
LOW-INTEREST LOANS FOR RESIDENTIAL SOLAR 
HEATING AND COOLING EQUIPMENT 

HEARING 
BEFORE THE 

SUBCOMMITTEE ON 
HOUSING AND COMMUNITY DEVELOPMENT 

OP THE 

COMMITTEE ON 
BANKING, CURRENCY AND HOUSING 

HOUSE OF REPRESENTATIVES 
N I N E T Y - F O U E T H C O N G R E S S 

F I R S T SESSION 

ON 

H.R. 3849 
A B I L L TO E S T A B L I S H I N T H E D E P A R T M E N T OF HOUS-
I N G A N D U R B A N D E V E L O P M E N T A D I R E C T L O W - I N T E R E S T 
L O A N P R O G R A M TO A S S I S T H O M E O W N E R S A N D B U I L D E R S 
I N P U R C H A S I N G A N D I N S T A L L I N G SOLAR H E A T I N G (OR 
C O M B I N E D SOLAR H E A T I N G A N D C O O L I N G ) E Q U I P M E N T 

H.R. 8524 
A B I L L T O A M E N D T H E S M A L L B U S I N E S S A C T TO E S T A B -
L I S H W I T H I N T H E S M A L L B U S I N E S S A D M I N I S T R A T I O N A 
N E W D I R E C T L O W - I N T E R E S T L O A N P R O G R A M TO A S S I S T 
H O M E O W N E R S A N D B U I L D E R S I N P U R C H A S I N G A N D I N -
S T A L L I N G S O L A R H E A T I N G (OR C O M B I N E D SOLAR H E A T -

I N G A N D C O O L I N G ) E Q U I P M E N T 

N O V E M B E R 5, 1975 

P r i n ted f o r the use of the 
Commit tee on Bank ing , Currency and Hous ing 

62-322 O 
U.S. GOVERNMENT PRINTING OFFICE 

WASHINGTON : 1975 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



C O M M I T T E E O X B A N K I N G , C U R R E N C Y A N D H O U S I N G 

H E N R Y S. REUSS, Wisconsin, Chairman 

W R I G H T P A T M A N , Texas 
W I L L I A M A. B A R R E T T , Pennsylvania 
L E O N O R K . (MRS. J O H N B.) S U L L I V A N , 

Missouri 
T H O M A S L. A S H L E Y , Ohio 
W I L L I A M S. M O O R H E A D , Pennsylvania 
R O B E R T G. S T E P H E N S , JR., Georgia 
F E R N A N D J. ST G E R M A I N , Rhode Island 
H E N R Y B. GONZALEZ, Texas 
J O S E P H G. M I N I S H , New Jersey 
F R A N K A N N U N Z I O , I l l inois 
T H O M A S M. REES, California 
J A M E S M. H A N L E Y , New York 
P A R R E N J. M I T C H E L L , Maryland 
W A L T E R E. F A U N T R O Y , 

Distr ict of Columbia 
L I N D Y (MRS. H A L E ) BOGGS, Louisiana 
S T E P H E N L. N E A L , North Carolina 
J E R R Y M. P A T T E R S O N , California 
J A M E S J. B L A N C H A R D , Michigan 
C A R R O L L H U B B A R D , JR., Kentucky 
J O H N J. LAFALCE, New York 
G L A D Y S NOON S P E L L M A N , Maryland 
L E S A u C O I N , Oregon 
P A U L E. TSONGAS, Massachusetts 
B U T L E R D E R R I C K , South Carolina 
P H I L I P H . H A Y E S , Indiana 
M A R K W. H A N N A F O R D , California 
D A V I D W. EVANS, Indiana 

A L B E R T W. JOHNSON, Pennsylvania 
J. W I L L I A M STANTON, Ohio 
GARRY BROWN, Michigan 
C H A L M E R S P. W Y L I E , Ohio 
J O H N H . ROUSSELOT, California 
S T E W A R T B. M c K I N N E Y , Connecticut 
J O H N B. CONLAN, Arizona 
GEORGE H A N S E N , Idaho 
R I C H A R D T. S C H U L Z E , Pennsylvania 
W I L L I S D. GRADISON, JR., Ohio 
H E N R Y J. H Y D E , Il l inois 
R I C H A R D K E L L Y , Florida 
C H A R L E S E. GRASSLEY, Iowa 
M I L L I C E N T F E N W I C K , New Jersey 

PAUL NELSON, Clerk and Staff Director 
W I L L I A M P . D I X O N , General Counsel 

M I C H A E L P . F L A H E R T Y , Counsel 
ORMAN S. F INK, Minority Staff Director 

GRAHAM T. NORTHCP, Deputy Minority Staff Director 

SUBCOMMITTEE ON HOUSING AND C O M M U N I T Y DEVELOPMENT 

W I L L I A M A. B A R R E T T , Pennsylvania, Chairman 

L E O N O R K. (MRS. J O H N B.) S U L L I V A N , GARRY B R O W N , Michigan 
Missouri J- W I L L I A M STANTON, Ohio 

T H O M A S L. A S H L E Y , Ohio J O H N H . ROUSSELOT, California 
W I L L I A M S. M O O R H E A D , Pennsylvania C H A L M E R S P. W Y L I E , Ohio 
R O B E R T G. S T E P H E N S , JR., Georgia S T E W A R T B. M c K I N N E Y , Connecticut 
F E R N A N D J. ST G E R M A I N , Rhode Island J O H N B. CONLAN, Arizona 
H E N R Y B. GONZALEZ, Texas R I C H A R D K E L L Y , Florida 
P A R R E N J. M I T C H E L L , Maryland C H A R L E S E. GRASSLEY, Iowa 
J A M E S M. H A N L E Y , New York 
W A L T E R E. F A U N T R O Y , 

Distr ict of Columbia 
L I N D Y (MRS. H A L E ) BOGGS, Louisiana 
J E R R Y M. P A T T E R S O N , California 
J O H N J. LAFALCE, New York 
L E S A u C O I N , Oregon 
T H O M A S M. REES, California 
G L A D Y S N O O N S P E L L M A N , Maryland 
J A M E S J. B L A N C H A R D , Michigan 

G E R A L D R . M C M U R R A Y , Staff Director 
B E N J A M I N B . M C K E E V E R , Counsel 

R A Y M O N D K . J A M E S , Counsel 
SYLVAN KAMM, Professional Staff Member 
A N T H O N Y V A L A N Z A N O , Minority Counsel 

m 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



C O N T E N T S 

Text o f— P a * e 

H.R. 3849 2 
H.R. 8524 11 

STATEMENTS 

Barfield, Claude E., Deputy Assistant Secretary of the Department of 
Housing and Urban Development, Office of Research and Demonstrat ion. 88 

But t , Sheldon H., president, Solar Energy Indust ry Association 61 
DeBlois, Robert, executive vice president of the DeBlois Oi l Co., Pawtucket, 

R.I., chairman, Solar Energy Appl icat ion Committee, New England Fuel 
Ins t i t u te ; accompanied by Charles H. Burkhardt , executive vice presi-
dent of Xew England Fuel Ins t i tu te 55 

Gude, Hon. Gilbert, a Representative in Congress f rom the State of 
Mary land 21 

Morrison, C. A., director of research, Solar Energy and Energy Conversion 
Laboratory, Universi ty of F lor ida, Gainesville, F la 83 

Ottinger, Hon. Richard L., a Representative i n Congress f rom the State of 
New York 46 

ADDIT IONAL INFORMATION SUBMITTED FOB T H E RECORD 

Barfield, Claude E. : 
Prepared statement 89 
Reply to questions submitted by Hon. W i l l i am S. Moorhead— 107 

Boggs, Hon. L indy, a Representative i n Congress f rom the State of Lou-
isiana, statement on H.R. 3849 108 

Burkhard t , Charles H., reply to questions submitted by Hon. W i l l i am S. 
Moorhead 03,100 

But t , Sheldon H., president, Solar Energy Indust ry Association: 
Prepared statement 63 
Reply to questions submitted by Hon. W i l l i am S. Moorhead— 93,100,101, 

102,103,105,107 
DeBlois, Robert, prepared statement 58 
Fawcett, Robert, New England Fuel Inst i tute, statement before the Senate 

Select Committee on Small Business, October 8, 1975 110 
Gude, Hon. Gi lber t : 

Prepared statement 28 
"Solar System H i t by Storm," art ic le f rom the Washington Post dated 

November 2, 1975 accompanied by Mr . Gude's comments 43 
Melicher, Ronald W. associate professor of finance, Graduate School of 

Business Administ rat ion, Universi ty of Colorado, Boulder, Colorado, 
paper prepared by, ent i t led "Lending Ins t i tu t ion Att i tudes Toward Solar 
Heat ing and Cooling of Residences" 115 

Moorhead, Hon. W i l l i am S., questions submitted t o : 
Claude E. Barf ield 107 
Charles H. Burkhard t 93,100 
Sheldon H. Bu t t 93,100,101,102,103,105,107 
C. A. Morr ison 101,102,103,104 

( in) 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



IV 

Morr ison, C. A . : P a g e 

Prepared statement 8 4 

Attached mater ia l including articles by Dr . E. A. Farber and as-
sociates of the Universi ty of F lo r ida : 

" A Solar Powered V-2 Vapor Engine" 224 
"E lect r ic i ty F rom Solar Energy" 187 
Publications by Dr . E. A. Farber, chronological l i s t ing of 

(1948-1975) 193 
"Solar A i r Condit ioning" 180 
"Solar Cooking and Bak ing" 179 
"Solar Electr ic Transportat ion" 185 
"Solar Energy Conversion & Development at the Univers i ty of 

F lo r ida " 165 
"Solar Engines" 184 
Solar equipment manufacturers, l is t ing of 189 
"Solar Furnaces" 181 
"Solar House Heat ing" 183 
"Solar Properties of Mater ia ls" 186 
"Solar Swimming Pool Heat ing" 218 
"Solar Water Heat ing" 177 
"Swimming Pool Heat ing" 182 
"The Solar Electr ic Car—Urban Vehicle Performance" 212 
"The Univers i ty of F lor ida Solar Energy Laboratory" 236 
"The Univers i ty of F lor ida Solar House" 230 

Reply to questions of Hon. W i l l i a m S. Moorhead 101,102,103,104,105 
New England Fuel Inst i tute, statement by Robert Fawcett , before the 

Senate Select Committee on Small Business, October 8, 1975 110 
Nat iona l Association of Home Builders, Washington, D.C., let ter to Chair-

man Bar re t t on H.R. 3849 110 
Ott inger, Hon. Richard L., prepared statement 49 
Sheet Meta l Workers ' In ternat iona l Association, statement on H.R. 3849__ 109 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



L O W - I N T E R E S T L O A N S F O R R E S I D E N T I A L S O L A R 

H E A T I N G A N D C O O L I N G E Q U I P M E N T 

W E D N E S D A Y , N O V E M B E R 5, 1975 

H O U S E OF REPRESENTATIVES, 
SUBCOMMITTEE ON H O U S I N G A N D 

C O M M U N I T Y D E V E L O P M E N T , 
C O M M I T T E E ON B A N K I N G , C U R R E N C Y A N D H O U S I N G . 

Washington, D.C. 
T h e s u b c o m m i t t e e m e t , p u r s u a n t t o no t i ce , a t 10:10 a .m. i n r o o m 

2128, R a y b u r n H o u s e Off ice B u i l d i n g , W i l l i a m S. M o o r h e a d p r e s i d i n g . 
P r e s e n t : Rep resen ta t i ves M o o r h e a d , S t G e r m a i n , B o g g s , S p e l l m a n , 

Rousse lo t , W y l i e , a n d C o n l a n . 
M r . MOORHEAD. T h e S u b c o m m i t t e e o n H o u s i n g a n d C o m m u n i t y 

D e v e l o p m e n t is i n o r d e r . 
T h e s u b c o m m i t t e e meets t o d a y t o cons ide r l e g i s l a t i o n t o a u t h o r i z e 

f i n a n c i a l i ncen t i ves f o r t h e i n s t a l l a t i o n o f so la r h e a t i n g a n d c o o l i n g 
e q u i p m e n t i n r e s i d e n t i a l b u i l d i n g s . T h e h e a r i n g s t o d a y w i l l focus 
p r i m a r i l y o n H . R . 3849, a b i l l i n t r o d u c e d b y C o n g r e s s m a n G u d e , w h o 
is w i t h us t h i s m o r n i n g . T h i s b i l l au tho r i zes H U D t o m a k e d i r e c t loans 
a t b e l o w - m a r k e t i n t e r e s t ra tes t o h o m e o w n e r s a n d b u i l d e r s w h o p l a n 
t o i n s t a l l so la r e n e r g y e q u i p m e n t i n s i n g l e a n d m u l t i f a m i l y residences. 

T h e b i l l b e f o r e us t o d a y proposes one m e t h o d t o encourage t he 
acceptance o f p r e s e n t l y a v a i l a b l e so la r t e c h n o l o g y f o r r e s i d e n t i a l p u r -
poses. I h o p e t h e h e a r i n g w i l l c l a r i f y severa l i m p o r t a n t quest ions. 
F i r s t , does so la r e n e r g y have t he p o t e n t i a l f o r e c o n o m i c a l l y m e e t i n g 
a s u b s t a n t i a l p a r t o f r e s i d e n t i a l e n e r g y needs? Second, is t h e equ ip -
m e n t as i t i s p r e s e n t l y a v a i l a b l e e f fec t ive , r e l i a b l e a n d cost -e f fec t ive ? 
T h i r d , is F e d e r a l s u p p o r t necessary t o encourage t he acceptance o f 
t h e t e c h n o l o g y ? F i n a l l y , is a d i r e c t l o a n p r o g r a m t o h o m e o w n e r s a n d 
b u i l d e r s as p r o p o s e d i n t h i s b i l l t he mos t e f fec t ive m e t h o d t o use ? 

I a m p leased t h a t t w o o f m y d i s t i n g u i s h e d co l leagues, w h o are mos t 
e x p e r t i n t he f i e l d o f so la r e n e r g y a p p l i c a t i o n s , a re a p p e a r i n g be fo re 
us t o d a y . T h e H o n o r a b l e G i l b e r t G u d e is t he a u t h o r o f t he l e g i s l a t i o n 
we w i l l cons ider , a n d t h e H o n o r a b l e R i c h a r d O t t i n g e r , w h o has co-
sponsored H . R . 8524, a s i m i l a r p r o p o s a l t o be a d m i n i s t e r e d b y t h e 
S m a l l Bus iness A d m i n i s t r a t i o n , w i l l j o i n us l a t e r t h i s morn ing . * 

[ T h e t e x t o f H . R . 3849 a n d H . R . 8524 f o l l o w s : ] 

(1) 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



2 

94TH CONGRESS V V V > r k A i l / \ Se88on r L R . 3 8 4 9 

I N T H E H O U S E O F R E P R E S E N T A T I V E S 

FEBRUARY 27,1975 

Mr . GUDE introduced the fol lowing b i l l ; which was referred to the Committee 
on Banking, Currency and Housing 

A B I L L 
To establish in the Department of Housing and Urban Develop-

ment a direct low-interest loan program to assist homeowners 

and builders in purchasing and installing solar heating (or 

combined solar heating and cooling) equipment. 

1 Be it enacted by the Senate and House of Representa-

2 lives of the United States of America in Congress assembled, 

3 F INDINGS A N D PURPOSE 

4 SECTION 1. (a) The Congress finds that the heating 

5 and cooling of private homes accounts for a significant 

6 portion of our national energy consumption, and that the 

7 expected substantial increases in the cost 'of oil, gas, and 

8 electricity wi l l significantly and adversely affect millions of 

9 American homes. The Congress further finds that, wi th 

1 
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1 technologies for solar heating having developed to the point 

2 of commercial application and improved solar heating units 

3 becoming increasingly available, and with technologies for 

4 solar cooling expected to reach the point of commercial 

5 application within a relatively few years, a program of 

6 Federal assistance in purchasing and installing solar heating 

7 equipment or combined solar heating and cooling equipment 

8 can provide a new opportunity for the efficient heating and 

9 cooling of homes despite the energy shortage. 

10 (b) I t is the purpose of this Act to provide a source 

11 of financial assistance for homeowners and builders so as 

12 to enable them to pureh&se and install solar heating equip-

13 ment or combined solar heating and cooling equipment while 

1 4 substantially reducing energy use. 

1 5 A U T H O R I Z A T I O N O F L O A N S 

SEC. 2. (a) I n order to carry out the purpose of this 

— Act, the Secretary of Housing and Urban Development 

(hereinafter referred to as the "Secretary") is authorized 

1 9 to make loans as provided in this section to individuals and 

2 0 families owning and occupying one- to four-family residential 

2 1 structures, and to persons engaged in building residential 

2 2 structures of any kind, to assist them in purchasing and in-

2 3 stalling qualified solar heating or solar heating and cooling 

2 4 equipment (as defined in section 3) in such structures. 
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1 (b) A loan made under this section wi f j i respect to any 

2 residential structure shall— 

3 (1) be in such amount, not exceeding 75 per centum 

4 of the cost of purchasing and installing the equipment 

5 involved, and not exceeding— 

q (A ) $6,000 in the case of.a one- to four-family 

7 structure, 

3 (B) $5,700 per ^welling unit in the case of 

9 a multifamily structure containing five or more but 

IQ less than twenty-five such units, 

(O) $5,400 per dwelling unit in the case of 

12 a multifamily structure containing twenty-five or 

13 more but less than one hundred such units, 

14 (D) $4,800 per dwelling unit ^iji the case of a 

15 multifamily structure containing one hundred or 

16 more but less than two hundred such units, or 

17 (E) $4,500 per dwelling unit in the case of a 

18 multifamily structure containing two hundred or 

19 more such units, 

20 as may be necessary to enable the owner or builder of 

21 such structure to purchase and install qualified solar heat-

22 ing or solar heating and cooling equipment which is suit-

23 able and appropriate for such structure, including the 

24 cost of any necessary modifications in the structure itself, 
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1 taking into account the climatic, meteorogical, and re-

2 lated conditions prevailing in the region where the struc-

3 ture is located, as established by the Secretary in regula-

4 tions prescribed by him and in effect at the time of the 

5 loan; 

6 (2) bear interest at a rate equal to the average 

7 market yield (computed as of the end of the calendar 

8 month preceding the month in which the loan is made) 

9 on all marketable interest-bearing obligations of the 

10 United States then forming a part of the public debt 

11 (with such average yield, if not a multiple of one-

12 eighth of 1 per centum, being adjusted to the nearest 

13 such multiple), plus one-half of 1 per centum for admift-

14 istrative costs; 

15 (3) have a maturity not exceeding— 

16 (A) eight years in the case of a one- to four-

17 family structure, or 

18 (B) Fifteen years in the case bf a multifamily 

19 structure, 

20 except that if the loan is made to the builder of a struc-

21 ture which is sold to another person for occupancy, 

22 rental, resale, or any other purpose, the maturity of 

23 the loan shall not extend beyond the date of the sale 

24 to such other person; and 

25 (4) be subject to such additional terms, condi-
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1 tions, and provisions as the Secretary may impose in 

2 order to assure that the purpose of this Act is effec-

3 tively carried out. 

4 (c) Each application for a loan under this section shall 

5 be accompanied by detailed plans for the purchase and 

6 installation of the proposed equipment and an estimate of 

7 the costs involved. No such application shall be approved 

8 unless the Secretary finds that the proposed equipment is 

9 suitable and appropriate and wi l l be effective, that the costs 

10 wi l l not be excessive, and that the purchase and installation 

11 of the equipment wi l l not involve elaborate or extravagant 

12 design or materials. 

13 (d) I n making loans under this section, the Secretary 

14 shall impose such standards and take such actions as may 

15 be necessary or appropriate to assure that both one- to four-

16 family structures and multifamily structures share equitably 

17 in the funds provided for such loans under section 7. 

18 QUALIFIED SOLAR HEATING OR SOLAR HEATING AND 

19 COOLING EQUIPMENT 

20 SEC. 3. (a) For purposes of this Act— 

21 (1) the term "qualified solar heating equipment" 

22 means equipment which utilizes solar energy to provide 

23 heating for a residential structure (including all neces-

24 sary fittings and related installations) and which is certi-

25 fied by the Secretary— 
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1 (A) as being designed to meet more than 40 

2 per centum of the total heating needs (including 

3 domestic hot water) of the type of structure for 

4 which i t is intended, or substantially all of the needs 

5 of such a structure for domestic hot water (where 

6 its remaining heating needs are met by other meth-

7 ods), and 

8 (B) as meeting minimum standards (as devel-

9 oped under the Solar Heating and Cooling Demon-

10 stration Act of 1974 (Public Law 93-409)) with 

11 respect to durability of parts, efficiency, ease of re-

12 pair, availability of spare parts, acceptability of cost, 

13 technical feasibility of design or proven workability, 

14 and such other matters as the Secretary may con-

15 sider relevant or appropriate; and 

16 (2) the term "qualified solar heating and cooling 

17 equipment" means equipment which utilizes solar energy 

18 to provide both heating and cooling for a residential 

19 structure (including all necessary fittings and related 

20 installations) and which is certified by the Secretary— 

21 (A) as being designed to meet both the heating 

22 needs of the type of structure for which i t is in-

23 tended, to the extent required by paragraph 

24 (1) (A) of this subsection, and substantially all of 

25 the cooling needs of such a structure, and 
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1 (B) as meeting minimum standards (as de-

2 veloped under the Solar Heating and Cooling Dem-

3 onstration Act of 1974 (Public Law 93-409)) wi th 

4 respect to the matters specified in or under para-

5 graph (1) (B) of this subsection. 

6 (b) I n carrying out its functions under the Solar Heat-

7 ing and Cooling Demonstration Act of 1974 and in support 

8 of the objectives of this Act, the Energy Research and 

9 Development Administration shall— 

10 (1) establish a mechanism or procedure (or both) 

11 for the inspection and evaluation of each type or model 

12 of solar heating and solar heating and cooling equip-

13 ment, making provision for dealing wi th applications 

14 received from manufacturers and for the consideration 

15 of comments received from homeowners already using 

16 such equipment, 

17 (2) review each new solar heating or solar heating 

18 and cooling unit, system, or component entering the 

19 market, 

20 (3) periodically (no less often than once every 

21 three years) review all outstanding certifications granted 

22 with respect to solar heating or solar heating and cool-

23 ing equipment, and recommend the prospective rescis-

24 sion of such certifications {or appropriate modifications 

25 in the equipment involved) whenever i t finds that such 
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1 equipment no longer meets applicable standards or 

2 criteria, 

3 (4) periodically transmit its findings and recom-

4 mendations under this subsection to the Secretary for 

5 use in the performance of his functions under subsection 

6 (a) of this section, and 

7 (5) take such other actions, and impose such other 

8 conditions and requirements, as wi l l promote the ob-

9 jectives of this Act. 

10 DISSEMINATION OP INFORMATION 

11 SEC. 4. The Secretary shall provide to any person upon 

12 his or its request (without regard to whether or not such 

13 person is making or proposes to make application for a loan 

14 under section 2) full, complete, and current information 

15 concerning recommended standards and types of qualified 

16 solar heating or solar heating and cooling equipment ap-

17 j>ropriate for use in residential structures of varying sizes 

18 and types and in various regions of the country. 

19 ADMINISTRATIVE PROVISIONS 

20 SEC. 5. I n the performance of, and with respect to, the 

21 functions, powers, and duties vested in him by this Act, the 

22 Secretary shall (in addition to any authority otherwise 

23 vested in him) have the functions, powers, and duties set 

24 forth in section 402 (except subsections (a) and (c) (2 ) ) 

25 of the Housing Act of 1950. 
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1 PENALTIES 

2 SEC. 6. Any person who makes any false statement or 

3 misrepresents any material fact for the purpose of obtain-

4 ing a loan under this Act, or who violates any provision of 

5 this Act or of a loan contract entered into under this Act, 

6 shall be fined not more than $1,000 or imprisoned not more 

7 than one year or both. 

8 APPROPRIATIONS; REVOLVING FUND 

9 SEC. 7. There is authorized to be appropriated the sum 

10 of $100,000,000 to provide an initial amount for the pro-

11 gram under this Act, and such additional sums thereafter 

12 as may be necessary to carry out such program. Amounts 

13 appropriated pursuant to this section shall be placed in and 

14 constitute a revolving fund which shall be available to the 

15 Secretary for use in carrying out this Act. 

16 EFFECTIVE DATE 

17 SEC. 8. The authority of the Secretary to make loans 

18 under this Act shall become effective six months after the 

19 date of the enactment of this Act, and shall expire ten years 

20 after such date. 
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94TH congrkss v v n r \ w * r % A 
1ST SESSION J J . R . 8 5 2 4 

IN T H E H O U S E O F R E P R E S E N T A T I V E S 

JULY, 10,1975 

Mr . GUDE (for himself and Mr. OTTINGER) introduced the fol lowing b i l l ; which 
was jo int ly referred to the Committees on Small Business and Banking, 
Currency and Housing 

A B I L L 
To amend the Small Business Act to establish within the Small 

Business Administration a new direct low-interest loan 

program to assist homeowners and builders in purchasing 

and installing solar heating (or combined solar heating 

and cooling) equipment. 

1 Be it enacted by the Senate and House of Representa-

2 tives of the United States of America in Congress assembled, 

3 FINDINGS AND PURPOSE 

4 ISECTION 1. (a) (1) The Congress finds that the heat-

5 ing and cooling of residential structures accounts for a signif-

6 icant portion of our national energy consumption, and that 

7 the expected substantial increases in the cost of oil, gas, and 

8 electricity w i l l significantly and adversely affect millions of 

I 
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1 American homes. The Congress further finds that, wi th 

2 technologies for solar heating having developed to the point 

3 of commercial application and improved solar heating units 

4 becoming increasingly available, and with technologies for 

5 solar cooling expected to reach the point of commercial ap-

6 plication within a relatively few years, a program of Federal 

7 assistance in purchasing and installing solar heating equip-

8 ment or combined solar heating and cooling equipment can 

§ provide a new opportunity for the efficient heating and 

10 cooling of homes despite the energy shortage. 

11 (2) The Congress recognizes that small business con-

12 cerns have already demonstrated their ability to participate 

13 effectively in the assembly and marketing of solar heating 

equipment and are increasingly engaging in commercial 

operations in this field, and declares that it would be in the 

national interest to place special emphasis upon the small 

^ business segment of the economy in any program of Federal 

assistance of the kind described in paragraph (1 ) . 

19 (b) I t is the purpose of this Act to provide a source 

20 of financial assistance for homeowners and builders so as to 

enable them to purchase and install solar heating equipment 

22 or combined solar heating and cooling equipment, primarily 

through the small business segment of the economy, in order 

2 t o substantially reduce energy use. 
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1 SEC. 2. Section 7 of the Small Business Act is amended 

2 by adding at the end thereof the following new subsection: 

3 "(1) (1) I n addition to its other functions under this 

4 Act, the Administration is authorized to make loans as pro-

5 vided in this subsection to individuals and families owning 

6 and occupyng one- to four-family residential structures, and 

7 to persons engaged in building residential structures of any 

8 kind, to assist them in purchasing and installing qualified 

9 solar heating or solar heating and cooling equipment (as 

10 defined in paragraph (4 ) ) in such structures, 

11 " ( 2 ) A loan made under this subsection with respect 

12 to any residential structure shall— 

13 " (A) be in such amount, not exceeding 75 per 

^ centum of the cost of purchasing and installing the 

equipment involved, and not exceeding—-

1 6 " (i) $6,000 per dwelling unit in the case of 

^ a one- to four-family structure, 

1 8 " (i i) $5,700 per dwelling unit in the case of a 

19 multifamily structure containing five or more but 

2 0 less than twenty-five such units, 

2 1 " (iii) $5,400 per dwelling unit in the case of a 

2 2 multifamily structure containing twenty-five or more 

2 3 but less than one hundred such units, 

2 4 " (iv) $4,800 per dwelling unit in the case of a 

62-322 O - 75 - 2 
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1 multifamily structure containing one hundred ot 

2 more but less than two hundred such units, or 

3 " (v) $4,500 per dwelling unit in the case of 

4 a multifamily structure containing two hundred or 

5 more such units, 

6 as may be necessary to enable the owner or builder of 

7 such structure to purchase and install qualified solar 

8 heating or solar heating and cooling equipment which is 

9 suitable and appropriate for such structure, including the 

10 cost of any necessary modifications in the structure 

11 itself, taking into account the climatic, meterological, 

12 and related conditions prevailing in the region wherG 

13 the structure is located, as established by the Adminis-

14 tration in regulations prescribed by it and in effect at 

15 the time of the loan; 

16- " ( B ) bear interest at a rate equal to the average 

17 market yield (computed as of the end of the calendar 

18 month preceding the month in which the loan is made) 

19 on all marketable interest-bearing obligations of the 
i 

20 United States then forming a part of the public debt 

21 (with such average yield, if not a multiple of one-

2? eighth of 1 per centum, being adjusted to the nearest 

23 such multiple), plus one-half of 1 per Centum for ad-

ministrative costs; 

25 " (0) have a maturity not exceeding— 
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5 

1 " ( i ) eight years in the case of a one- to four-

2 fami ly structure, or 

3 " ( i i ) fifteen years in the case of a mul t i fami ly 

4 structure, 

5 except that if the loan is made to the builder of a 

g structure wh ich is sold to another person for occupancy, 

7 rental, resale, or any other purpose, the matur i t y of the 

8 loan shall not extend beyond the date of the sale to such 

9- other person; and 

10 " ( D ) be subject to such addit ional terms, condi-

11 tions, and provisions as the Admin is t ra t ion may impose 

12 in order to assure that the purpose of this subsection is 

13 effectively carried out. 

14 " (3 ) ( A ) Each application for a loan under this subsec-

15 t ion shall be accompanied by detailed plans for the purchase 

16 and instal lat ion of the proposed equipment and an estimate of 

17 the costs involved. 

18 " ' ( B ) N o such application shall be approved unless— 

19 " ( i) the Admin is t ra t ion finds that the proposed 

20 equipment is suitable and appropriate and w i l l be effec-

21 tive, that the costs w i l l not be excessive, and that the 

22 purchase and installation of the equipment w i l l not 

23 involve elaborate or extravagant design or materials; 

24 and 

25 " ( i i ) the proposed equipment is being purchased 
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1 f rom a small business concern {as defined by the A d m i n -

2 istration under section 3) and, unless installed by the 

3 applicant, w i l l be installed by a small business concern 

4 (as so defined) ; except that the requirement of this 

5 clause may be waived by the Admin is t ra t ion i n any case 

6 upon a specific f ind ing that there is no small business 

7 concern w i t h i n two hundred and f i f t y miles of the 

8 structure involved wh ich is engaged i n market ing or 

9 instal l ing solar heating or solar heat ing and cooling 

10 equipment that would meet ( w i t h respect to such struc-

11 ture) the requirements of clause ( i ) . 

12 " ( C ) I n mak ing loans under this subsection, the A d -

13 ministrat ion shall impose such standards and take such 

14 actions as may be necessary or appropriate to assure that 

15 both one- to four- fami ly structures and mul t i fami ly structures 

1® share equitably i n the funds provided for such loans. 

17 " ( 4 ) Fo r purposes of this subsection— 

1 8 " ( A ) the term 'qualif ied solar heating equipment' 

19 means equipment wh ich utilizes solar energy to provide 

20 heating for a residential structure ( including al l neces-

21 sary f i t t ings and related installations) and wh ich is 

2 2 certif ied by the-Administrat ion— 

2 3 " (1) as being designed to meet more than 40 

per centum of the total heat ing needs ( inc luding 

domestic hot water ) of the type of structure for 
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1 wh ich i t is intended, or substantially a l l of the needs 

2 of such a structure for domestic hot water (where its 

3 remain ing heating needs are met by other 

4 methods) , and 

5 " ( i i ) as meeting m in imum standards (as devel-

6 oped under the Solar Heat ing and Cool ing Dernon-

7 stration A c t of 1974 (Publ ic L a w 93 -409 ) and 

8 modif ied by the Admin is t ra t ion to the extent appro-

9 priate for application under this subsection) w i t h 

10 respect to durabi l i ty of parts, efficiency, ease of 

11 repair, avai labi l i ty of spare parts, acceptabil i ty of 

12 cost, technical feasibil i ty of design or proven work -

13 abi l i ty , and such other matters as the Admin is t ra-

14 t ion may consider relevant or appropr iate; and 

15 " (B ) the term 'qualif ied solar heating and cooling 

16 equipment' means equipment wh ich utilizes solar energy 

17 to provide both heating and cooling for a residential 

18 structure ( including al l necessary f i t t ings and related 

19 installations) and wh ich is certif ied by the Admin is -

20 t rat ion— 

21 " ( i ) as being designed to meet 'both the heating 

22 needs of the type of structure for wh ich i t is in--

23 tended, to the extent required by subparagraph ( A ) 

24 ( i ) of this paragraph, and substantially al l of the 

25 cooling needs of such a structure, and 
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j " (i i) as meeting minimum standards (as de-

2 veloped under the Solar Heating and Cooling 

3 Demonstration Act of 1974 (Public Law 93-409) 

4 and modified by the Administration to the extent 

5 appropriate for application under this subsection) 

6 wi th respect to the matters specified in or under sub-

^ paragraph (A) (ii) of this paragraph. 

g " ( 5 ) I n carrying out its functions under the Solar 

g Heating and Cooling Demonstration Act of 1974 and in sup-

10 Por^ objectives of this subsection, the Energy Research 

H and Development Administration shall— 

12 " ( A ) establish a mechanism or procedure (or both) 

13 for the inspection and evaluation of each type or model 

14 of solar heating and solar heating and cooling equip-

15 ment, making provision for dealing with applications 

16 received from manufacturers and for the consideration 

17 of comments received from homeowners already using 

18 such equipment, 

19 " ( B ) review each new solar heating or solar heat^ 

20 ing and cooling unit, system, or component entering the 

21 market, 

22 " ( C ) periodically (no less often than once every 

23 three years) review all outstanding certifications granted 

24 with respect to solar heating or solar heating and cool-

25 ing equipment, and recommend the prospective rescis-
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1 sion of such certifications (or appropriate modifications 

2 in the equipment involved) whenever i t finds that such 

3 equipment no longer meets applicable standards or 

4 criteria, 

5 " ( D ) periodically transmit its findings and recom-

6 mendations under this paragraph to the Administration 

7 for use in the performance of its functions under para~ 

8 graph (4 ) ,and 

9 " (E) take such other actions, and impose such other 

10 conditions and requirements, as wi l l promote the objec-

11 tives of this subsection. 

12 " ( 6 ) The Administration shall provide to any person 

13 upon request (without regard to whether or not such person 

14 is making or proposes to make application for a loan under 

15 this subsection) full, complete, and current information con-

16 cerning recommended standards and types of qualified solar 

17 heating or solar heating and cooling equipment, available 

1 8 from small business concerns, which is appropriate for use 

19 in residential structures of varying sizes and types and in 

20 various regions of the country.". 

21 SEC. 3. (a) Section 4 (c) (1) of the Small Business Act 

22 is amended by striking out "and" immediately before " (B) 

23 and by inserting before the period at the end thereof the 

24 following: and (0) a solar heating and cooling loan 

25 fund which shall be available for financing functions per-
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1 formed under section 7 (1) of this Act, including administra-

2 tive expenses in connection with such functions". 

3 (b) Section 4 (c) (2) of such Act is amended by strik-

4 ing out "and" immediately before " ( B ) " , and by insert-

5 ing before the period at the end thereof the following: " , and 

6 (C) pursuant to section 7 (1) of this Act, shall be paid into 

7 the solar heating and cooling loan fund". 

8 (c) Section 4(c) (4) of such Act is amended by strik-

9 ing out "and" immediately before " ( D ) a n d by inserting 

10 before the period at the end thereof the following: " ; and 

11 (E) under section 7 (1) of this Act, shall not exceed 

12 $600,000,000". 
13 SEC. 4. (a) The authority of the Small Business Ad-

ministration to make loans under section 7 (1) of the Small 

^ Business Act (as added by section 2 of this Act) shall 
1 r 

become effective six months after the date of the enactment 
17 

of this Act, and shall expire ten years after such date. 

^ (b) Prior to the date on which its authority to make 

loans under section 7 (1) of the Small Business Act becomes 

^ effective under subsection (a) of this section, the Small 

Business Administration shall promulgate and publish the 22 

legulations necessary to carry out its functions under such 

2 3 section 7(1) , 
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Mr . MOORHEAD. A f t e r M r . Gude speaks, a panel of experts involved 
in solar energy research and application w i l l present their testimony. 
A t the conclusion of the panel's testimony, we w i l l be pleased to hear 
f rom Mr . Claude Barfield, the Deputy Assistant Secretary of the De-
partment of Housing and Urban Development i n charge of the Office 
of Research and Demonstration. 

Mr . Gude, w i l l you come fo rward ? I part icular ly welcome you be-
cause we do serve together on the Subcommittee on Conservation, 
Energy, and Xatura l Resources. So, we have dupl icat ing interests i n 
this legislation. 

Mr . W Y L I E . M r . Chairman, thank you. I too want to welcome Mr . 
Gude. I appreciate your coming here, and I commend you for your 
interest i n solar energy development. I have long had an interest in 
solar energy development, as you know, and a lot of the in i t ia l re-
search has been done by the Battelle Memorial Inst i tute, which is 
located in my congressional distr ict. 

A l though I have some reservations about a Government loan pro-
gram—added bureaucracy and replacement of a port ion of the private 
sector—I do agree that a solar heating and cooling incentive is nec-
essary to our overall energy struggle. 

Max imum impact in i t ia l l y w i l l be i n the above-average income 
groups regardless of incentive, unless that incentive were to be ex-
tremely large, simply because the solar energy technology is st i l l 
today largely a custom process and very expensive. Thus, even w i th 
incentives, the cost would be prohibi t ive to the low and lower-middle 
income groups. As the incentives increase demand, which w i l l i n tu rn 
encourage mass production and lower uni t costs, lower income groups 
w i l l be brought in. 

The point I am making is that a tax incentive is a better incentive 
f rom a standpoint of simpl ic i ty and f rom a standpoint of impact on 
the affected group. 

But , there is a strong argument fo r the Committee on Banking, 
Currency and Housing acting on an incentive for solar that Mr . Gude 
does not make. That is the tax incentive package that is included in 
H.R. 6860. Despite the Senate Finance Committee's receptivity to 
the solar provisions—they maintained al l of the tax credits, increas-
ing several—the b i l l overall is in limbo. I t is unl ikely to see any fur -
ther committee action soon. A clean solar b i l l should pass much more 
quickly, and the House Ways and Means Committee is bogged down 
in tax reform. 

Thank you, M r . Chairman. 
Mr . MOORHEAD. Y O U may proceed, M r . Gude. 

STATEMENT OF HON. GILBERT GUDE, A REPRESENTATIVE IN 
CONGRESS FROM THE STATE OF MARYLAND 

Mr . G U D E . Thank you, M r . Chairman and Congressman Wyl ie . As 
you have suggested, the question of solar energy and what i t means 
i n today's economy is the other side of the coin when we consider 
conservation. I must say I am delighted this subcommittee has shown 
interest i n our national energy conservation efforts, and solar energy 
in part icular. Energy conservation is espeically relevant to housing 
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concerns, since some 25 percent of our total energy consumption cur-
rently goes into heating, cooling, and hot water heating. 

I t is my goal today to take up a number of different questions relat-
ing to solar heating and cooling i n residential structures, and I hope 
to convince subcommittee members of three things. 

F i rs t , lasting and meaningful energy conservation i n heating and 
cooling can only be obtained through large-scale conversion to alter-
native, renewable energy sources, part icular ly solar energy. 

Second, the technology necessary to bu i ld efficient solar heating 
equipment is available today, and in many parts of the country i t is 
already economical to install, part icular ly when compared to electric 
heat on a life-cycle cost basis. 

A n d th i rd , the nature of the energy crisis makes i t imperative that 
we accelerate the process of conversion to solar. Decl in ing solar 
prices due to mass production and fur ther technological development 
and increasing fossil fuel prices make the good economics of solar in-
evitable. The t ime i t takes to reach that point on a national scale 
represents wasted fuel. A sound national energy policy demands Gov-
ernment incentives to speed up the inevitable process of conversion to 
solar through overcoming resistance to change. 

I ask unanimous consent that my entire statement be included in the 
record, and I w i l l just address myself to portions of i t . 

M r . MOORHEAD. Wi thout objection, your entire statement w i l l be 
made part of the record. 

M r . GUDE. There is no need for me to repeat for you statistics on the 
depth of the energy crisis we face. I t and its various ramifications are 
behind much of the legislation we have considered this year, as we 
attempt to deal w i t h both our shortrun vulnerabi l i ty to an O P E C 
embargo and the longrun certainty that our conventional sources of 
energy—and indeed, our whole way of looking at energy and energy 
use—must change. 

Today's hearing is part icular ly relevant to the latter, as we face the 
absolute certainty of the eventual exhaustion of fossil fuels, part icu-
la r ly oi l and natural gas, the two most widely used home heating 
fuels. Ex is t ing natural gas reserves are projected to run out before 
the end of this century at present consumption rates. The o i l picture 
is marginal ly less bleak, though our continuing dependence on foreign 
sources of supply is an added factor of concern. A t h i r d alternative, 
heating by electricity, is not only a relatively inefficient method, but 
the bulk of our electric generation today is dependent on those same 
fossil fuels, w i t h large-scale conversion to nuclear plants some years 
away, even assuming current problems and controversies about nu-
clear can be resolved. 

To my mind, the obvious answer is solar. I t is available now. I ts 
energy source is inexhaustible. I t is clean and nonpollut ing. I t does 
not depend on power or pipelines or central transmission stations. I t 
is relatively maintenance-free. We have the equipment now to reduce 
current fossil fuel consumption for heating by a substantial amount, 
and to insure the same level of reduction i n future construction. A 
General Electric phase 0 study for the National Science Foundat ion 
indicates the magnitude involved: 

Of the 60 m i l l i on bui ld ings to be constructed i n the Un i ted States i n the next 5 
years, approx imate ly 40 m i l l i on were found to be viable cost-effective candidates 
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for solar systems . . . I f a l l these buildings were so equipped, the yearly 
equivalent electric power savings would be approximately 1,500 bi l l ion k i lowat t 
hours . . . by the end of the century—equivalent to the to ta l electrical generating 
capacity of the Uni ted States in 1970. 

What does this mean in total energy terms, using today's popular 
standard, the barrel of oi l ? According to a 1974 Atomic Energy Com-
mission study, assuming bui ld ing heat represents 20 percent of energy 
use, and that a solar uni t saves 50 percent of heating in each unit , both 
reasonable assumptions; i f 60 percent of buildings had solar systems, 
the annual savings would be 720 mi l l ion barrels of oil. I f a l l buildings 
were solarized, the annual savings would be 1.2 b i l l ion barrels. This 
latter figure, of course, is an extreme, but more practical figures f rom 
other sources are also impressive. 

E R D A estimates, for example, that solar heating and cooling could 
have a maximum energy input in the year 2000*equivalent to more 
than 1 b i l l ion barrels of oil. Addi t ional ly , the T R W phase 0 study 
for X S F predicts a solar market of more than a b i l l ion dollars per 
year by 2000, assuming an incentives program. This level is nearly 
twice the projected market w i th no incentives program. Moreover, 
the rapid development of solar is already showing the conservatism of 
most estimates. As Senator Gaylord Xelson pointed out on the Senate 
floor on May 8, 1975, X S F now estimates that by 1985, we can reach 
the level of solar use that G E and Westinghouse predicted for the year 
2000. This, of course, is a 1'5-year improvement. 

The nature of the energy crisis demands that we continue to ac-
celerate the pace and br ing solar on line as a major heating alternative 
sooner. Doing just that is uniquely w i th in the purview of this subcom-
mittee, as i t is not p r imar i l y a technological problem, but rather a 
marketing problem. Important aspects of i t include the fo l lowing: 
Fi rst , the wariness of consumers to what they perceive as an untested 
technology, plus their tendency to consider only in i t ia l costs; second, 
the reluctance of financial institutions to risk money on a new tech-
nology w i th an uncertain demand; and th i rd , the desire of builders 
to have a low-risk, high-return heating system that they can obtain as 
a standardized unit at a small in i t ia l cost. 

Some solutions to these difficulties are already under development. 
H U D has been work ing on its definitive performance criteria for solar, 
which w i l l help provide standards of quali ty and uni formi ty . Those 
w i l l not be ready for some time, though min imum property standards 
which can be used to qual i fy solar for F H A financing w i l l be finished 
sooner. These and other current activities w i l l help to make solar an 
accepted alternative perceived as normal. 

Fur ther efforts are needed, however, to make i t perceived as sound 
in economic terms as well as technological terms, and i t is here that 
Government incentives w i l l inevitably play an important role. As 
FEA ?s Project Independence Bluepr int report stated. 

The Federal program is designed in good part to reduce the first costs of solar 
energy systems. However, first costs higher than for conventional systems w i l l 
continue to constrain widespread adoption, since the bui ld ing community is 
extremely sensitive to first cost. Tax relief, loan and interest incentives and 
special depreciation policies w i l l probably be required to overcome this constraint. 

Such incentives w i l l work in two areas. F i rs t , i n reference to con-
sumer and bank resistance, solar installations w i l l benefit f rom a Gov-
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ernment stamp of approval that an incentive program w i l l s igni fy. 
Second, incentives w i l l help to make the economics of solar more 
favorable, or favorable sooner, depending on conditions; and the table 
on the center of page 4 of my prepared statement indicates this point. 

We face the certainty that, while the economics of solar may be 
marginal now in some areas, they w i l l not be in a few years as fossil 
fuel prices rise and solar prices come down. Under normal circum-
stances, one could simply permit these market forces to operate and 
watch the solar heating industry grow, albeit slowly. The addit ional 
factor of the energy crisis, however, argues against le t t ing the market 
take its course; and the Office of Technology Assessment s evaluation 
of E R D A ' s energy program verified that there is a great potential of 
savings i n the immediate-term development, not f o i l owing the slow 
pace of E R D A ' s solar heating and cooling plans. I quote f rom the 
Office of Technology Assessment's evaluation of E R D A ' s energy 
program: 

There is abundant evidence tha t solar heat ing and cooling applications offer 
a large potent ial for energy savings i n the immediate and near term—to 1985— 
and beyond this to 2000, than any other solar applications. Indeed, ERDA 's 
figures ver i fy this statement; yet, solar heating and cooling is categorized at 
the t h i r d level of pr ior i t ies as an "under-used mid-term technology", and one 
wh ich "may provide an energy 'margin' i n the event of R D & D fa i lu re i n other 
areas." These statements i n the E R D A document project a signif icant potent ia l 
for solar heating and cooling, yet underemphasize the development and actual 
impact of solar heating and cooling on our energy economy . . . 

The pr ime objective of the demonstration program should be to accelerate 
consumer acceptance of solar energy as a heat source, so tha t substant ial fue l 
savings can be achieved at a considerable earl ier date than would otherwise 
result. The plans set f o r t h i n ERDA-48 do not appear to be oriented to achieve 
these purposes . . . 

The overal l goal of the program should not be the development of technology 
or of hardware, but rather the development of consumer markets. 

Now, to incentives. I am far f rom alone in my emphasis on the need 
for a government incentives program. Almost every major analysis of 
solar markets cites the same need for significant expansion of Federal 
monetary incentives to encourage solar purchases. There, for example, 
is the recommendation by the Senate Select Committee on Smal l 
Business, which I quote on page 5 in the center there, where the rec-
ommendation is, 

Congress should enact tax incentives and consider low-interest loan and loan 
guarantee programs fo r the development of solar energy for heating and cooling 
residences and other buildings, wherever possible and as quickly as possible. 

