costs of $2.50 and $5.00, respecslvely, per 9nstalled square foot of 
collector area. These are based on author-assumed costs of $2 and $4 
which we adjusted upward to mord nearly reflect author-assumed costs in 
1972 dollars. The Wholesale Prjce Index was used for this adjustment. 

The 1970 heating evaluatfm table on page 12 Indicates that solar 
heating would be more expensive; than fuel of1 heatfng in 31 of the 32 
situations presented, more expensive than heatfng ulth natural gas in all 
32 situations, but less expensive than electric heating in 22 of the 32 
situations. 

The 1973 combined heating and cooling evaluation table on page 13 
indicates that solar heatfng and cooling would be more expensjve than 
electric coolfng and gas heatfng iln 13 of the 16 situations presented, 
more expensive than electric cooling and 011 heating In 12 of the 16 
situations, but less expensive than a17 elcctrlc heating and cooling in 
8 of the 16 situations. 

As dfscussed earlier, the tk*Q tables are the result of our adjustfng 
the 1970 and 1973 evaluatfon results to mere nearly reflect 1972 costs 
and an &percent dfscount rate. The tables do not reflect any adjust- 
rent for the other assumptions made or factors used in the evaluattons. 
Beofnninq on paqe 14, we discuss the sensltfvity of the adjusted 
results to changes in the other assumptions or factors which had the 
potential of changing the indicated economic feasfbility of solar heating 
and cooling. 

11 



Location 

Albuquerque 

Boston (note a) 

Charleston 

Miami 

Omaha 

Phoenix 

Santa Maria 

Seattle 

Least cost solar energy Conventional energy 
I BlwOD 25,000 BT-u/on 

House House 
Low High LOW Hiqh Electric Oil Gas 

$2.43 

3.93 

4.59 

8.53 

3.86 

3.71 

1.96 

4.15 

$3.36 

4.59 

6.07 

9.46 

4.61 

5.17 

2.68 

5.91 

$2.33 53.38 

3.64 4.40 

3.71 5.19 

5.91 6.77 

3.57 4.34 

2.99 4.50 

1.60 2.31 

3.79 5.57 

$8.20 

5.86 

3.81 

6.45 

4.69 

5.27 

4.69 

2.34 

$1.71 

2.18 

1.99 

2.09 

1.77 

2.38 

1.74 

2.13 

$ .61 

2.66 

1.21 

2.26 

.9L 

1.11 

1.05 

1.94 

[a)8lue Hi71 Observatory in the Boston area, which, according to one source, “receives 
23.5 percent more solar energy than Boston, enough to make a solar collector there 
perform about 35 percent better." (He did not attempt to determine whether similar 
variatfons existed for the other cities.) 
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. Location 

Albuquerque 

Boston (note a) 

Charleston 

Miami 

Omaha 

Phoenix 

Santa Maria 

Seattle 

1973 Combined Heating And Coolinq Evaluation Results 
Adjusted PO E'rore fdearly Reflects 

Least cost solar energy 
25,005 BTU/DO 

LOW High 

$2.16 $2.93 

3.85 5.48 

3.07 4.41 

2.67 3.85 

3.11 4.55 

2.25 3.21 

3.C7 3.81 

4.72 6.31 

Conventional enerqv 

Electric Electrfc 
cooling with cooling with A71 
gas heating oil heating electric 

$2.59 $3.29 $5.89 

2.95 2.92 4.85 

1.78 2.06 2.31 

3.19 3.20 3.34 

1.64 2.34 3.58 

2.45 2.71 2.98 

1.54 2.33 3.93 

1.95 2.48 2.08 

(a)Blue Hill Observatory in the Boston area, which, according to one source, "receives 
23.5 percent more solar energy than Boston, enough to make a solar collector there 
perform about 35 percent better." (we did not attempt to deter-mine whether sfmjlar 
variations exfsted for the other cities.) 
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Sensitiv:t:* of evaluatfon results to 
chanqes in gas and oil turnace erficfencies 

Gas and of? furnace efficienctes were used to estfmate conventional 
energy costs. The 5970 evaluation used 75 percent far gas and of1 
furnace efflcfencfes, and the 1973 evaluation used 67 percent for gas 
furnaces and 56 percert for oil furnaces. 

NBS and other authorftfes have questioned the 75-percent factor. In 
%n October 24, 1972, report to the Chairman, House Cor&ttee on Science 
and Astronautics, describing the applScatDon of solar energy to heating 
and cooling, NBS commented on the 1990 bbg^ and Tybout evaluation. NBS 
said that while domestIc furnaces, as sold, do operate at 70- to 7% 
percent effilcfency when run at full capaclt~, tm Pmportant factors 
combfne to reduce the average efficfency of dowstic furnaces In servfce. 
First., the performance of a typical furnace is extremely sensftfve to 
the care wfth which It ts maintained. Hfnor itws of unattended 
maintenance, according to NBS, can reduce Purmxe efffciencfes markedly. 
Second, furnaces are seldom, 4f ever* operated contfnuously at full 
cd acity. 
fu f 1 

HBS said that when operated intermittently, or at less than 
capacity, furnaces provide signfficantly less efflcfent performance 

than that found fn tests conducted on ne&, properly adjusted equfpment 
running at full capacity. 