A n d also, we have the testimony of George L o f , director of the Solar 
Energy Appl icat ions Laboratory at Colorado State Universi ty, before 
the Ways and Means Committee in March of this year. 

Clearly, i n the short run, such incentives w i l l be necessary both to 
br ing the costs of solar down to competitive levels—though i n many 
cases they are already competitive—and to break down psychological 
barriers to the use of new technology. Addi t iona l ly , we should keep i n 
mind the fact that corporate producers of fossil fuels have fo r some 
time enjoyed incentives through such tax breaks as the depletion al-
lowance, depreciation allowances, and investment tax credits. The 
solar homeowner, an energy producer as wel l as a consumer, current ly 
enjoys none of these advantages. 
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A t this point, the relevant question is, what k ind of incentives w i l l 
best achieve our objectives? Major proposals thus far have been in two 
categories: Tax incentives and loan—or loan guarantee—incentives. 
Each has certain advantages of its own. A tax incentive, for example, 
has proved easier to deal w i th legislatively and administratively. I t 
would require no cumbersome bureaucracy or large administrative 
costs. I n a society conscious of taxes, i t is easy to quant i fy and there-
fore easy for the consumer to understand. I t s application through the 
tax code gives its users a h igh degree of flexibility. 

Tax incentives also have certain disadvantages when compared to 
loan programs. F i rs t , i t is important to recognize the major distinc-
t ion between solar and conventional heating equipment—different ini-
t ia l costs. A conventional heating system is inexpensive to buy and 
install, but solar in i t i a l costs are relatively high. The advantage of 
solar lies in its extremely low ongoing costs compared to the con-
stantly r is ing costs of conventional fuels. 

Loan incentives are able to deal w i t h this h igh front-end cost prob-
lem by prov id ing capital at the time i t is needed—the t ime of in i t ia l 
purchase. I n contrast, tax incentives provide relief after the fact. One 
could not claim the incentive un t i l one's tax return was filed. O f course, 
anticipation of the tax break would have some effect on one's financial 
planning, and tax credits no doubt serve as an incentive to look into 
solar. They do not always, however, solve the financing problem, nor 
deal w i t h the l ikely situation of homeowners or builders w i th cash 
flow l imitat ions who need the funds i n advance and would be receptive 
to borrowing i t at favorable terms. 

There are also other advantages to loan incentives f rom the point 
of view of Government policy. F i rs t , f rom the point of view of 
equitable tax policy, i t may not be desirable to promote this k ind of 
progress through the tax code. Tax reform efforts i n recent years have 
been directed toward neutral izing the tax code by repealing this k ind 
of incentive, on the assumption that incentive policies are better car-
r ied out through direct programs. 

Second, a tax incentive program is inevitably a more circuitous 
approach than a loan program. I n general, i t is easier to control and 
i f necessary l im i t a direct program. I n the case of a tax credit, the 
Government would not know that solar equipment had been pur-
chased un t i l some time after its installation. Xo tax program could 
contain the k ind of advance protections against the purchase of in-
adequate or fraudulent equipment that a loan program could institute, 
because a tax program is essentially self-policing. The fract ion of 
cases audited would be examined by I R S agents who are not neces-
sari ly skil led i n judg ing the el ig ib i l i ty of solar heating equipment. I n 
a situation l ike this, precertification is clearly more rigorous than post-
certification. 

Th i rd , a loan program w i l l i n the long run cost the Federal Gov-
ernment less money, i f only because a tax credit is essentially a g i f t , 
while loans w i l l be repaid. Given our current budgetary situation, cost 
factors must be an important part of our consideration. 

L i s t i ng the advantages and disadvantages of both loan incentives 
and tax incentives is really to argue that they both are appropriate 
policy tools. The House has already passed, as part of H.R. 6860, a 
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25-percent solar tax credit, sponsored, I might add, by a member of 
this subcommittee, Mr . Wyl ie. Coincidentally, the loan program in 
H.R. 3849 would complement the 25-percent tax credit perfectly by 
prov id ing loans for 75 percent of the cost. Taken together, these two 
incentives would permit an ind iv idual to finance three-fourths of his 
costs w i t h a loan, and then essentially be reimbursed through the tax 
credit for the one-fourth down payment he made. The two do not 
necessarily have to be mutual ly exclusive. 

M y purpose here today is to argue for a loan incentive approach, 
as I have indicated. But at the same time, I th ink we have to support 
a broad package of incentives to accelerate the pace of solar develop-
ment. A tax credit w i l l be the most appropriate incentive for some, 
a direct loan for others, a loan guarantee for st i l l others. A l l these 
approaches have their place. 

Xow, as to H.R. 3849 and H.R. 8524; in tu rn ing to our specific loan 
incentive proposals, let me make clear that I am not wedded to the 
precise details of the bi l ls that are a subject of this hearing. The two 
bil ls, however, do raise some basic questions about loan incentives 
that need to be discussed. I n br ief, both bi l ls provide for a direct loan 
program to homeowners and homebuilders for the purchase and in-
stallation of solar heating and cooling equipment. The bi l ls impose 
certain l imi ts on the amount which can be borrowed, the interest 
rate, and the amortization rate. Only solar equipment tested and eval-
uated by E R D A would be eligible for purchase w i th loan funds. Some 
specific observations fol low. 

F i rs t , as to the interest rate. Since our proposals are designed to 
provide incentives effectively reducing the cost of solar equipment, 
the interest applied to the loans is an important factor. I n both bi l ls, 
we have proposed a formula rate l inked to the monthly average rate 
on Treasury bonds. This "cost of money" approach, plus the one-half 
of 1 percent for administrative costs, is designed to provide a rate 
lower than existing market rates without at the same t ime creating a 
substantial cost to the Government. Obviously, a better incentive 
would be a subsidy rate of 3 or 4 percent, but that would significantly 
increase Government costs. 

As to amortization, one issue which has engendered some contro-
versy is the amortization schedule. The bi l ls presently provide for an 
8-year payoff plan for homeowners and a 15-year payoff fo r builders 
of mu l t i fami l y structures, w i th the proviso i n the latter case that 
the loan is due i f the entire property is sold. Our logic i n choosing 
this more rap id rate was that the prospect of a time in the future 
when the homeowner would have only min imal heating payments— 
when the loan is paid off—would be an attractive incentive. Given the 
mobi l i ty of the population, we felt that 8 years was a suitable figure. 

I t has been suggested, however, by a number of those who have ex-
amined the bi l ls that lengthening the amortization period to 20 years, 
or t y ing i t to the homeowner's mortgage payments, would be a better 
incentive. O f course, in the case of builders, the price of the equipment 
would be subsumed into the purchase price of the home, thus effec-
t ively t y i ng i t to the homeowner s mortgage. I n the case of retrofits, 
a longer amortization period would result i n substantially lower pay-
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ments. T y i n g the loan to the mortgage is a neater approach, one which 
lowers the monthly payments and ties the loan to established financial 
channels, an important factor i f we are to encourage the private sector 
to move more fu l l y into financing solar equipment. Comparisons of 
the annual loan* payment w i th the fuel savings involved also reflect 
the advantages of the longer amortization period. Assuming a maxi-
mum $6,000 loan and equipment which cost $8,000, meaning a $2,000 
downpayment, the larger payments required by an 8-year amortiza-
t ion schedule would prevent a homeowner f rom really being ahead on 
energy savings un t i l the eighth year, at which point the annual savings 
would begin to be very substantial, the loan having been paid off. A 
20-year amortization, on the other hand, would permit the homeowner 
to move ahead on savings as early as the f i f t h year. The annual savings 
would not be as great, since the loan payments continue, but the im-
mediate payoff is quicker. 

As to solar equipment standards, the two bil ls contain significant 
protections against the purchase of improper equipment. Money ob-
tained f rom the loans may be used only for the purchase of qualified 
equipment. Hardware is certified as qualified by H U D after testing 
and evaluation by E R D A . I n our view, this two-agency process is 
necessary, because E R D A is uniquely qualified to per form testing 
and evaluation, while H U D w i l l really be setting the appropriate 
standards and, as the originator of the loans, should retain final au-
thor i ty on what the funds can be used for. 

I n conclusion, Mr . Chairman, let me return to the three points I 
made in the beginning. F i rs t , i f we are to achieve meaningful energy 
savings in residential heating and cooling, then conversion to non-
fossil fuel energy sources is essential. Second, the obvious choice in 
that case is solar energy. The technology exists; solar houses exist and 
have been funct ioning for years. Solar is already cost-competitive 
w i th electric heat on a l i fe cycle basis in most parts of the country, 
and changing fuel prices make i t only a matter of t ime before i t w i l l 
match oi l and gas nationwide as well. 

Th i rd , this process of conversion is an inevitable one, given the 
increasingly favorable economics and the growing awareness of the 
l imitat ions of fossil fuels. The energy crisis has made i t the policy of 
this Government to accelerate the process of conversion to solar and 
other energy alternatives as part of our conservation effort. The rele-
vant question for this subcommittee is how best to assist that accele-
rat ion; specifically, what incentives would be most appropriate and 
most effective ? Whi le I believe in and am committed to a direct loan 
program, I hope the effect of my testimony and that of those who 
fol low me w i l l be to stimulate the members of this subcommittee to 
undertake a thorough study of the incentives question, which w i l l 
lead to the rapid development of meaningful incentives legislation. 

Thank you, Mr . Chairman. 
[The prepared statement of Congressman Gude fo l lows:] 
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STATEMENT OF THE HONORABLE GILBERT GUDE BEFORE THE HOUSING SUBCOMMITTEE, COMMITTEE 
ON BANKING, CURRENCY, AND HOUSING. November 5 , 1975 

SOLAR LOAN INCENTIVES 

Mr. Chairman, members of the commit tee, i t i s a p r i v i l e g e to be here today. I must say 

I am d e l i g h t e d t h i s committee has shown i n t e r e s t i n our n a t i o n a l energy conserva t i on 

e f f o r t s and s o l a r energy i n p a r t i c u l a r . Energy conserva t ion i s e s p e c i a l l y r e l e v a n t t o 

hous ing concerns s ince some 25 percent o f our t o t a l energy consumption c u r r e n t l y goes 

i n t o h e a t i n g , c o o l i n g , and hot water hea t i ng . 

I t i s my goa l today t o take up a number o f d i f f e r e n t quest ions r e l a t i n g t o s o l a r hea t i ng 

and c o o l i n g i n r e s i d e n t i a l s t r u c t u r e s , and I hope to convince committee members o f 

t h ree t h i n g s : 

1) L a s t i n g and meaningfu l energy conserva t ion I n h e a t i n g and c o o l i n g can on ly be 

ob ta ined through l a r g e - s c a l e convers ion t o a l t e r n a t i v e , renewable energy sources , 

p a r t i c u l a r l y s o l a r energy. 

2) The technology necessary to b u i l d e f f i c i e n t s o l a r hea t i ng equipment i s a v a i l a b l e 

today and i n many p a r t s of the coun t ry i t i s a l ready economical t o i n s t a l l , p a r t i c u l a r l y 

when compared to e l e c t r i c heat on a l i f e - c y c l e cos t b a s i s . 

3) The na tu re o f the energy c r i s i s makes i t impe ra t i ve t h a t we acce le ra te the process 

o f convers ion t o s o l a r . D e c l i n i n g s o l a r p r i c e s due to mass p roduc t i on and f u r t h e r 

t e c h n o l o g i c a l development and i n c r e a s i n g f o s s i l f u e l p r i c e s make the good economics o f 

s o l a r i n e v i t a b l e . The t ime i t takes to reach t h a t p o i n t on a n a t i o n a l sca le represen ts 

wasted f u e l . A sound n a t i o n a l energy p o l i c y demands government i n c e n t i v e s t o speed up 

the i n e v i t a b l e process of convers ion t o s o l a r through overcoming r e s i s t a n c e to change. 

As I w i l l e x p l a i n l a t e r , I do no t i n t e n d t o t i e mysel f i r r e v o c a b l y t o the p a r t i c u l a r 

b i l l s t h a t l e d t o t h i s hea r ing . I do, however, f i r m l y b e l i e v e i n the u n d e r l y i n g concept 

o f bo th b i l l s — a d i r e c t l oan program f o r the i n s t a l l a t i o n o f s o l a r equipment f o r bo th 

b u i l d e r s and homeowners. I f the tes t imony here today i s conv inc i ng , then I hope t o see 

the committee u l t i m a t e l y cons ider f o r approva l e i t h e r H.R. 3849 or H.R. 8524 or beg in 

the process o f d r a f t i n g i t s own v e r s i o n which w i l l achieve the same o b j e c t i v e s . The 

importance o f moving fo rward on s o l a r i n c e n t i v e s now cannot be underes t imated, and I 

d o n ' t b e l i e v e the re i s anyone f a m i l i a r w i t h the i n d u s t r y who would no t agree w i t h t h a t 

statement o r go on t o p o i n t out how q u i c k l y t h i s process cou ld beg in . 

I . The Need f o r A c t i o n 

There i s no need f o r me to repeat f o r you s t a t i s t i c s on the depth o f the energy c r i s i s 

we face . I t and i t s va r i ous r a m i f i c a t i o n s are behind much o f the l e g i s l a t i o n we have 
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considered t h i s year as we attempt to deal w i t h both our shor t run v u l n e r a b i l i t y to an 

OPEC embargo and the long run c e r t a i n t y t ha t our convent ional sources of energy and 

indeed our whole way o f l ook ing a t energy and energy use must change. 

Today's hear ing i s p a r t i c u l a r l y re levan t to the l a t t e r , as we face the absolute ce r -

t a i n t y of the eventual exhaustion of f o s s i l f u e l s , p a r t i c u l a r l y o i l and n a t u r a l gas, 

the two most w ide ly used home heat ing f u e l s . E x i s t i n g n a t u r a l gas reserves are p ro -

j ec ted to run out before the end of t h i s century at present consumption ra tes . The oi-1 

p i c t u r e i s marg ina l l y less b leak , though our cont inu ing dependence on f o r e i g n sources cC 

supply i s an added f a c t o r o f concern. A t h i r d a l t e r n a t i v e , heat ing by e l e c t r i c i t y , i f 

not only a r e l a t i v e l y i n e f f i c i e n t method, but the bu lk of our e l e c t r i c generat ion today 

i s dependent on those same f o s s i l f u e l s , w i t h la rge scale conversion to nuclear p lan ts 

some years away, even assuming cur rent problems and cont rovers ies about nuclear can be 

resolved. 

To my mind the obvious answer i s s o l a r . I t i s ava i l ab le now. I t s energy source i s 

i nexhaus t ib le . I t i s c lean and n o n - p o l l u t i n g . I t does not depend on power or p ipe l ine? 

or c e n t r a l t ransmiss ion s t a t i o n s . I t i s r e l a t i v e l y maintenance f r e e . We have the 

equipment now to reduce cur ren t f o s s i l f u e l consumption f o r heat ing by a s u b s t a n t i a l 

amount, and to insure the same l e v e l of reduct ion i n f u t u re cons t ruc t i on . The General 

E l e c t r i c Phase 0 study f o r the Na t iona l Science Foundation, as summarized i n Solar Energy 

f o r Ear th , an assessment by the American I n s t i t u t e of Aeronaut ics and As t ronau t i cs , 

i nd i ca tes the magnitude invo lved : 

Of the 60 m i l l i o n b u i l d i n g s to be constructed i n the Uni ted States i n the 
next (2)5 years , approximately 40 m i l l i o n were found to be v i a b l e , cost 
e f f e c t i v e candidates f o r so la r sys tems. . . . I f a l l these b u i l d i n g s were so 
equipped, the yea r l y equ iva lent e l e c t r i c power savings would be approximately 
1500 b i l l i o n k i l o w a t t - h o u r s . . . b y the end of the century — equ iva len t to the 
t o t a l e l e c t r i c a l generat ing capaci ty of the Uni ted States i n 1970. 

What does t h i s mean i n t o t a l energy terms, using today 's popular standard — the b a r r e l 

o f o i l ? According to a 1974 Atomic Energy Commission s tudy, assuming b u i l d i n g heat rep-

resents 20 percent of energy use and t ha t a so la r u n i t saves 50 percent of heat ing i n 

each u n i t , both reasonable assumptions, i f 60 percent o f b u i l d i n g s had so la r systems 

the annual savings would be 720 m i l l i o n ba r re l s of o i l . I f a l l b u i l d i n g s were " s o l -

a r i zed " the annual savings would be 1.2 b i l l i o n b a r r e l s . This l a t t e r f i g u r e of course 

i s an extreme, but more p r a c t i c a l f i g u r e s from other sources are a lso impressive. ERDA 

est imates, f o r example, t ha t so lar heat ing and coo l ing could have a maximum energy input 

i n the year 2000 of 5.9 Quads (1 Quad = 1 x 1015 BTUs), equiavalent to more than one 

b i l l i o n b a r r e l s of o i l . A d d i t i o n a l l y , the TRW Phase 0 study f o r NSF p r e d i c t s a so la r 

market o f more than a b i l l i o n d o l l a r s per year by 2000, assuming an incen t i ves program. 

(This l e v e l i s near ly twice the p ro jec ted market w i t h no incen t i ves program.) Moreover, 
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the r a p i d development of s o l a r i s a l ready showing the conservat ism of most es t ima tes . 

As Senator Gaylord Nelson po in ted ou t on the Senate f l o o r on May 8 , 1975, 

I n 1974, the General E l e c t r i c Co . , a f t e r making a h a l f - m i l l i o n d o l l a r s tudy 
f i nanced w i t h p u b l i c funds f rom the NSF, es t imated t h a t on ly 1.6 percent o f a l l 
n a t i o n a l energy requirements f o r b u i l d i n g hea t i ng and c o o l i n g cou ld be met by 
s o l a r systems by 2000. Westinghouse Corp. and TRW, I n c . , makers o f s i m i l a r 
s t ud ies on i d e n t i c a l g r a n t s , thought i t might be 3.04 percent and 3.56 p e r c e n t , 
r e s p e c t i v e l y . Wi th a 25 percent t ax c r e d i t i n c e n t i v e , TRW thought the s o l a r 
c o n t r i b u t i o n cou ld reach 5,77 percent o f a l l b u i l d i n g hea t i ng and c o o l i n g 
energy by 2000. 

But NSF, e a r l y t h i s y e a r , es t imated t h a t we cou ld be approaching 4 percen t 
by 1985 — some 15 years e a r l i e r than the year Westinghouse thought we cou ld 
top 3 percent and GE thought we would a t i l l be unde* 2 pe rcen t . 

The na tu re o f the energy c r i s i s demands t h a t we con t inue t o acce le ra te the pace and 

b r i n g s o l a r on l i n e as a major hea t i ng a l t e r n a t i v e sooner. Doing j u s t t h a t i s un i que l y 

w i t h i n the purv iew o f t h i s committee as i t i s not p r i m a r i l y a t e c h n o l o g i c a l prob lem, 

bu t r a t h e r a marke t ing problem. Impor tant aspects of i t i n c l u d e the f o l l o w i n g : 

1) the war iness o f consumers t o what they perce ive as an un tes ted technology p l us 

t h e i r tendency t o cons ider on ly i n i t i a l c o s t s ; 

2) the r e l uc tance o f f i n a n c i a l i n s t i t u t i o n s t o r i s k money on a new technology w i t h an 

u n c e r t a i n demand; 

3) t he d e s i r e o f b u i l d e r s to have a low r i s k , h i g h r e t u r n h e a t i n g system t h a t they can. 

o b t a i n as a s tandard ized u n i t a t a sma l l i n i t i a l c o s t . 

Some s o l u t i o n s to these d i f f i c u l t i e s are a l ready under development. The Department o f 

Housing and Urban Development has been work ing on i t s d e f i n i t i v e performance c r i t e r i a 

f o r s o l a r which w i l l he lp p rov ide s tandards of q u a l i t y and u n i f o r m i t y . Those w o n ' t be 

ready f o r some t ime , though minimum p r o p e r t y s tandards , which can be used t o q u a l i f y 

s o l a r f o r FHA f i n a n c i n g , w i l l be f i n i s h e d sooner. 

L o c a l governments are g r a d u a l l y becoming aware o f and removing the v a r i o u s h u r d l e s , 

zoning and b u i l d i n g code problems f o r example, i n t h e i r j u r i s d i c t i o n s . 

The development o f s tandard complete systems r a t h e r than components i s an e n t r e p r e -

n e u r i a l problem t h a t has ye t t o be f u l l y reso lved . We need t o l e a r n more about why 

l a r g e companies seem t o be concen t ra t i ng on components, p r i m a r i l y c o l l e c t o r s , r a t h e r 

than t o t a l systems, and we need to d iscover ways o f d e a l i n g w i t h t h i s problem. There 

i s no q u e s t i o n t h a t t h i s i s a major obs tac le f rom the b u i l d e r ' s p o i n t of v i ew . 

Cur ren t a c t i v i t i e s w i l l he lp to make s o l a r an accepted a l t e r n a t i v e perce ived as " n o r m a l . " 

Fu r the r e f f o r t s are needed, however, t o make i t pe rce ived AF sound i n economic terms 

as w e l l as t e c h n o l o g i c a l te rms, and i t i s here t h a t government i n c e n t i v e s w i l l i n e v i t -

ab le p l a y an impor tan t r o l e . As the Federa l Energy A d m i n i s t r a t i o n ' s P r o j e c t Indep-

endence B l u e p r i n t . Solar Energy Task Force Repor t , s t a t e d , 
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The f e d e r a l program i s des igned i n good p a r t t o reduce the f i r s t c o s t s o f 
s o l a r energy systems. However, f i r s t cos t s h i g h e r than f o r c o n v e n t i o n a l s y s -
tems w i l l c o n t i n u e t o c o n s t r a i n w idespread a d o p t i o n , s i n c e the b u i l d i n g com-
m u n i t y i s e x t r e m e l y s e n s i t i v e t o f i r s t c o s t . Tax r e l i e f , l o a n and i n t e r e s t 
i n c e n t i v e s and s p e c i a l d e p r e c i a t i o n p o l i c i e s w i l l p r o b a b l y be r e q u i r e d t o 
overcome t h i s c o n s t r a i n t . 

Such i n c e n t i v e s w i l l work i n two a r e a s : 

1) I n r e f e r e n c e to consumer and bank r e s i s t a n c e , s o l a r i n s t a l l a t i o n s w i l l b e n e f i t froT.i 

a government stamp o f a p p r o v a l t h a t an i n c e n t i v e program w i l l s i g n i f y . Lend ing i n s t -

i t u t i o n s t h a t w i l l be c a l l e d on t o f i n a n c e s o l a r , b o t h i n the case o f i n d i v i d u a l s and 

p a r t i c u l a r l y i n the case o f homebu i l de r s , can be expected t o r e s i s t f i n a n c i n g what 

they r e g a r d as a h i g h e r r i s k t e c h n o l o g y . I t w i l l be necessary f o r t he government t o 

i n t e r v e n e i n t h i s l e n d i n g process t o reduce t h e r i s k . 

2) I n c e n t i v e s w i l l h e l p t o make the economics o f s o l a r more f a v o r a b l e , o r f a v o r a b l e 

soone r , depending on c o n d i t i o n s . The f o l l o w i n g f i g u r e s , p repared by t h e Genera l 

Accoun t i ng O f f i c e , a r e i l l u s t r a t i v e o f t h e d i f f e r i n g economic c a l c u l a t i o n s . 

1973 Combined H e a t i n g and C o o l i n g E v a l u a t i o n R e s u l t s A d j u s t e d t o More N e a r l y R e f l e c t 
1972 So la r and C o n v e n t i o n a l Energy Costs (Costs pe r m i l l i o n BTUs) 

Leas t Cost S o l a r Energy C o n v e n t i o n a l Energy 
25,000 BTU/DD 

E l e c . c o o l - E l e c . c o o l -
i n g w i t h gas i n g w i t h o i l A l l 

L o c a t i o n Low High h e a t i n g h e a t i n g E l e c t r i c 

Albuquerque $2.16 $2.93 $2.59 $3.29 $5.89 
Boston (no te a) 3 .85 5 .48 2.95 2 .92 4 .85 
C h a r l e s t o n 3.07 4 . 4 1 1 .78 .2 .06 2 . 3 1 
Miami 2 .67 3 .85 3 .19 3 .20 3 .34 
Omaha 3 . 1 1 4 .55 1 .64 2 .34 3 .58 
Phoenix 2 .25 3 . 2 1 2 .45 2 . 7 1 2 .98 
Santa M a r i a 3 .07 3 . 8 1 1 .54 2 .33 3 .93 
S e a t t l e 4 .72 6 . 3 1 1 .95 2 .48 2 .08 

(a) B lue H i l l Obse rva to r y i n the Boston a r e a , w h i c h , a c c o r d i n g t o one s o u r c e , " r e c e i v e s 
23.5 p e r c e n t more s o l a r energy t h a n Bos ton , enough t o make a s o l a r c o l l e c t o r t h e r e p e r -
fo rm about 35 p e r c e n t b e t t e r . " (We d i d n o t a t t emp t t o de te rm ine whether s i m i l a r v a r -
i a t i o n s e x i s t e d f o r o t h e r c i t i e s . ) 

F i g u r e s i n t h e a t t a c h e d t a b l e a re based on 1972 f o s s i l f u e l p r i c e s , p r i c e s wh i ch have 

s i n c e r i s e n and can be expec ted t o r i s e f u r t h e r . As t h e numbers make c l e a r , we f a c e the 

c e r t a i n t y t h a t w h i l e t h e economics o f s o l a r may be m a r g i n a l now i n some a r e a s , they 

w o n ' t be i n a few yea rs as f o s s i l f u e l p r i c e s r i s e and s o l a r p r i c e s come down. Under 

no rma l c i r cums tances one cou ld s i m p l y p e r m i t these marke t f o r c e s t o o p e r a t e and watch 

the s o l a r h e a t i n g i n d u s t r y grow. The a d d i t i o n a l f a c t o r o f t h e energy c r i s i s , however , 

argues a g a i n s t l e t t i n g the market t ake i t s course . We have an o p p o r t u n i t y he re t o save 

a s i g n i f i c a n t amount o f f u e l pe rmanen t l y and t o move the n a t i 3n i n t he d i r e c t i o n o f 

more r e s p o n s i b l e energy consumpt ion p a t t e r n s t h rough the encouragement o f s o l a r ene rgy , 

a t l i t t l e l o n g r u n c o s t t o the government i f a l o a n i n c e n t i v e program i s adopted. Cer -

t a i n l y i f we w a i t a number o f y e a r s , t h i s w J l - happen anyway, but: those I n t e r v e n i n g 
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years represent l i t e r a l l y wasted energy when we should have been acting. The Office 

of Technology Assessment's evaluation of ERDA's energy program ver i f ied this in i t s 

crit icism of the slow pace of ERDA's solar heating and cooling plans: 

There is abundant evidence that solar heating and cooling applications offer 
a larger potential for energy savings In the immediate and near term (to 1985), 
and beyond this to 2000, than any other solar applications. Indeed, ERDA's 
figures (ERDA-48, volume I , table 6-1) ver i fy this stateuent; yet , solar 
heating and cooling is categorized at the third level of pr ior i t ies as an 
'under-used mid-term technology' and one which may 'provide an energy "margin" 
in the event of R,D&D fa i lure in other areas.' These statements In the ERDA 
document project a significant potential for solar heating and cooling, yet 
underemphasize the development and actual Impact of solar heating and cooling 
on our energy economy.... 

The prime objective of the demonstration program should be to accelerate con-
sumer acceptance of solar energy as a heat source so that substantial fuel sav-
ings can be achieved at a considerable ear l ier date than would otherwise result . 
The plans set forth in ERDA-48 do not appear to be oriented to achieve these 
purposes.... 

The overall goal of the program should not be the development of technology 
or of hardware, but rather the development of consumer markets. 

I I . Incentives 

I am far from alone In my emphasis on the need for a government Incentives progrsm. Al-

most every major analysis of solar markets cites the same need for significant expansion' 

of federal monetary incentives to encourage solar purchases. In addition to the FEA 

analysis mentioned ear l ie r , other comments include: 

1) Recommendation #9 from the Interim Report of the Senate Select Committee on Small 
Business on The yiole of Small Business In Solar Energy Research, Development and Demon-
stration (October 7, 1975). 

9. Congress should enact tax incentives and consider low-interest loan and 
loan guarantee programs for the development of solar energy for heating and 
cooling residences and other buildings, wherever possible and as quickly as 
possible. 

2) From the testimony of George Lttf, Director of the Solar Energy Applications Lab-
oratory, Colorado State University, before the Ways and Means Committee (March 11, 1975): 

The high i n i t i a l investment requirement for a solar heating system is a deter-
rent to immediate wide public use, even though the l i f e cycle cost of the sys-
tem may be lower than the conventional alternative. This capital cost require-
ment is a problem for the builder, the purchaser, and a l l others In the chain 
of interests in the home building and commercial building industry. A great 
stimulus to the use of solar energy for heating of buildings would be the avai l -
a b i l i t y of capital for solar heating systems at moderate interest rates. Such 
an Incentive would cause an immediate increase in the demand for these systems. 
With a minimal cash outlay, and moderate monthly payments, the home owner could 
thus afford this great new energy source. An incentive of this type has just 
been proposed by Senator Hart in his b i l l S.875. At no net cost to the govern-
ment, the ava i lab i l i ty of "federal loans should increase the rate of application 
from perhaps hundreds per year to the hundreds of thousands per year as soon as 
such funds are available. 

(The b i l l referred to above is identical to H.R. 3849, which is under consideration today.) 

Clearly in the short run such incentives w i l l be necessary both to bring the costs of 

solar down to competitive levels — though in many cases they are already competitive — 

and to break down psychological fa r r ie rs to the use of new technology. Additionally, 

we should keep in mind the fact that corporate producers of fossi l fuels have for some 

time enjoyed Incentives through such tax breaks as the depletion allowance, depreciation 
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a l lowances , and investment tax c r e d i t s . The s o l a r homeowner, an energy producer 

as w e l l as a consumer, c u r r e n t l y en joys none o f these advantages. 

At t h i s p o i n t , t he r e l e v a n t ques t i on i s what k i n d o f i n c e n t i v e w i l l best achieve our 

o b j e c t i v e s ? Majer p roposa ls thus f a r have been i n two c a t e g o r i e s : tax i n c e n t i v e s 

and loan (or l oan guarantee) i n c e n t i v e s . Each has c e r t a i n advantages o f i t s own. A 

tax i n c e n t i v e , f o r example, has proved eas ie r t o dea l w i t h l e g i s l a t i v e l y and admin is -

t r a t i v e l y . I t would r e q u i r e no cumbersome bureaucracy or l a r g e a d m i n i s t r a t i v e cos t s . 

I n a s o c i e t y conscious o f t axes , i t i s easy to q u a n t i f y and t h e r e f o r e easy f o r the 

consumer t o unders tand. I t s a p p l i c a t i o n through the tax code g ives i t s users a h igh 

degree o f f l e x i b i l i t y . 

Tax i n c e n t i v e s a l so have c e r t a i n d isadvantages when compared t o l oan programs. F i r s t , 

i t i s impo r tan t t o recogn ize the major d i s t i n c t i o n between s o l a r and conven t i ona l hea t i ng 

equipment, d i f f e r e n t i n i t i a l cos t s . A c o n v e n t i o n a l hea t i ng system i s inexpens ive to 

buy and i n s t a l l , bu t s o l a r i n i t i a l cos ts are r e l a t i v e l y h i g h . The advantage of s o l a r 

l i e s i n i t s ex t remely low ongoing cos ts compared to the c o n s t a n t l y r i s i n g cos ts of 

conven t i ona l f u e l s . 

Loan i n c e n t i v e s are ab le t o d e a l w i t h t h i s h i g h f r o n t end coet problem by p r o v i d i n g 

c a p i t a l a t the t ime i t i s needed — the t ime o f i n i t i a l purchase. Th is i s p a r t i c u l a r l y 

impor tan t i f s o l a r i s t o have an appeal t o a l l ecaaortic s t r a t a . Obv ious ly someone w i t h 

an e x t r a $6000 i n h i s sav ings account would be r e l a t i v e l y l ess concerned about o b t a i n i n g 

I n c e n t i v e funds i n advance, bu t r e a l i s t i c a l l y the re are no t many o f us i n t h i s happy 

ca tego ry , and even those w i t h h i ghe r incomes are l i k e l y to f i n d i t d i f f i c u l t t o make an 

expend i tu re o f t h i s magnitude a l l a t once. C l e a r l y any e f f o r t t o encourage s o l a r among 

homeowners o f a l l income l e v e l s demands the supp l y i ng o f the i n c e n t i v e when i t i s 

needed — i n the b e g i n n i n g . 

I n c o n t r a s t , t ax i n c e n t i v e s p rov i de r e l i e f a f t e r the f a c t . One cou ld no t c l a i m the 

i n c e n t i v e u n t i l one ' s t a x r e t u r n was f i l e d . Of course, a n t i c i p a t i o n o f the t«c break 

would have some e f f e c t on one 's f i n a n c i a l p l a n n i n g , and tax c r e d i t s no doubt serve as 

an i n c e n t i v e t o l ook i n t o s o l a r . They do not a lways, however, so lve the f i n a n c i n g 

problem, nor d e a l w i t h the l i k e l y s i t u a t i o n o f homeowners or b u i l d e r s w i t h cash f l o w 

l i m i t a t i o n s who need the funds i n advance and would be r e c e p t i v e t o bo r row ing i t a t 

f avo rab le terms. 

There are a l t o o t h e r advantages t o l oan i n c e n t i v e s f rom ch* p o i n t o f v iew of government 

p o l i c y . 

1) From the p o i n t o f v iew of e q u i t a b l e tax p o l i c y , i t may no t be d e s i r a b l e to proco<:e 
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t h i s k i n d o f p rog ress t h r o u g h t h e t a x code. Tax r e f o r m e f f o r t s i n r e c e n t yea rs have 

been d i r e c t e d toward " n e u t r a l i z i n g " t h e t a x code by r e p e a l i n g t h i s k i n d o f i n c e n t i v e , 

on t h e assumpt ion t h a t i n c e n t i v e p o l i c i e s are b e t t e r c a r r i e d o u t t h rough d i r e c t p rograms. 

2) A t a x i n c e n t i v e program i s i n e v i t a b l y a more c i r c u i t o u s approach t h a n a l o a n p r o -

gram. I n g e n e r a l , i t i s e a s i e r t o c o n t r o l and i f necessary l i m i t a d i r e c t p rogram. 

I n t h e case o f a t a x c r e d i t , the government wou ld n o t know t h a t s o l a r equipment had been 

purchased u n t i l some t ime a f t e r i t s i n s t a l l a t i o n . No t a x program c o u l d c o n t a i n t h e 

k i n d o f advance p r o t e c t i o n s a g a i n s t the purchase o f i nadequa te o r f r a u d u l e n t equipment 

t h a t a l o a n program cou ld i n s t i t u t e , because a t a x program i s e s s e n t i a l l y s e l f - p o l i c i n g . 

The f r a c t i o n o f cases a u d i t e d wou ld be examined by IRS agents who a re n o t n e c e s s a r i l y 

s k i l l e d i n j u d g i n g t h e e l i g i b i l i t y o f s o l a r h e a t i n g equ ipment . I n a s i t u a t i o n l i k e 

t h i s , p r e - c e r t i f i c a t i o n i s c l e a r l y more r i g o r o u s than p o s t - c e r t i f i c a t i o n . 

3) T h i r d , a l o a n program w i l l i n t h e l ong r u n c o s t the f e d e r a l government l e s s money 

i f o n l y because a t a x c r e d i t i s e s s e n t i a l l y a g i f t w h i l e l oans w i l l be r e p a i d . G iven 

our c u r r e n t budge ta ry s i t u a t i o n , c o s t f a c t o r s must be an i m p o r t a n t p a r t o f our c o n s i d -

e r a t i o n . The c o s t o f a l o a n program i s v a r i a b l e depending upon the amounts i n v o l v e d , 

o f c o u r s e , b u t a l s o depending on t h e i n t e r e s t r a t e charged and t h e repayment p e r i o d s 

a u t h o r i z e d . As I w i l l d i s c u s s s h o r t l y , my own b i l l s a u t h o r i z e an i n t e r e s t r a t e t h a t 

wou ld n o t p r o v i d e an i n t e r e s t s u b s i d y . 

L i s t i n g t h e advantages and d i sadvan tages o f b o t h l o a n i n c e n t i v e s and t a x i n c e n t i v e s i s 

r e a l l y t o argue t h a t t hey b o t h a re a p p r o p r i a t e p o l i c y t o o l s . The House has a l r e a d y 

passed, as p a r t o f H.R.6860, a 25 p e r c e n t s o l a r t a x c r e d i t , sponsored , I m i g h t add, by 

a member o f t h i s subcommi t tee , Mr . W y l i e . C o i n c i d e n t a l l y , the l o a n program i n H.R.3849 

wou ld complement t h e 25 pe rcen t t a x c r e d i t p r e f e c t l y by p r o v i d i n g loans f o r 75 p e r c e n t 

o f t he c o s t . Taken t o g e t h e r , these two i n c e n t i v e s wou ld p e r m i t an i n d i v i d u a l t o f i n a n c e 

t h r e e - f o u r t h s o f h i s cos t s w i t h a l o a n and t h e n e s s e n t i a l l y be re imbursed t h r o u g h t h e 

t a x c r e d i t f o r t h e o n e - f o u r t h down payment he made. 

My purpose he re today i s t o argue f o r a l o a n i n c e n t i v e approach , as I have i n d i c a t e d , 

b u t a t t h e same t ime I t h i n k we have t o s u p p o r t a b road package o f i n c e n t i v e s t o a c c e l -

e r a t e t he pace o f s o l a r deve lopment . A t a x c r e d i t w i l l be t he most a p p r o p r i a t e i n c e n -

t i v e f o r some, a d i r e c t l o a n f o r o t h e r s , a l o a n guaran tee f o r s t i l l o t h e r s . A l l t hese 

approaches have t h e i r p l a c e . 

I I I . H.R. 3849, H.R. 8524. 

I n t u r n i n g t o our s p e c i f i c l o a n i n c e n t i v e p r o p o s a l s , l e t me make c l e a r t h a t I am n o t 

wedded t o t h e p r e c i s e d e t a i l s o f t he b i l l s t h a t a re a s u b j e c t o f t h i s h e a r i n g . The two 

b i l l s , however , do r a i s e some b a s i c q u e s t i o n s about l o a n i n c e n t i v e s t h a t need t o be 
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discussed. I n b r i e f , bo th b i l l s p rov ide f o r a d i r e c t loan program t o homeowners 

and home b u i l d e r s f o r the purchase and i n s t a l l a t i o n of so la r hea t ing and c o o l i n g 

equipment. The b i l l s impose c e r t a i n l i m i t s on the amount which can be borrowed, the 

i n t e r e s t r a t e , and the a m o r t i z a t i o n r a t e . Only s o l a r equipment t es ted and eva luated 

by ERDA would be e l i g i b l e f o r purchase w i t h loan funds. Some s p e c i f i c observa t ions 

f o l l o w . 

1) I n t e r e s t Rate. Since our proposals are designed to p rov ide i n c e n t i v e s e f f e c t i v e l y 

reduc ing the cost o f s o l a r equipment, the i n t e r e s t app l i ed to the loans i s an impor tant 

f a c t o r . I n bo th b i l l s we have proposed a formula r a t e l i n k e d t o the monthly average 

r a t e on t r easu ry bonds. Th is "cos t o f money" approach, p lus the one-ha l f o f one 

percent f o r a d m i n i s t r a t i v e costs i s designed to p rov ide a r a t e lower than e x i s t i n g 

market ra tes w i t h o u t a t the same t ime c r e a t i n g a s u b s t a n t i a l cost t o the government 

Obviously a b e t t e r i n c e n t i v e would be a subsidy r a t e of th ree or f ou r pe rcen t , bu t 

t h a t would s i g n i f i c a n t l y increase government cos ts . 

Furthermore, I am not complete ly sure t h a t a subsidy r a t e would be necessary, though 

i t c l e a r l y would be d e s i r a b l e , o ther f a c t o r s not i n t e r v e n i n g . I suspect t h a t one o f 

the major obs tac les to the expansion of s o l a r a t t h i s t ime i s the l ack o f a v a i l a b l e 

f i n a n c i n g a t any normal r a t e , due t o the re luc tance o f l end ing i n s t i t u t i o n s to p a r t i c -

i p a t e i n the f i n a n c i n g of what i s perce ived as a h igher r i s k system. Thus the b igges t 

a t t r a c t i o n of a loan program would be the sheer a v a i l a b i l i t y of funds r a t h e r than the 

ex is tence of a subsidy r a t e . 

2) Amor t i za t i on . One issue which has engendered some cont roversy i s the a m o r t i z a t i o n 

schedule. The b i l l s p r e s e n t l y p rov ide f o r an e i g h t year payo f f p l a n f o r homeowners and 

a f i f t e e n year payo f f f o r b u i l d e r s of m u l t i - f a m i l y s t r u c t u r e s , w i t h the p rov i so i n the 

l a t t e r case t h a t the loan i s due i f the e n t i r e p rope r t y i s s o l d . Our l o g i c i n choosing 

t h i s more r a p i d r a t e was t ha t the prospect o f a t ime i n the f u t u r e when the homeowner 

would have on ly min imal hea t ing payments — when the loan i s pa id o f f — would be an 

a t t r a c t i v e i n c e n t i v e . Given the m o b i l i t y o f the p o p u l a t i o n , we f e l t t h a t e i g h t years 

was a s u i t a b l e f i g u r e . 

I t has, however, been suggested by a number of those who have examined the b i l l s t h a t 

lengthen ing the a m o r t i z a t i o n pe r i od to 20 years or t y i n g i t t o the homeowner's mortgage 

payments would be a b e t t e r i n c e n t i v e . (Of course, i n the case o f b u i l d e r s the p r i c e of 

the equipment would be subsumed i n t o the purchase p r i c e o f the home, thus e f f e c t i v e l y 

t y i n g i t t o the homeowner's mortgage.) I n the case of r e t r o f i t s , a longer a m o r t i z a t i o n 

pe r iod would r e s u l t i n s u b s t a n t i a l l y lower payments. Tying the loan to the mortgage i i 
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a "neater" approach, one Which lowers the monthly payments and t ies the loan to 

established financial channels, an Important factor i f we are to encourage the private 

sector to move more fu l ly into financing solar equipment. Comparisons of the annual 

loan payment with the fuel savings Involved also ref lect the advantages of the longer 

amortization period. Assuming a maximum $6000 loan and equipment which cost $8000 

(meaning a $2000 down payment), the larger payments required by an eight year amor-

t izat ion schedule would prevent a homeowner from real ly being ahead on energy savings 

un t i l the eighth year, at which point the annual savings would begin to be very sub-

stant ia l , the loan having been paid o f f . A twenty year amortization, on the other 

hand, would permit the homeowner to move ahead on savings as early as the f i f t h year. 

The annual savings would not be as great, since the loan payments continue, but the 

immediate payoff is quicker. 

Recognizing these advantages, I am prepared to support language changing the b i l l s to 

provide for a longer amortization schedule. The most preferable approach Is clearly 

the longer rate Integrated with the existing mortgage. Integration of a federal loan 

into an existing mortgage or a builder's construction loan, of course, presents complex 

administrative problems that are not dealt with In these b i l l s . Suffice i t to say that 

is the ideal approach, though not necessarily the most feasible. 

3) Solar Equipment Standards. The two b i l l s contain significant protections against the 

purchase of improper equipment. Money obtained from the loans may be used only for the 

purchase of "qualified" equipment. Hardware is cer t i f ied as qualif ied by HUD af ter 

testing and evaluation by ERDA. In our view this two-agency process Is necessary because 

ERDA is uniquely qualif ied to perform testing and evaluation, while HUD w i l l rea l ly be 

setting the appropriate standards and, as the originator of the loans, should retain 

f ina l authority on what the funds can be used for . 

Though peffcaps somewhat outside this committee's purview, we must recognize that main-

tenance of standards is a v i t a l part of the b i l l s , given the substantial amounts of money 

involved. The b i l l s specify that an acceptable system for loan purposes Is one which meets 

40 percent of heating needs and/or substantially a l l of domestic hot water needs. Some 

systems o* the market eannet meet that standard, or cannot meet i t in a l l parts of the 

country. Our purpose in setting t ight standards was to protect against phony claims 

and equipment, but also to move the program out of the "new toy" category and insure that 

any equipment purchased w i l l make a substantial contribution to energy conservation. 

IV. Conclusion 

Let me conclude by returning to the three points I made In the beginning. F i rs t , i f we 
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are to achieve meaningful energy savings In residential heating and cooling, then 

conversion to non-fossil fuel energy sources Is essential. Second, the obvious 

choice I n that case Is solar energy. The technology exists; solar houses exist and 

have baan functioning for years. Solar Is already cost competitive with electr ic 

heat on a l i f e cycle basis in most parts of the country, and changing fuel prices 

make i t only a matter of time before I t w i l l match o i l and gas nationwide as wel l . 

Third, this process of conversion is an inevitable one, given the increasingly favor-

able economics and the growing awareness of the limitations of fossi l fuels. The 

energy cr is is has made I t the policy of this government to accelerate the process of 

convention to solar and other energy alternatives as part of our conservation 

effprt* The relevant question for this committee is how best to assist that accel-

eration, specif ical ly , what incentives would be most appropriate and most effecltve? 

While X believe i n and am committed to a direct loan program, I hope the effect of 

my testimony and that of those who follow me w i l l be to stimulate the meabers of 

this comM-ttee to undertake a thorough study of the incentives question, which w i l l 

lead tQ the rapid development of meaningful incentives legislat ion. 
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M r . MOORHEAD. Thank you, M r . Gude, fo r an excellent statement, 
very thorough and wel l thought out. Let me say I agree w i th you that 
conversion is inevitable. I agree w i th you that we should do a l l we can 
to accelerate i t . A n d I also agree w i t h you that the question is how 
to do that. 

M r . St Germain, do you have any questions ? 
Mr . S T G E R M A I N . M r . Chairman, I would just compliment our 

colleague on a very, very detailed statement. Obviously a great deal of 
work and t ime has been put into this, and f rank ly , to the extent that 
I would not presume to ask any questions at this point. 

M r . G U D E . Thank you. 
M r . MOORHEAD. M r . Wy l ie ? 
M r . W Y L I E . Thank you, M r . Chairman. 
I , too, want to compliment you, Mr . Gude, fo r the excellent state-

ment you have given and the considerable amount of work that you 
have obviously put into this bi l l . A n d I do agree that solar heating 
and cooling incentives are necessary to our overall energy structure. 
There is no question about that, and we have discussed my tax credit 
proposal previously. Thank you for your support. 

There was a fel low who was Secretary of Defense one t ime who 
established a policy of fly before you buy. A n d that is the whole theory 
behind my so-called tax credit proposal. I n other words, a uni t should 
be i n place and an ascertainment made as to whether i t does work, 
whether i t w i l l convert solar energy into heating and cooling systems. 
I fo r one th ink this is a better approach. 

Do you not th ink there is something to recommend that approach ? 
That the end product ought to be examined to see i f i t does work, since 
we are really i n a premature state of the art as I see i t . 