RBS suggested that furnace efflcfenc!es somewhere betxeen 35 and 
50 percent may provide a more realistic basis on which to calculate 
conventfonal heating costs. 

Usfng lower furnace efflcfencfes than those used in the 1970 and 
1973 evaluations results in hfgher conventfonal systems costs than those 
indicated by the evaluatfons and thus improves the relative cost posftion 
of solar systems. 

The tables on pages 'IS and T6 show the furnace efffc9encies at whfch 
conventfonal fuel costs would equal solar energy costs for a number of 
cases based on the adjusted 7970 and 1973 evaluation results. 

The efficiencies on page 15 indicate that solar heating fs less 
costly in 5 of the 32 situations presented if a N-percent furnace 
efficiency is used, but less costly in 15 of the 32 situatfons if a 
35-percent efffcfency is used. 

The efficIencfes on page 16 fndicate that solar heating and cooling 
is less costly in 7 of the 32 situations preserted If a 50-percent 
furnace efffcfency is used, but less costly :n IO of the 32 sftuations 
if a 35-percent efffcfency fs used. 



1970 Heating Evaluation 

Albuquerque 

Boston 
(Blue Hill) 

Charleston 

Miami 

Omaha 

Phoenix 

Santa Maria 

Seattle 

Furnace Efficfencfes At Whfch Conventional Fuel 
Costs Would Equal Solar Energy Costs 

(Based on 25,000 BTU/DD acmand, S-percent 
discount rate% and 1972 costs) 

$2.50/ft2 collector .$5.oo/ft2 collector 
Gas furnace Oil furnace Gas furnace Oil furnace 

efficiency efficiency efficiency efficiency 

19.6% 55.0% 13.5% 37.9% 

54.8% 44.9% 45.3% 37.1% * 

24.4% 40.2% 17.4% 28.7% 

28.6% 26.3% 25.0% 23.1% 

19.3% 37.1% 15.8% 30.5% 

27.8% 59.6% 18.5% 39.6% 

49.2% 81.5% 34.0% 56.4% 

38.3% 42.1% 26.1% 28.6% 
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1973 Heatin? And Cooling Evaluation 

Furnace Efficiencies At Which Costs Of Conventional Fuels 
For Heating Combined With Electricity For Cooling 

Would Equal Solar Energy Costs 
(Based on 25,OGO~U/DD demand and 1972 costs) 

%2.50m collector $5.00/f@ collector 
Gas furnace Oil furnace Gas furnace Oil furnace 

efficiency efffciency efficiency- efficiency 

Albuquerque (a) (a) 31% 89% 

Boston 
(Blue Hill) 454 37% 29% 24% 

Charleston 12% 20% 6% 11% 

Kiami M 8% 8% 

&aha 18% 35% 10% 20% 

Phoenix (4 13% 25% 

Santa Karia 22% 38% 17% 29% 

Seattle 25% 20% 18% 20% 

mCor.bined conventional energy costs exceed solar costs regardless of 
furnace efficiency, because of high electricity costs. 
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Sensitivity of evaluation results to 
changes In conventional fuel prfces 

Both the 1970 and 1973 economic evaluations were based on then 
noncurrent conventlonal fuel pr'ices. Because the evaluations attempted 
to determine whether the cost of the solar syst@nscould be justffied on 
the basis of fuel savings alone, we adjusted the results of both evdl- 
udtlons In our tables on pages 12 dnd 13 to more nearly reflect 1972 
prices--the latest year for which we could obtafn complete conventional 
fuel cost data. 

Recent substantjat increases tn oil, gas, and electrfcity prices 
make even the costs tn our adjusted tables highly questionable. As these 
prices increase, the relative cost posltfon of solar systems should 
improve. 

The tables on pages I8 and Ig shw percentage increases in gas, oil, 
and electricity prices which would equallae conventIona and solar heating 
and cooling costs In a number of sStuatilons on the bas'is of the adjusted 
1370 and 1973 evaluation results. The increases required are based on 
1972 prices. A reader shou'ld note that oil, gas, and electricity prices 
increased 74 percent, I? percent, and 18 percent, respectively, from 
January 1973 to Apt-11 7974, according to the varjous Consumer Price Index 
components for that per!od. 

Assuming (1) fnstaflzd collector costs of $5 per square foot, 
(2) gas and oil furnace efffc2encles of 55 percent, and (3) TOO-percent 
increases in gas, 011, and electricity prices over 1972 prl'ces, the 
adjusted 1970 evaluatfon results on page 18 indicate that solar heating 
would be less expensive than electric heatfng and of1 heating lin seven of 
the eight titles, but less exper,jIve than gas heating in only two of the 
cities. 

Using the same assumptions, the adjusted 19'3 evaluation results on 
page 13 indicate that solar heating and cool?ng would be less expensive 
than electrfc cooling anti gas heatfng in four of the efght cities, less 
expensive than electric cooljng and oil heating in six cities, and Tess 
expensive than electrDc heating and cooling fn all the cities except 
Seattle. 

Sensitivity cf evaluation results to 
chanqes in sciar collector costs 

Solar collector costs made up it major portfon of solar systems 
costs in the 1970 and 1973 economic evaluations. These costs were 
based on author-assumed solar collector costs of $2 and $4 per square 
foot installed, which we adjusted to $2.50 and $5.00 to more nearly 
reflect author-assumed costs jn 1972 dollars. 
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1970 Heating Evaluation 

Albuquerque 

Boston 
(Blue Hill) 

;;; 

Charleston 

Miami 

Omaha 

Phoenix 

Santa Harta 

Seattle 

Percentage Increases In 
Gas, Oil, And Electricity Prices Which Would 
Equalize Conventional And-y Costs 

(Based on 2~@lm~~~[!?b demand, 8-percent 
discount rate, and 1972 dollars) 

$2.50/d co1 1 ector $s.OO/ft2 collector 
G h I Oil h 

& 3+$kZjZ Furnace etf ciency : +-F-- %, l&$k%-%a~ FT7ii%i%~~ : ":",;, 
35% 55% 75x - - - 

78% 180% 282% 

(4 (4 37% 

43% 124% 207% 

22% 91% 162% 

81% 185% 288% 

26% 98% 169% 

(a) 11% 52% 

(a) 43% 95% 

35% 55% 75% - - w 

(4 (a) 36% 

(a) 22% 67% 

(a) 37% 86% 

75% 107% 183% 

heating 

(4 

(4 48% 192% 

(a) (4 26% 

(a) (4 (a) 

(4 

(4 

(4 

(a) 

(a) 

(a) 

(a) j-m -Ia 78% 61% 

35% 55% 75% I_ m - 

158% 307% 454% 

(a) 21% 65% 

100% 214% 329% 

40% 119% 200% 

120% 247% 372% 

89% 198% 305% 

3% 61% 120% 

34% liO% 187% 

?a) Conventional energy costTready exceeds solar meqy cost 

35% 55% 75% - - - 

(4 44% 98% 

(4 48% 102% 

22% 92% 161% 

51% 138% 224% 

15% 83% 145% 

(a) 38% 89% 

(d, (a) 33% 

22% 92% 162" 

heating 

(a) 

(a) 

36% 

4% 

(4 

(al 

(4 

138% 



, , 

1973 Heatinq And Coolinq Evaluation 

Percentage Increases In 
Gas, Oil, And Electricity Prices Mhich Would 
Equalize Conventional And Solar Encrqy Costs 

(Based on 2S,OOO BiU/DD acmand and 1972 cojts) 

$2.50/fG 
Electric cooling 

clDx@zLq+-- 
Electric Lo ing 

$5.00/f$ collector 

with oil heating All 
ticctr1c coolvng 
with gas heating 

tlectr1K56ling 
with oT1 heatina All --- 

Fiimace-iiTTiclen~ eic:?- Turnace etf~ic-feiii: 
with as heatiy 
* Furnace tf ?~enTi 

35% 55% 75% - - - 35% 55% 75% tric - - -- 

(a) (a) (a) (4 (4 (4 

.359 -2 

2% 

ssa: 

10% 

75% 

14% 

(4 13% 39% 

49% 66% 76% 

(4 (4 (a' 

(4 l ?O% 58% 

26% 61% 

1 ’ PI 

32% 

16% 62% 88% 

47% 115% 139% 153% 

l5iiKE etrlcleikfi elec- 
35% 55% '5% tric --I_- 

(a) (a) (4 (4 

34% 85% 12s 12% 

82% 112% 130X 90% 

18% 20% 21% 15% 

47% 91% 123% 27% 

8% l8Z 23% 8% 

15% 61% 96% (a) 

64% 149% 228% 202% 

1% 

(4 

(4 

23% 

45% 76% '65% 

(4 (ai (a) 

'5% 75% 108% 

344: 103?, 167% 

Albuquerque 

80s ton 
(Blue Hill) 

G 
Charleston 

Mi amf 

Omaha 

Phoenix 

Santa Maria 

Seattle 

(4 

(a) 

(a) 

(a) 

127% 

(4 

31% 

30% 

87% 

(4 

52% 

(a) 

58% 

745% 

(4 20% 21% 

113% 

23% 

68% 

79% 

158% 

28% 

117% 

171% 

186% 

32% 

159X 

2563 

Ia) Conventional energy cost already exceeds solar energ) cost 



Current collector costs that we have identified are higher than $5. 
l.:e noted single-unit collector prfces whfch ranged from $8 to over $17 
per square foot for various types of collectors, not including delivery 
or installation. One company has quoted a price of $6 per square foot 
for orders of 1,001 to 10,000 collectors, not including delivery and 
installation. 

Collector costs must be considered in terms of collector efficiency. 
For example, an $8 per square foot collector would not be as cost efficient 
as a $14 per square foot collector with twice the efficiency. tie did not 
attempt to compare the efficiencies of collectors now on the market to 
the assumed efficiencfes of the collectors considered in the 1970 and 
1973 evaluations. 

Higher collector costs than those used in our adjustments of the Lb'f 
and Tybout results would increase solar systems costs and lessen the 
relative cost position of solar heatilng and cooling. 