M r . G U D E . I th ink either w i t h a tax incentive or loan program, we 
are i n a position to cert i fy the good units and to reject bad units that 
w i l l come onto the market. There is no doubt about i t , that the solar 
heating and cooling industry is going to attract a few fly-by-nights, 
along w i t h the reliable manufacturers and researchers. Bu t I th ink 
i t can really work w i t h both the tax incentive and a loan program. 

A n d I recall that I supported your measure. I believe this is one 
way. W i t h some builders and some people, this is an option. Bu t I 
th ink there is a need fo r a loan program, too. Whether you would 
want to make them exclusive of each other, so that a person could not 
take advantage of both, that would be a good question. 

M r . W Y L I E . Y O U d id support my tax credit measure, and I appreci-
ate that. I t is l ikely that I w i l l support your b i l l . Bu t I want to get into 
a couple of other questions. 

F i rs t , I th ink my proposal recommends f rom the standpoint of 
s impl ic i ty and the fact that i t does have a direct impact on the affected 
ind iv idual or group. Hav ing said that, I go to your language on page 2 
of your b i l l , which says that "the loan w i l l be made available to 
individuals and families owning and occupying one- to four - fami ly 
residential structures and to persons engaged i n bu i ld ing residential 
structures of any k ind. " 

Now, does that refer to the builder generally ? 
M r . G U D E . Yes. That refers to the bui lder generally. A n d I t h ink 

the economics of solar heating show that the greatest benefit and 
value w i l l come in mu l t i fami ly unite. 
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Mr . WYLIE. Wel l , let us assume for a minute that a builder obtains 
a construction loan for the construction of, say, 200 units. He decides 
that 50 of them w i l l be equipped w i th solar energy equipment. Now, 
does he have to have two determinations made as to whether the houses 
equipped w i th solar energy equipment w i l l qual i fy as fa r as a loan 
in your b i l l is concerned? How is the determination to be made as 
to the payoff amount on the whole project ? 

Mr . GUDE. Wel l , the way this legislation is presently constructed, i f 
he sells the units after construction, then he would have to pay the 
loan off. A n d this would be separate and apart f rom the other financ-
ing of the project. I t would be a separate determination of his eligi-
b i l i t y for a loan for the solar heating aspect of the units. 

Mr . WYLIE. That is the point, i t would be a separate determination ? 
M r . GUDE. Y e s . 
Mr . WYLIE. I n other words, what I am saying is the contractor goes 

into a bank or to a mortgage lender and makes application for a con-
struction loan on a project of, say, 200 units. Now, he wants to equip 
50 of those w i t h solar energy units. I s a separate loan determination 
to be made by tfye prospective lender? Does the builder have to go to 
H U D and get that approval first ? 

A n d then what about the payoff ? 
Mr . GUDE. Under my bi l l , he would have to go to H U D for one of 

these solar loans. They would have to cert i fy as to the technology. 
Mr . WYLIE. I f a builder pays off his loan at the t ime he sells a house, 

what good is this loan incentive to him? I t would be only for a short 
period of time. 

Mr . GUDE. Wel l , this incentive, I th ink, is going to give the tech-
nology the stamp of approval. The buyers of the units would be 
attracted by the fact that their u t i l i t y costs over the years are going to 
be sharply reduced. A n d again, i t gets to the matter of a market ing 
problem. I feel that such a program makes the market ing of his units 
a much more attractive job. 

Mr . WYLIE. Bu t the builder would pay back a solar energy loan to 
H U D , wouldn't he? Your b i l l calls for a direct loan program, as I 
understand i t , and the loan would come f rom H U D for the solar 
energy houses. 

Mr . GUDE. That is r ight . 
Mr . WYLIE. Wou ld he pay H U D back when he sells a house, when 

a house is completed or when the total subdivision is completed ? 
Mr . GUDE. A t the t ime of the sale of the uni t , he would have to 

pay H U D back. A t that t ime he would have to pay off that part of 
the loan or loans which went to the solar heating unit. 

M r . WYLIE. I th ink this is something we w i l l need to consider as 
to the mechanics of i t . Are there to be two separate loans; a separate 
loan arrangement w i th H U D for a loan on a solar energy house and 
a separate loan arrangement for construction of the whole subdivi-
sion? I have just been given a note that my t ime has expired. 

Thank you. 
Mr . S T G E R M A I N [presiding]. Thank you, Mr . Wyl ie. 
Mrs. Boggs? 
Mrs. BOGGS. Thank you, Mr . Gude, for your excellent testimony 

and I was so pleased to see that you feel that we do need to develop 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



40 

the consumer market. That is what needs to be done at this point. 
I also appreciate your detailed account of both approaches, the loan 
approach and the tax incentive approach. 

I am to ld that the average turnover of a house, back i n the 1960's, 
was about 8 years, and that now the new statistics reveal that the 
average turnover is 5y2 years nationwide. I would deduce, then, that 
the loan approach on the mortage credit might be the better course 
for the people who do move often, even though they would not enjoy 
the advantages of a lower rate, part icular ly fo r their energy bil ls. 

I do thank you very much and this should be very valuable in for -
mation to a l l of us. 

M r . GUDE. T h a n k you. 
M r . ST GERMAIN. M r s . S p e l l m a n ? 
Mrs. SPELLMAN. I too, M r . Gude, want to thank you for what is 

excellent testimony. I am in f u l l agreement w i th what you say. I 
th ink that this Nat ion has got to find some alternatives to fossil fuels 
and that we need to be moving very fast. I know in our own State, 
the F E A has just recently announced that some of our industries 
may have to shut down this winter because of a shortage of natura l 
gas. 

A n d I am sure Mary land is not the only State that is going to be 
affected that way. So we really have to have to seek and seek very 
quickly alternative methods of prov id ing energy. 

I n Prince Georges County, I guess the greatest pioneer i n the field 
of research on solar energy, Dr . H a r r y Thomason, has been heating 
his homes w i th solar energy for a long, long time. I can remember 
r i d ing down the road and people would th ink that his house was 
sort of an oddity at the time. Now as I recall, he has heated his home 
for about 10 years p r imar i l y w i t h solar energy fo r a f u l l winter 
fo r $4.65. That was fo r 31 gallons of o i l in those days. 

Wel l , of course, that o i l would cost more today. Bu t that is certainly 
quite different f rom the costs of a l l electric homes that are being heated. 
M y daughter i n Columbia has an all-electric home and the cost has 
doubled i n the few years she has been there to the point where their 
electric b i l l equals their mortgage payment, which was too large in 
the first place. 

So I th ink what you are proposing is something that we really 
ought to be moving on and moving on yery quickly. I just have a 
couple of questions. I agree w i t h you that we ought to have various 
kinds of incentives. HOWt would you view the feasibi l i ty of the loan 
guarantee versus the loan approach ? 

Mr . GUDE. The loan guarantee wTould leave the question of avail-
abi l i ty of money up to the banker, whereas the direct loan approach, I 
th ink , puts the government more squarely behind the program and is 
going to guarantee more money f lowing into this program, i n that a 
bui lder who thinks this is attractive and something that is very salable 
and interesting to the home buyer, can have the cash flow. He can get 
this money available quickly at the t ime he is bui lding. 

A n d then at the sale of his house—why, he does have to repay 
H U D — b u t i t gives h im l iqu id i ty and abi i i ty to move and take ad-
vantage of developing a market. So I th ink the direct loan is good and 
I might add that, of course, this legislation does not say that this 
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direct loan program w i l l go on forever. I t terminates i n 10 years, 
and so we are not underwr i t ing forever a direct loan program. 

Bu t we do have a crisis. Just because the OPEC nations have been 
quiet lately does not mean that i n a week or so we are not going to be 
r igh t back into the soup. A n d I th ink we have really got to put i t on 
the line. That is why I th ink the direct loan program is best. Cer-
ta in ly the guaranteed loan program is rueful also, but not as good in 
my opinion. 

Mrs. S P E L L M A N . Y O U are r ight . Unless we can find ways of tak ing 
care of our own energy needs, we are not going to be able to control 
our own destinies and this is, I th ink, one of the most important 
things that this Nat ion can be and should be work ing on. 

I am personally fami l ia r w i t h those homes there i n Prince Georges 
County. Has the ar t of using solar energy gone beyond the experi-
mental stage i n your estimation? 

Mr . GUDE. I n some sections of the county i t is more advanced than 
others. There are several wel l engineered homes i n my own district. 
Everett Jones, one of our former park and planning commissioners 
has bu i l t one i n Damascus. There is a very good example of a solar 
heated home in Mt . A i r y . And , of course, you mentioned H a r r y 
Thomason's excellent installation i n your own distr ict. 

Mrs. SPELLMAN. I thank you very much. This is something I hope 
we w i l l be moving on quickly. A n d you have done a great job of th ink-
ing i t through. 

M r . GUDE. T h a n k you. 
Mr . MOORHEAD [presiding]. M r . Rousselot? 
Mr . ROUSSELOT. Thank you, Mr . Chairman. 
We appreciate very much your coming here and tak ing the t ime 

and also pu t t ing as much thought as you obviously have into your 
testimony, which I th ink w i l l be very, very helpfu l to us as we con-
sider ways that this subcommittee might take some appropriate ac-
t ion to accelerate the use of solar energy i n either ind iv idual or mult i -
fami ly homes. 

A n d so we are very, very grateful for your tak ing the t ime to give 
i t the obviously thorough study that you did. 

Now, as a practical matter, most people are used to buy ing homes 
and paying off through a mortgage equipment, heating and cooling 
equipment that might be included. A n d F H A is in the process of de-
veloping a way that such equipment can be put i n their mortgage. We 
are informed that the F H A min imum standards for the use of solar 
energy w i l l not be completed un t i l May, and I am sorry to hear that 
i t is tak ing that long. Bu t i t is progressing, and presently you can get 
solar energy included in an F H A mortgage w i th F H A central 
approval. 

So, this is now a reality. Now, is i t not true, because most American 
people who buy either new or existing homes are used to including 
this type of equipment—heating and cooling—in their mortgage, and 
maybe this is the way to do i t , rather than a direct loan program which 
would be a second loan that they would really have to pay off. 

W h y not include i t in the mortgage ? 
Mr . GUDE. Wel l , the direct loan program, as I see i t , would be an 

incentive to the builder. As I said, i t gives h im the l iqu id i ty to add 
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this to the one or more units that he is bui lding. I t gives h im the cash 
to do this and then i n the sale of the house, the homeowner i n effect 
folds this into his mortgage. 

M r . ROUSSELOT. Wel l , we have to be concerned about not just the 
incentive to the builder—and I realize that has to be present, although 
those incentives are beginning to appear because manufacturers of 
systems are beginning to appear generated—that we also have to be 
concerned on this subcommittee w i th the ult imate consumer, the buyer 
of either the ind iv idual home or the person who wants to include i t 
i n an existing home, or the person who may become an owner or a 
tenant i n mu l t i fami ly housing. 

Now I am sure you are aware that there are projects now under-
way—in Cal i forn ia we have one i n a jo in t venture w i th the Jet Pro-
pulsion Laboratory in Orange County, which also involves the Cali-
forn ia Inst i tute of Technology, the National Science Foundation, 
F E A , and E R D A . A solar heating system has been installed at T im-
bers Apartments located i n E l Toro, Cal i fornia. I t has been i n opera-
t ion for 9 months and is operated in conjunction w i t h Southern 
Cal i forn ia Gas Company. A n d they have proven that they can save 
up to 40 percent by the use of the solar system that is par t of the com-
plex. Another project involv ing the same participants i n a new, rather 
than i n an existing apartment project is under construction i n Upland, 
Cal i fornia, and is scheduled to be completed next year. 

Now my question is would we not really be better off to t r y to f ind 
the ways to fo ld i t in, as you say, to the mortgage system because that 
is the way consumers in this country are used to buy ing housing ? 

Mr . GUDE. Wel l , as I said, I th ink this legislation specifically ap-
proaches the problem of the builder in being able to get the necessary 
funds and the l iqu id i ty to move ahead. A n d then i t seems to me i t is 
folded into the mortgage at the t ime of the sale. 

M r . ROUSSELOT. Bu t i f the builder knows that he can pass on the cost 
to the consumer through the mortgage, and assuming he does, I t h ink 
he may only need tax incentives. The th ing that really basically moves 
a bui lder is the tax incentive to bui ld i t and to include i t i n the fac i l i ty . 
A n d would we not really be better to concentrate on the tax incentive 
fo r the builder and the lending capacity through the mortgage fo r the 
equipment, just as we do presently w i t h systems for air-condit ioning 
and heating? 

Wou ld that not be the best way to go ? 
M r . GUDE. Fo r some people, yes. I th ink fo r some builders this would 

be an attractive incentive. I th ink the tax incentive is he lp fu l to some, 
but not to all. 

M r . ROUSSELOT. Y O U and I know builders well. We have them i n our 
own areas. 

M r . GUDE. There are al l kinds. 
Mr . ROUSSELOT. Yes; there are. And, of course, that is one reason 

F H A makes an attempt to have standards to weed out those who would 
misuse the system. Bu t is i t not really, i f the tax incentive is present to 
the builder, is that not really going to motivate h im more to uti l ize 
existing or developing systems of solar energy ? 

Mr . GUDE. Yes; i t is going to help. A n d that is why I supported i t . 
Bu t I th ink i t is a question of degree. I th ink there are some that would 
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be very attracted to this program. And, of course, in addition the 
or iginal homeowner can get a loan through this program to retrofit 
his house, which I am sure is something some w i l l do. 

Mr . ROUSSELOT. Y O U are really saying you th ink we need the com-
bination of a direct loan program to the builder as well as the tax 
incentive. 

Mr. GUDE. Yes. Or, as I said, I th ink i f not the direct loan—I know 
that some people have problems w i th a direct loan program—a guar-
anteed loan program. 

Mr . ROUSSELOT. Well , especially on the basis that the shape of our 
U.S. Treasury is in these days, where that money is going to come 
from, even—and I appreciate your legislation providing that i t shall 
be at least, I th ink, one-half percent above the going market rate, where 
today Treasury bil ls are anywhere f rom about 7.4 percent. So, i t would 
be up around 8 percent. I appreciate your bui ld ing in that 
consideration. 

Mr . GUDE. A n d also as I said, you stimulate something very impor-
tant, bui ld ing more consumer attractiveness into this program. But at 
the end of 10 years the program would be terminated. 

Mr . ROUSSELOT. Mr . Chairman, I ask unanimous consent that my 
colleague's comment on some of the things that were in the Wash-
ington Post article on Sunday, November 2,1975, relating to the solar 
system h i t by a storm, relating to the concern about the people in the 
field selling systems that are clearly misrepresented, because I th ink 
that that is part of the problem we face as to how we can prevent 
ut i l ization of any Government guarantees or moneys for systems 
which may not be effective. 

Mr . MOORHEAD. Y O U want h im to comment for the record, after 
having opportunity to read this? 

Mr . GUDE. I would be happy to. That is a problem, regardless of 
whether you use tax incentive, guaranteed loan, or direct loan. That 
is a problem and our people really have to be on top of i t , so we do 
not have too many people that are bilked in the course of this. 

[The article referred to by Congressman Gude entitled "Solar Sys-
tem H i t by Storm" f rom the Washington Post, dated November 2, 
1975 and Mr . Gude's comments fo l low: ] 

[From the Washington Post, Nov. 2, 1975] 

SOLAR S Y S T E M H I T B Y STORM 

CRITICS CHARGE ISC OVERSTATES PERFORMANCE C L A I M S 

( B y Nancy L . Ross) 

I n t o every solar heat ing salesman's l i f e a l i t t l e r a i n must fa l l , or so i t is 
said. Of late, a f e w umbrel las have already been raised against an expected 
federa l c loudburst . 

A n off ic ial s torm s ignal was pu t up last week by V i r g i n i a Knauer 's Office of 
Consumer Af fa i rs . I t announced i t had tu rned over to the proper federal legal 
author i t ies f o r invest igat ion and possible prosecution a number of allegedly 
exaggerated c la ims deal ing w i t h the ant ic ipated per formance of solar heat ing 
systems. 

A t the same t ime, Joe Dawson of the Knauer office, is pu t t i ng the final touches 
on a consumer's guide to solar heat ing designed to a ler t the unwary , un t ra ined 
publ ic to the dangers presented by fastbuck operators i n the field. Government 
agencies are readying technological standards fo r solar systems and the dis-
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turbed industry 's trade group, the Solar Energy Industr ies Association, is draf t -
ing a code of ethics. 

According to rel iable sources, these actions are aimed at one company in par-
t icular , In ternat iona l Solarthermics Corporation ( ISC) of Nederland, Colo., 
and i ts licensees and distr ibutors who operate nat ionwide under di f ferent names. 
Some of the trade names are Sungazer, Sun Glow, Energy King, et cetera. 

ISC advertises i ts system, bu i l t around an A-f rame backyard solar furnace the 
size of a bathroom floor, can reduce annual heating bi l ls up to 90 per cent i n 
areas l ike Cal i fornia. ISC says i t can provide 72 per cent of the heat require-
ments of a 1,000 square foot home (58 per cent of a 1,500 square foot house) 
i n the Washington area through i ts solar collector, wh ich comes i n three sizes: 
96, 128 and 160 square feet. The system costs between $4,500 and $6,000, al-
though a Bowie, Md., franchise claims he can sell i t for as l i t t l e as $3,500. 

ISO's claims do not j ibe w i t h current ly accepted solar technology, a fact tha t 
has made i t the center of a growing controversy among scientists and com-
petitors. ISO's chief, John H . Keyes, a philosophy major turned solar inventor, 
asserts he is the v ic t im of a conspiracy. I n a recent in terv iew w i t h the Na-
t iona l Observer, he alleged his files had been r i f led a la Ellsberg's psychiatr ist . 

According to experts at the Nat ional Bureau of Standards, the Energy Re-
search and Development Admin is t ra t ion and in industry, the rule of thumb i n 
determining the size of a solar heat collector—the honeycomb ar ray of cups 
tha t captures the sun's rays—is one square foot per 2.5 square feet of house 
surface i n th is area. Thus a 2,000 square foot house would require an 800 square 
foot collector to provide 70 per cent of the space heat required i n this cl imate. 

The average price per square foot of collector fo r an "act ive" system ( w i t h 
pumps) ranges between $10 and $20. Cheaper prices may be quoted for a "pas-
sive" system or fo r parts w i thout insta l lat ion charges. 

Here, too, experts say a h igh efficiency range—or the amount of the avai l-
able solar radiat ion caught by the collector and put to use—is generally impos-
sible to achieve. On sunny days the average runs about 55-60 percent; on 
cloudy days, 35-40 per cent. 

According to Henry Anderson of Appl ied Solar Technology, a company wh ich 
assesses homes' solar heating prospects but does not sell equipment, the average 
house i n Washington needs 75 mi l l ion BTUs of energy per year at a cost of 
about $9 per mi l l ion ( for e lectr ic i ty) , or $657 annually. A 400 square foot 
collector system w i t h 50 per cent efficiency would supply something over 30 
mi l l i on BTUs annual ly and save about $300 a year, or 40-50 per cent of one's 
fue l bi l l . 

(Figures vary according to the design of the house, the t i l t of the collector 
and many other factors. Also neither the amount of energy nor the efficiency 
rate increases i n direct proport ion to the size of the collector, so accurate com-
parisons are impossible for the amateur to figure.) 

Reducing the equation to i ts simplest terms, Anderson calculates the average 
house would require a 400-500 square foot collector a t $20 a square foot to 
supply 50 per cent of a home's needed energy. A t th is rate the investment would 
be paid off i n 12 to 15 years, assuming 7 per cent inf lat ion, but excepting fi-
nance charges on a loan to pay the i n i t i a l costs. 

Dawson's guide, " H o w to Buy Solar," discusses many of these measurements 
i n easy-to-understand terms. I t also raises and attempts to answer, legal, tax, 
insurance and other questions the prospective buyer faces. The book does not 
mention ISC by name, but i t has a section on insulat ion which should offer a 
clue to those curious to know how Keyes' 60 square foot collector costing $6,000 
can supposedly do the work of a 500 square foot one costing $10,000. 

Keyes' model home has 18 inches of glass fiber insulat ion i n the ceiling, 3.5 
inches i n the outer walls, double paned small windows, 1.5 inch th ick wood doors 
w i t h storm doors plus good weather st r ipping and caulking. 

Few exist ing houses have more than four to six inches of at t ic insulat ion and 
two to three inches i n the walls. Solar experts say i t would probably be physi-
cal ly impossible and economically ruinous to put in to an exist ing house the amount 
of insulat ion ISC requires. And bui ld ing a new house designed around such a 
solar system would also be expensive i f i t works. ISC has not made test data 
public and consumer experience w i t h the system is lacking. 
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Accord ing to the Na t iona l Observer, ISC licensees pay $75,000 to produce the 
system Keyes designed, plus a roya l ty on each un i t . Manufac turers sell f ran-
chises to d is t r ibutors and dealers f o r between $5,000 and $10,000 each. Some 
licensees have invested as much as $300,000. 

As Keyes to ld Pau l C. Hood of the Observer, "Th i s is not a fast-buck opera-
t ion . . . I t ' s not the k i n d of t h ing you can get in, get your money out, and leave 
f o r R io . " 

C O M M E N T S B Y H O N . G I L B E R T G U D E O N A R T I C L E I N T H E N O V E M B E R 2 , 1 9 7 5 , W A S H -
I N G T O N P O S T E N T I T L E D " S O L A R S Y S T E M H I T B Y S T O R M " 

I n regard to the contents of the art ic le, I wou ld make the fo l low ing 
observations. 

(1) I n reference to complaints about solar equipment, the ar t ic le mentions 
only one company, In te rna t iona l Solarthermics Corporat ion ( I S C ) . ISC uses a 
backyard A- f rame solar furnace contain ing rock fo r heat storage. Th is approach 
is considerably d i f ferent f r o m the rooftop collector-hot water storage systems 
wh ich are more widespread, and any al legations concerning the one cannot auto-
mat ica l ly be extended to the others. 

Second, the al legations i n question cover exaggerated claims not met by the 
technology, ra ther than the basic nature of the technology i tsel f . I n other words, 
i f the charges are correct, the equipment wo rks ; i t j us t does not wo rk as we l l as 
is claimed. This, of course, is not an excuse, since sales w i l l be made on the 
basis of claims, and exaggerated claims threaten to jeopardize the ent i re indus-
t r y by destroying i ts cred ib i l i ty . Since the complaints i n question, however, refer 
p r ima r i l y to marke t ing and expectations, I don't believe the basic effectiveness of 
the solar heat ing idea is questioned, though we must a l l cont inue to guard 
against unreal is t ic predict ions of wha t solar can do. 

(2) Complaints against manufacturers exist i n every indust ry , and wh i le we 
must do everyth ing we can to get phony equipment off the marketplace, i t does 
not automat ica l ly fo l low f r o m the presence of complaints t ha t the ent i re indust ry 
is crooked. I wou ld f u r t he r po in t out tha t both H.R. 3849 and H.R. 8524, the 
subjects of th is hearing, contain s t r ic t protections against unqual i f ied equipment 
being purchased w i t h loan funds. Equipment wou ld have to be evaluated by 
E R D A and cert i f ied by H U D as meeting i ts performance c r i te r ia before i t could 
be purchased w i t h loan funds. Th is guarantees the marke t ing of qua l i ty solar 
products th rough a federal incentives program, and I believe strongly we have 
to have protect ions of th is k i n d connected w i t h any k i n d of incent ive—loan pro-
grams or tax credits. 

(3) A t the same t ime, however, I t h i nk we also should guard against s t i f l ing 
innovat ion. Th is is, i n many respects, an i n fan t indus t ry wh ich s t i l l has room 
fo r f u r t he r technological breakthroughs i n some areas, a l though the basic 
concepts are we l l established. W h i l e we must protect the publ ic against solar 
equipment wh ich does not work or does not meet advert ised claims, we must not 
be so hasty as to pounce on anyone w i t h a new or d i f ferent idea. Room for inno-
va t ion remains, and i t should be nur tured, leading to the conclusion tha t the most 
appropr iate k i n d of federal standards are those i n the area of performance cri-
ter ia and adver t is ing claims. 

(4) W i t h o u t question, improved insu la t ion is an impor tan t pa r t of energy 
conservation and can contr ibute a great deal to proper ly func t ion ing solar equip-
ment. Where claims about solar heat ing are derived f r o m data on heavi ly in-
sulated homes, those claims should so indicate. Solar manufacturers, however, 
can do the cause of energy conservation a great service by stressing the impor-
tance of insu la t ion both i n solar homes and conventional homes. 

Mr . ROUSSELOT. Mrs. Knauer says she is producing a booklet to 
protect the unwary, but I have not seen i t . 

Mr . GUDE. I have met one developer who has a magic formula, which 
he keeps saying he is going to have patented, and you put this in a 
solar heating uni t , and you just have a l i t t le t iny uni t i n your roof, 
and you can heat the whole house w i th no trouble at all. A n d we have 
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not quite gotten to the bottom of these magical properties of this 
material. But some people are going to buy it before they are sure 
it really works. I will be glad to comment. 

Mr. ROUSSELOT. Thank you. 
Mr. MOORHEAD . Thank you very much, Mr. Gude. 
The subcommittee would now like to hear from our distinguished 

colleague from New York, Hon. Richard L. Ottinger, who has also 
been very active in this field, and in the field of the environment. 

STATEMENT OF HON. RICHARD L. OTTMGER, A REPRESENTATIVE 
IK CONGRESS FROM THS STATE OF NEW YORK 

Mr. OTTINGER . Thank you very much, Mr. Chairman. 
And I would also like to express my appreciation to the Chairman 

of the subcommittee for being nere today to help with this legislation. 
We are also jointly involved in other legislation to promote solar 
energy to be used on Federal buildings, where the Federal Govern^ 
ment could create a market for solar equipment that I think is com-
patible with this. 

As I will state in my formal statement, I am a member of the Science 
and Technology Committee, where we have been very active in trying 
to promote research and development and the standards for solar 
equipment, and I will speak to that a bit later. 

Congressman Gude, who authored these bilk, is to be congratulated 
for his work and commitment in getting solar energy technology into 
use now, by helping homeowners to be able to buy it and builders to 
be able to install it, and by helping the small businesses that have done 
the lion's share of solar equipment development get into production. 

Your subcommittee now has the essential role to play in bringing 
solar technology out of the R.D. & D. stage and into Americans' homes, 
office buildings and factories. Your work in this subcommittee will be 
the pivotal thrust that will bring this essential source of clean, readily 
available and renewable power off the drawing boards and into reality. 
I am concerned that we move quickly and decisively to show the coun-
try that we in Congress are aware of the needs of builders and home-
owners for assistance in solving some of the current financial problems 
associated with putting solar energy into operation; and that we are 
also aware of the special involvement of small businesses in the produc-
tion and supply of solar equipment. 

I am a member of the House Committee of Science and Technology 
and have been very involved and interested in the work of the Energy 
Research and Development Administration in both conservation and 
solar energy. The work of ERDA will be continually important in the 
development of solar energy, but let me emphasize to you that based 
on the many hours of testimony I have heard these past months, there 
is proven technology and technological expertise throughout the coun-
try for solar heating and cooling that should be put into practice right 
now. 

The Office of Technological Assessments' analysis of the ERDA Na-
tional Plan completed this October states that commercially acceptable 
equipment for solar space heating and water heating is available and 
price effective in today's market. The American Society of Heating, 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



47 

Refrigeration and Air-Condit ioning testified last May before the 
Subcommittee on Energy Research, Development and Demonstration 
of which I am a member that the technology for heating and cooling 
is here for commercial buildings. Solar energy is in widespread use for 
hot water heating in much of the world. Japan has more than two 
mi l l ion units in use, and widespread use also exists now in Australia, 
New Zealand, and Israel. 

I t has also been demonstrated rather dramatically dur ing recent 
months that homeowners are ready to move w i th solar energy. Last 
fa l l , 7,000 individuals responded to a television program on solar 
energy asking for information about instal l ing solar units. The Massa-
chusetts Electric Co. had more than 5,200 customers respond to a solar 
water heating demonstration program that the electric company 
anticipated would serve only 100 customers. Both E R D A and the 
Housing and Urban Development Administrat ion have been beseiged 
wi th individual requests for information about the Heating and Cool-
ing Demonstration Ac t programs which w i l l probably only involve 
2,000 demonstration units. 

Solar heating and cooling has the possibility of a very positive effect 
on our economy. As you are aware, the construction industry repre-
sents about 10 percent of the Nation's gross national product, second 
only to the food industry. The Sheet Metal Workers International 
recently commissioned a study prepared by Stanford Research Insti-
tute which forecast a potential $2 bi l l ion operation for a solar heating 
and cooling industry by the year 1990 i f we push forward w i th a 
strong national commitment. 

A further plus to be kept in mind is that solar energy technology is 
v i r tual ly free f rom environmental damage. I t does not cause air, water 
or thermal pollution. I t does not require solid waste disposal, fuel 
storage or pipelines, transmission lines or other forms of fuel transpor-
tation. Furthermore, solar equipment installed on a building's roof 
reduces land use associated wi th other energy producing methods. 

Solar energy w i l l help materially to advance the goals of energy 
independence, but only i f we start instal l ing i t now. According to a 
study done by Fred S. Dubin of the Dubin-Mindell-Bloome Engineer-
ing firm, i f energy used in al l buildings could be reduced just 25 per-
cent, we would be able to save 3 mi l l ion barrels of oi l a day. The Fed-
eral Energy Administrat ion in its Solar Task Force report states that 
solar heating and cooling could save 1 mi l l ion barrels of oi l per day by 
1985 and that solar energy could provide 10 percent of our national 
energy demand by 1990. And this, of course, would save us hundreds of 
mill ions of dollars in not having to import expensive oil, which we 
have to do at the present time. 

To br ing solar energy into use now, for al l the above reasons, we 
need financial help for homeowners and builders. The Office of Tech-
nological Assessments' report states that 

There is a clear need fo r equitable treatment of the solar energy user. The 
ind iv idua l user, turned energy producer, does not now receive the benefits of 
investment tax credits, depreciation allowances, depletion allowances and other 
incentives provided to corporate producers of fossil fuels. No incentive recognises 
his contr ibut ion to society i n reducing pol lut ion, preserving fossil resources or 
reducing the nation's dependence upon imported fuel. 

And that is a quote from OGA. 
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Al though solar equipment can be economically advantageous on 
a first-cost basis fo r those areas of the country re ly ing on electricity 
fo r space heating, i t is more expensive in i t ia l l y than conventional sys-
tems using heating o i l and gas. I urge you to recognize the importance 
of equalizing these costs and benefits for those who w i l l now wish to 
use solar energy. 

I also urge you to consider the special role that small businesses have 
and can continue to play i n the development of solar technology, i ts 
d istr ibut ion and servicing. 

Solar systems for space heating and cooling are not technically com-
plicated. Equipment can be easily brought to the site of construction 
and installed. Therefore, many local small manufacturers and workers 
now out-of-work could work making and instal l ing solar equipment 
wi thout lengthy or complicated training. 

Smal l businesses throughout the country have really been the cham-
pions and inventors of many of the solar systems we have now. They 
are ready and wai t ing to go into production, but they lack the capital 
to do so, and the assurance of markets. A t a recent meeting of E R D A 
on the Solar Heat ing and Cooling Demonstration Act , 64 out of 112 
business representatives registered as small businesses. 

I th ink i t is important that this part icular aspect of the develop-
ment of solar energy not be overlooked and that you provide for small 
business part ic ipat ion through the loan program the legislation before 
you proposes. 

The overr id ing issue is how can we get solar heating and cooling 
into homes and buildings across the country and do i t rapid ly . The 
bi l ls before you today deal w i t h the financial incentives which are so 
ter r ib ly important to accomplishing this goal. 

I would l ike to, i f I could, comment on some of the questions that 
were raised to Mr . Gude. One is the concern about the inadequate solar 
systems which are coming on the market, and there is very detailed 
provision i n this legislation fo r certif ication of equipment that is avail-
able fo r these loans, both by E R D A and by the Secretary of the De-
partment of Housing and Urban Development, who has to establish 
standards fo r this program which i t receives f rom E R D A , and only 
qualified equipment that w i l l satisfy 40 percent of the heating needs of 
a part icular house w i l l qual i fy. So that I th ink we have protection i n 
this regard. 

The question was raised, what is the relationship between loans 
and tax credits. I also supported Mr . W y lie's tax credit program, and 
I t h ink both are very badly needed. The tax credit fo r a period o f 
t ime covers the in i t ia l first cost of solar equipment, and i t w i l l give 
an actual incentive to make this equipment, whi le i t is being perfected 
and gotten into mass production, more competitive than fossil fuel 
systems. 

The loan is not subsidizing the equipment, as such, but is mak ing 
i t possible and for ind iv idual owners that may want to retrof i t their 
homes to be able to do so, and to have the cash up f ront . A n d I th ink 
that is exceedingly important. A t the present t ime, i t is very diff icult 
for a person to get a loan fo r solar equipment and builders are very 
hesitant to add solar equipment, even though i t is a k ind of sexy addi-
t ion to their project, because they are having such diff iculty i n sell ing 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



49 

homes at any rate, and adding to the in i t ia l first cost is a factor which 
they do not want to undertake at this time. So that having this k ind 
of financial assistance, I th ink, really w i l l make a difference. 

W i t h respect to the F H A mortgage suggestion that M r . Rousselot 
has suggested, a great many houses are not financed—are not available 
for financing w i t h F H A . I th ink that an F H A program complement-
ing this would be fine, but i n my area of the country, very l i t t le of the 
housing qualifies for F H A financing, and the builders generally do not 
use that financing, so that I do not th ink that would solve your whole 
problem. 

I do th ink that i t is terr ib ly important—and I know you w i l l hear 
some people who w i l l say, you know, let's wait. Let's get the solar 
equipment more perfected before we move. I was i n A i r Force pro-
curement in my t ime i n the Service, and I saw that t ime after t ime we 
would f a i l to get a i rcraf t into the air because new developments would 
come along which would be insisted to be incorporated into the new 
model of the aircraf t . I t would get delayed and delayed, and expenses 
would be incurred as the designs were changed to accommodate the 
new equipment. I th ink that i t was a very disadvantageous program 
for us. 

I th ink we should go now, part icular ly in view of the tremendous 
energy crisis that we do face, and get the experience that prov id ing 
the presently available adequate equipment for both hot water heat-
ing and for space heating and cooling of commercial buildings on the 
road and into place. As we get more perfected equipment, the bui ld ing 
industry unquestionably w i l l incorporate the more sophisticated 
equipment into their units. 

Furthermore, as we get this equipment into use, i t w i l l be mass 
produced, and the need for this k ind of financial incentive w i l l be 
eliminated, because I am quite sure that once this equipment does get 
i n mass production, i t w i l l be cost competitive i n every way. 

[The prepared statement of Congressman Ott inger fo l lows:] 

PREPARED S T A T E M E N T OF C O N G R E S S M A N R I C H A R D L . O T T I N G E R 

I want to thank you fo r the opportunity to present a statement on these two 
v i ta l l y impor tant pieces of legislation, H.R. 8705 and H.R. 4507. 

Congressman Gude, who authored these bil ls, is to be congratulated fo r his 
work and commitment to gett ing solar energy technology in to use now by help-
ing homeowners to be able to buy i t , builders to be able to instaU i t , and by 
helping the smal l businesses tha t have done the l ion's share of solar equipment 
development get into production. 

Your committee now has the essential role to play i n br inging solar technology 
out of the R.D. & D. stage and into Americans' homes, office buildings and fac-
tories. Your work i n this committee w i l l be the p ivota l th rus t tha t w i l l br ing 
th is essential source of clean, readily available and renewable power off the 
drawing boards and in to real i ty. I am concerned tha t we move quickly and 
decisively to show the country that we i n Oongresls are aware of the needs of 
builders and homeowners fo r assistance in solving some of the current finan-
cial problems associated w i t h pu t t ing solar energy into operat ion; and that we 
are also aware of the special involvement of small businesses i n the production 
and supply of solar equipment. 

I am a member of the House Committee of Science and Technology and have 
been very involved and interested i n the work of the Energy Research and 
Development Admin is t ra t ion i n both conservation and solar energy. The work 
of E R D A w i l l be cont inual ly impor tant i n the development of solar energy, but 
let me emphasize to you, tha t based on the many hours of testimony I have 
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heard these past months, there is proven technology and technological expertise 
throughout the country fo r solar heat ing and cooling that should be put into 
practice r i gh t now. 

The Office of Technological Assessments' analysis of the E R D A Nat iona l P lan 
completed th is October states that commercially acceptable equipment fo r solar 
space heating and water heat ing is avai lable i n today's market. The Amer ican 
Society of Heating, Refr igerat ion and Air -Condi t ioning testified last May before 
the subcommittee on Energy Research, Development and Demonstrat ion tha t 
the technology for heating and cooling is here fo r commercial buildings. Solar 
energy is i n widespread use fo r hot water heat ing i n much of the wor ld. Japan 
has more than 2 mi l l i on uni ts i n use, and widespread use also exists now i n 
Austra l ia , New Zealand and Israel. 

I t has also been demonstrated rather dramat ical ly dur ing recent months that 
homeowners are ready to move w i t h solar energy. Last fa l l , 7,000 ind iv iduals 
responded to a television program on solar energy asking fo r in fo rmat ion about 
ins ta l l ing solar units. The Massachusetts Electr ic Company had more than 
5,200 customers respond to a solar water heating demonstration program tha t 
the Electr ic Company anticipated would serve only 100 customers. Both E R D A 
and The Housing and Urban Development Admin is t ra t ion have been besieged 
w i t h ind iv idua l requests for in format ion about the Heat ing and Cooling Demon-
s t ra t ion Act programs which w i l l probably only involve 2,000 demonstrat ion 
units. 

Solar heat ing and cooling has the possibi l i ty of a very posit ive effect on our 
economy. As you are aware, the construction industry represents about 10% of 
the nation's gross nat ional product, second only to the food industry. The Sheet 
Meta l Workers In ternat iona l recently commissioned a study prepared by Stan-
fo rd Research Ins t i tu te which forecast a potent ia l $2 b i l l ion operation fo r a solar 
heat ing and cooling industry by the year 1990 i f we push f o rwa rd w i t h a strong 
nat ional commitment. 

A fu r ther plus to be kept i n mind is that solar energy technology is v i r t ua l l y 
free f rom environmental damage. I t does not cause ai r , water or thermal pollu-
t ion. I t does not require sol id waste disposal, fuel storage or pipelines, trans-
mission lines or other forms of fue l transportat ion. Furthermore, solar equip-
ment instal led on a bui lding's roof reduces land use associated w i t h other energy 
producing methods. 

Solar energy w i l l help mater ia l ly to advance the goals of energy indepen-
dence—but only i f we s tar t insta l l ing i t now. According to a study done by Fred 
S. Dubin of the Dubin-Mindell-Bloome Engineering F i rm, i f energy used i n a l l 
bui ldings could be reduced jus t 25% we would be able to save 3,000,000 barrels 
of o i l a day. The Federal Energy Admin is t ra t ion i n i ts Solar Task Force Report 
states that solar heating and cooling could save one mi l l ion barrels of o i l per day 
by 1985 and tha t solar energy could provide 10% of our Nat ional Energy demand 
by 1990. 

To br ing solar energy into use now, fo r a l l the above reasons, we need financial 
help fo r homeowners and builders. The Office of Technological Assessments' Re-
por t states tha t " there is a clear need fo r equitable treatment of the solar energy 
user. The ind iv idua l user, turned energy producer, does not now receive the 
benefits of investment tax credits, depreciation allowances, depletion allowances 
and other incentives provided to corporate producers of fossi l fuels. No incentive 
recognizes his contr ibut ion to society i n reducing pol lut ion, preserving fossil 
resources or reducing the Nation's dependence upon imported fuel . " 

A l though solar equipment can be economically advantageous on a first cost 
basis fo r those areas of the country re ly ing on electr ici ty fo r space heating, i t 
is more expensive in i t i a l l y than conventional systems using heating o i l and gas. 
I urge you to recognize the importance of equalizing these costs and benefits for 
those who w i l l now wish to use solar energy. 

I also urge you to consider the special role that smal l businesses have and 
can continue to play i n the development of solar technology, i ts d is t r ibut ion 
and servicing. 

Solar systems for space heating and cooling are not technically complicated. 
Equipment can easily be brought to the site of construction and installed. There-
fore, many local small manufacturers and workers now out of work could work 
making and insta l l ing solar equipment w i thout lengthy or complicated t ra in ing. 
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Smal l businesses throughout the country have real ly been the champions and 
inventors of many of the solar systems we have now. They are ready and w a i t i n g 
to go in to product ion, but they lack the capi ta l to do so—and the assurance of 
markets. A t a recent meet ing of E R D A on the Solar Hea t ing and Cooling Dem-
onst ra t ion Act , 64 out of 112 business representatives registered as smal l 
businesses. 

I t h i n k i t is impor tan t tha t this par t i cu la r aspect of the development of solar 
energy not be overlooked and tha t you provide for smal l business par t ic ipa t ion 
through the loan program the legis lat ion before you proposes. 

The over r id ing issue is how can we get solar heat ing and cool ing in to homes 
and bui ld ings across the country. The bi l ls before you today deal w i t h the 
financial incentives wh ich are so te r r i b l y impor tan t to accomplishing th is goal. 

Mr . MOORHEAD. Wel l , thank you very much, Mr . Ott inger, for an 
excellent statement. A n d you br ing to this subcommittee the benefit 
of your experience on your Science and Technology Committee, which 
is a great help to us. 

I have no questions at this time. 
M r . St Germain. 
M r . ST GERMAIN. I have no questions. 
M r . MOORHEAD. M r . W y l i e . 
Mr . WYLIE. I would just l ike to ask a couple, i f I may. Knowing 

that you have studied this problem, just as I have, and have spent a 
considerable amount of t ime on i t—and I do feel that solar energy is 
the energy source of the future, and I am only attempting to hasten 
the day when i t w i l l be i n use by the public a l l across the land on a 
mass produced basis. The problem I have, a l i t t le bi t , w i t h your bi l l , 
and you can help me w i t h this, i f you w i l l — I am being the devil's 
advocate, i f you please, by asking this question—how does this b i l l 
provide an incentive to produce a solar energy house ? Wou ld this not 
actually increase the cost to the ult imate purchaser or consumer? 

Mr . OTTINGER. Wel l , no. A t the present time, the consumers are 
f inding i t impossible to get bank lending or to get the solar equip-
ment addit ion included i n their mortgages. 

Mr . WYLIE. Let me rephrase the question. Solar energy is a viable 
source fo r heating and cooling r igh t now. There is a solar energy home 
in being in Columbus, Ohio. Solar energy has provided about 70 per-
cent of a l l the heating and cooling needs in that house fo r a period of 
almost 10 months. The problem is that i t costs so much to instal l solar 
energy equipment that few people can afford i t , so I offered a tax 
credit proposal which simply stated that i t would reduce the end cost 
to the person who ult imately buys the home. 

I th ink we must reduce the cost i f we are going to encourage people 
to bu i ld or buy solar energy homes, or we must determine a way to 
produce cheap solar energy units on a mass production basis. That 
is what H U D is up to r igh t now, as I understand i t ; developing the 
research for development of a prototype program. 

Bu t does not the loan program which you have suggested actually 
increase the cost, i n that there is a 0.5 percent addit ional interest rate 
for administrative costs. We really do not know how much cost that 
w i l l add; plus the fact there would have to be at least two separate 
sets of books where a builder is bui ld ing a solar energy home as a 
part of a subdivision where some of the homes would be conventional. 
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A n d I might , i n that connection, ask you to comment on M r . Bar-
lield's statement, i n his prepared statement i n which he says : 

I n i ts present form, the proposed incentive program could resul t i n w ind fa l l s 
to those homeowners and others who could economically j u s t i f y the use of solar 
energy based on current energy costs. 

Mr . OTTINGER. I do not see, considering that most homeowners do 
borrow money to finance their homes, that prov id ing a loan program 
which w i l l s t i l l be at a below-the-market rate, though not a below-the-
market rate for Government securities, but certainly a below-the-mar-
ket rate for mortgages, is going to be any discouragement to use solar 
energy. Quite the contrary, I th ink i t is going to enable the use of solar 
energy. 

To the argument that this is a program which is l ikely to be more 
he lp fu l to affluent homeowners or middle-income and upper-income 
homeowners than i t is to low-income howeowners, I would say i t is 
probably so, though there are a group of homeowners i n New York 
Ci ty , slum dwellers, who are rehabi l i tat ing their own homes, that are 
pu t t i ng solar energy i n a slum dwell ing, w i t h f inancing fo r the solar 
addit ion coming f rom H U D in a demonstration program, so that may 
not be universally so. 

Bu t I th ink that there is an overr id ing national importance here of 
get t ing solar equipment into use and gett ing i t mass produced and pro-
v id ing the o i l savings and the pol lut ion savings that the instal lat ion of 
solar equipment would provide, so that while my own personal record 
would indicate that I have a general bias toward programs that are of 
part icular help or at least treat the poor segment of our populat ion on 
an equitable basis, I do not really th ink that is the thrust of this legisla-
t ion. Whether or not i t helps the poor, I th ink i t w i l l help the country 
get into the solar energy business, and replace existing fossil fuel heat-
ing units that are used by middle-income and wealthy individuals w i t h 
solar units, and I th ink that is fine. 

M r . WYLIE. Wel l , I do not want to dwel l on this, but on page 2 of 
the Gude b i l l , which you are test i fy ing i n favor of here, i t says that 
the Secretary is authorized to make loans as provided in this section to 
individuals and families owning and occupying one- to four - fami ly 
residential structures. 

Now, we are ta lk ing about retrof i t t ing there; are we not ? 
M r . OTTINGER. Y e s . 
M r . WYLIE. We are converting exist ing houses into solar energy 

homes ? 
M r . OTTINGER. Right . A n d I say the overr id ing importance is those 

people are either going to use fossil fuel or they are going to use solar. 
A t the present time, they are not using solar for a variety of reasons. 
One is the lack of avai labi l i ty of financing. So i t is to his advantage, 
even though this is a part icular help to people who cannot afford 
owner-occupied one- to four - fami ly home. I t is i n the national interest 
that they be encouraged to use solar. 

M r . WYLIE. B u t i f a person cannot afford a conventional loan then 
how could he afford a solar equipment loan because i t would be more 
expensive? Actual ly , the loan would go to a builder, as I have sug-
gested, and the bui lder would either have to add the cost of the solar 
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energy loan to the person who is buy ing the house, or the builder would 
have to take a loss on i t . 

M r . O T T I N G E R . W i t h respect to the cost of these loans, they are going 
to be cheap loans to the individual. These are below the market. They 
are at a rate equal to the average market yield on al l marketable inter-
est bearing obligations of the Uni ted States. 

M r . W Y L I E . Bu t the cheap loan—cost would be determined how ? 
Mr . O T T I N G E R . Plus one-half of 1 percent. 
Mr . W Y L I E . Bu t would the cheap loan go to a person retrof i t t ing his 

house or to a person who is buying a new solar energy house? 
Mr . O T T I N G E R . A l l of the loans under this program were going to 

be at that rate of one-half of 1 percent above the market for 
U.S. securities. 