Substantial reductions in solar collector costs appear necessary if 
solar systems are to become economically competitfve with conventional 
systems. The installed square foot prices of solar collectors which would 
equalize the costs of solar and conventional heatfng and cooling are shown 
on pages 21 and 22 for a number of sftuations based on the adjusted 1970 
and 1973 evaluation results. 

Sensitivity of evaluation results to 
changes III structural heat 'f?KG%l-gain 

Structural heat loss and gain is an important 
the amount of energy--solar and conventional--requ 
a house. 

factor in determining 
fred to heat and cool 

The 1970 evaluation covered 25,000 and 15,000 BTU per degree-day 
houses, whereas the published 1973 results covered only the larger house. 
These energy requirements may not adequately represent the energy needs 
of future houses. Federal and prfvate organizatfons responsible for or 
otherwise interested in energy conservation have recently been promoting 
better insulatfon, storm windows, and other energy-saving techniques which 
could reduce energy needs below those In the evaluatfons. 

KBS, in its October 24, 1972, report to the Chairman of the House 
Committee on Science and Astronautics, stated that the then new Minimum 
Property Standards of the Federal Housing Adminfstratjon required 
insulation which would reduce the heat‘lng requirements of the 15,000 BTU 
per degree-day dwelling to about 8,000 BTU per degree-day. 

Ne!‘ther the 1970 evaluation nor the 1973 evaluation included an 
analysis of the effect such reductions in energy needs would have on 
the economic feasibility of solar heating and cooling. Adequate treatment 
of this matter would require substantial additional technical and economic 
analysis based on new theoretical designs of optimum solar systems in each 
of the eight cities. 
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1970 Heating Evaluation -- 

Collector Costs At tihich Conventional Energy Costs 
Would Equal Solar Energy Costs 

(Based on 25 000 BTWDD demand 8- erccnt 
discou~; rate, and 1972 c&ts Y 

location 

Albuquerque 

Gas Oil Electric 
heatinq heating heatinq 

(4 $2.51 $16.26 

Boston 
(Blue Hill) $2.46 1.51 5.74 

Charleston .a9 2.65 

hiiami 3.65 

Omaha 30 4.03 

Phoenix (4 2.92 6.63 

Santa Maria 1.90 5.14 13.08 

Seattle .91 1.27 .50 

' (a) Due to the amunt of fixed noncollector solar system costs, there is no 
1 collector cost which nould result in conventional and solar energy costs 

being equal. (Even "free"collectorswould not result in solar energy 
being less expensive.) 



1973 Heating Lnd Cooling Evaluation 

Collector Costs Lt k'hich Conventional Fuels 

Location_ 

Albuquerque 

Electric cooling Electric cooling 
with with 

gas heating oil heating 

$3.96 $5.93 

All 
electric - -- 

$13.98 - 

Boston 
(Blue Hilt) 1.71 1.70 3.78 

Charleston (4 .60 1.01 

1Ci ami 3.46 3.45 3.72 

Omaha (4 1.19 3.20 

Phoenix 3.03 3.60 4.X 

Santa Maria 

(a) Due to the amount of fired noncollector solar system costs, there is not 
ca:ll-c'.PJr cost -hich wc;~?c! result in conventional and solar energy costs 
bein; e;,al. (Even "free" collectors k'ould not result in solar energy 
beins ;P ss expwsive.) 
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Although the sensitfvity of the evaluation results to changes in 
structural heat less and gain is unclear, the lg70 evaluation results 
on o?ge ?2 show that the estimated costs per BTU for the larger solar 
house were lower than the estimated costs for the smaller house in 15 
of the 16 sStuations presented. This indfcates that the relative cost 
position of solar heating may decrease as the amount of energy supplied 
decreases, because the Piig!? !niiial capltai costs of solar systems 
cannot be reduced ;roportionatelj to reductfons in energy supplied. 

Conclusion -_- 

Kore than anything, the costs presented and the comparisons made 
in this report lead to the realfzatjon that determfning the future 
eccnonic fessfbility of solar heating and cooling fs a complex task which 
must be based on a nwber of assb-ptions. Differing assumptions regarding 
certain key factors bear slgnificarPly on the question of economic 
feasibility. Two of the more Important factors are conventional fuel 
prfces and solar collector costs. 

Although solar systems may not be economically feasible in many 
areas of the United States at thfs time, continued increases in gas, oil, 
and electricity prjces--sfmflar to those occurrfng in the last year--should 
improve the relative cost posit4on of solar heating and cooling. Foh'ever, 
the key in making solar systems economfcally competittve with conventional 
systems a??ears to lie in the ability of American Ingenuity to build, 
deliver, and install solar coilectors at prfces substantially lower than 
present prfces. 

Aside from questtons of economics, efforts to develop solar energy 
will continue to be Important because of the need to conserve non- 
renewable energy resources and find alternative sources of energy. 
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Federal agency and 
recipient 

National Science Foundation CII---- 

Texas A&M University 

Colorado State University 

Pa P Arthur D. Little, Inc. 

Systems Group of TRIJ, Inc. 