Mr . W Y L I E . To the builder of a new solar energy house ? 
M r . O T T I N G E R . I f he is bui ld ing a new solar energy house, r ight . 
Mr . W Y L I E . O K , I thank you, M r . Chairman. 
Mr . MOORHEAD. M r . Eousselot. 
M r . EOUSSELOT. Thank you, M r . Chairman. Again, we are apprecia-

tive of our colleague and of his interest i n this area. Many of us on this 
subcommittee, we wish to assure you, have a continuing interest in the 
use of solar energy, especially in the single fami ly dwel l ing category, 
and feel that we should move on i t to see that the technology is, i n fact, 
util ized. 

Now, I have talked to many of the mortgage people in Cal i fornia 
and I do not f ind an unwillingness on the part of the private market 
to include relatively well-proven solar systems i n the heating and cool-
ing part of either new housing or existing housing, i f i t is an add-on 
loan. So, I really do not know that the case has been made that we 
have to have the entry of the Federal Government i n a direct lending 
program to provide the k ind of incentive that we are ta lk ing about. 

I appreciate his comment on the fact that F H A only insures rela-
t ively 20 percent of the marketplace in mortgages, so that, obviously, 
their entry would not amount to total coverage. But , has the gentleman 
found any evidence that the lending institutions which lend on indi-
vidual homes are unwi l l ing to accept this k ind of equipment as a nor-
mal part of the mortgage ? 

Mr . O T T I N G E R . Yes; though I th ink we can get some evidence i n 
that regard, I get i t p r imar i l y f rom the builders who have been inter-
ested in solar energy and have found that the banks are unwi l l ing to 
finance that addit ional cost because they are not sure they are going 
to get i t back on resale of the house. 

Mr . EOUSSELOT. A n d the reason for that is the addit ional cost of 
the dwel l ing; is that correct ? 

Mr . O T T I N G E R . That is correct. 
Mr . EOUSSELOT. Wel l , I know you support the direct loan concept 

and I hate to keep coming back to the same place, but is i t not true 
that where we really have to provide the incentive is w i th the builder, 
to get h im to include this k ind of equipment in a home or in a mul t i -
fami ly dwel l ing ? 

Mr . O T T I N G E R . One of the incentives that, I th ink , would be mean-
ing fu l to h im would be to finance the solar equipment outside of the 
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existing financial resources that are available to h im and at an inter-
est rate that is lower, than would ord inar i ly be available to h i m on a 
mortgage. 

M r . ROUSSELOT. But , a direct loan to the builder does not lower the 
ul t imate cost to the consumer. I t adds on, and so is not really the 
incentive going to have to p r imar i l y be in the tax area? 

Mr . OTTINGER. Wel l , I entirely favor the tax incentive. I th ink i t 
performs a different function. The tax incentive comes, sometimes, 
later when the guy pays his taxes, number 1. 

M r . ROUSSELOT. Bu t he pays them every year. 
M r . OTTINGER. The loan comes up f ront , and I th ink that i t meets 

a need which presently builders te l l me—and you can get testimony 
on this f rom the builders' association and the architects' association— 
that they presently cannot get the financing f rom the banks at the 
going rate of interest and w i th the tremendous competition that I 
know you are very aware exists. 

M r . ROUSSELOT. They cannot get i t i n a construction loan? 
M r . OTTINGER. They cannot get i t as par t of their overall construc-

t ion loan because the banks do not yet have confidence enough. We 
have not yet had enough experience out i n the marketplace w i t h solar 
heating so that they are confident they can get back that increment 
of price that is added by the addit ion of solar energy back when a 
house is resold, and that is what I have been to ld by the builders. 

M r . ROUSSELOT. Wel l , we both are looking fo r the same objective 
and that is to get solar energy systems in place in p r imar i l y single 
fami ly dwel l ing units, and, of course, E R D A has a project to go 
over the next 5 years for 4,000 units, and, as the gentleman knows, 
there w i l l be grants given to stimulate that. I realize that that has 
not gotten off the ground as fast as, maybe, the gentleman and I would 
like. 

M r . OTT INGER. I th ink that i f i t would make you more comfortable, 
you could do this through guaranteed loans. Somebody has suggested 
that. I am k ind of soft on guaranteed loans these days. 

Mr . ROUSSELOT. I t is opening up as a new vista i n New Y o r k Ci ty . 
[General laughter.] 

Wel l , my experience w i t h builders is that i f they had the tax 
incentives to generate their interest i n this, and, assuming that they 
could be convinced as ind iv idual builders that these were sufficient 
heating and cooling supplementary units to go into the home, that 
they would, i n fact, put them in there i f we gave them the r i gh t k ind 
of incentives. A t least, that is a way to get i t done. 

M r . OTTINGER. We find the builders in our area are very eager to 
get into this. They th ink i t is something exciting, something that w i l l 
attract buyers to their homes. They are having diff iculty w i t h the 
financing. They are having some diff iculty w i th bu i ld ing codes. I n 
some cases, they are having labor difficulty. 

M r . ROUSSELOT. N O W , you w i l l i n fo rm them that F H A has a central 
approval office available fo r F H A guaranteed financing 

Mr . OTTINGER. I certainly w i l l when that becomes available. 
M r . ROUSSELOT. That is available now. F H A makes the regional 

office get approval f rom the central office, but i t can be done, and 
I intend to encourage more builders who are used to work ing w i t h 
F H A to make use of that. The avai labi l i ty is l imi ted to central F H A 
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approval procedures of this F H A money only because they have not 
set their min imum standards; they have not quite resolved their final 
min imum standards yet. 

Wel l , I again want to thank my colleagues fo r their contribution 
by this subcommittee, to the consideration of solar energy develop-
ment. Many of us are very interested in this fo rm of heating and 
cooling, and want to see i t come into being, and, though you and I 
may disagree on the direct loan approach, we both want to see i t get 
done and accomplished and in place, so I thank the gentleman. 

Mr . MOORHEAD. Thank you very much, Mr . Ott inger, for your 
excellent statement. The subcommittee would now l ike to hear f rom 
a panel of experts in the field, Robert DeBlois, chairman, the solar 
energy application committee, New England Fuel Inst i tute, accom-
panied by Charles H . Burkhardt , executive vice president of the New^ 
England Fuel Inst i tu te; also f rom Sheldon H . But t , president, Solar 
Energy Industry Association, and C. A . Morrison, director of re-
search, Solar Energy & Energy Conversion Laboratory, Universi ty 
of Flor ida. 

We welcome al l of you gentlemen, but my colleague f rom Rhode 
Island, Mr . St Germain, has a part icular welcome. 

Mr . ST GERMAIN. Thank you, Mr . Chairman. I am very pleased to 
welcome Mr . DeBlois, who is f rom the State of Rhode Island, to the 
panel and to test i fy before the subcommittee, I have worked w i th h im 
and his fami ly—i t is a family-owned business, the DeBlois O i l Co.— 
over the 15 years I have been in Congress. We, in New England, have 
always had special problems. We first worked together dur ing the 
period when import quotas gave us such difficulties year after year 
after year. A n d now, today, in his testimony, Mr . DeBlois, on behalf 
of the New England Inst i tute, brings fo r th another special problem 
that arises under the legislation before us, that requires that we have 
some amendments and some consideration given to New England's 
situation when the retrofit would seem to be the ideal and where i t is 
necessary to allow the small business people to part icipate in this 
conversion. I do hope and feel that the testimony of Mr . DeBlois, 
on behalf of the New England Fuel Inst i tute, w i l l have an impact 
on the subcommittee and on the Congress when i t considers this legis-
lat ion because i t is so crucial to the future of New England. 

Thank you, Mr . Chairman. 
Mr . MOORHEAD. Gentlemen, we have a time problem here because 

we do have a jo in t session of Congress scheduled for today, so, i f any 
of you could abbreviate or h igh l ight your f u l l statements, we w i l l see 
that your f u l l statements are put into the record wi thout objection. 
Mr . DeBlois. 

STATEMENT OF ROBERT DeBLOIS, EXECUTIVE VICE PRESIDENT 
OF THE DeBLOIS OIL CO., PAWTUCKET, R.I., CHAIRMAN, SOLAR 
ENERGY APPLICATION COMMITTEE, NEW ENGLAND FUEL IN-
STITUTE; ACCOMPANIED BY CHARLES H. BURKHARDT, EXECU-
TIVE VICE PRESIDENT OF NEW ENGLAND FUEL INSTITUTE 

Mr . DEBLOIS. Thank you, Mr . Chairman, and thank you, Congress-
man St Germain, for the k ind words. Let me say at the outset that i f i t 
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were not for representation here i n Washington by people such as our 
Congressman St Germain and other Representatives and Senators 
f rom al l of the New England States, I th ink those of us i n the heating 
oi l and heating equipment business in the New England States would, 
indeed, be hard-pressed today. 

The statement that we have is relatively brief and, since I know 
most of the members have not had a chance to read i t , I would l ike, i f I 
could, to just go through i t quickly. 

As has already been stated, my name is Robert DeBlois. I am execu-
t ive vice president of the DeBlois O i l Co. in Pawtucket, R. I . Our o i l 
company has been a fami ly business, and i t is now in its second genera-
tion. We are a sizable distr ibutor and installer of home heating o i l and 
oil-f ired heating equipment throughout the Rhode Is land and south-
eastern Massachusetts area. We also service this oil-f ired heating and 
domestic hot water heating equipment. 

Today I represent the New England Fuel Inst i tute, of which I am 
past president and past chairman of its board. I am presently chairman 
of its finance committee and also chairman of i ts applied solar energy 
equipment committee. Accompanying me is Charles H . Burkhard t , ex-
ecutive vice president and managing director of the insti tute who is 
here to answer any questions posed by members of the subcommittee. 

The New England Fuel Inst i tute is an association of about 1,300 
independent retai l and wholesale heating oi l and oi l heating equipment 
distr ibutors and installers throughout the six-State region. This asso-
ciation was incorporated under the laws of the Commonwealth of 
Massachusetts i n 1943, as the O i l Heat Inst i tute of New England. Our 
corporate name was changed to New England Fuel Inst i tute i n 1962. 

The independent sector of the home heatinsr oi l industry i n New 
England sells more than 85 percent of a l l disti l late product at retail . 
I n addit ion, 40 percent of the fuel o i l sold at the wholesale level is mar-
keted by independents. Fur ther , 19.4 percent of a l l the oi l heating 
equipment sold throughout the Uni ted States is installed i n New 
England homes and buildings. Over 90 percent of this large quant i ty 
of o i l heating equipment and accessories are sold, installed and serviced 
by these independent heating oi l dealer-distributors. About 125,000 to 
140,000 o i l burners are sold and installed in New England every year. 
Most of these are replacements. We usually average somewhere be-
tween 38,000 to 40,000 oi l burners as new installations. These can be 
conversions f rom other fuels or installations in newly bu i l t homes. 

There are 2,430,000 oi l burner units operating in New England at 
the present t ime; about 890.000 central gas heating units and about 
275.000 dwel l ing units u t i l i z ing electricitv for heating. Gas and elec-
t r i c i t y combined account for about 1,165,000 centrally heated units, 
whi le oi l has sl ight ly over 2,400,000. Un l ike most gas and electric u t i l i -
ties, the retai l o i l heating dealer-distributor sells and installs heating 
ewipment and accessories and/or newer replacement equipment, him-
self. W i t h a present market of over 2.430,000 oi l heating customers, i t is 
obvious that a bui l t - in. practical and effective merchandising, market-
ing, engineering, installation, and service mechanism exists on a broad 
scale i n New England fo r any heating procedure and/or process to 
which the independent segment of the oil heating industry would apply 
itself. This especially applies to retrof i t installations wherever solar 
energy equipment would be added to an existing heating installation. 
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Therefore, we believe that the heating oi l dealer-distributor appa-
ratus i n New England is ideally endowed w i th al l of the experience, 
technical skills, processes, and procedures necessary for a mass intro-
duction to the New England market, of solar heat generating equip-
ment as an adjunct to existing or proposed oi l heating systems or for 
that matter, gas or electric residential heating systems. 

There is a strong potential for New England to achieve some inde-
pendence f rom foreign energy imports i f solar energy was to be used 
on any large scale in conjunction w i th oi l as a source of energy for 
home heating and for domestic hot water production. Solar heating 
would be a practical way to reduce New England's dependence on im-
ported, refined products, specifically disti l late and residual, and yet 
provide a means of sustaining the l ivelihood of the more than 2,000 
retai l small businesses, heating oi l dealers and distributors of the area 
who provide iobs for well over 35,000 people. 

Since the New England climate is such as to have many periods with-
out sunshine w i th extremely cold winters, i t is our considered opinion 
that solar energy could supply, theoretically, i n an oil-heated- home, 
up to about 35 percent of the total heat required. More practically, this 
w i l l evolve to about 28 percent to 30 percent. Thus, through the appli-
cation of solar energy as an adjunct to oi l heat, many more people could 
enjoy the benefit, comfort, virtues, and service of o i l heat wi thout sub-
stantially increasing or more practically, even decreasing, New Eng-
land's dependence upon imported, refined product. 

Research on the part of this institute shows that i t is feasible for 
adjunct solar heating equipment to be installed w i th presently operat-
ing oi l heated equipment in 71 percent of the 2,430,000 o i l heating 
installations now existing in New England. This means we have a prac-
t ical potential of approximately 1,600,000 adjunct solar heating 
installations. 

Under section 3(a) (1) ( A ) , page 6 of H.R. 3849, that we are dis-
cussing, the requirement that such equipment be designed to meet 
more than 40 percent of the total heating needs, including domestic 
hot water, of the type of structure for wThich i t is intended, or sub-
stantially al l of the needs of such a structure for domestic hot water, 
where its remaining heating needs are met by other methods, rules 
out completely any financial assistance to homeowyners as proposed by 
H.R. 3849, for 70 percent of a l l of the residential heating and domestic 
hot water installations throughout New England. We believe that this 
is a serious deficiency inherent i n the act as now wr i t ten ; fo r i n New 
England w i th its existing 2,430,000 oi l heating installations and its 
890,000 gas central h e a t i n g installations, the real opportunity for 
solar energy in the form of an adjunct heating producing apparatus 
is readily available. To rule out this vast retrofit market is not ra-
tional. I n the opinion of this institute, financial assistance for the 
retrofit market w i l l be more productive immediately, than for the 
new home market. 

The retrofi t market, especially for domestic hot water, is the real, 
present, immediately available opportunity and one that can be effec-
tive i n quanti ty much sooner. O i l and gas and electric domestic hot 
water use is especially adaptable to adjunct solar heat generators, can 
be easily installed by independent dealers. This opportuni ty simply 
must go, cannot, be missed. Under no circumstances should financial 
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assistance be denied to this vast immediate market by restr ict ing such 
assistance to the now heavily depressed new home market. 

M r . MOORHEAD. Mr . DeBlois, I am af ra id I am going to have to ask 
you to sum up and give us the recommendations that you have at the 
end because i t would not be fa i r to the other members of the panel 
i f you had a l l of the time. 

The t ime factor today is a problem that we d id not anticipate. I am 
sorry. 

M r . DEBLOIS . I understand this. 
I f we can skip to the last page of the testimony. The points that we 

suggest are technical points basically, to the act as i t has been recom-
mended. A n d that is that the 40 percent requirement that is i n section 
3(a) (1) ( A ) be reduced for the inclusion of that 70 percent of the 
homes i n New England that I mentioned to 25 percent or possibly to 
as low as 20 percent w i t h qual i fy ing dollar amounts to meet such lower 
requirements. I th ink we have already made this point. 

Second, that the act include provisions for retrofit installations 
which provide, i n our opinion, certainly the most immediate and the 
most readily available and the largest volume of benefits immediately. 

Th i rd , that the act include provisions to provide for qualified 
installations as well as qualified equipment. We believe this is—you 
can take the greatest piece of equipment i n the wor ld and, i f you 
massacre i t , instal l ing i t or put t ing i t i n incorrectly, of course, the 
benefits are immediately r igh t out the window. 

Four th, that the act include in its purpose and thrust fo r decreasing 
the national dependence on imported petroleum products. 

And , f i f th , that the act include, i f at a l l possible, some type of finan-
cial assistance for small business installers, who, unfortunately, are 
going to bear the brunt of the sales certainly i n the northeastern 
section of the country. 

Thank you, M r . Chairman. I am sorry I took too much time. 
M r . MOORHEAD. Thank you, Mr . DeBlois. We part icular ly appreciate 

specific recommendations as you have in your testimony. 
[The prepared statement of Mr . DeBlois fo l lows: ] 

PREPARED S T A T E M E N T OF ROBERT D E B L O I S , E X E C U T I V E V I C E P R E S I D E N T , D E B L O I S 
O I L CO. , P A W T U C K E T , R . I . , ON B E H A L F OF T H E N E W E N G L A N D F U E L I N S T I T U T E 

My name is Robert DeBlois. I am Execut ive Vice President of the DeBlo is O i l 
Company i n Pawtucket , Rhode Island. Our o i l company has been a f a m i l y busi-
ness, now i n the second generation. We are a sizeable d is t r ibu to r and ins ta l ler 
of home heat ing o i l and o i l fired heat ing equipment throughout Rhode Is land 
and southeastern Massachusetts. We also service th is o i l fired heat ing and 
domestic hot water heat ing equipment. 

Today I represent the New England Fue l Ins t i t u te of wh ich I am past presi-
dent and past chai rman of i ts board. I am presently cha i rman of i ts Finance 
Committee and also cha i rman of i ts Appl ied Solar Energy Equipment Committee. 
Accompanying me is Charles H . Bu rkha rd t , Execut ive Vice President and 
Managing Di rec tor of the Ins t i t u te who is here to answer any questions posed 
by members of the Committee. 

The New Eng land Fuel Ins t i t u te is an association of about 1300 independent 
re ta i l and wholesale heat ing o i l and o i l heat ing equipment d is t r ibutors and 
insta l lers throughout the six state region. Th i s association was incorporated 
under the laws of the Commonwealth of Massachusetts i n 1943, as the Oi l Hea t 
I ns t i t u te of New England. Our corporate name was changed to New Eng land 
Fue l I ns t i t u te i n 1962. 

The independent sector of the home heat ing o i l i ndus t ry i n New Eng land 
sells more than 85% of a l l d is t i l la te product a t re ta i l . I n addi t ion, 40% of the 
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fue l o i l sold at the wholesale level is marketed by independents. Fur ther , 19.4% 
of a l l the o i l heating equipment sold throughout the United States is instal led 
in New England homes and buildings. Over 90% of this large quant i ty of o i l 
heating equipment and accessories are sold, instal led and serviced by these 
independent heating o i l dealer-distributors. About 125,000 to 140,000 o i l burners 
are sold and instal led i n New England every year. Most of these are replace-
ments. We usually average somewhere between 38,000 to 40,000 oi l burners as 
new instal lat ions. These can be conversions f rom other fuels or instal lat ions i n 
newly bu i l t homes. 

There are 2,430,000 o i l burner units operating i n New England at the present 
t ime ; about 890,000 central gas heating uni ts and about 275,000 dwel l ing uni ts 
u t i l i z ing electr ici ty for heating. Gas and electr ici ty combined account for about 
1,165,000 central ly heated units, whi le oi l has sl ight ly over 2,400,000. Unl ike 
most gas and electric ut i l i t ies, the re ta i l o i l heating dealer-distr ibutor sells and 
instal ls heating equipment and accessories and/or newer replacement equip-
ment, himself. W i t h a present market of over 2,430,000 o i l heating customers, 
i t is obvious that a bui l t- in, pract ical and effective merchandising, marketing, 
engineering, insta l la t ion and service mechanism exists on a broad scale i n New 
England for any heating procedure and/or process to which the independent 
segment of the o i l heating industry would apply itself. Th is especially applies 
to retrof i t instal lat ions wherever solar energy equipment would be added to an 
exist ing heating instal lat ion. 

Therefore, we believe that the heating oil, dealer-distr ibutor apparatus in 
New England is ideal ly endowed w i t h a l l of the experience, technical skil ls, 
processes and procedures necessary for a mass introduct ion to the New England 
market, of solar heat generating equipment as an adjunct to exist ing or pro-
posed oi l heating systems or for that matter, gas or electric residential heating 
systems. 

There is a strong potential for New England to achieve some independence 
f rom foreign energy imports i f solar energy was to be used on any large scale 
in conjunction w i t h oi l as a source of energy for home heating and for domestic 
hot water production. Solar heating would be a pract ical way to reduce New 
England's dependence on imported, refined products, specifically d ist i l late and 
residual, and yet provide a means of sustaining the l ivel ihood of the more than 
2,000 re ta i l small business, heating oi l dealers and distr ibutors of the area who 
provide jobs for we l l over 35,000 people. 

Since the New England cl imate is such as to have many periods wi thout sun-
shine w i t h extremely cold winters, i t is our considered opinion that solar energy 
could supply, theoretical ly, i n an o i l heated home, up to about 35% of the tota l 
heat required. More practical ly, this w i l l evolve to about 28% to 30%. Thus, 
through the appl icat ion of solar energy as an adjunct to oi l heat, many more 
people could enjoy the benefit, comfort, virtues and service of o i l heat wi thout 
substantial ly increasing or more practical ly, even decreasing, New England's 
dependence upon imported, refined product. 

Research on the par t of this Inst i tu te shows that i t is feasible for adjunct 
solar heating equipment to be instal led w i t h presently operating o i l heated 
equipment in 71% of the 2,430,000 o i l heating instal lat ions now exist ing in New 
England. This means we have a pract ical potential of 1,600,000 adjunct solar 
heating instal lations. 

Under Section 3, (a ) , (1) , ( A ) , Page 6 of H R 3849, that we are discussing, 
the requirement that such equipment be designed to meet more than 40% of 
the to ta l heating needs ( including domestic hot water) of the type of structure 
for which i t is intended, or substantial ly a l l of the needs of such a structure 
for domestic hot water (where i ts remaining heating needs are met by other 
methods) . . . rules out completely any financial assistance to homeowners as 
proposed by HR 3849, for 70% of a l l of the residential heating and domestic 
hot water instal lat ions throughout New England. We believe that th is is a 
serious deficiency inherent i n the act as now w r i t t e n ; for i n New England w i t h 
i ts exist ing 2,430,000 o i l heating instal lat ions and i ts 890,000 gas central heating 
instal lat ions, the real opportuni ty for solar energy i n the fo rm of an adjunct 
heating producing apparatus is readi ly available. To rule out this vast retrof i t 
market is not rat ional. I n the oninion of this Inst i tute, financial assistance for 
tbe retrof i t market w i l l be more productive immediately, then for the new 
home market. 

The retrof i t market, especially for domestic hot water, is the real, present, 
immediately available opportuni ty and one that can be effective in quant i ty 
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much sooner. O i l and gas and electr ic domestic hot wa te r use is especially adapt-
able to ad junc t solar heat generators, can be easi ly ins ta l led by independent 
dealers. Th i s oppor tun i ty s imply must not, cannot, be missed! Under no c i rcum-
stances should financial assistance be denied to th is vast immedia te m a r k e t by 
res t r i c t i ng such assistance to the now heav i ly depressed new home marke t . 

Fur thermore , i t is the considered opin ion of th is I ns t i t u te and many technical 
au thor i t ies w o r k i n g i n the field inc lud ing professors of engineering, t h a t i t 
w o u l d be very d i f f icu l t to produce hot wa te r of more than 120 degrees i n New 
Eng land by an economical ly feasible system tha t wou ld not be pr iced out the 
marke t . Fo r instance, an ad junc t combinat ion o i l solar energy domestic hot 
wa te r heater can be purchased at a pr ice rang ing f r o m $625 to $1800. A solar 
home heat ing system wou ld cost f r o m $8,000 to $15,000 w i t h o u t any oi l , gas or 
electr ic heat ing system backup. I t is w i t h ad junc t solar energy equipment t h a t 
the rea l oppor tun i ty lies. I n New Eng land i t easily becomes financially im-
p rac t i ca l to produce heat by solar energy as the system requ i red is so large and 
complex and requires so much a u x i l i a r y col lect ing equipment t h a t i t could ap-
proach one-half the to ta l cost of the dwel l ing. 

Therefore, the 40% l i m i t a t i o n as noted i n the act should be, f o r the New 
Eng land area, and f o r ad junc t solar systems t h a t can be a l l ied or at tached to 
oi l , gas or electr ic heat ing systems, reduced to 20%. The 40% figure is self-
defeat ing i f energy conservat ion is a p r ime consideration. Th is h igh figure w i l l 
on ly resul t i n cont inu ing the nat ion 's dependence on fore ign oi l . 

N E F I w i l l soon have three ad junc t domestic hot water solar energy-oi l sys-
tems ins ta l led i n three homes i n Rhode Is land. We w i l l s tudy the i r operat ion 
and method of ins ta l la t ion , and become appraised of such maintenance as is 
required. Fo l l ow ing on th is, there w i l l be f ou r ad junc t solar energy domestic 
hot wa te r generators, coupled w i t h o i l heat ing equipment, ins ta l led i n Con-
nect icut. Subsequently, a combinat ion solar generator-oi l home heat ing and 
domestic hot wa te r system w i l l be ins ta l led i n a one-fami ly home i n the general 
area of Hanover , New Hampshi re . W e w i l l , i n th is way, be test ing eight d i f fe rent 
types and /o r k inds of solar heat generators coupled w i t h o i l a t the same t ime. 

These un i t s wh i ch range i n cost, as has been noted above, f o r the equipment 
at the present t ime, f r o m $625 per u n i t to $1800. They wou ld reduce heat ing 
o i l consumpt ion f o r domestic hot wa te r by about 28 to 30%. Th i s type of in-
s ta l la t ion should be inc luded i n the financial assistance t h a t the proposed H R 
3849 wou ld provide. 

W h i l e H R 3849 provides assistance f o r the home buyer and bui lder , i t does 
not qu i te face up to another problem tha t is very impor tan t to smal l businessmen 
who make the great m a j o r i t y of res ident ia l heat ing and domestic hot wa te r 
ins ta l la t ions throughout the U.S. Fo r any one of the 2400 re ta i l heat ing o i l and 
o i l heat ing equipment d is t r ibu to rs th roughout New Eng land or the U.S. f o r t h a t 
mat te r , to inven to ry a single we l l made efficient o i l burner, costs $50. To inven-
t o r y an ad junc t solar energy equipment domestic hot wa te r generator runs f r o m 
$600 to $1800. Qui te an increased capi ta l demand fo r a smal l o i l heat ing equip-
ment dealer and insta l ler . 

F r o m th is, i t can be c lear ly seen t h a t the cap i ta l demand fo r i nven to ry ing 
solar energy equipment w i l l be enormous and many t imes t ha t f o r convent ional 
oi l , gas or electr ic equipment. W h a t w i l l be done to help these smal l businessmen 
who th rough the i r sales, i ns ta l l a t ion and service departments prov ide the idea l 
out le t f o r the res ident ia l i ns ta l la t ion of solar heat ing equipment? I t i s not j us t 
financial help to homeowners and /o r bu i lders t h a t w i l l p rov ide the necessary 
p rac t i ca l impetus to make solar heat ing a w o r k i n g fac tor i n conserving energy 
and reducing dependence on ex is t ing fuels. I t is financial assistance to the 
re t ro f i t ma rke t t h a t w i l l be most read i ly effective. 

Also, wh i l e H R 3849 c lear ly defines t ha t q u a l i f i e d solar heat ing equipment 
must be used, w h a t does i t say to insure the technical sk i l l and qual i f icat ions 
f o r the ins ta l l a t ion and maintenance of t h a t equipment? The finest and most 
qual i f ied piece of solar heat ing equipment can resul t i n being ineffect ive because 
of improper ins ta l la t ion and or ientat ion. The g ran t i ng of tens of thousands of 
l ow interest , long te rm loans to homeowners and bui lders f o r solar heat ing 
equipment w i l l encourage many unscrupulous, even " f l y by n i g h t " operators to 
come in to business. W e w i l l see many abuses, some financial t ragedies and general 
d is i l lus ionment , w i t h wha t can be the most massive energy oppor tun i t y f o r 
Amer ica since the discovery and development of nuclear fission. The technica l 
qual i f icat ions of those mak ing field ins ta l la t ions and appl icat ions of solar heat-
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i ng equipment are going to have to be standardized and consistently policed so 
tha t th is ent i re concept w i l l be product ive and not f rust ra ted. I t is here tha t the 
independent heat ing o i l insta l ler w i l l be most qual i f ied and have the most to 
offer. 

I t is not only necessary to establish a mechanism or procedure, or both, f o r 
the inspection and evaluat ion of each type or model of solar heat ing equipment, 
i n add i t ion there must be a substant ia l mechanism and procedure fo r the in-
spection, evaluat ion and performance of the actual ins ta l la t ion of such qual i f ied 
equipment. The finest equipment i n the wor ld can be ru ined and rendered ineffec-
t ive by poor insta l la t ion. I f th is is not recognized, the noble purpose of H.R. 3849 
could be completely and quick ly f rus t ra ted. 

The ins ta l la t ion of ad junct solar energy domestic hot water heaters backed 
up by o i l fired equipment has, as noted above, a potent ia l market i n New England 
alone, of 1,600,000 instal lat ions. I f only one-f i f th of these were achieved, i t would 
result i n 320,000 ad junct solar energy domestic hot water generators. Tha t is 
where the oppor tun i ty lies. Fur ther , th is number of insta l la t ions would reduce 
by 5,000,000 barrels of d is t i l la te oil, New England's annual impor ta t ion of 25,-
000,000 barrels of such product. A goal wo r th shooting f o r—a 25% reduct ion of 
our d is t i l la te imports. 

I n l igh t of this, New England Fuel Ins t i tu te recommends the fo l l ow ing : 
1. Tha t the 40% requirement i n Section 3 ( a ) , (1) , ( A ) , be reduced to 

25% and possibly to 20% w i t h qua l i f y ing dol lar amounts to meet such lower 
requirements. 

2. Tha t the act include provisions for ret rof i t insta l lat ions wh ich provide the 
most readi ly avai lable and largest volume market . 

3. Tha t the act include provisions to provide fo r qual i f ied insta l la t ions as we l l 
as quali f ied equipment. One is useless w i thou t the other. 

4. Tha t the act include i n i ts purpose a thrus t fo r decreasing the nat ional 
dependence on imports. 

5. Tha t the act include financial assistance fo r the smal l business instal lers 
who w i l l bear the b run t of the sales, instal lat ions and servicing of such solar 
equipment as we l l as the inventory ing of i ts costly components and basic devices. 

Thank you. 

STATEMENT 0E SHELDON H. BUTT, PRESIDENT, SOLAR ENERGY 
INDUSTRY ASSOCIATION 

Mr. B U T T . Thank you. 
Basically, I agree w i th much of what Congressman Ott inger and 

Congressman Gude said, so I w i l l not go< over that. I t is in the wr i t ten 
testimony. 

There are a couple of points I would l ike to make. 
F i rs t of all, I do believe that the percentage l imi ta t ion on domestic 

hot water heating, which now calls for substantially all, should be 
reduced to- 60 percent. 

There are a couple of other points of a general nature. We are con-
cerned, al l of us, w i t h the cost of various programs to the Treasury. 
The direct loan or loan guarantee, which ever way i t turns out, w i l l 
not necessarily have a permanent impact on the Treasury. Incentives, 
which I believe are a needed part of any solar package, would have 
great market impact but again, wTould not necessarily have permanent 
impact on the Treasury since the need for them should be regarded as 
temporary. 

When you th ink about replacing oi l and gas w i th something for 
home heating, the only two things that are available to* you are elec-
t r i c i ty and solar. 

Now, the impact on the Treasury of existing legislation, deprecia-
t ion allowances and tax credits, of replacing oi l and gas w i th electricity 
is greater than the impact of the incentives which the Solar Energy 
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Indust ry Association has recommended. So f rom that point of view 
of the two alternatives available, solar is a bargain. 

H.R. 3849 has the effect, basically, of channeling capital funds in to 
solar, which, obviously, means away f rom something else. Again, i n 
comparison w i t h the electric alternative, the impact on tota l capital 
requirements of a solar approach is less than an all-electric approach. 
So that, again, I th ink, i n terms of the Nation's chronic capital short-
age, solar is a bargain. 

I th ink that these are the points I want to make. 
Thank you. 
[The prepared statement of Mr . Bu t t fo l lows: ] 
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TESTIMONY OF THE SOIAR ENERG^ INDUSTRIES ASSOCIATION 
NOVEMBER 5 , 1975 

TO THE SUBCOMMITTEE ON HOUSING AND COMMUNITY DEVELOPMENT OF THE 
COMMITTEE ON BANKING, CURRENCY AND HOUSING 

U. S. HOUSE OF REPRESENTATIVES 
PRESENTED BY SHELDON H. BUTT, PRESIDENT OF THE 

SOLAR ENERGY INDUSTRIES ASSOCIATION 

Mr . Cha i rman , I wan t t o t h a n k y o u f o r t h e o p p o r t u n i t y t o t e s -
t i f y b e f o r e you upon H.R. 3849 w h i c h w i l l p r o v i d e d i r e c t l ow i n t e r e s t 
l o a n s t o a s s i s t homeowners and b u i l d e r s i n t h e pu rchase and i n s t a l l a -
t i o n o f s o l a r e q u i p m e n t . I am t e s t i f y i n g on b e h a l f o f t h e S o l a r Energy 
I n d u s t r i e s A s s o c i a t i o n w h i c h i s a t r a d e a s s o c i a t i o n c o m p r i s i n g ^ a p p r o x i -
m a t e l y 400 members, i n c l u d i n g m a n u f a c t u r e r s , a r c h i t e c t s , e n g i n e e r s , i n -
s t a l l a t i o n c o n t r a c t o r s and o t h e r s who a r e i n v o l v e d i n t h e s o l a r i n d u s -
t r i e s . 

The c e n t r a l pu rpose o f H.R. 3849, as w e l l as t h a t o f o t h e r 
complementary p e n d i n g l e g i s l a t i o n , i s t o a c c e l e r a t e w i d e s p r e a d commer-
c i a l i z a t i o n o f s o l a r h e a t i n g and c o o l i n g so as t o reduce demand f o r 
s c a r c e f o s s i l f u e l r e s o u r c e s . I n c o n s i d e r i n g t h i s l e g i s l a t i o n , we 
s h o u l d f i r s t add ress t h e f o l l o w i n g q u e s t i o n s : 

1 . I s t h e l e g i s l a t i o n t i m e l y ? I s t e c h n i c a l l y and econom-
i c a l l y v i a b l e s o l a r equ ipment a v a i l a b l e o r becoming a v a i l a b l e w h i c h 
c o u l d be i n s t a l l e d as t h e r e s u l t o f t h e passage o f H.R. 3849 and o t h e r 
Governmenta l a c t i o n ? 

2 . I s such l e g i s l a t i o n needed? I s l e g i s l a t i o n such as 
H.R. 3849 r e q u i r e d t o a c c e l e r a t e c o m m e r c i a l i z a t i o n o f s o l a r ene rgy t o 
r e a c h n a t i o n a l g o a l s ? For how long? 

3 . The e f f e c t o f H.R. 3849 w i l l be t o c h a n n e l c a p i t a l r e -
sou rces i n t o s o l a r i n s t a l l a t i o n s . How does i n v e s t m e n t i n s o l a r e q u i p -
ment compare t o i n v e s t m e n t i n o t h e r a l t e r n a t i v e ene rgy sou rces as a 
means o f r e d u c i n g c o n s u m p t i o n o f s c a r c e ene rgy r e s o u r c e s ? 

4 . What r e s u l t s ( f u e l s a v i n g s ) may we a n t i c i p a t e ? 
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SUMMARY 

1. T i m e l i n e s s ; S o l a r space h e a t i n g and h o t wa te r h e a t i n g 
equipment i s b e i n g p roduced , s o l d and i n s t a l l e d today w h i c h i s t e c h -
n i c a l l y sound. As d e t a i l e d l a t e r i n t h i s t e s t i m o n y , c u m u l a t i v e s a v i n g s 
i n t he c o s t o f c o n v e n t i o n a l energy r e s u l t i n g f r o m a s o l a r i n s t a l l a t i o n 
become e q u a l t o t he f i r s t c o s t o f t he i n s t a l l a t i o n i n a r e l a t i v e l y few 
y e a r s . I n t h e t y p i c a l cases p r e s e n t e d , sav ings p a y - o u t t ime ranges 
f rom 5 t o 9 yea rs when t h e s o l a r i n s t a l l a t i o n r e p l a c e s e l e c t r i c e n e r g y ; 
7 t o 12 yea rs when f u e l o i l i s r e p l a c e d ; and 12 t o 15 years when s t i l l 
l ow c o s t n a t u r a l gas i s r e p l a c e d . E q u a l l y c o s t - e f f e c t i v e s o l a r c o o l i n g 
equipment i s n o t now a v a i l a b l e . E n g i n e e r i n g development now i n p r o g r e s s 
p romises a v a i l a b i l i t y i n about two y e a r s . 

2 . Need: H igh i n t e r e s t r a t e s p a i d by consumers, b u i l d e r s 
and o t h e r s s t r e t c h o u t t h e t ime r e q u i r e d t o pay back a l o a n used t o 
purchase s o l a r equipment f r o m f u e l c o s t sav i ngs s u b s t a n t i a l l y . The 
a d d i t i o n a l funds r e q u i r e d t o f i n a n c e t h e purchase o f a s o l a r sys tem 
may n o t be a v a i l a b l e t o t h e b u y e r . A l t h o u g h t he number o f s o l a r i n s t a l -
l a t i o n s b e i n g made i s g row ing r a p i d l y , most consumers s t i l l v i e w s o l a r 
i n s t a l l a t i o n s as "new" and t h e r e f o r e , somewhat r i s k y . These f a c t o r s 
combine t o s e v e r e l y r e s t r i c t consumer accep tance o f s o l a r energy a t t he 
p r e s e n t t i m e . I t i s expec ted t h a t t h e p r i c e o f " c o n v e n t i o n a l " energy 
forms w i l l c o n t i n u e t o e s c a l a t e more r a p i d l y t h a n t h e g e n e r a l r a t e o f 
i n f l a t i o n . C o n v e r s e l y , i t i s expec ted t h a t , as t h e volume o f s o l a r 
equ ipment produced i n c r e a s e s , i t s " c o n s t a n t d o l l a r " c o s t w i l l dec rease . 
I n c r e a s i n g f a m i l i a r i t y w i t h s o l a r equipment w i l l reduce the p e r c e i v e d 
r i s k . T h i s a p p l i e s b o t h t o t h e user and t o the l e n d e r . The need f o r 
l e g i s l a t i o n such as H.R. 3849, as w e l l as o t h e r l e g i s l a t i o n , i n t e n d e d 
t o a c c e l e r a t e c o m m e r c i a l i z a t i o n o f s o l a r energy w i l l d i m i n i s h and u l t i -
m a t e l y d i s a p p e a r . The t e n year t e rm i n c o r p o r a t e d i n H.R. 3849 i s ade-
q u a t e . 

3 . C a p i t a l C o s t - E f f e c t i v e n e s s : The c a p i t a l c o s t o f s o l a r 
equipment r e q u i r e d t o r e p l a c e one b a r r e l o f c rude o i l i s l e s s t h a n t h e 
c a p i t a l c o s t o f e l e c t r i c g e n e r a t i n g p l a n t c a p a c i t y w i t h t he same capa-
b i l i t y . I f t h e energy s t o r a g e c a p a b i l i t y i n t e g r a l t o t he s o l a r e q u i p -
ment i s managed so t h a t supp lementa ry e l e c t r i c energy i s r e q u i r e d o n l y 
d u r i n g " o f f peak" h o u r s , the c a p i t a l c o s t o f t h e comb ina t i on s o l a r - o f f 
peak e l e c t r i c a l t e r n a t i v e s i s f a r l e s s t h a n t h a t o f t he a l l e l e c t r i c 
a l t e r n a t i v e . 

4 . R e s u l t s : B a s i c a l l y , we v i ew t h e t a s k o f making " l o w c o s t " 
money a v a i l a b l e t o s o l a r use rs as an e s s e n t i a l p a r t o f a comprehensive 
s o l a r p rogram. The comprehensive program proposed by S . E . I . A . i s de -
t a i l e d i n t h e a t t a c h e d e x h i b i t . We b e l i e v e t h a t i m p l e m e n t a t i o n o f t h e 
comprehens ive program wou ld r e s u l t i n a n n u a l s a v i n g s o f 1 ,000 ,000 b a r r e l s 
o f c rude o i l pe r day w i t h i n t e n y e a r s . Rap id g row th wou ld c o n t i n u e 
t h e r e a f t e r . 
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DETAILS 

1. T i m e l i n e s s 

a . T e c h n i c a l S t a t u s o f S o l a r H e a t i n g and C o o l i n g 

The b a s i c t e c h n o l o g y used i n s o l a r h e a t i n g and c o o l i n g i s q u i t e 
s i m p l e . A f l a t p l a t e c o l l e c t o r i s h e a t e d by s u n l i g h t . The energy c o l -
l e c t e d as h e a t i s removed by a h e a t t r a n s f e r f l u i d w h i c h can be e i t h e r a 
l i q u i d o r a i r . The hea t i s t h e n e i t h e r d e l i v e r e d t o the l o a d o r s t o r e d 
f o r f u t u r e use o r , i n t h e case o f s o l a r a i r - c o n d i t i o n i n g , used t o power 
a b s o r p t i o n a i r - c o n d i t i o n i n g a p p a r a t u s . The o n l y u n i q u e component o f 
such a sys tem i s t h e c o l l e c t o r i t s e l f . The p i p i n g ( o r d u c t w o r k ) used 
t o t r a n s p o r t h e a t e d f l u i d f r o m the c o l l e c t o r i s c o n v e n t i o n a l , conven-
t i o n a l pumps, f ans and c o n t r o l s a r e used . I n s u l a t e d t a n k s c o n t a i n i n g 
h o t w a t e r o r i n s u l a t e d b i n s o f h o t r o c k s a r e used as ene rgy s t o r a g e . 
C o n v e n t i o n a l h e a t exchangers may be used t o t r a n s f e r ene rgy i n t o and ou t 
o f s t o r a g e . S i m p l i f i e d d iag rams o f t y p i c a l s o l a r sys tems a r e shown i n 
F i g u r e s 1 and 2 . 

The c o l l e c t o r c o n s i s t s o f a f l a t a b s o r b e r p l a t e . G e n e r a l l y , 
t h i s i s a f l a t m e t a l p l a t e w i t h an a b s o r p t i v e s u r f a c e w h i c h may be f l a t 
b l a c k p a i n t o r , i n some d e v i c e s , a " s e l e c t i v e " s u r f a c e . C h a r a c t e r i s -
t i c a l l y , t h e back o f t h e a b s o r b e r p l a t e i s i n s u l a t e d t o r educe h e a t 
l o s s e s . One o r two l a y e r s o f g l a s s o r t r a n s p a r e n t p l a s t i c a r e mounted 
i n f r o n t o f t h e a b s o r b i n g s u r f a c e t o reduce c o n v e c t i o n , c o n d u c t i o n and 
r a d i a t i o n l o s s e s and t o p r o v i d e a "g reenhouse e f f e c t . " The b a s i c e n g i -
n e e r i n g p r i n c i p l e s a r e v e r y s i m p l e . 

As i n t h e case o f o t h e r s i m p l e e n g i n e e r i n g c o n c e p t s , c o n s i d e r -
a b l e d e t a i l e d e n g i n e e r i n g e f f o r t goes i n t o b a l a n c i n g and o p t i m i z i n g t h e 
v a r i o u s components o f t h e sys tem. C o n t i n u i n g e n g i n e e r i n g deve lopment 
can and w i l l l e a d t o improvements i n e f f i c i e n c y and r e d u c t i o n i n t h e 
c o s t o f s o l a r sys tems . As t h e i n d u s t r y g rows , we a r e c o n f i d e n t t h a t t h e 
magn i tude and scope o f t hese e f f o r t s w i l l g row. Government a s s i s t a n c e 
t o a c c e l e r a t e t h e pace o f t h e s e deve lopments i s a p a r t o f S . E . I . A . ' s 
comprehens ive s o l a r p rog ram. 

S o l a r c o o l i n g i s a l s o t e c h n i c a l l y p r a c t i c a l t o d a y . I t i s n o t 
e c o n o m i c a l l y v i a b l e . Heat d r i v e n a b s o r p t i o n a i r - c o n d i t i o n i n g a p p a r a t u s 
now a v a i l a b l e i s d e s i g n e d f o r r e l a t i v e l y h i g h i n p u t t e m p e r a t u r e s con -
s i s t e n t w i t h t h e use o f s team " f i r i n g . " A t t hese t e m p e r a t u r e s , p r e -
s e n t l y a v a i l a b l e f l a t p l a t e c o l l e c t o r s l o s e e f f i c i e n c y w h i l e , i f t h e 
e x i s t i n g a b s o r p t i o n a i r - c o n d i t i o n i n g equ ipment i s o p e r a t e d a t l o w e r 
t e m p e r a t u r e s , c a p a c i t y and e f f i c i e n c y a r e l o s t . E n g i n e e r i n g d e v e l o p -
ment i s needed and i s now underway t o d e s i g n a b s o r p t i o n c o o l i n g e q u i p -
ment a d a p t e d f o r l o w e r ene rgy i n p u t t e m p e r a t u r e s as w e l l as t o p roduce 
c o l l e c t o r s w h i c h w i l l o p e r a t e e f f i c i e n t l y a t h i g h e r t e m p e r a t u r e s . P r o -
g r e s s i s e n c o u r a g i n g . 

The s t a n d a r d s r e q u i r e d t o imp lement H .R . 3849 a r e c u r r e n t l y 
b e i n g p r e p a r e d by t h e N a t i o n a l Bureau o f S tanda rds and i n t e r i m s t a n d -
a r d s s h o u l d be a v a i l a b l e e a r l y n e x t s p r i n g . Longer t e r m , i n d u s t r y i s 
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engaged i n t h e deve lopmen t o f permanent s t a n d a r d s t h r o u g h t h e N a t i o n ' s 
v o l u n t a r y s t a n d a r d s o r g a n i z a t i o n s . We e x p e c t t h a t much o f t h e s o l a r 
equ ipment now b e i n g m a n u f a c t u r e d , ma rke ted and i n s t a l l e d w i l l meet 
t h e s e s t a n d a r d s when t h e y a r e i s s u e d . 

b . Economic S t a t u s o f S o l a r H e a t i n g 

We have p r e p a r e d a s e r i e s o f l i f e c y c l e c o s t a n a l y s e s o f " t y p -
i c a l " r e s i d e n t i a l s o l a r i n s t a l l a t i o n s . These a r e based upon c u r r e n t l y 
a v a i l a b l e " s t a t e o f t h e a r t " s o l a r equ ipment and do n o t t a k e c r e d i t f o r 
e x p e c t e d improvements i n e f f i c i e n c y o r f u t u r e c o s t r e d u c t i o n . A n a l y s e s 
a r e p r e s e n t e d f o r i n s t a l l a t i o n s i n Bos ton and i n Los A n g e l e s . B o s t o n 
was s e l e c t e d as r e p r e s e n t a t i v e o f a reas i n w h i c h c l i m a t i c c o n d i t i o n s a r e 
r e l a t i v e l y u n f a v o r a b l e t o s o l a r ene rgy w h i l e Los Ange les r e p r e s e n t s a r e a s 
i n w h i c h r e l a t i v e l y f a v o r a b l e c o n d i t i o n s e x i s t . 

B o s t o n a r e a s t u d i e s were based on $ .035 p e r KWH e l e c t r i c c o s t 
and $ . 4 5 p e r g a l l o n f u e l o i l c o s t s . Los A n g e l e s s t u d i e s were based upon 
$ . 0 3 p e r KWH e l e c t r i c c o s t , $ . 4 0 p e r g a l l o n f u e l o i l c o s t and $ 1 . 5 0 p e r 
MCF f o r n a t u r a l gas . We assumed 7 -1 /2% p e r y e a r e s c a l a t i o n i n e l e c t r i c -
i t y c o s t s (5% g e n e r a l i n f l a t i o n + 2-1/2%.) and 107o p e r y e a r e s c a l a t i o n i n 
o i l and n a t u r a l gas . We e s t i m a t e d o v e r a l l c o n v e r s i o n e f f i c i e n c y f r o m 
o i l t o u s e f u l h e a t a t 55% and f r o m gas a t 60% ( p e r c e n t o f t o t a l h e a t i n g 
v a l u e o f t h e f u e l d e l i v e r e d t o t h e l o a d ) . C a l c u l a t i o n s made on t h i s 
b a s i s a r e summar ized i n T a b l e I and p r e s e n t e d g r a p h i c a l l y i n F i g u r e s 3 , 
4 and 5 . 

I t w i l l be seen t h a t , i n t h e B o s t o n a r e a , t h e p a y - o u t t i m e when 
s o l a r e n e r g y r e p l a c e s e l e c t r i c i t y ranges f r o m 6 . 4 t o 9 . 8 y e a r s d e p e n d i n g 
upon t h e t y p e o f i n s t a l l a t i o n and t h e p r o p o r t i o n o f t he l o a d c a r r i e d by 
t h e s o l a r i n s t a l l a t i o n . I n Los A n g e l e s , e x p e c t e d r e s u l t s a r e somewhat 
more f a v o r a b l e ; t he range b e i n g f r o m 5 . 2 t o 6 . 8 y e a r s . S i n c e f u e l o i l 
as a s o u r c e o f h e a t i s l e s s c o s t l y t h a n e l e c t r i c i t y , r e s u l t s a r e l e s s 
f a v o r a b l e when f u e l o i l i s r e p l a c e d b y s o l a r , t h e p a y - o u t t i m e i n t h e 
Bos ton a r e a r a n g i n g f r o m 9 . 1 t o 1 1 . 6 y e a r s and i n t h e Los A n g e l e s a r e a 
f r o m 7 . 4 t o 11 .3 y e a r s . To t h e e x t e n t t h a t r e l a t i v e l y l ow c o s t n a t u r a l 
gas i s a v a i l a b l e , t he t i m e r e q u i r e d t o p a y - o u t t h e s o l a r i n v e s t m e n t i n -
c r e a s e s s u b s t a n t i a l l y , t h e range i n t h e Los Ange les a r e a b e i n g 1 2 . 0 t o 
1 4 . 5 y e a r s . 

c . N a t i o n w i d e A p p l i c a t i o n s f o r S o l a r 

A l t h o u g h p a y - o u t t i m e f o r a s o l a r i n s t a l l a t i o n i n Los A n g e l e s 
i s somewhat l e s s t h a n i n B o s t o n , t he d i f f e r e n c e s a r e r e l a t i v e l y s m a l l , 
p a r t i c u l a r l y so c o n s i d e r i n g t h e c l i m a t i c d i f f e r e n c e s . One r e a s o n f o r 
t h i s r e s u l t i s t h a t " c o n v e n t i o n a l " e n e r g y c o s t s t e n d t o be h i g h e r i n 
t h e N o r t h e a s t t h a n e l s e w h e r e i n t h e U. S. A n o t h e r r e a s o n i s t h a t , popu -
l a r b e l i e f t o t h e c o n t r a r y , t h e d i f f e r e n c e s i n a v a i l a b l e s u n s h i n e , p a r -
t i c u l a r l y as r e l a t e d t o s e a s o n a l l o a d p r o f i l e , a r e n o t o v e r w h e l m i n g l y 
g r e a t . F i n a l l y , and most i m p o r t a n t l y , s i n c e s o l a r s ys tem e f f i c i e n c y 
v a r i e s w i t h t h e p e r c e n t a g e o f l o a d c a r r i e d , a sys tem i n B o s t o n can c a r r y 
a s m a l l e r p e r c e n t a g e o f l o a d as e f f i c i e n t l y as a sys tem i n Los A n g e l e s 
can c a r r y a l a r g e r p e r c e n t a g e o f l o a d . T h i s i s i l l u s t r a t e d i n F i g u r e 6 
w h i c h p l o t s u s e f u l h e a t p r o d u c t i o n p e r squa re f o o t o f s t a n d a r d c o l l e c t o r 
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a g a i n s t p e r c e n t o f l o a d c a r r i e d f o r Los Ange les and Bos ton i n w a t e r 
h e a t e r a p p l i c a t i o n s . For examp le , p r o d u c t i v i t y i n Bos ton i s t h e same 
a t t h e 50% l o a d l e v e l as i n Los A n g e l e s a t 85% o f l o a d . 

c . R e q u i r e d S i z e o f t h e S o l a r I n s t a l l a t i o n 

As now w r i t t e n , H.R. 3849 r e q u i r e s t h a t e l i g i b l e systems must 
be d e s i g n e d t o meet a t l e a s t 40%, o f t o t a l h e a t i n g needs and " s u b s t a n -
t i a l l y a l l " o f t h e needs f o r d o m e s t i c h o t w a t e r . The 40% minimum r e -
l a t e d t o h e a t i n g needs i s p r a c t i c a l . The r e q u i r e m e n t t h a t h o t w a t e r 
systems meet " s u b s t a n t i a l l y a l l " o f t h e d o m e s t i c h o t w a t e r needs i s n o t . 
I f t h i s p r o v i s i o n we re r i g o r o u s l y i n t e r p r e t e d , no e c o n o m i c a l l y v i a b l e 
h o t w a t e r h e a t i n g sys tem wou ld be a b l e t o q u a l i f y . I t i s recommended 
t h a t s o l a r h o t w a t e r h e a t i n g systems be r e q u i r e d t o meet 60% o f t h e r e -
q u i r e m e n t f o r h o t w a t e r . 

2 . Need 

The p a y - o u t t i m e s quo ted i n t h e p r e c e d i n g s e c t i o n were d e r i v e d 
by compar ing c u m u l a t i v e s a v i n g s w i t h f i r s t c o s t . I f i t i s assumed t h a t 
t h e sys tem i s pu rchased w i t h bo r rowed f u n d s , i n t e r e s t payments s t r e t c h 
o u t t h e t i m e r e q u i r e d t o a m o r t i z e t h e i n v e s t m e n t i n s o l a r f a c i l i t i e s . 

As an examp le , l e t us c o n s i d e r t h e r e l a t i v e l y f a v o r a b l e case 
o f a homeowner i n Los Ange les who pu rchases a s o l a r h e a t i n g and h o t 
w a t e r sys tem t o r e p l a c e an a l l e l e c t r i c sys tem and d e s i g n e d t o c a r r y 
60% o f t h e t o t a l l o a d . Based on T a b l e I , t h e p a y - o u t t i m e i s 6 . 8 y e a r s . 
I f he makes t h i s pu rchase w i t h a 25% down payment and an 8 y e a r l o a n a t 
12% i n t e r e s t , h i s cash f l o w p o s i t i o n i s as f o l l o w s : 

Cash Out F low 
Payment Sav ings Year C u m u l a t i v e 

Payment $1687.50 $1687.50 
1 1017 .56 $ 4 9 2 . 0 0 $ 525 .56 2213 .06 
2 1017.56 528 .90 4 8 8 . 6 6 2701 .72 
3 1017.56 5 6 8 . 5 6 4 4 9 . 0 0 3150 .72 
4 1017 .56 6 1 1 . 2 1 406 .35 3557.07 
5 1017 .56 657 .07 360 .49 3917 .56 
6 1017 .56 706 .32 3 1 1 . 2 4 4 2 2 8 . 8 0 
7 1017 .56 759 .30 258 .26 4487 .06 
8 1017 .56 . 816 .23 201 .33 4688 .39 
9 0 877 .48 - 877 .48 3 8 1 0 . 9 1 

10 0 921 .37 - 921 .37 2889 .54 
11 0 990 .45 - 990 .45 1899.09 
12 0 1064 ,74 - 1 0 6 4 . 7 4 834.35 
13 0 1144.59 - 1 1 4 4 . 5 9 - 310 .24 

Thus , t h e consumer does n o t " b r e a k e v e n " on a cash b a s i s u n t i l 
t h e t h i r t e e n t h y e a r . The a v a i l a b i l i t y o f a l o a n a t 7% m a t e r i a l l y changes 
t h e p i c t u r e as f o l l o w s : 
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Cash Out F low 
Payment Sav ings Year C u m u l a t i v e 

Payment $1687.50 $1687 .50 
1 845 .44 $ 4 9 2 . 0 0 $ 353 .44 2 0 4 0 . 9 4 
2 845 .44 5 2 8 . 9 0 316 .54 2357 .48 
3 845 .44 5 6 8 . 5 6 276 .88 2634 .36 
4 845 .44 6 1 1 . 2 1 234 .23 2868 .59 
5 845 .44 657 .07 188.37 3 0 5 6 . 9 6 
6 845 .44 706 .32 139.12 3 1 9 6 . 0 8 
7 845 .44 759 .30 86 .14 3282 .22 
8 845 .44 816 .23 2 9 . 2 1 3311 .43 
9 0 877 .48 - 877 .48 2433 .95 

10 0 921 .37 - 921.37 1512 .58 
11 0 990 .45 - 990 .45 5 2 2 . 1 3 
12 0 1064 .74 - 1 0 6 4 . 7 4 - 5 4 2 . 6 1 

" B r e a k e v e n " comes a y e a r e a r l i e r . More i m p o r t a n t l y , t h e maximum cumu-
l a t i v e n e t o u t l a y i s 30% l e s s t h a n i n t h e case o f t h e 12% l o a n . 

Consumer reponse w i l l s t i l l t e n d t o be somewhat s l u g g i s h s i n c e 
c a s h o u t - f l o w s ( a f t e r t h e down payment ) a r e s t i l l s u b s t a n t i a l , p a r t i c u -
l a r l y i n t h e e a r l i e r y e a r s . I n e f f e c t , t h e consumer ' s l o a n payments , 
even w i t h a 7% l o a n , a r e g r e a t e r t h a n h i s e l e c t r i c i t y c o s t s a v i n g s . A l -
t h o u g h h e l p w i t h i n t e r e s t c o s t s i s i m p o r t a n t and t h e l o a n p r o g r a m has 
o t h e r a d v a n t a g e s , t h e t a x c r e d i t s c a l l e d f o r i n S . E . I . A . f s p r o g r a m a r e 
r e q u i r e d i n o r d e r t o p r e s e n t a r e a l l y a t t r a c t i v e p r o s p e c t t o t h e c o n -
sumer . We have recommended a 40% c r e d i t on t h e f i r s t $2 ,000 and 25% on 
t h e n e x t $ 6 , 0 0 0 . I n ou r examp le , t h e t o t a l t a x c r e d i t w o u l d be $ 1 , 9 8 7 . 5 0 . 
I f we assume, a 7 % , 8 y e a r l o a n on t h e b a l a n c e ( $ 4 , 7 6 2 . 5 0 ) , w i t h t h e t a x 
c r e d i t a p p l y i n g t o t h e down payment , t h e cash f l o w p i c t u r e i s as f o l l o w s : 

Cash Out F l o t f 
Payment Sav ings Year C u m u l a t i v e 

1 $ 795 .34 $ 4 9 2 . 0 0 $ 303 .34 $ 3 0 3 . 3 4 
2 795 .34 528 .90 2 6 6 . 4 4 5 6 9 . 7 8 
3 795 .34 568 .56 226 .78 796 .56 
4 795 .34 6 1 1 . 2 1 184 .13 986 .69 
5 7 9 5 . 3 4 657 .07 138.27 1118 .96 
6 795 .34 706 .32 89 .02 1207 .98 
7 795 .34 759 .30 3 6 . 0 4 1244 .02 
8 795 .34 816 .23 - 2 0 . 8 9 1223 .13 
9 795 .34 877 .48 - 877 .48 3 4 5 . 6 5 

" B r e a k e v e n " comes s h o r t l y a f t e r t h e n i n t h y e a r . Maximum c u m u l a t i v e 
c a s h o u t - f l o w i s 6370 l e s s t h a n w i t h o u t t h e t a x i n c e n t i v e . F u r t h e r m o r e , 
t h e consumer w i l l have no d i f f i c u l t y i n r e c o g n i z i n g t h a t t h e e x t e n t t o 
w h i c h h i s i n v e s t m e n t has i n c r e a s e d t h e v a l u e o f h i s p r o p e r t y i s g r e a t e r 
t h a n h i s c u m u l a t i v e cash o u t l a y a t a l l t i m e s . I n e f f e c t , t h e s o l a r i n -
v e s t m e n t i s a " g o o d " i n v e s t m e n t . The p i c t u r e i s as f o l l o w s : 
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7%, 8 Year Loan and Tax C r e d i t s 

Va lue ® 
O r i g i n a l 

Loan C u m u l a t i v e Cost Less 
Ba lance Cash F low T o t a l 5%/Year Net 

1 $4300 .54 $ 3 0 3 . 3 4 $4603.88 $6412 .50 $1808.62 
2 3 8 0 6 . 2 4 5 6 9 . 7 8 4376 .02 6075 .00 1698.98 
3 3 2 7 7 . 3 1 796 .56 4073 .87 5737 .50 1663.63 
4 2711 .39 980 .69 3692 .08 5400 .00 1707.92 
5 2105 .83 1118.96 3224 .79 5062 .50 1837 .71 
6 1457 .90 1207 .98 2665 .88 4 7 2 5 . 0 0 2059 .12 
7 764 .62 1244.02 2008 .64 4387 .50 2378 .86 
8 0 1223.13 1223.13 4 0 5 0 . 0 0 2826 .87 

O b v i o u s l y , w i t h o u t t h e t a x c r e d i t b u t w i t h t h e 7% l o a n , t h e r e 
w o u l d be a p e r i o d d u r i n g w h i c h t h e t o t a l o f t h e b a l a n c e due on t h e l o a n 
p l u s n e t cash o u t l a y s w o u l d exceed t h e d e p r e c i a t e d v a l u e o f t h e s o l a r 
sys tem. 

We a n t i c i p a t e t h a t w i t h i n t e n y e a r s , t h e " c o n s t a n t " d o l l a r 
c o s t s o f s o l a r sys tems w i l l be reduced by 50%. Based on a 5% p e r y e a r 
r a t e o f g e n e r a l i n f l a t i o n , t h i s means t h a t t h e " c u r r e n t d o l l a r " c o s t i n 
t e n y e a r s w i l l be 77.6% o f p r e s e n t " c u r r e n t d o l l a r " c o s t . I n t h e mean-
t i m e , because o f i n f l a t i o n , a n n u a l s a v i n g s w i l l have s u b s t a n t i a l l y i n -
c r e a s e d . The " 1 9 8 5 " p i c t u r e w i t h an e i g h t y e a r l o a n a t 12% and a 25% 
down payment and w i t h o u t t a x c r e d i t s wou ld be as f o l l o w s : 

Cash Out F low 

Year 

Payment S a v i n g s Year C u m u l a t i v e 

Lyment $1309 .50 $ 1 3 0 9 . 5 0 
1 789 .63 $ 990 .45 $ - 2 0 0 . 8 2 1106 .68 
2 789 .63 1064.74 - 2 7 5 . 1 1 833.57 
3 789 .63 1144 .59 - 3 5 4 . 9 6 4 7 8 . 6 1 
4 789 .63 1230 .44 - 4 4 0 . 8 1 37 .80 
5 789.63 1322.69 - 5 3 3 . 0 6 - 4 9 5 . 2 6 
6 789 .63 1421.93 - 6 3 2 . 3 0 - 1 1 2 7 . 5 6 
7 789 .63 1528.55 - 7 3 8 . 9 2 - 1 8 6 6 . 4 8 
8 789 .63 1643 .18 - 8 5 3 . 5 5 - 2 7 2 0 . 0 3 

The re i s a n e t cash s a v i n g e v e r y y e a r o f o p e r a t i o n . " B r e a k even " i s 
r a p i d . O b v i o u s l y , t h e r e i s no need f o r Government a s s i s t a n c e . 

3 . C a p i t a l C o s t - E f f e c t i v e n e s s 

I n o u r summary, we have s t a t e d t h a t t h e c a p i t a l c o s t o f s o l a r 
equ ipmen t r e q u i r e d t o save one b a r r e l o f c r u d e o i l i s l e s s t h a n t h e c a p i -
t a l i n v e s t m e n t i n e l e c t r i c g e n e r a t i n g f a c i l i t i e s needed t o a c c o m p l i s h t h e 
same p u r p o s e . D a t a on t h i s p o i n t was p r e p a r e d and s u b m i t t e d t o t h e 
Energy Subcommi t tee o f t h e Commit tee on Sc ience and T e c h n o l o g y o f t h e 
U. S. House o f R e p r e s e n t a t i v e i n response t o q u e s t i o n s r a i s e d a t t h e i r 
Oc tobe r H e a r i n g s . A copy o f t h e s t u d y i s a t t a c h e d t o t h i s t e s t i m o n y . 
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I n a " t y p i c a l " s i t u a t i o n , t h e i n v e s t m e n t c o s t r e q u i r e d t o r e p l a c e one 
b a r r e l o f o i l w i t h a s o l a r i n s t a l l a t i o n s u p p l y i n g 60% o f t h e t h e r m a l 
r e q u i r e m e n t s and t h e b a l a n c e s u p p l i e d b y " o f f p e a k " e l e c t r i c power 
( u t i l i z i n g t h e s t o r a g e c a p a b i l i t y o f t h e s o l a r sys tem t o s t o r e h e a t 
f r o m " o f f p e a k " e l e c t r i c power ) i s $130.50 ( c u r r e n t s i t u a t i o n ) . The 
c a p i t a l c o s t o f t h e " a l l e l e c t r i c " a l t e r n a t i v e i s $228 .38 . Even w i t h -
o u t t h e use o f " o f f p e a k " e l e c t r i c power w i t h s o l a r , t h e c a p i t a l c o s t 
o f s o l a r a l o n e i s $217 .50 p e r b a r r e l o f o i l saved . 

We may a s k , why i s Government a s s i s t a n c e r e q u i r e d ? Why do 
we need l ow i n t e r e s t l oans? Why do we need t a x c r e d i t s ? I n p a r t , 
t h e need r e l a t e s t o t h e f i r s t c o s t s e n s i t i v i t y o f t h e consumer , t h e 
a p a r t m e n t owner o r t h e b u i l d e r . I n l a r g e r p a r t , i t r e l a t e s t o t h e 
f a c t t h a t t h e e x t e n t t o w h i c h t h e Government " a s s i s t s " t h e i n v e s t m e n t 
i n u t i l i t y f a c i l i t i e s w i t h t a x c r e d i t s and w i t h b e f o r e t a x d e p r e c i a t i o n 
a l l o w a n c e s i s g r e a t e r t h a n t h e e x t e n t t o w h i c h we a r e a s k i n g f o r h e l p 
f o r t h e p u r c h a s e r o f s o l a r e q u i p m e n t . As i s d e t a i l e d i n t h e s t u d y 
a t t a c h e d , t h e c o s t t o t h e U. S. T r e a s u r y o f r e p l a c i n g one b a r r e l o f o i l 
w i t h e l e c t r i c g e n e r a t i n g c a p a c i t y i s $ 1 2 1 . 5 0 , w h i l e t h e c o s t t o t h e 
T r e a s u r y o f t h e s o l a r - o f f peak e l e c t r i c a l t e r n a t i v e i s o n l y $ 4 0 . 4 6 . 
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TABLE I 
LIFE CYCLE-COST ANALYSIS. TYPICAL SOIAR SYSTEMS 

Conventional 
Tota l Load 

(10° B tu /y r . ) 
Cont 
(10* 

;r ibution 
' B tu /y r . ) 

Conventional 
Energy Form 

Energy Savings 
Units 1st Year 

Cumulative 
10 Yrs. 

Cumulative 
20 Yrs. 

Solar System 
Cost 

Pay Out 
Time. Yrs. 

Boston Area 
Mult i -Fami ly Low Rise 
Hot Water Only 

507. Solar 1000 500 E l e c t r i c i t y 146,400 KWH $ 5124 . $ 72,261 $218,190 $ AO, 320 6.4 
607. Solar 1000 600 E l e c t r i c i t y 175,680 KWH 6149 86,716 261,837 53, ,550 6.9 
707. Solar 1000 700 E l e c t r i c i t y 204,960 KWH 7174 101,171 305,483 71, ,430 7.7 
507. Solar 1000 500 O i l 6,500 Gal. 2925 46,617 167,529 40, ,320 9 . 1 
607. Solar 1000 600 O i l 7,800 Gal. 3510 55,940 201,035 53, ,550 9.7 
707. Solar 1000 700 O i l 9,100 Gal. 4095 65,264 234,541 71, ,430 10.6 

Los Angeles Area 
Mult i -Fami ly Low Rise 
Hot Water Only 

507. Solar 1000 500 E l e c t r i c i t y 146,400 KWH $ 4392 $ 61,931 $187,020 $ 26, ,685 5.2 
607. Solar 1000 600 E l e c t r i c i t y 175,680 KWH 5270 74,320 224,407 34, ,620 5.5 
707. Solar 1000 700 E l e c t r i c i t y 204,960 KWH 6149 86,716 261,837 44, ,685 6 .0 
507. Solar 1000 500 O i l 6,500 Gal. 2600 41,437 148,915 26, ,685 7.4 
60% Solar 1000 600 O i l 7,800 Gal. 3120' 49,725 178,698 34, ,620 7.8 
707. Solar 1000 700 O i l 9,100 Gal. 3640 58,012 208,481 44, ,685 8.4 
507. Solar 1000 500 Gas 833 MSF 1250 19,922 71,594 26, ,685 12.0 
607. Solar 1000 600 Gas 1,000 MCF 1500 23,906 85,912 34, ,620 12.5 
707. Solar 1000 700 Gas 1,167 MCF 1,750 27,890 100,231 44, ,685 13.3 

Boston Area 
Mult i -Family Low Rise 
Heating + Hot Water 

407. Solar 1847 739 E l e c t r i c i t y 216,320 KWH $ 7571 $106,773 $322,397 $ 62, ,260 6.6 
507. Solar 1847 924 E l e c t r i c i t y 270,400 KWH 9464 134,466 402,996 86, ,580 7.2 
607. Solar 1847 1108 E l e c t r i c i t y 324,480 KWH 11357 160,159 483,595 125, ,000 8.3 
407. Solar 1847 739 O i l 9,600 Gal. 4320 68,850 247,428 62, ,260 9.4 
507. Solar 1847 924 O i l 12,000 Gal. 5400 86,062 309,284 86, ,580 10.0 
60% Solar 1847 1108 O i l 14,400 Gal. 6480 103,274 371,141 125, ,000 11.3 
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Table I ( cont 'd . ) 

Tota l Load 
(106 B t u / v r . ) 

Solar 
Contribution 

(106 B tu /v r . ) 
Conventional 
Energy Form 

Conventional 
Energy Savings 

Units 1st Year 
Cumulativ 

10 Yrs. 

Boston Area 
Single-Family Residence 
Heating + Hot Water 

40% Solar 96 38.4 E l e c t r i c i t y 11,244 KWH $ 394 $ 5,556 
507. Solar 96 48.0 E l e c t r i c i t y 14,054 KWH 492 6,937 
40% Solar 96 38.4 O i l Heat 333 Gal. 150 2 ,391 

Elec. H.W. 3,742 KWH 131 1.847 
Total 281 4 ,238 

50% Solar 96 48.0 O i l Heat 462 Gal. 208 3,315 
Elec. H.W. 4,216 KWH 148 2.087 

Total 
4,216 KWH 

356 5,402 

Los Angeles Area 
Single-Family Residence 
Heating + Hot Water 

40% Solar 50 20.0 E l e c t r i c i t y 5,856 KWH $ 176 $ 2,478 
50% Solar 50 25.0 E l e c t r i c i t y 7,320 KWH 220 3,103 
60% Solar 50 30.0 E l e c t r i c i t y 8,784 KWH 264 3,723 
40% Solar 50 20.0 Gas 33.3 MCF 50 797 
50% Solar 50 25.0 Gas 41.67 MCF 63 1,004 
60% Solar 50 30.0 Gas 50.0 MCF 75 1,195 

Cumulative 
20 Yrs. 

16,777 
20,946 

8,591) 
5.578) 

Solar System Pay Out 
Cost Time. Yrg. 

14,169 

11,913) 
6 ,302) 

18,215 

7,481 
9,368 

11,242 
2,863 
3,608 
4,296 

4,875 
6,750 
4,875 

6,750 

1,125 
1,605 
2,250 
1,125 
1,605 
2,250 

9 .1 
9.8 

11.0 

11.6 

5.4 
6.0 
6.8 

12.8 
13.3 
14.5 

t o 
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Arrangement of Typical U. S. 

Supply 

F i g u r e 1. 

Figure 2 . 
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Solar vs. Electric 

£200 w 
O Q 

1100 

70% S o l a r 

50% S o l a r 

70% S o l a r 
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F i g u r e 3 . 

F i g u r e 4 . 
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Years 

Figure 5. 

Useful Heat, Btu per Square Foot of Solar Collector per Year 

Figure 6. 
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SOLAR ENERGY INDUSTRIES ASSOCIATION 
PROPOSALS FOR TEMPORARY SOLAR ENERGY INCENTIVES 

AND FOR 
OTHER GOVERNMENT ACTIONS TO ACCELERATE SOLAR ENERGY APPLICATION 

The f o l l o w i n g summarizes p resen t t h i n k i n g o f SEIA . . . 

Homeowner I n c e n t i v e s . A t a x c r e d i t t o homeowners .equal t o 40% o f 
t h e f i r s t $2,000 and 25% o f t h e nex t $6,000 i n v e s t e d i n equipment t o " p r o -
duce" s o l a r energy. To be e l i g i b l e f o r i n c e n t i v e t a x c r e d i t s , t h e i n s t a l -
l a t i o n must meet "Temporary Standards" now b e i n g developed by NBS and /o r 
f u t u r e ANSI N a t i o n a l Consensus Standards . 

I n c e n t i v e s f o r M u l t i - F a m i l y R e s i d e n t i a l , Commercial and I n d u s t r i a l 
A p p l i c a t i o n s . A t a x c r e d i t equa l t o 20% o f t he inves tment o r p r o v i s i o n f o r 
f i v e year r a p i d a m o r t i z a t i o n a t t he o p t i o n o f t h e i n v e s t o r . E l i g i b i l i t y as 
above. 

I n c e n t i v e s f o r N o n - P r o f l t E n t i t i e s . A g r a n t equa l t o 40% o f t he i n -
ves tmen t . A p p l i e s t o s t a t e and l o c a l governments, schoo l s , h o s p i t a l s , non-
p r o f i t c o r p o r a t i o n s , e t c . E l i g i b i l i t y as above. 

I n c e n t i v e s f o r Producers o f S o l a r Equipment. F i v e year r a p i d a m o r t i -
z a t i o n o f c a p i t a l i nves tments made t o produce s o l a r energy equipment . A 
development l o a n program t o a s s i s t c a p i t a l f o r m a t i o n by s m a l l bus iness f i r m s 
p l a n n i n g t o produce s o l a r energy equipment . A program t o p e r m i t the Fede ra l 
Government t o purchase s p e c i a l i z e d eqipment r e q u i r e d t o produce s o l a r energy 
equipment and lease such equipment t o i n d u s t r y f o r such use. 

Loan Guarantee Programs — Homeowners. Government l o a n guarantees 
a p p l y i n g t o i n s t a l l e d cos t o f s o l a r equipment such t h a t t he a d d i t i o n a l i n -
vestment r e q u i r e d w i l l n o t add t o t h e down payment r e q u i r e d f o r new r e s i -
d e n c i e s . Government l o a n guaran tees , and i f necessary , i n t e r e s t s u b s i d i e s 
f o r r e t r o f i t a p p l i c a t i o n s t o e q u a l i z e i n t e r e s t cos t s w i t h new i n s t a l l a t i o n s 
Program i s s i m i l a r t o e d u c a t i o n a l l o a n program. E l i g i b i l i t y as above. 
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Loan Guarantee Programs - O the r . Government l o a n guarantees a p p l y i n g 
to i n s t a l l e d cos t o f equipment such t h a t the a d d i t i o n a l inves tment i n s o l a r energy 
equipment does no t r e q u i r e a d d i t i o n a l e q u i t y f i n a n c i n g by owner. I n t e r e s t sub-
s i d i e s t o e q u a l i z e owner f s money cos t w i t h t h a t o f o t h e r energy producers ( o i l 
companies, e t c . ) , who n o r m a l l y borrow a t o r near the "p r ime r a t e . " 

FEA S o l a r Energy Commerc ia l i za t i on A c t i v i t i e s . FEA shou ld be p r o v i d e d 
w i t h adequate f u n d i n g to suppor t i t s s o l a r a c t i v i t i e s . These a c t i v i t i e s i n c l u d e : 
overcoming i n s t i t u t i o n a l , economic and l e g a l b a r r i e r s ; deve lop ing s t a t e and l o c a l 
programs; educa t i ng the p u b l i c , e t c . 

Government B u i l d i n g s Program. Imp lementa t ion o f a program based on 
S-2095 w i t h c e r t a i n m o d i f i c a t i o n t o assure adequate s o l a r energy equipment u t i l i z a -
t i o n . 

Demonst ra t ion Programs. Adequate imp lemen ta t i on o f PL 93-409, the " S o l a r 
H e a t i n g and Coo l i ng Demonst ra t ion Ac t o f 1974, " i s needed. A t p resen t i t appears 
t h a t too g rea t emphasis i s b e i n g p l aced on "development i n suppor t o f demons t ra t i on " 
and too l i t t l e upon an adequate number o f demons t ra t ions . There i s a l s o concern 
t h a t ERDA spending p lans may i n v o l v e d i v e r s i o n o f e f f o r t f rom suppo r t o f d i r e c t 
s o l a r t he rma l a p p l i c a t i o n s ( h e a t i n g , h o t wa te r and c o o l i n g ) wh ich have m id - t e rm 
as w e l l as l o n g te rm p o t e n t i a l t o a p p l i c a t i o n s r e q u i r i n g e x t e n s i v e research 
e f f o r t s and hav ing o n l y l o n g te rm p o t e n t i a l f o r energy s a v i n g s — i f R&D i s s u c c e s s f u l . 

( S o l a r the rma l e l e c t r i c , ocean the rma l g r a d i e n t s , e t c . ) 

S p e c i f i c Programs t o A c c e l e r a t e 
Development o f P h o t o v o l t a i c s 

A l l o f t he above programs r e l a t e t o p h o t o v o l t a i c a p p l i c a t i o n s as w e l l as 
t o s o l a r - t h e r m a l a p p l i c a t i o n s . I n a d d i t i o n , the f o l l o w i n g programs are proposed 
as a means o f a c c e l e r a t i n g development o f p h o t o v o l t a i c a p p l i c a t i o n s . 

A i r C o n d i t i o n i n g Programs. A p p l i c a t i o n s i n wh ich s o l a r e l e c t r i c energy 
ga thered by p h o t o v o t a i c c e l l s i s used t o power compressor a i r - c o n d i t i o n i n g apparatus 
become c o s t - e f f e c t i v e a t h i g h e r p h o t o v o l t a i c c e l l cos ts than the g e n e r a l i t y o f 
a p p l i c a t i o n s . B a s i c a l l y , t h i s i s because energy s to rage i n the fo rm o f c h i l l e d 
wa te r i s low c o s t . Immediate p r o o f o f concept and e a r l y demons t ra t i on i n s t a l l a t i o n s 
a re propsed. 

Remote Government I n s t a l l a t i o n Programs. Programs s i m i l a r t o t he gene ra l 
Government B u i l d i n g s Program aimed a t i n s t a l l a t i o n o f p h o t o v o l t a i c dev ices i n 
remote areas shou ld be i n i t i a t e d a t t h i s t i m e . 

Resu l t s To Be Expected 

The combined e f f e c t o f these programs w i l l s u b s t a n t i a l l y a c c e l e r a t e 
development o f s o l a r energy a p p l i c a t i o n s . We es t ima te t o t a l s o l a r energy p r o d u c t i o n 
p r e d i c t e d upon these and those programs a l ready i n p l ace e q u i v a l e n t t o 1 m i l l i o n 
b a r r e l s per day o f crude pe t ro leum w i t h i n t en y e a r s . W i thou t the package proposed 
and w i t h o n l y those programs now i n p l a c e , sav ings would n o t exceed 100,000 b a r r e l s 
pe r day i n t en y e a r s . 

62-322 O - 75 - 6 
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COMPARATIVE CAPITAL AND TAX REVENUE COSTS 
OF REPLACING IMPORTED CRUDE OIL WITH ELECTRIC 

POWER AND WITH SOLAR THERMAL ENERGY 

The B a s i c Concept 

Scarce ene rgy f o r m s , such as o i l and gas , used i n h e a t i n g and 
c o o l i n g may be r e p l a c e d w i t h a l t e r n a t i v e ene rgy s o u r c e s , such as s o l a r 
ene rgy o r e l e c t r i c energy (when g e n e r a t e d u s i n g c o a l , n u c l e a r f u e l , and 
l a t e r i n t i m e , s o l a r e l e c t r i c e n e r g y , g e o t h e r m a l ene rgy o r f u s i o n , w h i c h 
e n e r g y r e s o u r c e s a r e i n r e l a t i v e l y p l e n t i f u l s u p p l y ) . 

B a s i c F i n d i n g s 

The c a p i t a l c o s t o f e x p l o i t i n g s o l a r ene rgy f o r t h i s pu rpose 
i s l o w e r t h a n t h e c a p i t a l c o s t o f e l e c t r i c g e n e r a t i n g f a c i l i t i e s r e -
q u i r e d t o a c c o m p l i s h t h e same p u r p o s e , p a r t i c u l a r l y so when t h e s o l a r 
i n s t a l l a t i o n d e r i v e s i t s a u x i l i a r y ene rgy r e q u i r e m e n t s f r o m " o f f p e a k " 
e l e c t r i c power . The c o s t t o t h e T r e a s u r y , pe r b a r r e l o f c rude o i l 
saved , o f t h e i n c e n t i v e s p roposed by t h e S o l a r Energy I n d u s t r i e s A s s o -
c i a t i o n i s l e s s t h a n those i n c o r p o r a t e d i n e x i s t i n g t a x l e g i s l a t i o n 
a p p l y i n g t o e l e c t r i c u t i l i t y compan ies . The r e s u l t s a r e as f o l l o w s : 

C a p i t a l R e q u i r e m e n t s , Tax Revenue E f f e c t s And 
P r i m a r y Energy I m p l i c a t i o n s o f V a r i o u s A l t e r n a t i v e s 

To Rep lace One B a r r e l o f Crude O i l 

P r i m a r y Energy C o n t e n t 
5 . 8 t o 6 . 0 M i l l i o n B t u 

100% E l e c t r i c G e n e r a t i o n 

60% S o l a r 
+40% O f f Peak E l e c t r i c 

Power 

C a p i t a l 
. Cost 

$228 .38 

$130 .50 

0 

$130.50 

Cost To The 
T r e a s u r y 

$ 1 2 1 . 5 0 * 

$ 4 0 . 4 6 

0 

$ 4 0 . 4 6 

P r i m a r y 
Energy 
R e q u i r e d 

9 . 5 M i l l i o n B t u 

3 . 8 M i l l i o n B t u 

* I f t h a t p o r t i o n o f t h e c o s t t o t h e T r e a s u r y r e p r e s e n t i n g t h e e f f e c t o f 
d e p r e c i a t i o n a l l o w a n c e s f o r t a x pu rposes and w h i c h i s a d e f e r r e d c o s t 
i s d i s c o u n t e d t o i t s " p r e s e n t w o r t h " a t a d i s c o u n t r a t e o f 6% p e r y e a r , 
t h e $121.50 becomes $95 .66 . 
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E l e c t r i c E n e r g y C a p i t a l C o s t s 

One b a r r e l o f c r u d e o i l has a h e a t v a l u e o f 5 . 8 t o 6 . 0 m i l l i o n 
B t u . Crude o i l i s a " p r i m a r y " e n e r g y s o u r c e . As p r i m a r y e n e r g y , t h e 
h e a t c o n t e n t o f c r u d e o i l i s 5 . 8 t o 6 . 0 m i l l i o n B t u p e r b a r r e l . I n r e -
l a t i n g c r u d e o i l as a p r i m a r y e n e r g y s o u r c e t o t h e h e a t r e q u i r e d t o h e a t 
b u i l d i n g space o r t o h e a t d o m e s t i c h o t w a t e r , we must f i r s t a c c o u n t f o r 
t h e v a r i o u s l o s s e s i n v o l v e d i n c o n v e r t i n g c r u d e o i l i n t o h e a t i n g o i l , a 
r e f i n e r y p r o d u c t , d i s t r i b u t i n g t h i s p r o d u c t t o t h e u s e r s and t h e l o s s e s 
e n c o u n t e r e d i n c o n v e r t i n g t h e e n e r g y c o n t e n t o f t h e h e a t i n g o i l i n t o 
u s e f u l h e a t a p p l i e d t o t h e l o a d . These a r e p r i m a r i l y c o m b u s t i o n l o s s e s . 
I t i s e s t i m a t e d t h a t 12% o f t h e p r i m a r y e n e r g y c o n t a i n e d i n t h e b a r r e l 
o f c r u d e o i l i s l o s t i n r e f i n i n g and d i s t r i b u t i o n . T h i s means t h a t one 
b a r r e l o f c r u d e o i l w i t h a h e a t c o n t e n t o f 6 . 0 m i l l i o n B t u i s e q u i v a l e n t 
t o 5 , 2 8 0 , 0 0 0 B t u i n h e a t i n g o i l d e l i v e r e d t o t h e u s e r . I n t h e p r o c e s s 
o f b u r n i n g t h e h e a t i n g o i l , f u r t h e r l o s s e s a r e e n c o u n t e r e d - - t h e h e a t i n 
t h e r e l a t i v e l y h o t f l u e gas e x h a u s t e d i n t o t h e a t m o s p h e r e , l o s s e s a s s o -
c i a t e d w i t h t h e r m a l c y c l i n g o f t h e f u r n a c e , e t c . These l o s s e s a r e e s t i -
mated t o e q u a l 45% o f t h e h e a t v a l u e o f t h e h e a t i n g o i l b u r n t . D e d u c t -
i n g t h i s 45%, we f i n d t h a t one b a r r e l o f c r u d e o i l d e l i v e r s 2 . 9 m i l l i o n 
B t u t o t h e space h e a t i n g o r h o t w a t e r h e a t i n g l o a d . 

E l e c t r i c e n e r g y a p p l i e d t o such l o a d s can be u t i l i z e d w i t h v i r -
t u a l l y 100% e f f i c i e n c y . (The re a r e no c o m b u s t i o n l o s s e s . ) Upon t h i s 
b a s i s , 2 . 9 m i l l i o n B t u ( e q u i v a l e n t t o one b a r r e l o f c r u d e o i l ) r e q u i r e s 
d e l i v e r y o f 850 k i l o w a t t h o u r s t o t h e l o a d . The c o s t s o f e l e c t r i c g e n -
e r a t i n g p l a n t s and d i s t r i b u t i o n sys tems a r e u s u a l l y r e l a t e d t o t h e g e n -
e r a t i n g c a p a c i t y o f t h e p l a n t . T h e r e a r e e n e r g y l o s s e s i n v o l v e d i n t h e 
t r a n s f o r m e r s and t r a n s m i s s i o n l i n e s r e q u i r e d t o u l t i m a t e l y d e l i v e r e l e c -
t r i c e n e r g y t o a r e s i d e n c e . These a r e e s t i m a t e d t o be 15% o f t h e power 
g e n e r a t e d . T h e r e f o r e , 850 k i l o w a t t h o u r s d e l i v e r e d t o t h e l o a d r e q u i r e s 
t h a t 1 , 0 0 0 k i l o w a t t h o u r s be g e n e r a t e d a t t h e e l e c t r i c g e n e r a t i n g s y s t e m . 

I f e l e c t r i c g e n e r a t i n g p l a n t s o p e r a t e d a t a 100% u t i l i z a t i o n 
f a c t o r , e a c h k i l o w a t t o f c a p a c i t y i n t h e g e n e r a t i n g p l a n t w o u l d p r o d u c e 
8 , 7 6 0 k i l o w a t t h o u r s p e r y e a r . Because t h e demand f o r e l e c t r i c i t y i s 
n o t u n i f o r m and a l s o because g e n e r a t i n g c a p a c i t y must be s h u t down 
p e r i o d i c a l l y f o r m a i n t e n a n c e , t h e u t i l i t y i n d u s t r y t y p i c a l l y a v e r a g e s 
l e s s t h a n 50% u t i l i z a t i o n o f i n s t a l l e d c a p a c i t y . I f we e s t i m a t e 50% 
e q u i p m e n t u t i l i z a t i o n , one k i l o w a t t o f c a p a c i t y w i l l p r o d u c e 4 , 3 8 0 k i l o -
w a t t h o u r s p e r y e a r . 

Under t o d a y ' s c o n d i t i o n s , we e s t i m a t e t h a t t h e i n s t a l l e d c o s t 
o f new g e n e r a t i n g c a p a c i t y , t o g e t h e r w i t h t h e i n s t a l l e d c o s t o f new 
d i s t r i b u t i o n and s u p p o r t f a c i l i t i e s t o t a l s $ 1 , 0 0 0 p e r k i l o w a t t o f c a p a -
c i t y . I f t h i s k i l o w a t t o f c a p a c i t y w i l l g e n e r a t e 4 , 3 8 0 k i l o w a t t h o u r s 
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p e r y e a r and r e c o g n i z i n g t h a t 1 , 0 0 0 k i l o w a t t h o u r s must be g e n e r a t e d t o 
r e p l a c e one b a r r e l o f i m p o r t e d c r u d e o i l , we f i n d t h a t , a t $ 1 , 0 0 0 p e r 
k i l o w a t t o f c a p a c i t y , t h e c a p i t a l c o s t o f r e p l a c i n g a b a r r e l o f c r u d e 
o i l w i t h e l e c t r i c e n e r g y i s $ 2 2 8 . 3 8 . 

S o l a r C a p i t a l C o s t s 

The u s e f u l h e a t p r o d u c e d b y a s o l a r i n s t a l l a t i o n w i l l v a r y 
w i t h i n s o l a t i o n c o n d i t i o n s , w i t h t h e l o a d p r o f i l e and a l s o w i t h t h e 
e x t e n t t o w h i c h s o l a r e n e r g y i s used t o c a r r y t h e l o a d . S t u d i e s i n d i -
c a t e t h a t s o l a r i n s t a l l a t i o n s made w i t h p r e s e n t l y a v a i l a b l e " s t a t e o f 
t h e a r t " e q u i p m e n t s h o u l d p r o d u c e 2 0 0 , 0 0 0 B t u o f u s a b l e h e a t e n e r g y 
p e r s q u a r e f o o t o f c o l l e c t o r a r e a . (The " c a p a c i t y " o f t h e e q u i p m e n t i s 
s u b s t a n t i a l l y h i g h e r , t h e 2 0 0 , 0 0 0 B t u n e t f i g u r e d i s c o u n t s c a p a c i t y f o r 
t h e f a c t t h a t l o a d p r o f i l e s a r e such t h a t t h e f u l l c a p a c i t y o f t h e s o l a r 
s y s t e m i s n o t a l w a y s needed and t h e r e f o r e , i s n o t a l w a y s u s e f u l . ) E x -
p e r i e n c e , as w e l l as t h e p r i c e s o f p r e s e n t l y c o m m e r c i a l l y a v a i l a b l e s o l a r 
e q u i p m e n t , i n d i c a t e t h a t t h e c o s t o f t h e s o l a r e q u i p m e n t i n s t a l l e d s h o u l d 
be $15 p e r s q u a r e f o o t . T h e r e f o r e , 1 4 . 5 s q u a r e f e e t o f s o l a r c o l l e c t o r , 
t o g e t h e r w i t h o t h e r r e q u i r e d e q u i p m e n t a t a t o t a l c o s t o f $ 2 1 7 . 5 0 , i s r e -
q u i r e d t o r e p l a c e one b a r r e l o f c r u d e o i l . 

The c a p i t a l i n v e s t m e n t r e q u i r e d i n s o l a r e q u i p m e n t t o save a 
b a r r e l o f c r u d e o i l o f $ 2 1 7 . 5 0 i s m o d e s t l y l o w e r t h a n t h e $ 2 2 8 . 3 8 i n -
v e s t m e n t r e q u i r e d i n e l e c t r i c g e n e r a t i n g f a c i l i t i e s t o a c c o m p l i s h t h e 
same p u r p o s e . 

S o l a r I n s t a l l a t i o n s and E l e c t r i c 
U t i l i t y Load Management 

On t h e a v e r a g e , c o s t - e f f e c t i v e s o l a r i n s t a l l a t i o n s w i l l c a r r y 
50% o r 60% o f t h e h e a t i n g o r d o m e s t i c h o t w a t e r l o a d , l e a v i n g t h e b a l -
ance t o be c a r r i e d b y " c o n v e n t i o n a l " e n e r g y s o u r c e s . S i n c e somewhat 
o v e r 50%, o f new r e s i d e n t i a l u n i t s now u t i l i z e e l e c t r i c h e a t and w e l l 
o v e r 50% use e l e c t r i c d o m e s t i c h o t w a t e r h e a t e r s , and r e c o g n i z i n g t h a t 
we a r e c o n s i d e r i n g e l e c t r i c i t y and s o l a r as a l t e r n a t i v e means o f r e -
d u c i n g c r u d e o i l c o n s u m p t i o n , we may c o n s i d e r t h e case i n w h i c h t h e 
a u x i l i a r y e n e r g y r e q u i r e m e n t s a r e p r o v i d e d b y e l e c t r i c e n e r g y . As i s 
d i s c u s s e d i n more d e t a i l i n t h e a n a l y s i s b e i n g p r e s e n t e d i n r e s p o n s e 
t o Congressman McCormack 's r e q u e s t , t h e t h e r m a l e n e r g y s t o r a g e c a p a -
b i l i t y , w h i c h i s an i n t e g r a l p a r t o f t h e s o l a r i n s t a l l a t i o n , p r o v i d e s 
a n o p p o r t u n i t y f o r u t i l i t y l o a d management such t h a t t h e a u x i l i a r y 
e n e r g y r e q u i r e m e n t s o f t h e s o l a r i n s t a l l a t i o n may be f u r n i s h e d on a 
s t r i c t l y " o f f p e a k " b a s i s . S i n c e o f f p e a k power r e q u i r e s no a d d i t i o n a l 
i n v e s t m e n t i n g e n e r a t i n g o r d i s t r i b u t i o n f a c i l i t i e s b u t s i m p l y i n -
c r e a s e s t h e l e v e l o f u t i l i z a t i o n o f e x i s t i n g f a c i l i t i e s , no i n v e s t m e n t 
i s n e c e s s a r y t o s u p p l y a u x i l i a r y e l e c t r i c e n e r g y r e q u i r e m e n t s . 