Westinghouse Electrfc Corp. 

General Electric Company 

National Bureau of Standards 

Description - 

Further development of the compressed- 
film floating-deck solar heater as a 
solar energy collector 

Oesign, construction, and testing of 
residential solar heating and cooling 
system 

Technology assessment of terrestrial 
solar energy resources development 

Conduct first phase of NSF's solar 
heating and cooling of buildings program 

Conduct first phase of NSF's solar 
heating and cooling of buildings program 

Conduct first phase of NSF's solar 
heating and cooling of buildings program 

Development of methods of evaluation 
and test procedures for solar collectors 
and storage devices 

Period of performance 

9/1/73-B/31/74 

Ar:ow,t -- 

6 36,900 

g/19/73-9/18/75 238,Oc)O 

g/12/73-g/11/74 246,564 

10/9/73-6/8/74 485,652 

10/g/73-6/8/74 503,085 

10/g/73-6ia/74 547,322 

12/15/73-6/:4/74 73,600 



Federal'aqency and 
war i c?n t 

Natlonsl Science Foundation I----. 

Hittman Associates, Inc. 

Massachusetts Institute 
of Technology (!dIT) 

California Institute of 
Technology 

Honeywell, Inc. 

ii4 

National Academy of Sciences 

InterTechnology, Inc. 

General Electric Co. 

Honeywell, inc. 

Aircraft Armaments, Inc. 

Des_cyiption- 

Assessment of Rankine cycle engines for 
potential application to solar powered 
cooling of buildings 

Exploring space conditioning with 
variable membranes to control heat 
loss and gain 

Workshop on solar cooling of buildings 

Operation of transportable solar heating/ 
cooling laboratory to gather data on an 
integrated zcliir energy system 

Studies of private sector research on 
solar energy for the heating rind 
coolinS of tuildings 

Solar energy school heating augmentation 
experiment 

Solar energy school heating augmentation 
experiment 

Solar energy school heating augndntation 
experiment 

Solar energy school heating augmentation 
experiment 

Brfod of performance Amount -- - 

l/9/74-7/8/74 

12/13/73-12/32/74 

12/20/73-12/19/74 

l/23/74-3/22/74 

Z/1/74-1/31/75 

l/23/74-6/22/74 I 

l/24/7+6/23/ 74 

l/24/74-6/23/74 

l/24/74-6/23/74 

5 49,149 

~9,800 

24,822 

225,oKl 

99,720 

168,421 

337,087 

340,237 

427,408 



Federal agency and 
rccigicnt_ 

@tional Scieno: Foundation- 

American Cyanamid Co. 

American Society of 
Heating, Refrigeration 
B Air Conditioning Engineers 

University of Florida 

r-3 m University of Naryland 

University of Wisconsin 

University of Houston 

Description 

Cahium stannate films for solar energy 
conversion 

Preparation and publication of an ASHRAE 
guide chapter OR the application of solar 
energy for heating and cooling of 
buildings 

Formulation of a data base for the 
analysis, evaluation, and selection of 
a low temperature solar powered air- 
conditioning system 

Optimization studies of solar absorption 
air-conditioning systems 

Computer modeling and simulation of 
solar heating and cooling systems 

Evaluation of surface geometry 
modifications to improve the directional 
selectivity of solar energy collectors 

National Aeronautics and Space Administration 

Hello Associates, Inc. Development and utilization of a solar 
flux detector to collect data on 
availability of direct and indirect 
solar energy at a given location 

Period of performance Amount -- 

7/l/73-12/31/74 B 151,500 

f/l/73-6/30/74 5,000 

7/l/73-3/31/74 

8/15/73-Z/14/75 129,300 

10/i//3-9/30/74 65,300 

11/29/73-11/28/74 53,890 

11/l/73-6/30/74 

49,400 

30,CCO 





APPENDIX I1 

--THREE-PHASE EFFORT 

,PHASE 1: TO ESTABLISH FEASlBlLITY OF SOLAR HEATIPP’G 

? 
ND COOLING AND PROV 
STARTED IN OCTOBER 3 k!f P 

BASIS FOR PLANNlldG LAPER PHASES 

#PHASE 2: TO PERFORM PRELIMINARY DESIGN B SYSTEM 
OPTIMIZATION (TO BEGIN IN FISCAL YEAR 19 9P 5 

@PHASE 3: FOR FINAL DESIGNs CONSTRUCTION, TEST, AND 

7 
VALUATION OF PERAT 1 NG 

P 
HEA 

9/6 THROUGH 1 
N AND COOL1 NG SYSTEMS 

FISCAL YEARS 44 F 8 

--RESULTS WILL BE GIVEN TO INDUSTRY FOR COM!!ERCIAL SYSTEM 
DESIGN AND CONSTRUCTION, OR, IF NECESSARY, TO M-HER 
FEDERAL AGENCIES FOR FURTHER DEMONSTRATIONS 

--COVER SUCH AR&AS AS COLLECTORS, STORAGE, HEAT PUMPS> 
AND ALTERNATIVE APPROACHES 

--AT MARCH 14, 1974, NSF HAD 6 CONTRACTS OUTST NDING 
I pi Tii IS AREA, AND PLANNED TO AKARD AT LEAST 4 0 MQRE 
IN THE NEAR FUTURE 