T h e r e f o r e , i f t h e s o l a r s y s t e m s u p p l i e s 60% o f t h e e n e r g y r e -
q u i r e d t o r e p l a c e a b a r r e l o f c r u d e o i l , t h e s o l a r i n v e s t m e n t i s $ 1 3 0 . 5 0 . 
No i n v e s t m e n t i s r e q u i r e d i n e l e c t r i c f a c i l i t i e s and t h e t o t a l new i n -
v e s t m e n t i s , t h e r e f o r e , $ 1 3 0 . 5 0 . 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



81 

Cost t o the T r e a s u r y Of 
V a r i o u s A l t e r n a t i v e s 

The Solar Energy Indus t r i es Associa t ion has proposed a pro-
gram of temporary incent ives to acce le ra te use of solar energy. I n 
the case of i n d i v i d u a l homeowners, we have proposed a tax c r e d i t equal 
to 40% of the f i r s t $2,000 invested by the homeowner and 25% of the 
next $6 ,000. I f we assume that the average cost of the solar i n s t a l -
l a t i o n s made by the i n d i v i d u a l homeowners is $5 ,000, the average i n -
cent ive tax c r e d i t becomes 31%. (This is a somewhat low est imate of 
t o t a l equipment cost ; a higher est imate of equipment cost would gen-
e r a t e a somewhat lower average tax c r e d i t . ) 

Based on an average tax c r e d i t of 31%, to the homeowner, the 
cost to the Treasury per b a r r e l of crude o i l saved would be: 

Crude O i l Savings Derived From Solar Alone $67.43 

Crude O i l Savings Derived From Solar (60%) 
In tegra ted With Off Peak E l e c t r i c Power (40%) 40 .46 

Under the terms of e x i s t i n g l e g i s l a t i o n , an e l e c t r i c u t i l i t y 
company b u i l d i n g new capaci ty is al lowed a 10%, investment tax c r e d i t . 
On the basis of an investment of $228.38 per b a r r e l of o i l saved, the 
cost of t h i s investment tax c r e d i t to the Treasury is $22.84. 

I n a d d i t i o n , the e l e c t r i c u t i l i t y is permit ted to depreciate 
the remainder of t h e i r investment for tax purposes by deducting the 
remaining investment f rom taxable income over a p e r i o d o f t i m e . Assum-
ing a corporate tax r a t e of 48%, the cost to the Treasury of these de-
ductions from income for deprec ia t ion upon the remaining $205.54 is 
$98.66. Thus, the t o t a l cost to the Treasury of the " a l l e l e c t r i c " 
a l t e r n a t i v e is $121.50. 

I t i s t rue t h a t the d e p r e c i a t i o n allowances and t h e i r impact 
upon Treasury revenue occurs over a per iod of years . I f the fu ture 
costs to the Treasury are discounted to the present a t a discount r a t e 
of 6%, ( r e p r e s e n t a t i v e of the Treasury 's cost for money), and we assume 
t h a t , fo r tax purposes, the f a c i l i t i e s are depreciated over a twenty 
year per iod and t h a t the u t i l i t y uses the "sum of the d i g i t s " method of 
d e p r e c i a t i o n ; the present value of the $98.66 becomes $72.82. Adding 
back the immediate e f f e c t of the investment tax c r e d i t of $22.84, the 
discounted cost to the Treasury of the " a l l e l e c t r i c " opt ion is $95.66. 

I n e i t h e r event , the cost to the Treasury of support ing solar 
development w i t h the tax incent ives proposed by S . E . I . A . i s less than 
the cost to the Treasury of support ing f u r t h e r development of e l e c t r i c 
energy resources a l ready estab l ished by e x i s t i n g tax l e g i s l a t i o n a p p l i -
cable to e l e c t r i c u t i l i t i e s . 

Questions were a lso ra ised as to the r e l a t i o n s h i p between the 
investment requi red for a so lar i n s t a l l a t i o n and t h a t required to develop 
shale o i l resources, to develop product ion of synthet ic n a t u r a l gas from 
coa l or to develop product ion of l i q u i d f u e l s from coa l . Our answer to 
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these questions was and is that we do not have any r e l i a b l e estimates 
for these a l t e r n a t i v e s . Development of such estimates would be highly 
complex. For example, in the case of shale o i l development, we must 
consider not only the cost of the plant f a c i l i t y required to ex t rac t 
o i l from shale i t s e l f but we must also consider the c a p i t a l cost of 
r e f i n e r y capacity to r e f i n e the crude product, and most p a r t i c u l a r l y , 
we must consider the c a p i t a l cost inherent i n development of water re -
sources required by the shale o i l p lants . I t is unfortunately true 
that shale o i l reserves are located in areas which are semi-arid and 
in which ex is t ing water resources are l i m i t e d , wi th very l im i ted pre-
sent a v a i l a b i l i t y of surplus water resources. What would be the c a p i t a l 
cost to the Government to increase water a v a i l a b i l i t y i n these areas? 
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Mr. MOORHEAD. Well, thank you very much, Mr. Butt. 
The subcommittee would now like to hear from Mr. C. A. Morrison, 

director of research, solar energy and energy conversion laboratory. 
Mr. ROUSSELOT. May I ask a question ? 
How muny members do you have in your association ? 
Mr. B U T T . Approximately 400 . 
Mr. ROUSSELOT. Thank you, Mr. Chairman. 
Mr. MOORHEAD. Mr. Morrison. 

STATEMENT OP C. A. MORRISON, DIRECTOR OF RESEARCH, SOLAR 
ENERGY AND ENERGY CONVERSION LABORATORY, UNIVERSITY 
OF FLORIDA, GAINESVILLE, FLA. 

Mr. MORRISON. Thank you, Mr. Chairman. 
Briefly, I have noted m my comments there appears to be some in-

consistency in section 2, paragraph B, "Authorization of Loans." I t 
is covered in my comments. 

Also in that section under "Cooling equipment," there is a section 
there that appears to be creating the Energy Research and Develop-
ment Administration as an agency to establish performance criteria 
for the solar heating and cooling equipment and issue certification and 
do other police work in this area. I find this somewhat alarming, be-
cause I feel that industry, in as far as possible, should not be under 
the direct jurisdiction of governmental bureaus. I think they are more 
capable of policing themselves. 

I have prepared a packet of material for you that has given much 
information concerning various types of research work that have been 
accomplished in the field of solar energy at the University of Florida. 
I t wi l l show you operational prototypes that you can study. 

Mr. MOORHEAD. Without objection, the material, which is very 
interesting, wi l l be made a part of the record. 

[The material referred to concerning various types of research 
work that have been accomplished in the field of solar energy at the 
University of Florida follow Mr. Moorhead's prepared statement:] 

Mr. MOORHEAD. Thank you. 
Many of these materials and prototypes have been in operation for 

over 15 years. Insofar as flat plate collectors are concerned, I per-
sonally know that they were in use in south Florida in 1930. So these 
are not new technologies. I think a better thing is to say that solar 
energy has been a neglected technology. 

The flat plate collector has been operational for many years. We 
have been able to establish the fact that i t is rather efficient. Currently, 
a well-designed collector is roughly 50 percent efficient in the range of 
about 150° F. 

There are some corrections on my statement that should be so noted. 
Your secretary has these corrections. 

Mr. MOORHEAD. They wi l l be noted. 
Mr. MORRISON. The best possible efficiency would be 100 percent 

Fahrenheit—correction, 100 percent efficiency. So we cannot look for 
anv dramatic breakthrough in the design of flat plate collectors that 
wi l l triple or quadruple the efficiency. I t is just not going to do it. 

I believe, though, that through the proper manufacturing incentives 
and equipment selection, material selection, mass production tech-
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niques, that cost reductions of considerable magnitude can be effected. 
This wi l l bring the product into the purchasing capability of the 
homeowner. 

The same flat plate collector which has proved very efficient in our 
experimental work can also be used to power refrigeration devices. We 
have made ice with it. We have absorption systems that are produc-
ing air-conditioning. We have developed 11 such systems over the 
past 20 years. Currently we have in operation in our test house an air-
conditioning system that successfully operated under manual control. 
Solar-powered air-conditioning is here. I t is a matter of automation 
and perfecting the systems. I t is not a question of whether or not i t can 
be done. 

Our residential unit is currently being heated by solar energy. I t 
is under thermostatic control. I t operates just exactly like any other 
residential heating plant operates, and you cannot tell the difference 
whether i t is being heated by solar or some other, more conventional 
method. 

We have two separate systems in the house; both of them work. We 
have various other projects that are being pursued, which I wi l l not 
be able to go into. 

On theT>asis of our data, which has been gathered over a number 
of years, we have determined that our hot water heating cost in our 
residential unit has been reduced 85 percent through the use of solar 
energy. We estimate that at least 80 percent of our heating require-
ments for the solar-powered residence wi l l be able to be met. So on 
the basis of these experiments, I believe that the overall heating, water 
heating and house heating bi l l for the residential homeowner or small 
business owner could be reduced as much as 75 percent on a national 
basis, i f we were to go to a strong program that would accelerate the 
use of this energy. 

Now, I do not really think that solar energy is the eureall. I t is not 
going to meet all of the demands, but i t certainly is a source of energy 
that should be used wherever it is possible. When i t is not possible 
to use solar energy or some other renewable type of energy source, 
then and only then should the more conventional energy of the non-
renewable type be used. 

Thank you. 
[The prepared statement of Mr. Morrison follows:] 

PREPARED STATEMENT OF M R . C . A . MORRISON, DIRECTFR OF RESERCH, SOLAR 
ENERGY AND ENERGY CONVERSION LABORATORY, U N I V E R S I T Y OF FLORIDA, G A I N E S -
VILLE, F L A . 

COMMENTS ON H.R. 3849 AND SOLAR ENERGY TECHNOLOGY 

Since i t was November 3, 1975, when I received my copy of House B i l l No. 
H.R. 3849,1 have not been able to examine the b i l l i n depth. A pre l iminary review 
of the b i l l indicates tha t the overal l effect of th is enactment should be qui te 
beneficial to those who are interested i n the pract ical appl icat ion of solar energy 
technology at the earliest possible t ime. 

I noted tha t under Section 2, "Author iza t ion of Loans", paragraph B, l ine 6, 
a figure of $6,000 is to be made available fo r a one to four fami l y structure. I n 
reviewing the remainder of the paragraph, I assume tha t the intent of th is 
subsection " A " was to make available $6,000 per dwel l ing un i t i n the case of 
a one to four fami l y structure. I f th is was not the intent, then i t would seem 
as i f the subsequent items would not be consistent. 
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Whi le my general reaction to the b i l l was quite favorable, I am somewhat 
concerned about the content of the "Cooling Equipment" section, paragraph B, 
which is on page 7 and starts at l ine 6. I t appears as i f the Energy Research 
and Development Admin is t ra t ion is being commissioned to establish performance 
cr i ter ia fo r solar heating and cooling equipment, issue cert i f ication regarding 
the performance of this equipment, and police the manufactur ing and market ing 
of the equipment. This I find alarming, because I feel that industry, insofar as 
possible, should not be under the direct jur isd ic t ion of governmental bureaus. I t 
has been my experience that bureaucratic regulations more often deter, rather 
than promote, progress i n the field of indust r ia l research and development. 

I n order to assist the members of this committee i n evaluating the present 
state of solar water heating, house heating, and cooling technology I have pre-
pared a packet of mater ia l which w i l l be distr ibuted to each of you for your 
perusal. Whi le examining these materials, you w i l l see that solar energy has 
been widely and successfully applied at the prototype level of development fo r 
many years. Many of the solar powered devices, which are discussed i n these 
pamphlets, were operational i n our laboratories at the Univers i ty of F lor ida 
more than 15 years ago. I n the case of flat plate solar collectors, I personally 
know that they were successfully operated i n south F lor ida as early as 1930. 
W i t h these thoughts i n mind, I th ink i t would be more accurate fo r us to th ink 
of solar energy not as a new technology but rather as a neglected technology, 
for i ts use declined, not because i t was inoperable, but because i t was more con-
venient and often more profitable to use some al ternat ive which invar iab ly em-
ployed the consumption of our non-renewable resources. 

Since the flat plate collector has been in use for many years, i t is not real ist ic 
to th ink that there w i l l be any great "breakthrough" i n technology that w i l l 
vastly improve the efficiency of these collectors. The obvious t r u th of this 
statement becomes evident when i t is realized that, under normal circumstances 
and w i th a flat plate solar collector of good qual i ty, i t is possible to achieve 
overal l thermal efficiencies i n the range of 50% when the equipment is operating 
so as to produce hot water of approximately 150° F. Since the best possible 
efficiency would be 100%, i t is evident that there w i l l be no design breakthrough 
which w i l l double or t r ip le the output of these devices. The cost of producing 
these flat plate collectors at the present t ime is rather expensive, and the 
average cost per square foot of solar collector surface ranges f rom 10 to 20 
dollars. I believe that, through the proper encouragement, the manufactur ing 
community w i l l be able to employ mass production techniques, proper mater ia l 
selection and efficient market ing procedures to significantly reduce the cost per 
square foot of collector surface so that a breakthrough i n this area in my 
opinion is not only feasible, i t is to be expected. The incentive required to 
st imulate the industr ia l is t is the profi t that w i l l be visualized as he views the 
potential of a rapid ly expanding market for his product. 

The same flat plate collectors that are used for furn ish ing potable hot water 
to residences or small commercial operations may be used to operate absorption 
type refr igerat ion systems or other types of refr igerat ion devices which may 
be used for refr igerat ion or a i r condit ioning purposes. Eleven such devices have 
been produced and operated in the laboratories at the Univers i ty of F lor ida 
over a period of the last twenty years. Whi le most of these systems were on 
the prototype scale, some have had sufficient capacity to power conventional 
a i r condit ioning systems. Current ly we have i n the solar test house at the 
Universi ty of F lor ida a three-ton, in termi t tent , ammonia/water a i r condit ioning 
system which was successfully operated dur ing this past summer. We are 
current ly i n the process of automating this system so that i t w i l l not require 
manual control. We expect to have this automation complete so that the system 
w i l l work effectively dur ing the next cooling season. 

Current ly in use i n the solar test house are two heating systems which 
employ the hot water produced by flat plate collectors to furn ish the heat 
required for the residents who occupy this house. Ei ther of the heating systems 
are designed so that they operate f rom thermostatic controls, and one cannot 
te l l whether the house is being heated w i t h solar energy or some other more 
conventional method. The two heating systems that are current ly in use in 
the house are : 

(a) Baseboard hot water con vectors. 
(&) Forced a i r c i rculat ion system which uti l izes a hot water coil heat 

exchanger. 
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Each of these systems has been tested and found to be capable of supply ing 
the needs of the residence. 

Other projects, wh ich are cur rent ly being invest igated at the Un ivers i t y of 
F lo r ida , include the solar pur i f ica t ion of waste water , power generat ion fo r res-
ident ia l requirements, cooking devices wh ich employ hot fluids produced by 
solar concentrators, solar t rack ing devices wh ich are to ta l l y powered by solar 
energy, and var ious other equipment d i rec t ly or ind i rec t ly re lated to these 
projects. 

Our records of energy consumed by the hot water system, wh i ch has been 
i n operat ion at the solar test house for a number of years, indicates t ha t we 
save approx imate ly 85% of the energy required to heat potable water f o r the 
residence. Wh i l e we d id not have sufficient data on the energy savings re lated 
to the heat ing of the residence, i t is est imated tha t we w i l l be able to f u r n i s h 
a t least 80% of the heat ing requirements of our residence through solar energy. 
The system is designed so tha t i t can operate effectively fo r several days even 
when there is m in ima l sunshine. Subsequent to such a per iod of t ime we need 
several days of good sunshine i n order to recharge the storage tank. I f we con-
sider only the savings on space heat ing and hot water heat ing fo r the no rma l 
Amer ican residence, I feel tha t i t wou ld be safe to say tha t we could reduce 
these u t i l i t y b i l ls by 75% through the use of solar energy. Such a savings is 
cer ta in ly s igni f icant to the smal l businessman or home owner who is cur ren t l y 
becoming pa in fu l l y aware of the rap id ly increasing cost of energy. 

W h i l e I do not t h i n k tha t solar energy is a "cure-a l l " f o r the energy problem, 
I do believe tha t i t is one source of energy wh ich should cer ta in ly be ut i l ized, 
since i t is constant ly being renewed. I t should be used wherever i t is possible 
to employ i ts use successfully, and the non-renewable fuels should be u t i l i zed 
only f o r those purposes tha t cannot adequately be met through the use of some 
type of renewable energy. 

[The material referred to by Mr. Morrison in his prepared state-
ment may be found at the end of the hearing on page 165.] 

Mr. MOORHEAD. Thank you all very much. 
I have some questions in writing that I would like to submit to 

you, but I would not ask them orally because of the time constraints. 
Mr. MOORHEAD. Just one question—and this would be to you, Mr. 

Butt, and any other comments from the others. 
I n your statement, on page 3, you spoke of solar cooling as tech-

nically practical today but not economically feasible. 
Do you mean i t is not economically feasible when used by itself, or 

as part of a larger system for cooling ? 
Mr. B U T T . Well, basically, I would say that economically feasible 

means that the cumulative savings wi l l equal the first costs in no more 
than 10 years. You cannot achieve that with solar cooling today. That 
is, i t would take more than 10 years for the savings to equal the first 
costs. 

Mr. MOORHEAD. Is there any dissent from the panel ? 
[No response.] 
Mr. MOORHEAD. Mr. St Germain. 
Mr. S T GERMAIN . I have no questions. 
Mr. MOORHEAD. Mr. Rousselot ? 
Mr. ROUSSELOT. I wi l l try to be brief. 
Mr. DeBlois, I was interested, since you serve as chairman of the 

solar energy application committee for your fuel institute, in know-
ing whether you have any test units now going in the area that 
your people serve ? 

Mr. DEBLOIS . We are in the process, Mr. Rousselot, of installing and 
developing seven water heating units, which wi l l be installed. None 
has been installed and is in actual operation at this time. 
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Mr. ROUSSELOT. Y O U have none in operation now ? 
Mr. D E B L O I S . We have none now. 
Mr. ROUSSELOT. But you plan to have seven in operation when ? 
Mr. D E B L O I S . They wi l l start about in December, and I assume all 

of them wil l be in. Mr. Burkhardt is giving me a more updated figure 
than I am giving you, but from a practical standpoint, I think they 
wi l l all be installed by, let us say, next Apr i l or May. 

Mr. ROUSSELOT. Next spring? 
Mr. D E B L O I S . Yes, sir. They wi l l be operating. 
Mr. ROUSSELOT. And wi l l they be able to provide cooling effects as 

well as heating, or just heating? 
Mr. D E B L O I S . We are not involving ourselves at this time with 

cooling, sir. There is a reason for this, and Mr. Burkhardt wi l l answer 
that. 

Mr. B U R K H A R D T . I n New England, we do not have a supercooling 
problem. There are only an average of 16 days a summer throughout 
the region that require cooling. 

Mr. ROUSSELOT. I appreciate that. I was just asking the question. 
Then you would be prepared to give us some kind of a report by, 

say, next July, as to what the effect of this has been ? 
Mr. D E B L O I S . We should be able to give you an initial report. 
Mr. ROUSSELOT. Wi l l they be in different States ? 
Mr. D E B L O I S . There are two States for the water heating. Three 

units are going to be installed in the State of Rhode Island; four 
units are going to be installed in the State of Connecticut. A t some 
point after that, we hope to install a whole house heating system. 

Mr. ROUSSELOT. Are these privately financed, or did you get a Gov-
ernment grant ? 

Mr. D E B L O I S . A t this time, the units, the water heating units, in 
Rhode Island and Connecticut, are being privately financed through 
the institute. 

Mr. ROUSSELOT. So the seven units are all being basically privately 
financed ? 

Mr. D E B L O I S . That is correct. 
Mr. ROUSSELOT. Did you have difficulty in getting the financing ? 
Mr. D E B L O I S . Mr. Burkhardt, do you want to tell him about the 

financing ? 
Mr. B U R K H A R D T . The institute appropriated $ 5 0 , 0 0 0 , or asked the 

finance committee to appropriate $ 5 0 , 0 0 0 . 
Mr. ROUSSELOT. Which came from membership dues ? 
Mr. B U R K H A R D T . Yes. And it might interest you, in the space of 

three phone calls to three dealers, they each contributed $10,000 in a 
single day. Mr. DeBlois' company was one of the companies that put 
out $ 1 0 , 0 0 0 . And the remaining $ 2 0 , 0 0 0 is coming from the six affiliate 
associations that make up NEFI , which is a federation. We raised i t 
in 1 week. 

Mr. ROUSSELOT. We ought to put you in charge of New York City. 
[Laughter.] 

I n other words, because it is a test, your own membership really 
contributed ? 

Mr. D E B L O I S . Yes. We felt i t was to the benefit of the consumers in 
our area. We certainly have gotten a lot out of the industry, our home 
heating oil industry. And the members in the institute felt that this 
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was an opportunity that just could not be missed to add solar heating, 
hopefully. 

Mr. ROUSSELOT. Are these in new or existing homes ? 
Mr. D E B L O I S . These wi l l all be retrofits. 
Mr. ROUSSELOT. And do you have a single builder doing all of them ? 
Mr. D E B L O I S . N O , sir. I t wi l l be individual homeowners that wi l l be 

contacted, or have been contacted already, in some instances, that wi l l 
add solar panels, either in conjunction with an existing water heater, 
or with a new water heater, or an existing tankless heater. 

Mr. ROUSSELOT. D O they come from your association ? 
Mr. B U T T . Well, there is one quite substantial manufacturer of solar 

water heaters in the Boston area. 
Mr. ROUSSELOT. I S that the one you are using ? 
What I am asking is, did you have trouble finding viable manufac-

turers to produce this equipment ? 
Mr. D E B L O I S . N O . I think we had just exactly the opposite. 
Mr. ROUSSELOT. Thank you. I appreciate that. 
Mr. MOORHEAD. Mrs. Spellman. 
Mrs. S P E L L M A N . I would just ask one question. 
On those buildings that are being retrofitted, was there a cost-

effectiveness factor involved in that? 
Mr. D E B L O I S . I t was estimated by the institute at this time that the 

equipment itself, because i t is going to be seven different types of 
equipment, basically, i t wi l l be slightly different, i t wi l l run somewhere 
between $600 and $1,800 for the equipment itself. You could generally 
double that, let us say, by the time you get i t installed. Then, of course, 
i t has to be monitored. We have already spoken with two institutes of 
higher learning to monitor the equipment for results. I t is a costly 
project. 

Mrs. S P E L L M A N . Thank you. Thank you, Mr. Chairman. 
Mr. MOORHEAD. Thank you very much, gentlemen. We appreciate it. 
I am sorry that we had to cut the time short, because we could have 

gone on at length. But I know you did not want to come back tomorrow, 
and we could not find a way of arranging i t for this afternoon. 

The subcommittee would now like to hear from Mr. Claude E. Bar-
field, Deputy Assistant Secretary for Research and Demonstration of 
the Department of Housing and Urban Development. 

STATEMENT OF CLAUDE E. BARFIELD, DEPUTY ASSISTANT SECRE-
TARY OF THE DEPARTMENT OF HOUSING AND URBAN DEVEL-
OPMENT, OFFICE OF RESEARCH AND DEMONSTRATION 

Mr. B A R F I E L D . Mr. Chairman, I wi l l submit a statement for the 
record, and I would make two points about the thrust of it. 

One is that, basically, our report is not in disagreement with much 
that was said here today. The major problem area is the question of 
timing with respect to incentives. We feel that one of the mandates to 
H U D and to ERDA under the demonstration program is to take a 
look at any incentives which should or could be utilized and make rec-
ommendations. Within the time-frame of the demonstration the H U D 
Secretary and the ERDA Administrator wi l l make those 
recommendations. 
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Mr. MOORHEAD. Then I would like to ask you just one question. And 
that is when ? 

When wi l l this demonstration period be ? 
Mr. BARFIELD. Well, the demonstration period for heating and cool-

ing is for 5 years. And we think during the last 2 years of the demon-
stration we wi l l have enough experience behind us, both in regard to 
the cost of the systems as well as the performance by region, to give 
some indication to the Congress—indeed, definite indication to the 
Congress as we are mandated to do under the Demonstration Act—as 
to what, i f any, incentives are needed. That is a part of our charge 
already. 

Mr. MOORHEAD. When did you say ? 
Mr. BARFIELD. I could not give you an exact date, but I would say 

some time within the last 2 years of the demonstration. 
Mr. MOORHEAD. And that is a 5-year demonstration period? 
Mr. BARFIELD. Well, we are 1 year into the demonstration. I t would 

be some time, I assume, in 1978 or 1979. 
Mr. MOORHEAD. Well, I think it could be expedited. 
[The prepared statement of Mr. Barfield follows:] 

PREPARED STATEMENT OF CLAUDE E . BARFIELD, D E P U T Y ASSISTANT SECRETARY 
FOB RESEARCH AND DEMONSTRATION, DEPARTMENT OF H O U S I N G AND URBAN 
DEVELOPMENT 

Mr. Chai rman and members of the subcommittee, I appreciate the opportuni ty 
to discuss w i t h you the role of the Department of Hous ing and Urban Develop-
ment i n the Federal solar heat ing and cooling program, and i n par t i cu la r our 
comments on the var ious proposals before the Congress wh ich wou ld provide 
financial incentives for the use of solar energy. 

The potent ia l value of solar energy i n reducing our Nat ion's need fo r fossi l 
fuels and i n reducing the cost of energy to ind iv iduals and commercial establish-
ments has been discussed i n many forums. Congress clearly stated the case for 
using solar energy to heat and cool bui ld ings and heat domestic water i n the 
Section on Findings and Pol icy i n the Solar Heat ing and Cooling Demonstrat ion 
Act of 1974, P.L. 93-409. I need not, therefore cite stat ist ics on fue l use and the 
potent ia l fue l savings through the use of solar energy. 

I t h i nk i t iS/ useful, however, to begin w i t h an abbreviated overview of the 
Federal p rpg fam i n solar heat ing and cooling wh ich has been developed to car ry 
out the requirements of P.L. 93-409. P.L. 93-409, as enacted, called upon the 
Secretary of Hous ing and Urban Development and the Admin is t ra to r of the 
Nat iona l Aeronaut ica l and Space Admin is t ra t ion to develop and conduct the 
solar heat ing and cooling demonstrat ion program. The legislat ion creat ing the 
Energy Research and Development Admin is t ra t ion , however, t ransferred overal l 
responsibi l i ty fo r energy research to E R D A . I n addit ion, the NASA and Na-
t iona l Science Foundat ion responsibi l i t ies stated i n P.L. 93-409 were t ransferred 
to ERDA. H U D ' s role was not changed. 

I n response to th is legislat ion, E R D A , H U D and a number of other agencies 
developed a comprehensive p lan fo r the solar heat ing and cooling program. This 
plan, i n i t i a l l y publ ished i n March as the I n t e r i m Report, Nat iona l P lan for 
Solar Heat ing and Cooling, ERDA-23 , has jus t been revised and reissued as 
the Nat iona l Program fo r Solar Heat ing and Cooling, E R D A - 2 3 A. 

The Nat iona l Program calls fo r a four -par t approach to meeting the goal 
of widespread u t i l i za t ion of solar energy for heat ing and cooling, and assigns 
responsibi l i ty to var ious agencies fo r di f ferent parts of the program. 

The first par t involves research in to the use of solar energy, ident i f icat ion and 
test ing of new mater ia ls and mate r ia l applications, and development of new 
techniques to use solar energy fo r cooling. These act iv i t ies w i l l be undertaken 
by E R D A , the Nat iona l Science Foundat ion, and other agencies at ERDA's 
reauest. 

The second par t is concerned w i t h the development of solar energy systems, 
inc lud ing improvement to ex is t ing systems and the development of new system 
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concepts. Th is ac t iv i ty has been assigned to NASA's Marsha l l Space F l i gh t 
Center, wh ich has issued a series of Requests f o r Proposals f o r solar energy 
system development, fo r component development, and f o r ins t rumenta t ion sys-
tems to be used i n the demonstrat ion program. 

The t h i r d pa r t of the program has received the greatest publ ic in terest and 
w i l l involve the largest expendi tures; th is is the demonstrat ion of solar heat ing 
and cooling systems i n actual res ident ia l and commercial insta l lat ions. Respon-
s ib i l i t y f o r the demonstrat ion act iv i t ies has been spl i t , w i t h E R D A managing 
demonstrat ions i n commercial insta l la t ions and H U D support ing s imi la r in-
sta l lat ions i n single-family, townhouse and apar tment res ident ia l uni ts. These 
demonstrat ion projects w i l l be selected th rough competi t ive proposals submit ted 
i n response to f o r m a l sol ici tat ions. Th is compet i t ive procedure w i l l pe rmi t E R D A 
and H U D to select the projects wh ich best meet the program objectives. 

The demonstrat ion por t ion of the program has two objectives. F i rs t , i t w i l l 
provide an oppor tun i ty to test solar energy insta l la t ions i n a w ide var ie ty of 
s i tuat ions invo lv ing di f ferent climates, geographic locations, housing types and 
designs, and technical approaches. Da ta f r o m these projects w i l l prov ide in-
valuable i n fo rma t ion i n the development of technical standards, financing al terna-
tives, and marke t ing procedures. 

Second, the demonstrat ion program w i l l offer a chance fo r the publ ic to see 
what solar energy is a l l about, or, as the automobi le salesman puts i t , to "s lam 
the doors and k ick the t i res." 

Three project sol ic i tat ions were issued th is f a l l i n the demonstrat ion program. 
The first, Program Oppor tun i ty Announcement (or POA) D S E 75-1, was issued 
j o i n t l y by E R D A and H U D . The POA solicits proposals fo r solar energy systems 
wh ich can be used i n the demonstrat ion program in ei ther res ident ia l or com-
merc ia l instal lat ions, or i n both. A solar energy s y s t e m , to qua l i f y fo r th is 
sol ic i tat ion, w i l l usual ly consist of a collector wh ich receives the solar energy 
rad ia t ion and converts i t to heat energy, a method of t ranspor t ing th is energy to 
storage or to i t s po in t of use—the usual t ranspor t mechanisms are l iqu ids such 
as wate r or cer ta in oils, or a i r—a storage subsystem wh ich can hold the energy 
f o r use at n igh t or when the sun is not shining, a heat exchanger or other 
device to d is t r ibute the heat in to the regular heat ing syystem, and a cont ro l 
system wh ich w i l l t u r n on and off the var ious valves, dampers, pumps, fans 
or other components of the system. 

The POA closed on Monday, November 3. A l l proposals w i l l be carefu l ly re-
v iewed by qual i f ied technical panels f r om var ious Federal agencies, supported 
by a technical consul t ing team provided by the Amer ican Society of Heat ing, 
Re f r ige ra t ing and A i rcond i t ion ing Engineers. The panel w i l l determine whether 
the proposed system has been developed to the po in t tha t i t can be used i n 
demonstrat ion un i ts a t an acceptable level of r isk. 

Systems wh ich are determined to be ready and appropr iate fo r the res ident ia l 
demonstrat ion program w i l l be matched w i t h selected project locations i n 
var ious areas of the Nat ion to assure tha t good research data can be secured 
on system performance and on the nature of local development problems wh ich 
may exist. These projects w i l l be selected th rough sol ic i tat ions issued on a local 
basis to bui lders and developers who are interested i n the program and w ish 
to par t ic ipate i n i t . 

The second project sol ic i tat ion is Request fo r Grant App l ica t ion (or R F G A ) 
No. H-2353, issued by H U D on September 26, w i t h a due date of November 10. 
Th is so l ic i ta t ion calls fo r project proposals wh ich involve a complete, integrated, 
pro ject package—building, land, financing, and solar energy system. Projects 
under th is so l ic i ta t ion w i l l d i f fer f r o m those using systems selected th rough the 
Program Oppor tun i ty Announcements since we w i l l also accept "passive" sys-
tems where the bu i ld ing design i tsel f is pa r t of the solar package, as we l l as 
more "convent ional" approaches where a separate system is insta l led i n the 
bu i ld ing much i n the same way tha t a regular heat ing system is used. We don't 
know how many proposals w i l l be received, of course, but over 4.000 copies of 
the Request were mai led out i n response to requests f r om ind iv iduals , manu-
facturers, bui lder/developers architects, publ ic agencies, and others. We expect 
to make at least 20 awards a f te r the proposal evaluat ion process is completed, 
probably late i n December. 

The t h i r d pro ject sol ic i tat ion issued th i s f a l l is E R D A ' s Program Oppor tun i ty 
Not ice (or PON) DSE 75-2. I t calls fo r in tegrated project package proposals 
fo r commercial projects, s im i la r to the in tegrated resident ia l pro ject 
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which H U D is seeking under RFGA H-2353. Proposals i n response to PON DSE 
75-2 are due at E R D A on November 26. 

The demonstration projects selected under either H U D RFGA H-2353 or E R D A 
PON DSE 75-2 w i l l receive grants or contracts providing for fund ing f o r par t 
or a l l of the solar energy port ion of the project. For example, fund ing could 
cover the purchase and instal lat ion costs of the solar system, the costs of build-
ing modifications to adapt the bui ld ing structure for the solar system, and the 
cost of designing these modifications. I n general, the solar demonstration project 
funds w i l l not be used to cover the basic bui ld ing costs. Projects involv ing 
"passive" approaches where the bui ld ing is an integral par t of the solar package 
w i l l be treated on an ind iv idua l basis. 

I should note here that the Government w i l l not take t i t le to either the build-
ing or the solar energy instal lat ion under this fund ing approach. Rather, we 
are providing a mechanism to get solar energy demonstrated, and contracting 
for the r igh t to obtain data f rom the instal lat ion fo r a period of five years, as 
authorized in P.L. 93-409. 

The fou r th par t of the overal l program is the development of a market fo r 
solar energy. This act iv i ty involves the creation of appropriate standards and 
system quali f ication procedures, the identi f ication of potent ial barr iers to wide-
spread acceptance and development of ways to overcome these barriers, and the 
dissemination of in format ion on solar energy to a l l interested parties. 

The in format ion dissemination programs is a jo in t E R D A - H U D responsibil ity, 
and w i l l involve the use of ERDA's Technical In format ion Center at Oak Ridge 
as a pr imary depository of solar i n fo rma t ion I n the residential demonstration 
program, H U D w i l l collect data f r o m the demonstration projects and f rom 
other sources, w i l l assemble these data into the proper fo rmat for storage and 
processing at Oak Ridge, and w i l l develop and implement a program to dissemi-
nate this in format ion to a l l potential users. This dissemination aspect of the 
program is very important. We must get accurate and t imely demonstration data 
out to the builders, the bankers, the manufactur ing industry, and—most im-
portant ly—the housing customer. 

The other market development act iv i t ies—ident i fy ing and overcoming barr iers 
and developing appropriate standards—are also H U D functions under the demon-
strat ion program. Many potential barr iers to the use of solar energy have been 
discussed i n the l i te ra ture re lat ing to the solar energy field. Among these are 
the impact of bui ld ing codes and zoning regulations upon the pract ical use of 
solar energy; att i tudes of labor organizations, builders, and other elements of 
the housing indus t ry ; the pr ic ing practices of u t i l i t y companies; the generally 
higher first cost of solar energy instal lat ions; and concern regarding the rel iabi l-
i t y of the systems. 

I n the demonstration program we w i l l be collecting data on a l l of these factors 
and evaluat ing thei r real impact on the development of a solar energy market. 
Many of these factors are interrelated w i t h our funct ion of developing appro-
pr iate performance standards and w i t h the question of whether incentives are 
necessary to encourage the more widespread ut i l izat ion of solar systems. The 
concern for re l iabi l i ty , for example, can best be answered by war ran ty pro-
tection based upon accurate performance data, which we w i l l be obtaining f rom 
the demonstration projects. As a second example, h igh first costs may cal l fo r 
the provision of some type of financial or other incentive. 

I would l ike to discuss the related issues of standards and the possible need 
for incentives i n somewhat greater detai l w i t h i n the general context of some 
of the legislative proposals now pending before the Congress. 

H.R. 3849, which has been referred to the House Committee on Banking, 
Currency, and Urban Affairs, would authorize this Department to make direct 
loans to homeowners and builders fo r the purchase and instal lat ion of qualified 
solar heating and solar heating and cooling equipment. Another legislative pro-
posal (H.R. 6860) would provide tax credits to homeowners for instal lat ion of 
solar energy equipment in their dwellings. 

One specific responsibi l i ty assignment to the Secretary i n P.L. 93-409 is that 
of studying " the necessity of a program of incentives to accelerate the com-
mercial appl ication of solar heating and cooling technology. This study is being 
incorporated into our demonstration program, but we do not at this t ime have 
sufficient in format ion to determine whether incentives are necessary, or what 
the best approach to provid ing any needed incentive may be. For this reason, 
i t appears that the proposed legislation on incentives is premature. 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



92 

The purpose of these proposed incentives, of course, is to assist the home-
owner i n absorbing some of the addi t ional cost of a solar insta l la t ion so that the 
buyer can af ford to insta l l the system, and thereby reduce his demand f o r con-
ventional fuels. The need fo r such incentives, however, depends upon the eco-
nomics of the par t icu lar s i tuat ion and upon the current practices i n the local 
financial community. The assumption under ly ing these proposals is tha t a solar 
energy system w i l l reduce the demand fo r conventional fuels, and thereby reduce 
the average monthly operating costs for fue l to the property owner. Based on 
his fue l costs, on the cost of money, and on some estimated period of amortiza-
t ion, i t is possible to determine whether the addi t ional first cost of the solar energy 
system w i l l pay fo r i tsel f by reducing the expenditures for conventional fuels. I n 
areas where the only available conventional energy source is electr ic i ty and 
where the costs of electr ici ty are approaching 5^ /k i lowat t hour, i t is qui te l ike ly 
tha t no addi t ional economic incentive would be required. On the other hand, in 
areas where na tu ra l gas is available a t control led prices, solar energy systems 
are not current ly competitive. 

I n addit ion, each of the proposed B i l l s includes system cost l im i ts and system 
performance level requirements. Whether either the costs or the performance 
levels are real ist ic and ra t iona l cannot yet be determined based on our current 
data. 

Al though solar energy instal lat ions have been around for over t h i r t y years, 
most of them have been ind iv idua l experimental projects. The most recent edi-
t ion of a cont inuing pr ivate survey of solar heated buildings, updated to Sep-
tember 9 of th is year, l ists 163 buildings. There are probably another 100 to 200 
uni ts which have been bu i l t or are being designed. Almost a l l have been one-of-
a-k ind uni ts w i t h costs that reflect only their special nature. Good, long te rm 
performance and cost data are not generally available. 

In fo rmat ion on systems is also l imited. System costs are being quoted, or esti-
mated, at everywhere f r om a few hundred dollars to tens of thousands of dol-
lars fo r various types of instal lat ions, depending on local c l imat ic and geographic 
conditions. Performance claims are being made based on evaluat ion procedures 
developed by the system producer, w i thout any clear correlat ion to procedures 
used by other producers; thus, i t is almost impossible to make any useful 
comparisons. 

The demonstration program w i l l provide "real- t ime" performance and cost data, 
collected and evaluated on a consistent, common basis. This w i l l provide the 
in format ion needed by the Secretary to carry out her responsibil i ty to recommend 
incentives, and needed by the Congress i n determining what forms incentives 
should take. 

I n their present form, these proposed incentive programs could result i n wind-
fa l ls to those homeowners and others who could economically j us t i f y the use 
of solar energy based on current energy costs, whi le at the same t ime they may 
not provide nearly enough incentive tc a t t rac t new solar energy instal lat ions 
which are i n competit ion w i t h lower price conventional fuels such as na tu ra l 
gas at controlled prices. 

For example, a loan under H.R. 3849 can provide 75 percent of a max imum 
system cost of $8,000, to be repaid over 8 years at a rate equal to the average 
cost of Federal borrowing plus % percent for administrat ion. For a loan in-
terest rate of 6 ^ percent, the annual pr inc ipal and interest payment is approx-
imately $964. I f , as is l ikely, such a system would provide approximately 75 
percent of the to ta l hot water and space heating loads, this is equivalent to a 
to ta l yearly heat ing b i l l of $1,285. I n other words, i f the homeowner is current ly 
paying more than $1,285 fo r heating and hot water annual ly, the solar energy 
system would save h im money under this formula. Note, though, that th is does 
not include the $2,000 out-of-pocket port ion of the cost. 

A t th is time, only electric heat i n some areas of the country w i l l approach 
this cost for energy, and therefore, the value of the loan program under H.R. 
3849, as an economic incentive is probably l imited. Incidental ly, the 25 percent 
tax credit provisions included i n Section 232 of H.R. 6860 w i l l result i n a s imi lar 
s i tuat ion i f the balance of $6,000 is borrowed on an FHA/ i nsu red T i t l e I prop-
erty improvement loan. 

I n evaluat ing various incentive approaches, consideration must be given to 
their impact on the Federal budget. We have not yet made such an analysis, 
since, as I noted earl ier, we do not have good data on the cost factors and 
size of the demand wh ich are essential elements i n th is analysis. We recom-
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mend, therefore, t h a t any act ion on incentives be deferred u n t i l the need f o r 
and method and costs of appropr ia te incent ive programs can be determined 
du r i ng the la t te r pa r t of the demonstrat ion program. 

Another aspect of the incent ive problem interacts w i t h the demonstrat ion 
program. A l l of the proposed B i l l s wou ld l i m i t incentives to solar energy sys-
tems wh ich are "qual i f ied" under standards and procedures established under 
the au tho r i t y of P.L. 93-409. Th is is an appropr ia te way to protect the publ ic, 
the Federa l government and the lending inst i tu t ions. 

P.L. 93-409 calls f o r I n t e r i m Per formance Cr i t e r i a to be developed w i t h i n 
120 days a f te r enactment, and Def in i t i ve Performance Cr i te r ia to be developed 
as soon as possible, " u t i l i z i ng data avai lable f r o m the demonstrat ion programs." 
The I n t e r i m Performance Cr i te r ia were developed by H U D and the Nat iona l 
Bureau of Standards w i t h i n the specified t ime, bu t these Cr i te r ia are not suf-
ficient f o r a program of system qual i f icat ion, since many of the test methods 
and evaluat ion procedures must be developed and proved i n the demonstrat ion 
program. 

A t the same t ime, appropr ia te solar standards are needed now by th is De-
par tment as a basis against wh i ch to evaluate ex is t ing solar energy systems 
fo r H U D mortgage insurance purposes, as we l l as to prov ide a basis f o r any 
fo r thcoming incent ive programs. We have, therefore, i ns t i tu ted w i t h NBS the 
development of an in termediate set of M i n i m u m Proper ty Standards fo r solar 
ins ta l la t ions wh i ch can be used u n t i l the Def in i t ive Performance Cr i te r ia are 
ready. These in termedia te M i n i m u m Proper ty Standards w i l l be ready i n May 
of 1976. 

I t is our recommendation, then, tha t any considerat ion of financial incen-
t ives f o r solar energy systems f o r heat ing and cooling bui ld ings be delayed 
u n t i l the need fo r , effective f o r m of, and cost of such incent ives can be ana-
lyzed based on data f r o m the demonstrat ion program. 

Thank you. 

Do you have any questions, Mrs. Spellman? 
M r s . SPELLMAN. NO. 
Mr. MOORHEAD. Thank you very much, Mr. Barfield. 
[The following are written questions submitted by Congressman 

Moorhead to the witnesses, along with their answers:] 

QUESTIONS SUBMITTED BY CONGRESSMAN MOORHEAD TO MR. BURKHARDT AND 
MR. B U T T 

Q u e s t i o n 1 . M r . B u r k h a r d t or Mr . Bu t t , do you t h i n k the low-interest d i rect 
loan p rogram as proposed i n th is legis lat ion is the best way to encourage greater 
use of solar heat ing and cool ing equipment, or wou ld other incentives be more 
effective, such as t a x wr i te-of fs or d i rect loans to manu fac tu re rs ; Federa l Home 
Loan B a n k Boa rd home mortgage purchase commitments to lenders mak ing 
mortgage loans on homes w i t h solar energy systems ? 

REPLY BY MR. BURKHARDT 

Answer. I t is our bel ief t ha t t ax wr i te-of fs or t ax incentives wou ld be a greater 
s t imulus to the ins ta l la t ion and use of solar heat ing equ ipment ; especially f o r 
people w i t h homes valued at $40,000 or more, i nvo lv ing a re t ro f i t program. A 
long term, low interest, d i rect loan could be of greater va lue fo r solar energy 
ins ta l la t ion f o r people w i t h incomes under $25,000 and whose homes are valued 
at less t han $40,000. 

REPLY BY MR. BUTT 

Answer. W e believe t ha t there are a number of constraints wh ich must be 
resolved i n order to rap id ly accelerate commercia l izat ion of solar energy appli-
cations. A t the consumer level, one of the constraints is the ab i l i t y to obta in 
financing f o r a solar ins ta l la t ion. H.R. 3849 and H.R. 8524 wou ld resolve th is 
problem. There is also a problem of " f i rs t cost." The fac t t ha t the interest rates 
imp l i c i t i n the proposed legis lat ion are lower than no rma l mortgage or home 
improvement loan interest rates has only moderate effect upon the consumer's 
month ly payments and therefore, only moderate effect upon the consumer's 
"cash flow." Incentives, income tax credits or the l ike, exercise more leverage 
on " f i r s t cost" as is spelled out i n the examples incorporated i n the w r i t t e n 
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statement submi t ted November 5. Another const ra in t m i g h t be cal led "credi-
b i l i t y . " The consumer needs to be assured tha t solar systems w i l l per fo rm. The 
demonstrat ion p rogram imp lement ing the Solar Hea t i ng and Cool ing Demon-
s t ra t i on Ac t of 1974 bears upon th is constra int , p rov ided t h a t imp lementa t ion 
does resul t i n an adequate number of i n d i v i d u a l demonstrat ions adequately 
d is t r ibu ted across the Nat ion. 

The comprehensive p rogram developed by the Solar Energy Indus t r ies Associa-
t ion, a copy of wh ich is attached, covers these and other requ i red act ions i n 
out l ine f o r m is as f o l l o w s : 

SOLAR ENERGY INDUSTRIES ASSOCIATION, PROPOSALS FOR TEMPORARY SOLAR ENERGY 
INCENTIVES AND FOR OTHER GOVERNMENT ACTIONS TO ACCELERATE SOLAR ENERGY 
APPLICATION 

S U M M A R Y 

The fo l l ow ing summarizes present t h i n k i n g of S E I A — 
H o m e o w n e r i n c e n t i v e s . — A t a x c red i t to homeowners equal to 40 percent o f 

the first $2,000 and 25 percent of the next $6,000 invested i n equipment to "pro-
duce" solar energy. To be el ig ible f o r incent ive t ax credits, the i ns ta l l a t i on 
mus t meet "Tempora ry Standards" now being developed by N B S a n d / o r f u t u r e 
A N S I Na t i ona l Consensus Standards. 

I n c e n t i v e s f o r m u l t i f a m i l y r e s i d e n t i a l , c o m m e r c i a l , a n d i n d u s t r i a l a p p l i c a -
t i o n s . — A t a x c red i t equal to 20 percent of the investment or prov is ion f o r five 
year r a p i d amor t i za t ion at the opt ion of the investor. E l i g i b i l i t y as above. 

I n c e n t i v e s f o r n o n - p r o f i t ' e n t i t i e s . — A g ran t equal to 40 percent of the invest-
ment. Appl ies to state and local governments, schools, hospitals, non-prof i t 
corporat ions, etc. E l i g i b i l i t y as above. 