--MOB 1 LE @LABORA FORY” TO oATliER DATA AT VARIOUS 
LOCATIONS THROUGHOUT THE COUNTRY 

--SOLAR HEATED AND COOLED HOUSE IN COLORADO 

--FOUR HEATING AUGMENTATION EXPERIMENTS IN SCHOOLS 
IN KARYLAND, MASSACHUSETTS, MINNESOTAI, AND 
VIRGINIA 
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APPEWIX I I I 

--DEMONSPRAT ION PROJECTS 

,SOLAR HEATED AND COOLED BUILDING TO BE BUILT AT 
THE LAP:GLEY RESEARCH CEFaYER IN &4MPTON, VIRGINIA 

,SOLAR HEATED AND COOLED SIMULAKD RESIDENCE AT THE 
MARSHALL SPACE FLIGHT CENTER IN HlJKKWILLE, ALABAMA 

--STUDY 1 MG POTENf I AL liSES OF SOLM-ENERGY TECHNOLOGIES 
DEVELOPED Ifd ITS DEMONSTRATION PROJECTS 

--STUDYING POSSIBLE USE OF SOLAR EMERGY IN OTHER NASA 
BUILDINGS 

--DEVELOPMENT OF A SOLAR FLUX DETECTOR WHICH WILL MEASURE 
SOLAR ENERGY AT VARIOUS LOCAYION 
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AF’PEhiDIX IV 

--DEMONSTRATION OF SOLAR HEATING OF TWO HOUSES AT 

THE HAWTHORNE NAVAL AHHUMITIOFa DEPOT IN NEVADA 

--THE DEPARTMENT OF TWE ARhY CONTRACTED GENERAL 

ELECTRIC TO EVALUATE THE ADAPTABILITY OF ITS EXISTING 

BUILDINGS FOR SOLAR HEATING, AND ITS HEW BUELDINGS 

FOR SOLAR HEATIP!G AND COOLING 

--THE AIR FORCE CAMBR1DGE RESEARCH M3ORATORY IS 

STUDY I b!G SOLAR HEAT STORAGE TECHNIQUES 

--THE DEPARTMENT OF THE AIR FORCE PLANS TWO 

STUDIES TO DETERMlt+E THE ADAPTABILITY OF CERTAIN 

AIR FORCE BUILDINGS TO SOLAR SYSTEHS 

. 
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APPENDIX V 

--PLANNED THREE 1974 PROJECTS ON 

, A SOLAR ?OTWL EF4ERGY SYSTEf4 FOR A CBO%%l!‘iITY 

a CONCENTRAT .D SOLAR COLLECTORS 

a FLAT-PLATE SOlJAR COLLEcrORS 

--DEMONSTRATION OF A SOLAR HEATED AND COOLED HOUSE IN 

GAITHERSBURG, t4ARYLAND 

--MAKES SYSTEMS TESTS AND EVAbIJATfONS FOR OTHER FEDEI:AL 

AGENCIES 

--CON~WWWI CALEFORNIA STATE POLYTECHNIC COLLEGE 

FOUNDATION AND CALIFORNIA STATE POLYTECHNIC UNtVERSITY 

~0 TEST AND EVALUATE A SOLAR HEATED AND COOLED HOUSE 

--PLANS TO INCORPORATE SOLAR ENERGY JN A CENTRAL ENERGY 

SYSTEM FOR A !%hIVIT HOUSING PROJECT IN NEW JERSEY 
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APPENDIX VI 

--DEMONSTRhfION OF SOLAR HEATING AND COOLING IN AN 

EkERGY--CONSERVAYION BUILDING IN HANCHESTER, 

NEW HAMPSHI WE 

--DEMONSTRATION OF SOLAR HEATING AND COOLING IN AN 

ENVIROMMENTAL BUILDING IF-4 SAGINAW, MICHIGAN 

--WILL DEVELOP PLANS TO USE SOLAR ENERGY IN OTHER 

BUILDINGS BASED ON ITS DEMONSTRATION RESULTS 

PQSTAL SMICE 
--DEMONSTRATION OF A SOLAR HEAfED AND COOLED POST 

OFFICE IN RIDLEY PARK, PENNSYLVANIA 

--WILL DEVELOP PLANS TO USE SOLAR ENERGY Stv OTHER 

POST OFFICES BASED ON THE RESULTS OF THE RIDLEY 

PARK PROJECT 
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APPENDIX VII 

SOLAR HEATING A::D COOLING 

DEKNTP&TIOS STRUCTURES 

Ourfng our revfew, vc found numerous references to and four lfstfngs 
of solar heatfng and cooliq demonstration structures. We verffied none 
of the data, but present ft on the following pages as gathered from the 
varfous sources. 

The structures are listed In Wo parts: (1) structures where 
operations have started (33) and (2} strwtures planned or under 
construction (25). Some of those fn the first category may no longer 
be operating; however, in the a&sence of clear data, we did not attempt 
to so desfgnate any of them. Sfmflarly, some designated as planned or 
under construction may now be in operation. 

Part I 

Structures Where Operations Have Started 

Year 
operations 
started 

a). (note 

1930 

1947 

1949 

1959 

1944 

1945 

1950 

Name and locatfon 
Applications 

note b) 

M.I.T. Solar House I1 
Cambridge, Fiass. 

Building type 

Laboratory Heating 

M.S.T. Solar House 8'2 
Cambridge, Mass. 

M.I.T. Solar House #3 
Cambridge, Fass. 

M.I.T. Solar House 14 
Cambridge, Mass. 

'I-section 
laboratory 

Simulated 
dwelling 

Z-story house 

f!eoting 

Heating 

Heating 

Peabody House 
Dover, kss. 

',eating 

Lb‘f House 
Boulder, Cola. 

House, enlarged 
in 1953 

Bungalow Neatirig 

New Haven, W. Va. House Heating 

"Date approximate, when siven 
bThe portfort of Resting needs supplfed by the solar sy-tens varfes from 

90 percent fn some cases to a5 little a5 20 percent tr, others 
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Year 
operations 
started 

Jnote a) 

1953 

1954 

1955 

Name and locatfon ButTdIng type 

Solar Heated House l-l/2 story 
State College, N. flex. house 

Donovan and Bliss House House 

U.S. Forest Service Desert Bungalow 
Grassland Station 
Amado, Arfz. 

1956 Al burquerque, M. Hex. 

1958 Lijf House 
Denver, Colo. 

1958 Assocfatlon for Applied 
So'lar Energy House 
Phoenfx, Arfz. 

7959 

1959 Solar Heated Laboratory 
Princeton, M.Y. 

1959 Thomason House #I 
Dlstr!ct Hefghts, Md. 

1960 Thomason House #2 
Dfstrict Heights, Md. 

1962 Thomason House $3 
District Heights, Md. 

1962 Demonstratton House 
Allentown, Pa. 

1964 Edison Electric Institute 
Phfladelphla, Pa. 

1973 Solar One 
Newark, Del. 

Sfngle-story 
office building 

Single-story 
partllal basement 

Single-story 

Single-story 
simulated home 

Sf ngle-story 
laboratory 

Residence 

Residence 

Residence 

3 story 

10 test houses 

l-1/2 story 

APPENDIX VII 

Applications 
(note b 

Heating 

Heating 

Heating and 
evaporation 
colltng 

Heating and 
evaporation 
cooling 

Heating 

Heating and 
cooling 

Heating and 
cooling 

Heatfng 

Heating and 
cooling 

Heating and 
cooling 

Heating and 
cooling 

Heating; no 
collectors 

Heating; no 
collectors, 
uses heat pump 

Heating and 
cooling 

aDate approximate, when given 
b.rhe portion OP heating needs supplied by the solar systems varies Prom 
90 percent In same cases to as little as 20 percent in others 



1974 Fa;;q;.; County High 

kirreneon, wa. 

1974 Grover Cleveland Jr. 
Hfgh School 
Dorchester, Mass. 

1974 Northvfew Jr. Kigh 
School 
Osseo, Wfnn. 

1974 Tfmonfum Elementary 
School 
Timonfum, Md. 

1974 Coos Bay, Oreg. 

Suburban k/ashf ngton 
D.C. area-Gaydardt 
Industrfes 

Year 
operations 
started 

a) (note 

1974 

Name and locatfon 

Hawthorne Naval 
kunftion 
Depot, Hawthorne, NW. 

Buflding type 

2 houses 

School 

School 

School 

School 

House 

4 rotype 
co lector ! 
1nstallatfons 

Westbrook, Conn. House 

Hay House 
Atascadero, Callf. 

Kouse (evaluation 
under HUD 
contract) 

Zomeworks, several towns 
In h'ew Hexfco 

Houses 

ILS Laboratorfes Experfmental 
Albuquerque, Iv. Hex. house 

Unfversfty of FlorIda 
Gainesvflle 

Experfmental 
house 

APPENDIX VII 

Applications 
(note b) 

Keatfng 

Heating 

Heating 

Heating 

Heating 

Heating 

Collector only 
no storage 

Heating 

Heating and 
cooling 

Heating 

Heating 

Heating; 
absorption air 
conditioning 
planned 

aDate approximate, when given 
bThe portion of heating needs supplied by the solar systems varies from 

90 percent in some cases to as lfttle as 20 percent in others 
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Locatfon 

Mdeira School 
F&m, \la. 

NASA-Langley 
Research Center 
Hampton, Va. 

N&A-Harshal 1 Space Ft ight 
Center, ~untsvftle, Ala* 

ktversity of Alabama 
Huntsvtlte 

Baer Home 
Idaho Spr'rngs, cO\o. 

Fort COllfRS, Cola. 

k!assachusettS Audubon 
Society 
Lincoln, I",ass. 

Federal Office Bldg. 
Saginaw, Etch. 

uni~mity of Mfnnesota 
Saint Paul 

?ederal Office Bldg. 
Manchester, N.H. 

Wilson Residence 
Shanghi, \4. va. 