I n c e n t i v e s f o r p r o d u c e r s of s o l a r e q u i p m e n t . — F i v e year r ap id amor t i za t ion 
of cap i ta l investments made to produce solar energy equipment. A development 
loan p rogram to assist cap i ta l f o rma t i on by smal l business firms p lann ing to 
produce solar energy equipment. A p rogram to pe rm i t the Federa l Government 
to purchase specialized equipment requi red to produce solar energy equipment 
and lease such equipment to i ndus t r y fo r such use. 

L o a n g u a r a n t e e p r o g r a m s — h o m e o w n e r s . — G o v e r n m e n t loan guarantees ap-
p l y i ng to ins ta l led cost o f solar equipment such t h a t the add i t i ona l investment 
requ i red w i l l no t add to the down payment requ i red f o r new residencies. Govern-
ment loan guarantees, and i f necessary, interest subsidies f o r re t ro f i t appl ica-
t ions to equalize interest costs w i t h new insta l la t ions. P rogram is s im i la r to 
educat ional loan program. E l i g i b i l i t y as above. 

L o a n g u a r a n t e e p r o g r a m s — o t h e r . — G o v e r n m e n t loan guarantees app ly ing to 
ins ta l led cost of equipment such tha t the add i t iona l investment i n solar energy 
equipment does not require add i t iona l equi ty financing by owner. In te res t sub-
sidies to equalize owner's money cost w i t h tha t of other energy producers (o i l 
companies, etc.) , who norma l l y bor row a t or near the "p r ime ra te . " 

F E A s o l a r e n e r g y c o m m e r c i a l i z a t i o n a c t i v i t i e s . — F E A should be prov ided w i t h 
adequate f und ing to support i ts solar act iv i t ies. These act iv i t ies i nc lude : over-
coming ins t i tu t iona l , economic and legal ba r r i e r s ; developing state and local 
p rog rams ; educat ing the publ ic, etc. 

G o v e r n m e n t b u i l d i n g s p r o g r a m . — I m p l e m e n t a t i o n of a p rogram based on 
S-2095 w i t h cer ta in modi f icat ion to assure adequate solar energy equipment 
u t i l i za t ion . 

D e m o n s t r a t i o n p r o g r a m s . — A d e q u a t e implementa t ion of P L 93-409, the " S o l i r 
Hea t i ng and Cool ing Demonst ra t ion Act of 1974," is needed. A t present i t ap-
pears t h a t too great emphasis is being placed on "development i n support o f 
demonst ra t ion" and too l i t t l e upon an adequate number of demonstrat ions. 
There is also concern tha t E R D A spending plans may involve d ivers ion of 
e f for t f r o m support of d i rect solar the rma l appl icat ions (heat ing, hot wa te r and 
cool ing) wh i ch have mid- te rm as we l l as long t e rm potent ia l to appl icat ions 
requ i r i ng extensive research ef for ts and hav ing only long t e r m po ten t ia l f o r 
energy sav ings—if R & D is successful. (Solar t he rma l electr ic, ocean t he rma l 
gradients, etc.) 

SPECIFIC PROGRAMS TO ACCELERATE DEVELOPMENT OF PHOTOVOLTAICS 

A l l of the above programs relate to photovol ta ic appl icat ions as w e l l as to 
so lar - thermal appl icat ions. I n addi t ion, the fo l l ow ing programs are proposed 
as a means of accelerat ing development of photovol ta ic appl icat ions. 
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A i r c o n d i t i o n i n g p r o g r a m s . — A p p l i c a t i o n s i n wh ich solar electric energy gath-
ered by photovol ta ic cells is used to power compressor a i r -condi t ion ing appara-
tus become cost-effective at h igher photovol ta ic cel l costs t han the genera l i ty 
of appl icat ions. Basical ly , th is is because energy storage i n the f o r m of ch i l led 
water is l ow cost. Immed ia te proof of concept and ear ly demonst ra t ion instal -
la t ions are proposed. 

R e m o t e G o v e r n m e n t i n s t a l l a t i o n p r o g r a m s . — P r o g r a m s s im i la r to the gen-
era l Government Bu i ld ings Program aimed at ins ta l la t ion of photovol taic de-
vices i n remote areas should be i n i t i a ted at th is t ime. 

RESULTS TO BE EXPECTED 

The combined effect of these programs w i l l substant ia l ly accelerate develop-
ment of solar energy appl icat ions. We est imate to ta l solar energy product ion 
predicted upon these and those programs already i n place equivalent to 1 mi l -
l ion barrels per day of crude petro leum w i t h i n ten years. W i t h o u t the pack-
age proposed and w i t h only those programs now i n place, savings wou ld not 
exceed 100,000 barre ls per day i n ten years. 

SOLAR SYSTEM ECONOMICS 

[Abou t the tables at tached ( I A , I B , I I A , I I B , I I C ) ] 

1. They are intended to i l l us t ra te the economics of Solar systems under " typ i -
ca l " condit ions i n var ious par ts of the U . S A . 

2. Wate r heater calculat ions are based on " t yp i ca l " hot wa te r use by an "aver-
age" f am i l y of four . 

3. Space heat ing calculat ions are based on a 1,500 square foot single f am i l y 
residence w h i c h is of " t yp i ca l " construct ion f o r the area (var ies f r o m one area 
to another ) . 

4. E lec t r ic i ty , o i l and gas prices used cover the ranges encountered i n each 
area. They are cur ren t prices. I n ca lcu lat ing f u tu re savings, i t was forecast 
tha t e lect r ic i ty prices wou ld escalate at 7.5 percent per year (5 percent inf la-
t i on - f - 2 ^ percent ) . Gas and o i l prices were forecast to escalate at 10 percent 
per year. 

5. Pay-out t ime is the t ime requi red fo r cumulat ive savings to equal first cost. 

I. WHAT ARE THE ECONOMICS OF STANDARD SIZE SOLAR HOT WATER HEATERS? 

A. VERSUS ELECTRIC HOT WATER 

Solar, 
percent of Solar 

hot system -
water cost 

Pay-out time—years (electricity) 

30/kWh 3K0 /kWh 40/kWh 

East coast (New York, Boston, Washington): 
50 ft2 system 
75 ft2 system 
100 ft2 system 

South Florida (Miami): 50 ft2 system 
Upper Midwest (Chicago-Omaha): 

50 ft2 system 
75 ft2 system 
100 ft2 system 

Lower Midwest (St. Louis-Nashville): 
50 ft2 system 
75 ft2 system 
100 ft2 system 

Southwest (Dallas): 
50 ft2 system 
75 ft2 system 

Desert Southwest: 50 ft2 system 
Southern California (Los Angeles): 

50 ft2 system 
75 ft2 system 

47 $900 8 .9 8 .0 
60 1,200 9 .2 8 .2 
72 1, 500 9 .5 8.5 
69 900 6 .7 5 .8 

54 900 8 .1 7 . 1 
69 1,200 8 .3 7 .4 
84 1,500 8.5 7.5 

51 900 8 .4 7.5 
65 1,200 8 .7 7.7 
79 1,500 8 .9 7.9 

62 900 7 .4 6 .4 
84 1,200 7 .1 6 .3 
80 900 7 .1 6 .3 

62 900 7.4 6 .4 
84 1,200 7 .1 6 .3 

7.2 
7.4 
7 .7 
5 .3 

6 .4 
6 .7 6.8 
6 .7 
7 .0 
7 . 1 

5.7 
5 .7 
5 .7 

5 .7 
5 .7 
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B. VERSUS GAS HOT WATER 

Solar, 
percent 

of hot 
water 

Solar 
system • 

cost 

Pay-out time—years (gas) 

12.50/thm 150/thm 17.50/thm 200/thm 

East coast (New York, Boston, Wash-
ington): 

50 ft2 system 
75 ft2 system 
100 ft2 system 

South Florida (Miami) : 50 f t 2 system-
Upper Midwest (Chicago-Omaha): 

50 ft2 system 
75 ft* system 
100 ft2 system — 

Lower Midwest (St. Louis-Nashville): 
50 ft2 system -
75 ft2 system 
100 ft2 system 

Southwest (Dallas): 
50 ft? system 
75 ft2 system 

Desert Southwest: 50 f t 2 system 
Southern California (Los Angeles): 

50 ft2 system -
75 ft2 system 

47 
60 
72 
69 

$900 
1,200 
1,500 

900 

19.0 
19.4 
19.7 
15.7 

17.4 
17.8 
18.1 
14.3 

16.1 
16.5 
16.8 
13.1 

15.0 
15.4 
15.7 
12 .1 

54 
69 
84 

900 
1,200 
1,500 

17.8 
18.1 
18.4 

16.2 
16.6 
16.8 

15.0 
15.3 
15.5 

13 .9 
14.3 
14.5 

51 
65 
79 

900 
1,200 
1,500 

18.3 
18.7 
18.9 

16.7 
17.1 
17.3 

15.4 
15.8 
16.0 

14.4 
14.7 
15.0 

62 
84 
80 

900 
1,200 

900 

16.6 
16.5 
14.5 

15.1 
15.0 
13.1 

13.9 
13.8 
12.0 

12.9 
12.8 
11.1 

62 
84 

900 
1,200 

16.6 
16.5 

15.1 
15.0 

13.9 
13.8 

12.9 
12 .8 

I I . WHAT ARE THE ECONOMICS OF SOLAR SPACE HEATING PLUS SOLAR HOT WATEft HEATING? 

A. VERSUS OIL HEAT PLUS ELECTRIC HOT WATER 

Solar -
system 

cost 

Pay-out time—years (electricity: oil) 

30/kWh: 
400/gal. 

3 ^ 0 / k W h : 
430/gal. 

40/kWh: 
450/gal. 

50/kWh: 
450/gal. 

East coast: 
Boston: 

40 percent solar 
50 percent solar 

New York: 
40 percent solar 
50 percent solar 

Washington: 
40 percent solar 
50 percent solar 

Upper Midwest (Omaha-Chicago): 
40 percent solar 
50 percent solar r - r . r v - " 

Lower Midwest (St. Louis-Nashville): 
40 percent solar 
50 percent solar 

Southwest (Dallas): 
40 percent solar 
50 percent solar 
60 percent solar 

Southern California (Los Angeles): 
50 percent solar 
60 percent solar 
70 percent solar 

$4,875 
6, 750 

12.1 
12.6 

11.4 
11.8 

10.7 
11.2 

4, 700 
6,800 

13.0 
14.4 

12.1 
13.5 

11.4 
12.8 

3,475 
5,300 

10.4 
12.0 

9 . 6 
11.2 

9 . 0 
10.5 

3,200 
4, 825 

9 . 2 
10.6 

8 .5 
9 . 8 

8 . 0 
9 . 3 

3,275 
4,825 

10.8 
12.3 

10.0 
11.4 

9 . 3 
11.0 

2,200 
3,000 
4,875 

9 . 2 
10.0 
12.4 

8 .3 
9 . 1 

11.5 

7 .7 
8 .5 

10.8 

1,500 
2,175 
3,000 

6 .7 
7 .8 
9 . 0 

6 . 1 
7 .2 
8 .3 

5 . 6 
6 . 7 
7 .7 

10.5 
11.9 
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B. VERSUS ELECTRIC HEAT AND HOT WATER 

Solar -
system cost 

Pay-out time—years (electricity) 

30/kWh 3 ^ 0 / k W h 40/kWh 50/kWh 

East coast: 
Boston: 

40 percent solar 
50 percent solar 

New York: 
40 percent solar 
50 percent solar 

Washington: 
40 percent solar 
50 percent solar 

Upper Midwest (Omaha-Chicago): 
40 percent solar 
50 percent solar 

Lower Midwest (Nashville-St. Louis): 
40 percent solar. 
50 percent solar 

Southwest (Dallas): 
40 percent solar 
50 percent solar 
60 percent solar 

Southern California (Los Angeles): 
50 percent solar 
60 percent solar 
70 percent solar 

$4,875 
6, 750 

10.2 
10.9 

9 . 1 
9 . 8 

8 .2 
8 .9 

4,700 
6,800 

11.5 
12.7 

10.3 
11.4 

9 .3 
10.4 

3, 475 
5, 300 

8 .8 
10.2 

7 .9 
9 . 1 

7 .1 
8 .3 

3,200 
4, 825 

7.6 
8 .8 

6 .7 
7 .8 

6 . 1 
7 .0 

3,275 
4,825 

9 .5 
10.7 

8 .5 
9 .6 

7.6 
8 .6 

2,200 
3, 000 
4,875 

8 .2 
8 .7 

10.9 

7.3 
7 .8 
9 .8 

6 .6 
7 .0 
7 .8 

1,500 
2,175 
3,000 

5.7 
6 .7 
7 .6 

5 .0 
5 .9 
6 .7 

4 .5 
5.3 
6 .0 

7 .8 
8 .9 

C. VERSUS NATURAL GAS HEAT PLUS HOT WATER 

Solar 
system 

cost 12.50/thm 

Pay-out time—years (gas) 

150/thm 17.50/thm 200/thm 

East coast: 
Boston: 

40 percent solar 
50 percent solar 

New York: 
40 percent solar 
50 percent solar 

Washington: 
40 percent solar 
50-percent solar 

Upper Midwest (Omaha-Chicago): 
40-percent solar 
50-percent solar 

Lower Midwest (Nashville-St. Louis): 
40-percent solar 
50-percent solar 

Southwest (Dallas): 
40-percent solar. . . 
50-percent solar 
60-percent solar. . 

Southern California (Los Angeles): 
50-percent s o l a r . . . 
60-percent solar 
70-percent solar. 

$4,875 
6,750 

20.5 
21.5 

18.9 
19.8 

17.6 
18.5 

16.5 
17.3 

4,700 
6,800 

22 .1 
23.5 

20.5 
21.8 

19.1 
20.4 

17.9 
19.2 

3,475 
5,300 

18.8 
20.6 

17.3 
19.0 

16.0 
17.6 

14.9 
16.5 

3,200 
4,825 

17.1 
18.8 

15.6 
17.2 

14.4 
15.9 

13.4 
14.8 

3,275 
4,825 

19.7 
21.2 

18.1 
19.5 

16.8 
18.2 

15.7 
17.0 

2,200 
3,000 
4,875 

18.0 
18.7 
21.4 

16.4 
17.2 
19.8 

15.2 
15.9 
18.4 

14.1 
14.8 
17.3 

1,500 
2,175 
3, 000 

14.2 
15.7 
17.1 

12.8 
14.3 
15.6 

11.7 
13.1 
14.4 

10.8 
12. 1 
13.3 
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The loan guarantee provisions which were added by the Senate i n S. 598 to 
H.R. 3474 would provide a source of financing for larger solar insta l la t ions; 
and i f fu r ther amended as we have recommended, would become applicable to 
manufacturers of solar equipment. This is par t icu lar ly impor tant since many 
of the present manufacturers are small businesses who characterist ical ly have 
dif f iculty i n obtaining adequate financing. I refer you to my statement made 
to the Subcommittee on Energy Research, Development and Demonstrat ion of 
the Committee on Science and Technology of the U.S. House of Representa-
tives of October 7. A copy of this statement is as fo l lows: 

T E S T I M O N Y OF SHELDON H . B U T T , PRESIDENT, SOLAR ENERGY INDUSTRIES ASSO-
CIATION, BEFORE T H E COMMITTEE ON SCIENCE AND TECHNOLOGY 

Mr. Chairman and Members of the Committee: The Solar Energy Industr ies 
Association is pleased at the opportunity to test i fy on the subject of the Loan 
Guarantee Provision added by the Senate i n S. 598 to H.R. 3474, the E.R.D.A. 
Author izat ion B i l l , FY-1976. 

Fundamental ly, S.E.I.A. supports the Nat ional Goal of achieving energy in-
dependence at an early date and mainta in ing independence thereafter. We be-
lieve tha t energy independence is necessary to our economic wel l being and 
essential to a t ru l y independent foreign policy. We believe that , i n order to 
achieve this goal, i t is necessary tha t we develop and use a var iety of domesti-
cal ly available energy resources, including fossil fue l resources as wel l as solar 
energy and other renewable energy sources. E.R.D.A.'s investigations of the near 
term, mid-term and long term potent ial for each of the alternatives, as spelled 
out i n E.R.D.A. 48, amply demonstrate that no single solution by i tself offers 
sufficient potent ial to provide fo r independence. Our own estimates of the po-
tent ia l f o r solar energy, although somewhat higher than those provided by 
E.R.D.A., also indicate a need fo r mul t ip le solutions. We include among the 
energy sources required i n the fu tu re to achieve independence the fo l low ing : 

1. Direct use of solar thermal energy for heating and cooling of buildings, 
fo r agr icul ture and for indust r ia l process heat. 

2. Generation of electric power f rom solar energy inc lud ing; photovoltaics, 
solar thermal, ocean thermal gradients, biomass conversion and w ind energy. 

3. The direct use of solar thermal energy to "d r ive" catalyt ic and other chem-
ical processes intended to produce hydrogen, hydrocarbons and other chemical 
raw mater ials now normal ly produced f rom natura l gas and petroleum. 

4. The use of geothermal energy, both as a direct source of heat and i n the 
generation of electric power. 

5. The conversion of abundant domestic energy resources including o i l shale 
and coal into synthetic fuels. 

6. The expanded use of nuclear energy, both f rom nuclear fission and fusion 
to produce electric energy. 

Thus, we support both the provisions of the legislation proposed by the Senate 
which relate to the production of synthetic fuels f rom oi l shale and coal, and 
those provisions re lat ing to the ut i l i za t ion of solar energy and other renewable 
energy resources. We favor retention of those provisions of Section 103 which 
relate to solar energy and other renewable energy resources w i t h amendment as 
discussed fo l low ing : 

Paragraph ( b ) ( 1 ) ( B ) of proposed Section 103 of S. 598 refers only to the 
construction and operation of " fac i l i t ies to generate power or heat." I n the case 
of solar energy, this means that the loan guarantees would apply only to the 
owner and user of the solar energy equipment since i t is he who is the producer 
of power or heat. As wr i t ten, this paragraph does not provide loan guarantees 
fo r the construction and operation of the faci l i t ies essential to the production of 
the solar equipment i tself . 

A t present, many of the producers of solar equipment may be categorized as 
small and moderate sized businesses. I n addi t ion to the "normal" problems which 
small and moderate sized businesses encounter in ra is ing capital funds for new 
enterprises, these businesses also are faced by the problem that the financial 
community s t i l l considers the business of producing solar equipment as being 
highly speculative. As a result, these solar equipment producers encounter ex-
treme diff iculty in ra is ing capi ta l funds. 
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I n addit ion, i n some cases, such as the case of faci l i t ies required to mass pro-
duce photovoltaic cells, specialized equipment and production lines are involved. 
Often, these are not of use i n the production of other commercial products. Thus, 
their insta l la t ion by pr ivate enterprise i n advance of the development of a mass 
market fo r the specialized solar products which they w i l l produce entails an 
extremely h igh degree of r isk. A t the same time, development of a mass market 
for the specialized solar products is substantial ly dependent upon the pr ior 
avai lab i l i ty of products produced i n large volume a t cost levels reflecting the 
economies of large volume production. This is a classic "wh ich comes first, the 
chicken or the egg" di lemma. 

Accordingly, we recommend that paragraph ( b ) ( 1 ) ( B ) of Section 103 be 
amended to add the fol lowing, af ter the word "resources" i n l ine 14: 

"and faci l i t ies to produce systems or unique components and materials re-
quired fo r generation of power or heat f rom the energy sources enumerated:" 

We recommend fu r ther that Paragraph (a) (1) (2) be amended to add the 
fo l lowing af ter the word "sources" i n l ine 15: 

"and for the construction and operation of faci l i t ies required to produce sys-
tems and unique components and materials required by faci l i t ies der iv ing energy 
f rom renewable sources; and" 

Mr. Chairman, i t is pert inent to note that, on Thursday, October 2, i n my 
capacity as President of S.E.I.A., I received a call f r om an officer of a major 
bank, now actively involved i n arranging financing for geothermal energy projects 
under the terms of the Geothermal Energy Research and Development Act of 
1974. He indicated tha t his bank was interested in arranging simi lar financing 
for solar energy projects provided that the Congress passed suitable loan guar-
antee legislation. 

We have received an explanation of proposed changes i n Section 103, including 
a proposal to delete loan guarantee author i ty for faci l i t ies u t i l i z ing "renewable 
energy sources," which includes solar energy. The explanation identifies the 
mechanism provided by the Solar Heat ing and Cooling Demonstration Act of 
1974 as the preferred approach for introducing solar technology. We recognize 
demonstration as one of the major key elements required to accelerate develop-
ment of solar energy as a major energy resource. Incentives, loan guarantees and 
assistance i n the development of standards are others included in a comprehen-
sive program. S.E.I.A. thoughts regarding a comprehensive program are outl ined 
in a statement appended to th is testimony. 

The explanation fu r ther states that, "many of the technologies fo r u t i l i z ing 
other renewable energy sources have not yet reached the stage of development 
where commercial quantit ies of power and heat could be economically generated 
by faci l i t ies suitable for loan guarantee support." Whi le this is t rue in some 
cases, e.g., ocean thermal gradients, i t is certainly not t rue in the case of the use 
of direct solar thermal energy. We receive frequent inquir ies f rom commercial 
and indust r ia l energy users interested in the use of solar energy to provide sub-
stant ia l process heat requirements. Most of these potential applications are feasi-
ble. I n most cases, the necessary solar equipment couM be instal led and begin i ts 
job of producing energy much more rapidly than could be projected shale oi l or 
coal gasification plants. 

We want to thank you for the opportunity to appear before you. We w i l l be 
pleased to answer any questions you may care to put to us. 

As H.R. 3849 and H.R. 8524 are wr i t ten, they appear to be par t icu lar ly appli-
cable to the fo l lowing classes of potent ial users: 

1. Solar instal lat ions retrof i t ted to residential property. The difference between 
the interest rates impl ic i t in the legislation and the "going" rate of interest upon 
home improvement loans is par t icu lar ly great and thus, the impact upon monthly 
loan payments is par t icu lar ly large. 

2. "Merchant" builders constructing single-family or mul t i - fami ly residential 
structures for resale. Again, the interest rate difference as compared to the 
interest rate which this class normal ly pays for construction loans is part icular ly 
large and the potent ial savings, therefore, par t icu lar ly attract ive. 

The provisions of the proposed legislation would have impact, but to a less 
extent, upon indiv iduals who had contracted fo r a custom-built home or upon 
investors who had contracted for construction of a mul t i - fami ly residential 
development. 
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Congressman Moorhead's quest ion speaks of Federa l Home Loan B a n k Board 
home mortgages purchase commitments to lenders mak ing mortgage loans on 
homes w i t h solar energy systems. Cer ta in ly , the Federa l Home Loan B a n k B o a r d 
should be w i l l i n g to under take such commitments. I f they were not, the resul ts 
wou ld be negative. Whether or no t loans on solar energy systems could be g iven 
any f o r m of p re feren t ia l t rea tment w i t h i n the ex is t ing char ter of the B o a r d is 
not k n o w n to me. 

S im i la r l y , F .H.A. should be i n a posi t ion to commi t to loan guarantees f o r solar 
equipped homes. I understand t ha t they are admin is t ra t i ve ly i n a pos i t ion to do 
th is today, a l though the cu r ren t procedure i s somewhat clumsy, requ i r i ng t h a t 
such commitments be made only a t the Wash ing ton level and not i n the F i e l d 
Offices. Add i t i ona l l y , as has been proposed elsewhere, the do l la r l im i ta t i ons upon 
F .H .A . commitments should be increased suff ic ient ly so as to cover the added 
cost of a solar system as compared to a convent ional system. 

Q u e s t i o n 2 . M r . B u r k h a r d t and M r . B u t t , a t present cost of solar equipment, 
is i t cost-effective to use such equipment j u s t to prov ide hot water? 

REPLY BY MR. BURKHARDT 

Answer . A t present costs, solar heat ing equipment f o r p rov id ing t o ta l heat ing 
energy to a home is not cost ef fect ive; however, as an ad junc t fo r the produc t ion 
o f domestic hot wa te r and /o r heat ing, we do believe i t could be cost effective, 
especially i f there were a large number of insta l la t ions. 

W e have been in fo rmed by a manu fac tu re r t ha t he estimates i f we could buy 
500 uni ts , the pr ice of a piece of solar energy equipment wou ld drop f r o m $625 
to about $325 fo r the solar-adjunct un i t . Fu r the r , we envisage th is u n i t not only 
produc ing domestic hot water , bu t p rov id ing heated wa te r to the boi ler f o r a 
steam or hot wa te r system. W h i l e th i s l a t t e r is not large i n quant i t y , i t s t i l l 
is an i t em tha t could bear some considerat ion. Whether or not i t w i l l become 
cost effect ive to use such equipment to produce domestic hot wa te r w i l l be 
d i rec t ly propor t ionate to the number of these un i ts t ha t are instal led. 

F i f t y years ago there were j us t a few hundred thousand o i l burners ins ta l led 
i n the U.S. To convert f r o m coal to o i l a t t h a t t ime cost $2,000. Today, fifty years 
la ter , w i t h 15 m i l l i on o i l heat ing ins ta l la t ions and w i t h in f la t ion plus the general 
r ise i n the cost of l i v i n g over a fifty year period, and w i t h h igh ly sophist icated 
controls and a much more sophist icated o i l burner , the same ins ta l l a t ion costs 
$300. We believe t ha t w i t h proper hand l i ng and w i t h effective s t i m u l i to the 
smal l business heat ing equipment ins ta l le r , we could make the same financial 
progress w i t h solar energy i n 10 years—one-f i f th of the t i m e ! 

Fu r the r , of the 2,400,000 o i l heat ing ins ta l la t ions i n New England, 1,600,000 
are good to f a i r prospects f o r solar energy ad junc t ins ta l la t ions coupled w i t h 
o i l fired heat ing or domestic hot wa te r generat ing equipment. 

REPLY BY MR. BUTT 

Answer. A solar i ns ta l l a t ion subst i tutes a cap i ta l investment w i t h very l ow 
subsequent operat ing costs f o r a cont inu ing re la t i ve ly h igh operat ing cost repre-
sent ing the cont inu ing cost of convent ional energy resources; e lect r ic i ty , oi l , gas. 
U t i l i z a t i o n of the equipment thus becomes an impo r tan t fac to r i n de te rmin ing 
cost-effectiveness. Hea t ing hot water is i n t r i ns i ca l l y qui te cost-effective since 
the demand fo r hot wa te r is u n i f o r m and year-round. Th is po in t is i l l us t ra ted i n 
the economic analyses re fer red to ear l ier w h i c h are appended. 

Q u e s t i o n 3 . M r . B u r k h a r d t and M r . B u t t , w h a t impact could th is l i m i t e d loan 
p rogram have on increasing marke t demand f o r the product? 

REPLY BY MR. BURKHARDT 

I t is d i f f icu l t to judge j us t w h a t th is l im i t ed loan p rogram wou ld prov ide as an 
effect ive force t o w a r d increasing marke t demand f o r the product. 

I t s effect wou ld possibly be ind i rec t , since i t is only th rough increased produc-
t i o n of the amount of equipment and increased number of ins ta l la t ions of the 
equipment t ha t we wou ld achieve lower prices f o r solar heat generators. 
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To N B F I , d i rect financial s t imulus wou ld prov ide an oppor tun i ty to get thou-
sands of small^businessmen such as o i l heat ing dealers th roughout New Eng land 
who ins ta l l 140,000 pieces of o i l heat ing equipment each y e a r f a s we l l as sel l and 
service them, to apply themselves w i t h the same vigor and experience to the sale 
and ins ta l l a t ion of solar energy equipment as they exh ib i t w i t h o i l heat ing equip-
ment. A p rogram geared to p rov id ing financial or t a x incent ive to these smal l 
businessmen m igh t be j us t as valuable or more valuable as loans to the home-
owners. 

REPLY BY MR. BUTT 

Answer. The loan programs incorporated i n the proposed legis lat ion have l im-
i ted appl icat ion and address only one of the constraints perceived by the " t yp i ca l " 
consumer. Th is was discussed at some length i n response to an ear l ier question. 
As pa r t of a comprehensive p rogram s t ruc tured as S.E.I.A. has recommended, they 
wou ld be impor tan t and effective. We believe t ha t the comprehensive program 
proposed, i f enacted and vigorously implemented, wou ld generate solar induced 
savings i n crude o i l (or i t s equivalent) of one m i l l i on barrels per day w i t h i n ten 
years a f te r the p rogram was i n place and i n operation. 

I don't believe t h a t we are i n a posi t ion to accurately est imate the effect of a 
single facet of the program—such as the proposed loan program—by i tsel f . The 
in te r re la t ionsh ip between the var ious par ts of a comprehensive program is very 
great ly synergist ic. 

N a t u r a l marke t forces aided by the demonst ra t ion p rogram al ready i n place are 
est imated by E.R.D.A. to potent ia l ly produce savings of 100,000 barrels per day i n 
ten years. We agree w i t h th is estimate. The loan program envisioned by the pres-
ent ly proposed leg is la t ion m igh t add 25% to 50% to th is tota l . 

QUESTIONS SUBMITTED BY CONGRESSMAN MOORHEAD TO M R . MORRISON AND 
M R . B U T T 

Q u e s t i o n 1 . M r . Mor r i son and M r . B u t t , i f the ins ta l l a t ion of solar energy 
equipment w i l l resul t i n great f ue l cost savings over the l i f e of the home, why 
should the government get involved i n subsidies at a l l? 

REPLY FROM MR. MORRISON 

Answer. There can be no doubt t ha t the ins ta l la t ion of solar powered equip-
ment to f u r n i s h the basic heat ing and cool ing requirements of the home w i l l 
d rast ica l ly reduce the operat ional cost of the home f r o m the standpoint of energy 
consumption, however the Amer ican publ ic has been educated to accept the 
month ly payment p lan w i t h re la t ive ly h igh payments ra ther t han t o accept a 
h igh i n i t i a l first cost and re la t ive ly low month ly payments thereaf ter . I n general, 
the average home owner or prospective home owner does not have the funds avai l -
able wh ich are requ i red f o r the ins ta l la t ion of a solar powered system. Even 
though the home owner may feel t ha t the solar energy route is the desirable way 
to go, many t imes he s imply cannot generate the funds necessary to take advan-
tage of the benefits offered by th is a l ternate energy source. 

The benefits w h i c h the government w i l l der ive th rough incentives such as tax 
credits and subsidies are at least twofo ld . 

1. There is no doubt t ha t th is na t ion must conserve i ts reservoi r of fossi l f ue l 
energy insofar as i t is human ly possible. Every un i t of energy tha t is fu rn ished 
th rough the use of solar energy conserves the fossi l f ue l supply wh ich wou ld 
otherwise be cal led upon to f u rn i sh th is heat un i t . I n my opinion, th i s irreplace-
able reservoir of fossi l fuels should be used to f u r n i s h only those needs wh ich 
cannot be adequately met th rough the use of some a l ternate energy source. 

2. The government should get invo lved i n encouraging the publ ic to accept 
a l ternate energy sources th rough the use of t ax credits, subsidies and other sim-
i l a r incentives since i t w i l l u l t ima te l y benefit the i nd i v i dua l cit izen. I t is the func-
t i on of government to lead the way i n energy conservation, and the use of incen-
t ives is one manner i n wh i ch th is may be accomplished. I t is my opin ion tha t the 
government should be interested i n anything: t ha t w i l l u l t ima te ly benefit the ind i -
v idua l c i t izen f r o m whom the government u l t ima te l y derives i ts au tho r i t y and 
power. 
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REPLY FROM MR. BUTT 

Answer . I t is t rue tha t , on a l i f e cycle cost basis, solar heat ing and solar domes-
t i c hot water are cost-effective i n most areas as compared to e lect r ic i ty . Th is is 
t rue even based upon the cur ren t re la t ive ly h igh cost of the solar equipment, 
w h i c h cost reflects the fac t t h a t solar equipment is not now being mass-produced. 
A less favorab le bu t s t i l l v iable p ic ture is presented when a solar i ns ta l l a t i on is 
compared to a convent ional system using fue l o i l . Solar, as compared to low cost 
n a t u r a l gas where i t is s t i l l avai lable, pays off only i n a ra ther extended per iod of 
t ime. Some economic analyses of " t y p i c a l " solar ins ta l la t ions were incorporated 
i n m y w r i t t e n statement of November 5. A d d i t i o n a l such analyses of s ing le- fami ly 
res ident ia l appl icat ions are appended. 

Typ ica l l y , consumers are qu i te " f i r s t cost" sensitive. Incent ives are an impor -
tan t and effective means of addressing th is problem. More po ten t ia l users w i l l 
elect to make solar ins ta l la t ions and make th i s elect ion a t an ear l ie r date i f t he 
economic p ic tu re wh i ch they perceive is improved th rough the app l ica t ion of 
incentives. 

There is no doubt i n my m i n d tha t , g iven the real i t ies of the f u t u r e po ten t ia l 
supply of n a t u r a l gas and f u e l o i l and the impl ica t ions w h i c h these supply con-
s t ra in ts have upon f u t u r e prices, u l t ima te l y solar energy w i l l be very w ide l y 
appl ied to the t he rma l energy requirements of a l l types o f res ident ia l s t ructures. 
The effect of incentives and the other elements of the comprehensive p lan w h i c h 
S.E.I.A. has proposed is to accelerate th is process. We perceive t ha t accelerat ion 
of the commerc ia l izat ion of solar energy appl icat ions is very great ly i n the 
Na t i ona l In terest . Accelerated commerc ia l izat ion provides the oppor tun i t y to 
develop an indus t ry , w i t h a l l t ha t th i s impl ies, i n advance of a po ten t ia l cr is is. 

The preceding discussion has been concerned w i t h "need" f o r incentives. There 
is also a quest ion of equi ty. The homeowner who insta l ls solar equipment be-
comes a n energy "producer . " The economics of h is investment, the r e t u r n w h i c h 
he w i l l real ize upon th is investment , depend upon the marke t prices of the con-
vent iona l energy fo rms w i t h w h i c h his solar i ns ta l l a t i on competes. H i s savings 
are smaUer and therefore, h is r e t u r n less i f the pr ice of e lect r ic i ty , o i l or gas, 
as the case may be, is low. Conversely, h is savings increase w i t h increase i n the 
cost of the competing energy fo rm. I n a marke t economy, the pr ice of com-
modi t ies—inc lud ing energy—tends to reflect the cost of product ion, i nc lud ing the 
cost of bor rowed funds plus some r e t u r n upon investment. The key element tends 
to be net cash flow as compared to invested capi ta l . Because of depreciat ion al-
lowances, investment t a x credi ts and, where applicable, deplet ion al lowances, 
business and indus t ry are prov ided w i t h " t a x f ree" cash flows w h i c h are of 
i m p o r t a n t magni tude. A consumer w h o has purchased a solar i ns ta l l a t i on and 
is thereby an energy producer does not obta in equal t rea tment under t he t a x laws 
and is i n the posi t ion of hav ing to pay f o r h is solar i ns ta l l a t ion ent i re ly w i t h 
" a f t e r t a x " dol lars. Th is is not equitable. 

Stated d i f fe rent ly , economics wou ld d ic ta te t h a t the marke t prices f o r the com-
pet ing convent ional energy fo rms wou ld be h igher than they are now were i t no t 
f o r the " incent ives" i n the f o r m of t ax f ree cash flow avai lable to the producers, 
d is t r ibu to rs and sellers of convent ional energy forms. I n a very rea l sense, pro-
posals f o r solar incentives may be i n large pa r t jus t i f ied as being requ i red to 
prov ide equitable t rea tment to the solar energy "p roducer " and pa r t i cu l a r l y so 
when th is "p roducer " is a homeowner. Congressman Gude touched upon th i s 
po in t i n h is w r i t t e n statement. 

Q u e s t i o n 2 . M r . Mor r i son and M r . B u t t , i n w h a t areas of the count ry w o u l d 
r a p i d i ns ta l l a t i on of present ly avai lab le solar equipment be most benefic ial 
economical ly ? 

A r e there areas of the country where i t wou ld not .be usefu l to encourage 
ins ta l la t ion? 

REPLY FROM MR. MORRISON 

Answer. The ins ta l l a t i on of solar equipment wou ld have widespread appl ica-
t i on th roughout the cont inenta l Un i ted States. The ava i l ab i l i t y of solar energy 
is very much dependent upon the ex is t ing env i ronmenta l condit ions. I n areas 
where c loud cover exists f o r extended periods o f t ime, the use of such devices 
is less effect ive t h a n when used i n those areas w h i c h receive large exposure to 
solar rad ia t i on such as the m a j o r i t y of the southern region of the Un i t ed States. 
I t should be borne i n m i n d t h a t these devices can be used effect ively i n the nor th -
ern sections of the Un i ted States even as f a r n o r t h as Alaska, when adequate pe-
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r iods of sunshine are avai lable. I n most areas i t wou ld be necessary t o prov ide a 
backup capabi l i ty f o r the system, i n order to f u r n i s h the energy requ i red when 
inclement weather proh ib i ted the col lect ion of sufficient solar energy. I t should be 
remembered tha t a l l of the solar energy collected represents a net reduct ion i n 
the convent ional energy requirements. I n my opinion the area of the count ry 
wh i ch wou ld economical ly benefit most th rough the use of solar energy is the 
southwestern Un i ted States even to a po in t as f a r n o r t h as Colorado. 

I n order to determine the areas of the country where the ins ta l l a t ion of solar 
energy equipment wou ld not be beneficial, i t wou ld be necessary to have long 
te rm weather data records avai lable fo r study. The most s igni f icant por t ion o f 
th is study wou ld be the percentage of c loud cover wh ich is not a very accurate 
figure even when taken by persons f a m i l i a r w i t h the measurement and recording 
of meteorological data. I n general, the more predominant and persistent the c loud 
cover, the less effective solar energy devices become. I f I were a r b i t r a r i l y select-
ing those areas of the country where solar energy wou ld be least effective, I 
wou ld t h i n k i t wou ld be the coastal regions o f the nor thwestern por t ion of the 
Un i ted States and the coastal regions of the nor theastern po r t i on of the Un i ted 
States. 

REPLY FROM MR. BUTT 

Answer. Cer ta in ly , solar equipment is more cost-effective i n areas of h igh in-
solation. However, i t is economically beneficial i n most areas i n the Un i ted States. 
Again, th is is i l l us t ra ted by the economic analyses appended. Th is is pa r t i cu la r l y 
t rue i n the case of solar water heating. 

Q u e s t i o n 3. M r . Mor r i son and M r . B u t t , are there any ma jo r technical hurdles 
to using presently designed solar heat ing equipment ? 

Is the equipment re l iable ? I s expensive maintenance necessary ? 
W h a t is l i f e expectancy ? 

REPLY FROM MR. MORRISON 

Answer. So f a r as I know there are no ma jo r technical hurd les t ha t are stand-
ing i n the way of the use of solar energy f o r heat ing ei ther potable ho t water or 
water f o r space heat ing of res ident ia l and commercial bui ld ings. Many such 
insta l la t ions have been proven rel iable th rough past experience; proper ly de-
signed systems w i l l operate effectively. 

Since the equipment used fo r water heat ing and space heat ing is basical ly the 
^ R m e type equipment w h i c h has been used i n hydron ic systems fo r years, i t must 

be considered t ha t th is equipment is h igh ly rel iable. F r o m the standpoint of 
maintenance, there is l i t t l e to go wrong w i t h e i ther the solar col lector or the 
hydronic convectors. I n general, pumps are used to t ransfer the fluid f r o m one 
point i n the system to another. These pumps are operated by convent ional thermo-
stat ic controls, solenoid valves, and such other sensors as are required. A l l of 
these devices are cu r ren t l y avai lable on the open market . The design of a proper 
system depends upon selecting the r i gh t components to do the job wh ich is being 
considered. 

The l i f e expectancy of a hydron ic system, when proper ly mainta ined, should 
be i n the range of 15-20 years, since there is v i r t u a l l y no th ing to go wrong w i t h 
the system other t han the pump and controls wh i ch are used i n the operat ion of 
the system. Na tu ra l l y , both the pump and controls wou ld be subject to periodic 
repairs and /o r replacement. The cost of such repairs or replacement wou ld prob-
ably be no more than tha t wh ich is cu r ren t l y being experienced by convent ional 
hydronic heat ing systems. The electr ic energy requi red to operate such a system 
is miniscule when compared to the energy requi red to heat the bu i ld ing or f u r n i s h 
the bu i ld ing w i t h potable hot water . 

REPLY FROM MR. BUTT 

Answer. A l t hough th is question is addressed p r i m a r i l y to D r . Morr ison, I 
wou ld l i ke to comment upon i t . 

There are cer ta in ly no ma jo r technical hurdles to overcome. Many hundreds or 
thousands of solar heat ing or hot water heat ing ins ta l la t ions are i n service to-
day to prove th is point . Th is is not to say t ha t there is not a need f o r engineering 
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development to improve efficiency and f o r cost engineer ing to reduce cost. There 
is. The "Development i n Support of Demonst ra t ion" programs underway as a 
p a r t of the implementa t ion of the Solar Hea t i ng and Cool ing Demons t ra t ion Ac t 
of 1974 are addressed to these ends. More impor tan t l y , there is increasing p r i -
vate ly funded ef for t i n these areas. There is no quest ion i n my m i n d t h a t the 
ra te of the p r i va te ly funded ef for ts i n these areas w i l l be substant ia l ly ac-
celerated as and when indus t r y perceives serious commi tment by Government 
to the commerc ia l izat ion of solar energy. The var ious incent ive programs w h i c h 
we have discussed w i l l energize such an accelerated commerc ia l and p r i va te l y 
funded ef for t . 

There is no inherent reason w h y proper ly designed, bu i l t and ins ta l led solar 
equipment should not be re l iab le or should not have a l i f e expectancy as long 
as the s t ruc tu re to wh i ch i t is attached. Equa l l y , there is no inherent reason w h y 
maintenance cost should be high. Cer ta in ly , much of the equipment present ly 
avai lab le on the marke t is qu i te adequate f r o m these points of v iew. Standards, 
w h i c h are now being developed bo th by the Na t i ona l Bu reau of Standards and 
by indus t ry th rough the vo lun ta ry s tandards system, w i l l be fo r thcoming and 
are needed to assure the user on these points. 

QUESTIONS SUBMITTED BY CONGRESSMAN MOORHEAD TO M R . MORRISON 

Q u e s t i o n 1 . M r . Morr ison, w h a t is the mol ten-sal t storage method? I s i t suffi-
c ient ly developed to be mass produced? 

H o w does the l i fe-cycle cost o f th is method compare to wa te r storage methods? 

REPLY FROM MR. MORRISON 

Answer . The molten-sal t storage method is designed to operate w i t h i t s heat of 
fus ion temperature a t t h a t temperature wh i ch the solar system as a whole w o u l d 
operate most effect ively. The theory of the system is based upon the fac t t h a t 
much energy is released by the molten-sal t as i t t rans fo rms f r o m a l i q u i d to a 
sol id a t the po in t o f fusion. As an example, the energy released by hot water as 
i t drops f r o m 212° F to 32° F is approx imate ly 180 Btu 's. As the wa te r is t rans-
fo rmed to ice, an add i t i ona l 144 B t u removal is requi red i n order to produce 
ice a t 32° F. I t may be seen tha t , i n theory, th is is a very log ica l manner i n 
w h i c h to approach the heat storage problem. 

D r . M a r i a Telkes of the Un ive rs i t y of De laware is perhaps the wor ld 's lead-
i ng au tho r i t y on the storage of energy th rough the use of phase change media. 
M a n y of the salts w i t h w h i c h she has exper imented over the years have been 
ra the r thorough ly invest igated, and cer ta in ly there are appl icat ions where the 
use of th i s method of heat storage wou ld be applicable. As to w h i c h of these 
salts are best su i ted f o r mass product ion techniques and u t i l i za t i on i n the solar 
energy field, I suggest t ha t you contact D r . Telkes who is much more qual i f ied 
than mysel f to answer th i s question. 

The l i f e cycle cost of molten-sal t storage versus water storage has been a 
ma t te r o f some debate fo r many years. N a t u r a l l y the proponents of each system 
are able to po in t to the advantages of the system wh ich they favor . Those favor -
i ng the use of wa te r storage po in t to the fac t t ha t wa te r is read i ly avai lable, 
cheap, easi ly handled, re la t ive ly noncorrosive, stable, nontoxic, has a good ther-
m a l heat capaci ty, etc. The proponents o f the use of the molten-sal t method of 
heat storage po in t to the fact t ha t a much smal ler space is requ i red f o r the 
storage of a g iven quan t i t y of heat, the cost of the container to house th i s 
storage is less t han tha t requi red o f water , the insu la t ion problems are m in i -
mized due to the systems operat ing a t a re la t ive ly constant temperature, and 
other advantages may be pointed out t ha t do not read i l y come to my mind. The 
l i f e cycle cost of one method versus the other largely depends upon the re la t i ve 
first cost o f the ins ta l la t ion and the frequency w i t h wh ich the heat t rans fer 
media must be replaced or replenished. Since I am a proponent o f the use of 
wa te r f o r heat storage, I am of the opin ion t ha t the l i f e cycle cost of such a sys-
tem is less t h a n t h a t wh i ch wou ld usual ly be the case i f molten-sal t storage were 
employed. 

Q u e s t i o n 2 . M r . Morr ison, has an effect ive and economical solar cool ing equip-
ment been designed, and is i t ready fo r mass product ion? 
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REPLY FROM MR. MORRISON 

Answer. Var ious absorpt ion type re f r igera t ion systems have been successfully 
used w i t h solar energy as the p r i m a r y source of power. Most of the systems tha t 
u t i l i ze absorpt ion type equipment which is cu r ren t l y being manufac tured accom-
p l ish the cool ing by "de ra t ing " the re f r igera t ion components. As an example; i n 
order to produce 3 tons of re f r igerat ion, a considerably larger un i t , designed to 
operate a t temperature associated w i t h gas flames, is used w i t h the lower tem-
perature heat source i n order to produce the desired cool ing effect. I n general, 
these systems are usual ly backed up w i t h some type of convent ional energy 
source. I t is my opin ion tha t such systems cannot operate a t the efficiencies wh ich 
are o rd ina r i l y obtainable when these un i ts are operat ing at the i r design point. 

Var ious exper imenta l models of solar powered absorpt ion type re f r igera t ion 
systems have been produced by Un ivers i ty of F lo r ida personnel and other 
research organizat ions. A l l of th is equipment is custom designed to sui t the par-
t i cu la r research need. I n my opinion these prototypes have proved to be opera-
t iona l ly effective, however add i t iona l redesign and development wou ld be 
required, i f these un i ts were to be mass produced. I t is not probable tha t any of 
these re f r ige ra t ion devices w i l l become economical f r o m the standpoint of first 
cost, u n t i l mass product ion procedures have been employed i n the i r manufac-
ture. I n a l l p robab i l i t y , a custom designed re f r igera t ion system wou ld prove 
economically acceptable, i f the l i fe-cycle cost were considered and i f th is equip-
ment operated on a year round basis. 

QUESTIONS SUBMITTED BY CONGRESSMAN MOORHEAD TO M R . B U T T 

Q u e s t i o n 1. M r . B u t t , wha t are the 20-year l i fe-cycle costs, inc lud ing i n i t i a l 
cost of equipment, l i fe - t ime fuel , env i ronmenta l impact and maintenance costs 
fo r solar heat ing systems over convent ional oi l , gas or electr ic systems? 

I s th is premised on expectat ion t ha t the cost of o i l and e lect r ic i ty w i l l increase ? 
W h a t happens i f f ue l costs decrease ? 