Buildfng type_ 

science building 

Slmutated residence 

Vacatfon cottage 

Center for Envt ronmental 
Studies 

Residence 

Resiidence 

Headquarters 
bulldfng 

Offfce 

House 

Office 

mne 

Appl teati OR5 
Heating and 
cool ing 

Heating and 
cool f ng 

Heating and 
cooling 

NQ~ determined 

got determined 

Heating 

Heating and 
absorption air- 
Conditioning 

Heating and 
cool i ng 

Heating 

Not determined 

Heating and 
cool 5 ng 

Heating and 
cool f ng 
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Locaticn 

Allentown, Pa. 
(Pennsylvanfa Pow2r 
& LIgM) 

Bulldfng Type 

Hoil%? 

Scfence Musem 
Ricf-nond, Va. 

Ridley Park, Pa. 

WUSWll 

Post office 

Barber residence 
Massachusetts 

HOflX 

Davis Residence 
Phelan, Calif. 

HoI%? 

Energex Corporation 
Las Vegas, Held. 

Energex Corporatfon 
Las Vegas, Neu. 

Ranufacturfng 
bufldfng 

Housfng project 

RCA Headquarters 
New York C'1ty 

Office (adciitlon) 

East Ljme, Corm. Factory 

New York Bo&nfcal 
Gardens 

Office buildiing and 
laboratory 

National Bureau of 
Standards 
GaiMersburg, Hd. 

Townhouse (retrofft Heatillg and 
for test and evaluation) cooling 

HUD Operatfon Breakthrwgh 
Jersey City, M-3. 

Central energy systems 
for ccvwn?ty 

Desert Research institute 
Boulr'.er, Cola. 

Bfology le!m-atory 

Applfcatfons 

Heatfng 

Not determined 

Heatfng and 
cool f ng 

Heatfng 

Heatfng 

Heatfng 

Heatfng and 
cooling 

Heating 

Heating 

Heating 

Heating 

Heating and 
cooling 
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APPENDIX VIII 

SOLAR HEATING AND COOLING bOCUt4ENTS AND PUBLICATIONS 

. IN PREPARATION OR PLANQING AT TWE TIRE OF OUR REVIEW 

i The National Academy of Scfences, under contract with NSF, was studying 
private sector research on solar heating and cooling. This contract 
wfll run for one year, endfng fn January 1975. Specffic tasks to 
be perforned fncluded 

--determining bghat private efforts are going on, and obtafning 
suggestions for addttional research from the organ1aations 
identified, 

--preparing profiles of the most sfgniffcant efforts identffied, 
and 

--updatfng the 70-year-old results of a workshop dealfng with 
a total energy analysfs approach to btiildfng efffciency, 
with a vfew to overcotz the difficulties involved in retrofftfng 
solar systeiis. 

Dr. Robert F1. Dillon, of the Natlonal Acadeiiny of Sciences, Hashfngton, 
0.6. (telephone 202-38%6348), provdded the above information. 

Envirocmntal Action of Colorado- was preparing a dfrectory for the 
y:ay -Solar Heating and Cooling and Energy Conservation 

Conference to be held in Denver, Colorado. The directory was to 
consist of five parts. 

--A lfstfog of manufacturers presently making solar heating and 
cooling system components. 

--A listing of manufacturers who potentially will make and 
market components. 

--A listfng OF consultants and professfonals. 

--A listing of current and completed projects. 

--An annotated bfbliography of literature. 

t 
This infot-matfon was obtained from Ms. Carolyn Pesko, Environmental 
Action of Colorado, University of Colorado, 1100 i4th Street, 
Denver, Colorado 80202 (telephone 303-534-1602). 

. The Solar Energy Society of berica was 

--compiling an fndustrial index of manufacturers making and 
contemplating making solar components, 

--preparing an index of ongoing research activities, 



APPENDIX VIII 

--planning publtcatfon of a journal starting in late 1974, and 

. 
--considering publicatfon of a newsletter on solar energy for 

use in elementary schools. 

This fnforrtation was obtafned from Mr. Pat Evans of the Society's 
Office, P.O. Box 4264, Torrence, California 90510 (telephone 
213-326-3283). 

Burt, Hill and Acsocfates* was compiling a listfng of component manu- 
facturers at the tlw of our review. ThCs 13st was to have been 
included in an fnterim contract brfefinq of tiSF by Westinghouse 
sometime before April 15, 167;. 

4 
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APPENDIX IX 

f 

iocaticn 
Ajbuquergue 

Gas Oil 

$ .46 fl.28 

Electricity 

$8.20 

Ros ton 2.00 1.64 5.86 

Charleston .91 1.49 3.81 

Rfanli 1.70 1.59 6.45 

omhe .69 1.33 4.69 

Phoenix .83 1.99 5.27 

Santa Rarfa (note b) .79 1.31 4.69 

Seattle 1.46 1.60 2.38 

aPtfceS k'ere cbtafr+A frm: GJS %useheatiny Survey, 25th Pnnual Survey, 
C-epartfwnt of Statistics, kiiiXE?TCds nj:SiiiTdTT33~ Arlii;gtsn, Virginia, 
1973. 