REPLY BY MR. BUTT 

Answer. As is indicated, these economic analyses are based upon the expecta-
t i on tha t e le t r ic i ty prices w i l l escalate i n the f u t u r e at a ra te of 7.5 percent 
per year. Th is represents a 5 percent ra te of general in f la t ion plus 2% percent, 
recognizing tha t convent ional energy costs can be expected to increase at rates 
greater than the average or overal l rate of inf lat ion. S imi la r l y , the analyses are 
based upon a forecast of a 10 percent per year year rate of escalation i n fue l o i l 
and n a t u r a l gas prices. I believe tha t few, i f any, economists w i l l d ispute tha t 
f u tu re general i n f l a t i on rates w i l l be 5 percent or more per year. There are con-
siderable differences of opin ion regard ing the extent to wh ich the rate of escala-
t i on i n convent ional energy costs may or may not exceed the general ra te of 
in f la t ion. More to th is po in t la ter . 

Let us select three of the specific examples analyzed i n the economic analyses 
to i l l us t ra te " l i f e cycle costs." 

The first of these is a 75 square foot "s tandard" solar wa te r heater insta l led 
i n a s ingle- fami ly residence on the East Coast. Th is example appears a t the top 
of Table I - A on the at tachment . You w i l l note that , a t a present e lect r ic i ty ra te 
of SVi 4 per k i l o w a t t hour, the pay-out t ime—meaning the t ime w i t h i n wh ich the 
cumulat ive savings equal the first cost—is 8.2 years. Ref lect ing cont inu ing esca-
la t ion beyond th is po in t of equivalency, cumula t ive savings i n twen ty years 
wou ld equal 3.93 t imes first cost. I f e lectr ic i ty cost escalated at only 5 percent 
per year, wh ich wou ld mean tha t the "constant do l l a r " cost of e lect r ic i ty wou ld 
not change and the increase i n cost wou ld s imply reflect general in f la t ion, the 
length of t ime requi red to "pay-out " wou ld increase f r o m 8.2 years to 8.9 years. 
Over a twen ty year period, the cumulat ive savings wou ld equal 3.05 t imes first 
cost. 

The te rm " l i f e cycle cost analysis" is somewhat ambiguous. I t may s imply 
mean a comparison of cumu la t i ve savings to first cost, i n wh i ch case the answers 
presented above wou ld apply. 
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However, some consider t h a t a l i f e cycle cost analysis should discount f u t u r e 
cash flows to the i r "present value," us ing an appropr ia te discount rate. The 
choice of an appropr ia te discount rate, i n a case such as this, is a ma t te r o f 
judgment . I f we elect to use as a discount ra te the m a x i m u m interest w h i c h 
the consumer m igh t expect to real ize f r o m his savings i n e lectr ic energy cost, 
were he to invest them i n long te rm savings w i t h a Savings and Loan Asso-
ciat ion, we m igh t we l l select 7.5 percent as an appropr ia te discount ra te to apply 
i n de te rmin ing the present value of f u t u r e savings. Upon th i s basis, t he present 
va lue of the savings over a twen ty year l i f e a re 1.84 t imes the cost of the insta l -
la t ion. The pay-out t ime on th is basis is 10.8 years. 

A s our second example, let us consider the same solar water heat ing system 
ins ta l led i n the Southwest. The basic economic analys is f o r the case also appears 
on Table I - A . Since electr ic rates tend general ly to be somewhat lower i n th is 
area t h a n i n the Northeast , let us base our analysis upon a present cost of 3$ 
per k i l o w a t t hou r f o r electr ic energy. W e note t ha t the pay-out t ime i n th is in-
stance is 7.1 years as compared to the 8.2 years i n the preceding example. As 
wou ld be ant ic ipated, the solar system operates somewhat more eff iciently i n 
th is area. Therefore, over a twen ty year per iod w i t h e lect r ic i ty cost escalat ing 
a t 7.5 percent per year, cumu la t i ve savings are 4.74 t imes the i n i t i a l cost of the 
solar equipment. I f e lect r ic i ty escalates at only 5 percent per year, cumu la t i ve 
savings are 3.66 t imes the i n i t i a l cost. I f we discount f u t u r e cash flows by 7.5 
percent, t he i r present va lue is 2.21 t imes the cost of the ins ta l la t ion . Pay-out 
t ime is 9.0 years. 

As a t h i r d example, le t us consider the case i n wh ich a 50 square foo t solar 
system i s ins ta l led as an a l te rnat ive to n a t u r a l gas i n Southern Ca l i fo rn ia . Th is 
case is shown on Table I - B . L e t us assume f u r t h e r t h a t the present ma rke t 
pr ice of n a t u r a l gas is 12.5^ per t he rm and t h a t i t escalates i n pr ice a t a ra te 
of 10 percent per year. Upon th is basis, pay-out i s i n 16.6 years. Cumu la t i ve 
savings over a twen ty year per iod are on ly 1.48 t imes the cost o f the o r i g i na l 
equipment. Were we to assume t h a t n a t u r a l gas prices escalated a t on ly 5 per-
cent per year, wh i ch wou ld imp ly tha t the i r "constant do l l a r " magn i tude d i d 
not change, cumula t i ve savings i n twen ty years wou ld only be 0.85 t imes the 
i n i t i a l cost. Pay-out wou ld be mate r ia l l y greater than twenty years—22.1 years. 
I f we assumed the 10-percent ra te of escalat ion i n gas prices b u t d iscounted 
f u t u r e savings by 7.5 percent per year to der ive the i r "present value," w e wou ld 
find t h a t the "present va lue" o f the savings i n twen ty years wou ld be .67 t imes 
the cost o f the i n i t i a l ins ta l la t ion. Obviously, on th is basis, the results of a " l i f e 
cycle cost analys is" wou ld be negative. 

These three examples are representat ive of a substant ia l por t ion of the range 
of l i f e cycle resul ts wh i ch could be ant ic ipated. They i l l us t ra te the po in t t h a t 
l i f e cycle results are dependent upon the iden t i t y and cost o f t he convent ional 
energy f o r m being replaced, the ra te of f u t u r e cost escalat ion and also upon cl i -
mat i c factors. 

The final por t ion o f the question asks, " W h a t i f f ue l costs decrease?" Al -
though i t is cer ta in ly possible to temporar i l y r o l l back domestic crude oi l and 
n a t u r a l gas prices by legis lat ive act ion, I scarcely believe tha t , i n the context of 
twen ty years, th is can be accomplished w i thou t , a t the same t ime, assur ing t h a t 
shortages of domestic resources w i l l become so great as to lead to serious ques-
t ions of reasonably broad ava i lab i l i t y . Ro l l backs i n the pr ice of e lect r ic i ty wou ld 
inev i tab ly lead to the i nab i l i t y of the u t i l i t y i ndus t ry to obta in ^naneins: and 
wou ld inev i tab ly lead to severe shortages of electr ic power. I recognize t h a t 
there are some fue l economists who feel t h a t the cont ro l exercised by O.P.E.C. 
w i l l re lax and tha t , therefore, there w i l l be a temporary reduct ion i n the pr ice of 
fo re ign petroleum. Again, th is could on ly be temporary i n na tu re since lower 
prices w i l l encourage more rap id accelerat ion i n consumption. A l t hough the 
reserves avai lable to many of the O.P.E.C. nat ions are very large, they, too, 
wou ld become inadequate to meet wor ldw ide demand as i t wou ld develop a t sub-
s tan t ia l l y reduced pr ice over an extended per iod of t ime. We should bear i n 
m ind tha t , i n the face of a 5-percent per year ra te of in f la t ion, a contsant do l la r 
pr ice f o r f u e l i n twen ty years represents a 60-percent decrease i n " r e a l " or "con-
s tant do l l a r " prices. 

I t is, of course, mathemat ica l l y possible to calculate l i f e cycle cost analvses 
upon any given hypothet ica l scenario envis ioning reduct ions i n f ue l prices. W e 
believe t h a t such analyses wou ld be most unreal is t ic . 

Q u e s t i o n 2 . M r . B u t t , i f p roduct ion of solar hea t ing un i ts increases, how soon 
could we expect the cost of equipment to decrease and by how much? 
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REPLY BY MR. BUTT 

Answer . Present solar equipment volume is s t i l l qu i te modest. I wou ld not ex-
pect any s igni f icant pr ice decreases re lated to "economies of scale" to emerge 
u n t i l volume has reached ten t imes i t s present level. However , the best in fo rma-
t i on avai lable to us indicates t ha t 1975 volume is roughly three t imes t h a t of 
1974. W i t h v igorous act ion i n support of cont inu ing growth , marke t vo lume 
could grow to levels i n wh ich cost reduct ions re la ted to economies of scale wou ld 
be real ized i n three years. We must also consider cost reduct ions wh ich re late to 
engineering development. Again, these are ind i rec t l y re lated to increase i n mar -
ket volume since marke t volume—both cur rent and forecast—influences the 
" investment" of funds i n engineering development ac t iv i ty . As a mat te r of fact, 
there are cost reduct ions of modest dimensions occurr ing cu r ren t l y as a resul t 
of cont inu ing engineering development. 

Based upon my own general knowledge of the s i tuat ion, as we l l as upon discus-
sion w i t h others i n the indus t ry , I wou ld ant ic ipate t ha t cost reduct ions i n the 
range of 25 percent to 50 percent w i l l develop i n the next five to ten years, assum-
i ng t ha t volume develops rap id ly as the resul t of aggressive act ion to accelerate 
commercial izat ion. Please note t ha t these percentages re late to "constant dol-
l a r " costs and do not inc lude the effect of in f la t ion. 

A mean ing fu l analogy is provided by the pr ice experience of the household 
appl iance indus t ry . Over the last 25 years, the pr ice ( i n cur ren t dol lars) of 
equivalent household appliances has increased very l i t t l e despite the very con-
siderable in terven ing in f la t ion. "Constant do l l a r " prices of most appliances are 
on the order of 50 percent of 1950 prices. 

QUESTIONS SUBMITTED BY CONGRESSMAN MOORHEAD TO M R . BARFIELD 

Q u e s t i o n 1 . M r . Barf ie ld, since the rap id increase i n u t i l i t y costs has recently 
plagued the financial s tab i l i t y of subsidized low-income housing projects, has 
H U D considered g iv ing preference to projects using solar heat ing and cooling 
equipment i n order to m in im ize f u t u r e increases i n costs? 

REPLY BY MR. BARFIELD 

Answer. Mr . Chai rman, H U D does not a t th is t ime give preference to projects 
us ing solar heat ing and cool ing equipment, a l though we recognize tha t there 
are potent ia l savings i n costs. As I stated i n my prepared test imony, the Depart-
ment w i l l approve, on an i nd i v i dua l rev iew basis, projects wh ich use solar 
energy equipment. Bu t , as I also stated i n my test imony, we do not yet have 
objective standards by wh ich solar energy systems may be tested, evaluated, 
and approved fo r general use on a widespread basis. Nor do we know the rea l 
economies of solar energy systems and the trade-off between first costs and 
operat ing costs. Add ing solar heat ing and cooling equipment to low-income 
subsidized housing projects, o f course, w i l l increase the pro ject first cost. 
Whether the savings i n f ue l costs w i l l j u s t i f y the increased cost of subsidized 
projects, are policy questions wh ich cannot be answered w i t h o u t accurate cost 
and benefit data. 

The demonstrat ion program is designed to obta in th is in fo rmat ion , and we 
expect to inc lude low-income subsidized projects i n the demonstrat ions to obta in 
data wh ich w i l l pe rmi t us to make specific recommendations i n the fu ture . 

Q u e s t i o n 2 . M r . Barf ie ld, i f , as many experts feel, solar technology is ready 
f o r p rac t i ca l commercial appl icat ion and i f a d i rect consumer loan program 
could encourage mass product ion of solar equipment and wou ld cause a decrease 
i n consumer costs, why must we w a i t fo r the research and demonstrat ion pro-
grams to be concluded before he lp ing consumers finance the ins ta l la t ion of 
energy-conserving solar equipment? 

Answer. Mr . Chai rman, the phrase, "solar technology is ready fo r pract ica l 
commercia l app l ica t ion" has been w ide ly used i n solar energy l i te ra ture , var ious 
hearings, and other forums. Yet the most comprehensive survey of solar heated 
bui ldings, tha t by Mr . W i l l i a m Shurc l i f f , l is ts only 187 bui ld ings i n the most 
recent, November 11, 1975, edit ion, beginning w i t h the 1939 M I T house. Only 
a very f ew of these insta l la t ions has been operated fo r as long as ten years, 
and even fewer have been ins t rumented to provide a cont inu ing operat ing 
h is tory . Th is is a na r row data base on wh ich to bu i l d commercia l application? 
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F o r example, w h i l e many of the components i n a solar energy system are 
s tandard products, others are not, and the to ta l systems have not general ly 
been subjected to detai led evaluat ion. Successful commercia l appl icat ions involve 
assurances to the buyer t ha t the system he ins ta l ls w i l l del iver the promised 
energy ou tpu t over the promised l i f e of the system w i t h i n operat ing and mainte-
nance costs he is w i l l i n g to pay. We do not believe t ha t these assurances can 
be g iven f o r a number of systems now being proposed, since adequate test da ta 
are not avai lable. As one example, operat ing an a lum inum collector assembly 
w i t h a l i q u i d coolant u t i l i z i ng an anti- freeze solut ion may requi re an annua l 
or b ienn ia l d ra in -down and replacement of the anti- freeze to avoid corrosion, 
bu t the cost o f th is anti- freeze replacement has not been general ly touched on 
i n discussions of system economics. 

I a m not saying tha t we have to develop a new technology. I am say ing t h a t 
we have to learn to use the ex is t ing technology effect ively and economical ly. 
The research, development, and demonstrat ion p rogram set f o r t h i n E R D A - 2 3 A 
is, I believe, the best approach yet avai lable f o r mov ing th is technology f r o m 
one i nvo l v i ng one-of-a-kind, hand-tooled products to a technology i nvo l v i ng the 
rel iable, marketable, t r us two r t hy products necessary fo r consumer acceptance. 

The subcommittee w i l l stand adjourned, subject to the call of the 
Chair. 

[Whereupon, at 12 noon, the subcommittee was adjourned, subject 
to the call of the Chair . ] 

[The fo l lowing material was received by the subcommittee fo r in-
clusion i n the pr in ted record:] 

STATEMENT OF H O N . L I N D Y JBOGGS, A REPRESENTATIVE I N CONGRESS F R O M T H E 
STATE OF L O U I S I A N A 

M r . Chai rman, i n 1973, I had the pr iv i lege to co-sponsor the first "So la r Heat -
i n g and Cool ing Demonst ra t ion Ac t " , and have since been a supporter of i t s 
subsequent l aws and s im i l a r ones wh ich sought to prov ide financial assistance 
to the foresighted users of solar energy, and wh ich col lect ively encouraged the 
u t i l i za t i on of solar energy i n homes, businesses, i ndus t r y and government. 

I believed then, and s t i l l do, t ha t the demonstrat ion of the feas ib i l i t y of 
us ing solar energy f o r the heat ing and cool ing of our bui ld ings could help to 
rel ieve the demand upon our energy and fue l supplies, and tha t the technologies 
f o r solar heat ing and cool ing have reached the po in t of efficient mass commer-
c ia l app l ica t ion i n the Un i ted States. 

M y State of Lou is iana has af f i rmed a s im i la r f a i t h i n a solar energy system, 
and is act ive ly w o r k i n g to construct a v iable p rogram fo r i ts cit izens. 

On October 16, Lou is iana State Un ivers i t y hosted a conference at tended by 
more t han 250 people, wh ich reported on the status and potent ia l of solar energy 
research i n Louis iana, on na t iona l plans f o r solar energy, and on demonstra-
t i on pro jects now underway. 

The conference addressed the problem of cooling, the a l l - impor tan t process 
to Lou is iana a long w i t h dehumidi f icat ion, wh i ch wh i le now technological ly 
feasible, is also the most technological ly demanding process f o r researchers. I t 
was est imated by the attendees t ha t the development of an efficient and eco-
nomica l energy storage system, even w i t h a back-up system, could reduce energy 
consumpt ion by as much as 80 percent. Thus, each demonst ra t ion pro jec t is now 
approached w i t h the v iew t o w a r d m a k i n g a system economical ly compet i t ive 
and real is t ic . 

As evidence of the extent to w h i c h Louis ianans are commit ted to energy al ter-
nat ives, our A t to rney General i n h is remarks out l ined the legal problems of 
mass appl icat ion of solar energy, such as access to sunl ight , bu i l d ing codes, 
and zoning laws, and prescribed legal research to insure t ha t per formance stand-
ards become a h i gh p r i o r i t y . M a n y potent ia l appl icat ions of solar energy were 
catalogued, rang ing f r o m food dehydra t ion and meat packaging to heated swim-
ming pools, hydrogen product ion, electr ic power towers, and ocean-thermal power 
plants. 

Nex t week, M r . Chai rman, the Lou is iana Depar tment of Conservat ion w i l l 
sponsor a p rogram aimed a t d isseminat ion of the energy conservat ion i n fo rma-
t i on contained i n i t s recent pub l ica t ion E n e r g y C o n s e r v a t i o n P r o g r a m G u i d e 
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f o r I n d u s t r y , and a t obta in ing feedback f r o m indust ry on the ways i n wh ich 
the State may be of greatest assistance to them. I n addi t ion, f r o m A p r i l 19-23, 
1976, Louis iana State Un ivers i ty w i l l be the site of the Second Southeasern 
Conference on the Appl ica t ion of Solar Energy. 

Solar energy is no panacea to our c r i t i ca l energy needs. Yet, wh i le Louis iana 
may not be blessed w i t h as conducive a c l imate as other States, and, on the 
other hand, abounds i n precious resources such as o i l and na tu ra l gas, the 
cit izens and government of Louis iana are le t t ing i t rap id ly occupy a signif icant 
place i n to ta l energy design. 

Unfor tunate ly , M r . Chairman, tha t concern is not being shared nat ional ly . 
Review, i f you w i l l , the hundreds of publ icat ions wh ich have been sponsored by 
pr iva te and indus t r i a l research un i ts and made avai lable to the Congress year ly 
since 1972, such as "Out look fo r Energy i n the Un i ted States to 1985", and " A 
Cal l fo r Ac t ion !—U.S. Energy Independence by 1985". Read also the October 
1975 Mon th ly Energy Report of the Federal Energy Admin is t ra t i on and an 
accompanying report f r o m F E A Admin is t ra to r F r a n k Zarb on the status of 
the Un i ted States' energy efforts compared to in ternat iona l programs. 

None of these, and few of the others, make ment ion of energy al ternat ives, 
i.e., solar energy. The Congress had a glimpse of a promise f r o m indus t ry and 
government back i n 1972 i n test imony presented to the then Committee on 
Science and Astronaut ics. Reports f r o m the subunit Execut ive Committee of 
the Solar Energy Panel of the Execut ive Branch's Committee on Energy R & D 
Goals f u r the r comprised of personnel f r o m the Nat iona l Aeronaut ics and Space 
Admin is t ra t i on and the Nat iona l Science Foundat ion, said tha t each of the 
executive agencies contacted was ready and w i l l i n g to step up i ts efforts i n 
solar energy research, t ha t each considered i t had the capabi l i ty to conduct 
successful programs of th is type, and tha t there were areas of research wh ich 
appeared promis ing and /o r not then being pursued wh ich each agency would 
be w i l l i n g to undertake were i t given the charter to do so. 

Mr . Chairman, th is Subcommittee must underwr i te tha t charter, must legis-
la t ive ly encourage a commit ted nat iona l program of solar energy research, and 
development, and ut i l i za t ion. Our energy deficiencies, our s tandard of l iv ing, 
and the already dedicated and zealous enterprise of our State and Local con-
stituencies, deserve tha t endorsement. 

STATEMENT BY SHEET M E T A L WORKERS' INTERNATIONAL ASSOCIATION 

The energy crisis of the last three years, and the sp i ra l ing fue l costs wh ich 
continue to characterize i t , have demonstrated the need to accelerate the ut i l iza-
t ion of renewable energies such as solar radiat ion. The current imbalance be-
tween the domestic supply and the demand fo r fuels and energy is l i ke ly to con-
t inue unless a federal ef for t is made to test, ut i l ize, and promote new fo rms of 
energy. 

Solar energy is nonpol lut ing, inexhaust ib le and can become inexpensive. And 
Solar technology has developed to the point where commercial appl icat ion is not 
only pract ica l but economically desirable. However, the f u l l potent ia l of solar 
energy w i l l not be real ized u n t i l the cost of solar hardware is reduced through 
mass manufactur ing. To increase publ ic demand fo r solar ha rdware a program of 
Federal assistance is necessary. Th is assistance should include but not be l im i ted 
to income tax credits fo r homebuyers and bui lders who purchase and ins ta l l solar 
equipment, loans to homeowners and bui lders who purchase and ins ta l l solar 
equipment, the use of solar equipment i n bui ld ings financed w i t h Federal funds, 
Federal insurance of solar equipped bui ldings, d i rect subsidies to assist i n the 
purchase of solar equipment, and Federal grants and contracts to the research 
communi ty and manufacturers f o r the development of solar technologies. 

The Sheet Metal Workers ' In te rna t iona l Associat ion has become active i n 
energy conservation and solar energy not only because i t makes sense fo r 
America's energy needs but because jobs created i n th is area w i l l put unem-
ployed sheet metal workers back to work . 

A t the present tfme, one shpet meta l worker i n five is unemployed. Many more 
are wo rk i ng less than f u l l t ime. 

Energv conservation and the use of solar energy can have a large impact on 
unemployment. I t has been estimated by the Stanford Research Ins t i t u te t ha t 
one-fourth of the dol lars invested i n solar heat ing and cooling w i l l go to the 
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labor costs of ins ta l la t ion . I n add i t ion , there w i l l be many jobs created fab r i -
ca t ing the collectors, storage tanks, duc t ing and a l l ied equipment necessary f o r a 
solar ins ta l la t ion . 

A Federa l p rogram to promote the use of solar energy w i l l not on ly a i d i n 
achiev ing energy independence, bu t i t w i l l help to pu t Amer icans back to wo rk . 
Do l l a rs now being spent on expensive foss i l fue ls f r o m abroad wou ld be bet ter 
spent reducing joblessness by harnessing less expensive, inexhaust ive energies 
a t home. 

As a resu l t o f our interest i n the use of solar energy, our un ion has taken 
several steps: 

W e are educat ing our membership to the possible impact of energy conserva-
t i o n and solar energy. A t an Augus t Conference of our union's business agents 
we devoted near ly two days to energy developments and the pa r t our un ion can 
p lay. 

Our Na t i ona l T r a i n i n g Fund, recognized as one of the best of apprent iceship 
programs, is now conduct ing a survey to determine i f add i t i ona l courses are 
needed f o r the construct ion of solar hardware. 

W e commissioned the S tan fo rd Research I ns t i t u t e and the M i t r e Corpora t ion 
to make studies of the impact on the sheet meta l i ndus t r y of solar development 
and energy conservation. Copies of these reports have been sent to every member 
of Congress. 

The Sheet Me ta l Workers ' I n t e rna t i ona l Associat ion st rongly supports a d i rec t 
low- interest loan p rogram to assist homeowners and bui lders i n purchas ing and 
i ns ta l l i ng solar equipment. The passage of H 3849 w i l l help achieve the goals 
of foss i l f ue l conservation, solar energy development and new job oppor tun i t ies 
f o r Americans. 

N A T I O N A L A S S O C I A T I O N OF H O M E B U I L D E R S , 
W a s h i n g t o n , D . C . , D e c e m b e r 5 , 1 9 7 5 . 

H o n . W I L L I A M A . B A R R E T T , 
C h a i r m a n , S u b c o m m i t t e e o n H o u s i n g a n d C o m m u n i t y D e v e l o p m e n t , 
C o m m i t t e e o n B a c k i n g , C u r r e n c y , a n d H o u s i n g , H o u s e o f R e p r e s e n t a t i v e s , 
W a s h i n g t o n , D . C . 

DEAR MR. CHAIRMAN : I should l i ke to request t h a t th is le t te r be inc luded i n 
the record of the hearings the Subcomittee held on November 5, 1975, i n regard 
to H .R. 3849. Th is b i l l wou ld establ ish w i t h i n the Depar tment of Hous ing and 
U r b a n Development a d i rect low- interest loan p rogram to assist homeowners and 
bui lders i n purchasing and i ns ta l l i ng solar heat ing equipment. 

N A H B , as the t rade associat ion of the home bu i l d ing indus t ry w i t h a member-
ship consist ing of more t h a n 74,000 member firms i n 603 local associations 
th roughout the Un i ted States, i s v i t a l l y interested i n the subject of energy con-
servat ion, pa r t i cu l a r l y as i t relates to res ident ia l dwel l ings. Consequently, we 
have care fu l l y rev iewed H.R. 3849 along w i t h i t s companion b i l l H .R. 8524, and 
endorse t he i r purpose. 

Sincerely, 
J . S . N O R M A N , President. 

[The f o l l ow ing statement of Rober t Fawcet t , cha i rman of the Fue l O i l Supply 
Study Commit tee of the New Eng land Fue l I ns t i t u t e before the Senate Select 
Commit tee on Smal l Business on October 8, 1975, was received by the subcom-
mi t tee f o r inc lus ion i n the reco rd : ] 

S T A T E M E N T OF N E W E N G L A N D F U E L I N S T I T U T E 

M y name is Rober t Fawcet t , I am President of Robert Fawce t t & Son Co., 
Inc., a moderate sized re ta i l heat ing o i l and o i l heat ing equipment business i n 
Cambridge, Massachusetts. Today, I represent the New Eng land Fue l I n s t i t u t e of 
w h i c h I am a past president, and present ly cha i rman of i t s Fue l O i l Supply 
Study Committee. Accompanying me is Charles H . B u r k h a r d t , Execut ive Vice 
President and Manag ing D i rec to r of the Ins t i t u te , who w i l l answer any ques-
t ions posed by members of the Committee. 

As you are we l l aware Senator Mc In t y re , the New Eng land Fue l I ns t i t u t e is 
an associat ion of about 1300 independent r e t a i l and wholesale heat ing o i l dis-
t r i bu to r s th roughout the s ix state region. Th i s associat ion was incorporated 
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under the laws of the Commonwealth of Massachusetts i n 1946, as the Oi l Heat 
Ins t i tu te of New England. Our corporate name was changed to New England 
Fuel Ins t i tu te i n 1962. 

The independent sector of the heating oi l industry i n New England sells more 
than 85 percent of a l l d ist i l late product at retai l . I n addi t ion 40 percent of the 
fue l o i l sold at the wholesale level is marketed by independents. Fur ther , 19.4 
percent of a l l the o i l heating equipment sold throughout the Uni ted States is 
instal led in New England homes and buildings. Over 90 percent of this large 
quant i ty of o i l heating equipment and accessories are sold, instal led and serviced 
by independent heating oi l dealer-distributors. About 125,000 to 140,000 oi l 
burners are sold and instal led i n New England every year. Most of these are 
replacements. We usually average somewhere between 38,000 to 50,000 o i l burners 
as new instal lations. These can be conversions f rom other fuels or instal lat ions 
in newly bu i l t homes. 

There are 2,400,000 oi l burner units operating in New England at the present 
t ime; about 890,000 gas burning units and about 275,000 uni ts u t i l i z ing elec-
t r ic i ty . Gas and electr ici ty combined account for about 1,165,000 central ly heated 
units, whi le o i l has sl ight ly over 2,400,000. Unl ike most ut i l i t ies, the reta i l o i l 
heat ing dealer-distr ibutor sells and instal ls heating equipment and accessories 
and/or newer replacement equipment himself. W i t h a present market of over 
2,400,000 o i l heat ing customers, i t is obvious that a bui l t - in, pract ical and 
effective merchandising, marketing, engineering, insta l la t ion and service mech-
anism exists on a broad scale i n New England for any product and/or process 
to which the independent segment of the o i l heat ing industry would apply 
itself. 

Therefore, we believe that the heating oi l dealer-distr ibutor apparatus i n 
New England is ideally endowed w i t h a l l of the experience, technical skil ls, 
processes and procedures necessary fo r a mass introduct ion to the New England 
market, of solar heat generating equipment as an adjunct to exist ing or proposed 
o i l heating systems. 

We would l ike to take th is opportunity Senator to review fo r a moment or 
two how we came to this type of th inking. I n a t rue sense, i t was due to 
st imulus presented to us by you and Mr. Cross, the Professional Staff Member 
of this Senate Select Subcommittee on Small Business. When you first ap-
proached us through Mr . Cross lasv May, we had mixed feelings about enter-
ta in ing any effort toward popularizing or selling and insta l l ing solar heating 
equipment. A t tha t t ime we viewed competit ively rather than complementary. 
Dur ing the course of a series of meetings requested by you and attended by 
Mr. Cross, we began to see that there was a strong potent ial for New England 
to achieve some independence f rom foreign energy imports i f solar energy was 
to be used on any large scale i n conjunction w i t h o i l as a source of energy fo r 
home and domestic hot water heating. By the term "domestic hot water heat-
ing," we mean hot water produced at the faucet for bathing, cleaning, washing, 
etc. Solar heat ing would be a pract ical way to reduce New England's dependence 
on imported refined product, specifically dist i l late and residual, and yet provide 
a means of sustaining the l ivel ihood of the more than 2000 retai l , small business, 
heating oi l dealers and distr ibutors throughout New England, who provide jobs 
for wel l over 35,000 people. 

.Since the New England cl imate is such as to have many periods wi thout 
sunshine and extremely cold winters, i t is our considered opinion that solar 
energy could supply, theoretical ly, in an oi l heated home, up to about 35 percent 
of the to ta l heat required. More pract ical ly, this w i l l evolve to about 28% to 
30%. Thus, through the application of solar energy as an adjunct to oi l heat, 
many more people could enjoy the benefit, comfort, v ir tues and service of oi l 
heat w i thout substantial ly increasing or, more pract ical ly, even decreasing 
New England's dependence upon imported, refined product. 

Continued meetings w i t h your representative and sustained investigation by 
the N E F I staff of the solar energy field and i ts potential, resulted in a change 
in philosophy on the par t of New England Fuel Inst i tute. This became sharply 
apparent about two months ago, and was accepted by the officers of the corpo-
rat ion and the chairmen of the standing committees, as wel l as the Fuel Oi l 
Supply Study Committee. W i t h this change and acceptance of the fact that 
solar energy could be a valuable adjunct to the whole New England consumer 
heating economy by reducing the region's dependence on imported, refined 
product, came the real izat ion that i t could be coupled successfully w i t h oi l 
heating. The decks were then cleared for action. 
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For such a program to be successful, some applied research fo r the actual 
coupling of solar energy heat producing equipment w i t h exist ing and/or newly 
instal led oil-f ired heating uni ts was required before a pract ical program for 
selling, insta l l ing and servicing solar energy uni ts could be put in to effect. 

As N E F I is a smal l organization w i t h a l im i ted budget, i t was necessary 
tha t we raise $30,000 immediately, i n order to put into operation seven or eight 
uni ts upon whose performance fu tu re production, sales and development would 
be based. We are happy to report that our efforts to raise this amount of money 
were immediately successful. Robert DeBlois, Executive Vice President of the 
DeBlois Oi l Company and Chairman of N E F I ' s Finance Committee in formed 
us that the DeBlois Oi l Company would contribute $10,000 toward the project. 
On the very same day, Northeast Petroleum Corp. of New Hampshire offered 
to contr ibute $6000, and short ly thereafter, Mr . Lewis Sheketoff, President of 
Automat ic Comfort of Har t fo rd , Connecticut informed us that his company 
would contr ibute another $10,000. So, w i t h i n a very short time, we had $26,000 
of our $30,000 projected research monetary requirement committed. 

We believe th is points up the f o rwa rd looking th ink ing of the heat ing oi l 
d ist r ibutors of New England, and points the finger of repudiat ion at Federal 
bureaucracies who claim that some businesses, including heat ing o i l d is t r ibutors 
could or would not be any help i n the furtherance of solar heating. I t demon-
strates, fur ther , that the Energy Research Development Admin is t ra t ion should 
reorient i ts th ink ing concerning funds being available for the implementat ion 
and appl icat ion of solar heating to homes and commercial bui ldings being 
handled by smal l businesses, such as the 2400 heating o i l d ist r ibutors throughout 
New England. 

We w i l l soon have three adjunct domestic hot water solar energy-oil heat ing 
systems instal led i n three homes i n Rhode Island. We w i l l study thei r operation 
and method of instal lat ion, and become appraised of such maintenance as is 
required. Fol lowing on this, there w i l l be four adjunct solar energy domestic 
hot water generators, coupled w i t h o i l heat ing equipment, instal led i n Con-
necticut. Subsequently, a combination solar generator-oil heat ing and domestic 
hot water system w i l l be instal led in a one-family home i n the general area 
of Hanover, New Hampshire. We wi l l , i n th is way, be test ing eight di f ferent 
types and/or kinds of solar heat generators coupled w i t h o i l at the same time. 

Upon completion of these projects, we expect to have sufficient knowledge 
to inst i tu te t ra in ing courses at NEF I ' s Technical T ra in ing Center i n Cambridge, 
Massachusetts, which is fu l l y licensed as a pr ivate vocational-technical school 
by the Commonwealth of Massachusetts' Department of Education. These courses 
w i l l be devoted entirely to the pract ical appl icat ion of solar heat generators 
to be used adjunct ively w i t h o i l heat ing equipment. The proposed courses w i l l 
be on the "nuts and bolts" level. I t is our belief that we w i l l be the first smal l 
business group providing state department-of-education-approved solar heat in-
sta l lat ion and servicing courses. I n addit ion, we expect to t r a i n the sales forces 
of the re ta i l and wholesale heat ing o i l d ist r ibutors i n New England on the 
technology, sizing, heat loss calculations, and basic insta l la t ion and servicing of 
solar heat ing equipment. Thereby, our dealers can intel l igent ly sell the equip-
ment where i ts appl ication w i l l be of benefit to the heating o i l consumer and 
home owner. Our program entai ls (1) applied research, using actual operation 
of the equipment in exist ing homes; (2) cooperation w i t h manufacturers i n 
developing the most effective types of solar energy adjunct equipment; (3) the 
t ra in ing of sales forces to promote and sell th is equipment to the o i l heating 
consumer; and (4) the t ra in ing of insta l la t ion and service technicians for apply-
ing th is specific type of equipment. N E F I firmly believes i t w i l l demonstrate 
tha t smal l business is the t rue key to the mass sale, application, insta l la t ion 
and servicing of solar heat generators. 

I t is th is Inst i tute 's considered opinion tha t af ter the completion of the eight 
month period of applied research, we w i l l ins ta l l 500 adjunct solar-oil hot water 
generators i n the first year, and an average of 2500 for the next two years. 
F r o m tha t t ime on our potent ial w i l l be unl imi ted in the New England area. 
I t is not over opt imist ic nor "pie i n the skv." th ink ing to project 75,000 of these 
instal lat ions w i th in five years of completion of the applied research projects 
i f the Federal and local governments cooperate i n a pract ical manner. 
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However, i t w i l l be necessary for the Federal government to realize that i n 
many cases solar heat is not economically at t ract ive to the consumer. Also, 
present real estate tax practices, Federal tax laws, federal, state and local 
bui ld ing and appliance codes and regulations a l l strongly, actively and con-
sistently mi l i ta te against the instal lat ion of solar heat ing equipment. There has 
been some considered th ink ing on the par t of the Federal government that w i l l 
provide the fo l lowing and/or solutions to the fol lowing. 

This means that Federal, state and local governments w i l l have to help con-
siderably i n achieving tax reforms and incentives, and bui ld ing and appliance 
code reforms, or solar energy goals w i l l not be reached. Among reforms and 
changes most needed a re : 

1. On the local level, and possibly w i t h some assist legislatively f rom the 
Federal government, local tax departments and assessors must realize that i f 
they increase the assessed valuat ion of a residence because a solar heat gen-
erator is added to a house already heated by oil, gas or electr ici ty ( to decrease 
the use of energy), such increase w i l l effectively deter and even k i l l the accep-
tance and use of much needed solar equipment. Whi le increased assessed valua-
t ion may be accorded homes insta l l ing swimming pools, tha t concept is not going 
to help solar heat, nor is i t going to do anyth ing to decrease the nat ional de-
pendence on imported, refined product, crude oil, l iquefied na tu ra l gas or h igh 
cost residential electric heating. The lat ter consumes three and a hal f times as 
much oi l to produce a B T U of heat as does burning oi l d irect ly i n a boiler or 
furnace w i th in the residence. There has to be some understanding that the instal-
lat ion of h igh cost solar energy heating equipment w i l l never real ly catch on i f 
i t is going to result i n increased assessed valuations, and thereby, higher real 
estate taxes. 

2. On state, municipal, county and local levels, codes and regulations may 
actual ly prevent, inh ib i t or make costly, beyond return, the insta l lat ion of solar 
heating equipment. 

3. Solar energy equipment at the present time, to provide domestic hot water 
i n conjunction w i t h an o i l fired, gas fired or electrically powered water heater, 
costs f rom $600 to $2,000 per uni t , whi le 100% oil, gas or electric water heaters 
sell for just a f ract ion of that cost. I t w i l l be several years before competitive 
forces in the marketplace plus advanced technology w i l l be producing solar 
energized domestic hot water heaters at a cost remotely competit ive w i t h oil, 
gas or electric equipment. Therefore, the home owner who w i l l expend money 
for this higher cost generating equipment must of necessity have a tax incentive 
or tax credit that w i l l ra t ional ly enable h im to go ahead w i t h the instal lat ion. 

Otherwise, solar energy w i l l continue to be a novelty that w i l l be the province 
of the r ich or affluent, l ike h igh cost automobiles and/or luxur ious swimming 
pools. Any incentive on the par t of the home owner to use solar energy must 
be repaid by adequate income tax credits and/or some other reciprocal economic 
benefit that w i l l make i t economically just i f iable for the average home owner 
to buy and insta l l solar heat devices. 

4. Fur ther , the more than 11,000 independent heating o i l and o i l heating equip-
ment distr ibutors at the re ta i l level throughout the country w i l l have to have 
some pract ical inducement to expend the money for inventorying such equip-
ment ; for t ra in ing personnel to insta l l and service i t ; as wel l as to promote 
and sell i t . This is doubly important at the reta i l level because every t ime a heat-
ing o i l dealer instal ls a piece of solar heat generating equipment, he is reducing 
his re ta i l o i l gallonage. I t is not our purpose in work ing to ins ta l l solar energy 
to take the bread and butter out of the mouths of our heating o i l dealers, nor to 
reduce the thickness of the slice of bread that he and his fami ly is consuming. 
We believe that some assistance f rom the Federal government w i l l be necessary 
for small businesses such as o i l heat distr ibutors, who have a l l of the mecha-
nisms, organization and sk i l l to make these energy saving devices pract ical and 
effective. Such assistance f rom the Federal government can come i n the fo rm of 
long term low interest loans to small and medium sized re ta i l dealers and distr i -
butors. These w i l l help provide the capital necessary to develop solar energy 
as a saleable product. Also, tax incentives and special depreciation allowances 
w i l l be required so that the dealer can successfully d iver t and/or augment his 
energies to solar heating. 
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The Energy Research and Development Admin is t ra t ion should make available 
funds to groups or smal l business groups such as th is Inst i tu te, to encourage a 
rap id development and expansion of applied solar energy research a t the very 
grass roots level that is represented by the heating o i l d ist r ibutors of the New 
England region. 

W i t h New England more heavi ly dependent on imported, refined petroleum 
products than any region i n the c o u n t y , i t is the ideal area i n wh ich to f o r w a r d 
the cause of solar energy. Whi le New Mexico, Ar izona and southern Cal i forn ia 
have a great deal of sunshine, they do not have winters ranging f r o m 5000 to 
9000 degree days tha t you find every year throughout the various sections of 
New England. These winters require vast amounts of heat energy tha t burn 130,-
000,000 barrels of fue l o i l fo r heat ing alone. 

We very much appreciate, Senator McIntyre, your request that N E F I par-
t ic ipate i n these hearings. We know tha t the Senate Select Committee on Smal l 
Business realizes how important small business is to provid ing the massive re ta i l 
penetrat ion of the market necessary fo r any successful appl icat ion of solar 
energy as a means of reducing our dependence upon imported, foreign energy. 

We thank you. 
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INTRODUCTION 

S o l a r energy may rep resen t a s i g n i f i c a n t source f o r meet ing f u t u r e 

energy needs i n the Un i t ed S t a t e s . Energy f rom the sun has been used t o 

p r o v i d e ho t wa te r s i n c e the e a r l y 1920s, and more r e c e n t l y , e x p e r i m e n t a l 

s o l a r h e a t i n g and c o o l i n g systems have been b u i l t . The r a t e o f d i f f u s i o n 

i n the f u t u r e use o f s o l a r energy to hea t and c o o l b u i l d i n g s w i l l depend, 

however, on a number o f t e c h n o l o g i c a l , economic, s o c i a l , e n v i r o n m e n t a l , 

and i n s t i t u t i o n a l f a c t o r s . 

Recent s t u d i e s funded by the Ford Foundat ion* and by the N a t i o n a l 

2 

Science Foundat ion focused p r i m a r i l y on an examina t i on o f the t e c h n o l o g i c a l 

f e a s i b i l i t y and economic c h a r a c t e r i s t i c s o f s o l a r h e a t i n g and c o o l i n g o f 

b u i l d i n g s . I n s t i t u t i o n a l f a c t o r s r e c e i v e d c o n s i d e r a b l y l e s s a t t e n t i o n . 

The a b i l i t y and w i l l i n g n e s s t o f i nance s o l a r energy i n s t a l l a t i o n s i n s i n g l e 

f a m i l y res idences appa ren t l y w i l l have a s i g n i f i c a n t impact on the r a t e o f 

g rowth o f the s o l a r energy i n d u s t r y . Th is s tudy examines the a t t i t u d e s o f 

f i n a n c i e r s toward the s o l a r h e a t i n g and c o o l i n g o f b u i l d i n g s . 

^"Richard Schoen and Jerome We inga r t , I n s t i t u t i o n a l Problems o f t he 
Commercial A p p l i c a t i o n o f New Community Energy System Techno log ies . W i t h 
Emphasis on So la r Convers ion Systems, Ford Founda t ion Energy P o l i c y P r o j e c t , 
November, 1973 ( d r a f t ) . 

2 
General E l e c t r i c C o r p o r a t i o n , So la r Hea t ing and Coo l i ng o f B u i l d i n g s 

(Phase 0 ) , N a t i o n a l Science Foundat ion RA-N-74-021A, May 1974; TRW C o r p o r a t i o n , 
So la r Hea t i ng and Coo l ing o f B u i l d i n g s (Phase 0 ) , N a t i o n a l Science Founda t ion 
RA-N-74-022A, May 1974; and Westinghouse E l e c t r i c C o r p o r a t i o n , So la r H e a t i n g 
and Coo l ing o f B u i l d i n g s (Phase 0 ) , N a t i o n a l Science Foundat ion RA-N-74-023A, 
May 1974. 
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More s p e c i f i c a l l y , the f i n a n c i a l i n s t i t u t i o n s study encompasses the 

fo l lowing object ives: 

1. I d e n t i f y f a c t o r s t h a t may enhance or impede the f i n a n c i n g of 
b u i l d i n g s ( p a r t i c u l a r l y s i n g l e f a m i l y res idences) equipped w i t h 
s o l a r h e a t i n g and c o o l i n g systems. 

2. Examine and compare the a t t i t u d e s o f savings and loan o f f i c e r s 
w i t h the a t t i t u d e s of o f f i c e r s f rom o the r f i n a n c i a l i n s t i t u t i o n s 
( i . e . , mortgage bank ing f i r m s , commercial banks , and mutua l 
sav ings banks) on f i n a n c i n g s o l a r homes. 

3. I d e n t i f y a t t i t u d e s toward p o s s i b l e subs idy and i n c e n t i v e programs 
t h a t might be used to s t i m u l a t e the d i f f u s i o n o f s o l a r energy 
systems. 

4. Prov ide sugges t ions f o r p u b l i c and p r i v a t e s e c t o r p o l i c i e s to 
encourage s o l a r home development. 

The research program i n c l u d e d a review o f a v a i l a b l e secondary i n f o r m a t i o n , 

i n c l u d i n g the "Phase 0" r e p o r t s by General E l e c t r i c , TRW, and Westinghousc 

E l e c t r i c , and p e r s o n a l i n t e r v i e w s and m a i l q u e s t i o n n a i r e responses. Personal 

i n t e r v i e w s were conducted w i t h r e p r e s e n t a t i v e s o f the U n i t e d States League 

o f Savings A s s o c i a t i o n s , the Mortgage Bankers A s s o c i a t i o n o f Amer ica , the 

N a t i o n a l A s s o c i a t i o n o f Home B u i l d e r s , and the Federa l Home Loan Bank Board. 

Both t h e Un i ted S ta tes League o f Savings Assoc ia t i ons and the Mortgage Bankers 

A s s o c i a t i o n o f America p r o v i d e d v a l u a b l e ass is tance i n a d m i n i s t e r i n g m a i l 

q u e s t i o n n a i r e m a t e r i a l s t o s e l e c t e d members o f t h e i r r e s p e c t i v e o r g a n i z a t i o n s . 

The r e p o r t i s conqprised o f , i n a d d i t i o n t o t h i s i n t r o d u c t i o n , f ou r 

s e c t i o n s p l us appendices. The f o l l o w i n g s e c t i o n i d e n t i f i e s broad f a c t o r s 

t h a t might a f f e c t the f i n a n c i n g o f s o l a r heated and coo led b u i l d i n g s . Nex t , 

the a t t i t u d e s o f sav ings and l oan and o the r f i n a n c i a l i n s t i t u t i o n o f f i c e r s 

toward s o l a r homes i s examined. A s e c t i o n then focuses on lender a t t i t u d e s 

toward p o s s i b l e s o l a r energy subs idy and i n c e n t i v e programs. The f i n a l 

s e c t i o n con ta ins conc lus ions of t h i s s tudy p lus sugges t ions f o r p o s s i b l y 

i n c r e a s i n g the r a t e o f d i f f u s i o n o f s o l a r energy systems i n s i n g l e f a m i l y 

res idences . 
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FACTORS THAT MIGHT AFFECT THE DIFFUSION OF SOLAR ENERGY 

Background I n f o r m a t i o n 

The exper ience w i t h conven t i ona l h e a t i n g and c o o l i n g systems p r o v i d e s 

u s e f u l i n s i g h t i n t o the l i k e l y f u t u r e use of s o l a r energy systems. Con-

v e n t i o n a l h e a t i n g systems i n s i n g l e f am i l y res idences l o n g have been 

f i nanced as p a r t o f the o r i g i n a l mortgage i n newly c o n s t r u c t e d s i n g l e 

f a m i l y res idences . Replacement h e a t i n g u n i t s o f t e n are f i nanced through 

i n s t a l l m e n t loan arrangements. C e n t r a l ^ a i r - c o n d i t i o n i n g systems f o r homes 

are f i nanced i n a s i m i l a r f ash ion depending upon whether they rep resen t 

o r i g i n a l equipment or r e t r o f i t i n s t a l l a t i o n s . 

A l though a v a i l a b l e d u r i n g the 1930*s, h i g h cos ts p reven ted wide d i f f u s i o n 

o f c e n t r a l a i r - c o n d i t i o n i n g systems u n t i l the 1960s. Th i s exper ience has 

i m p o r t a n t r a m i f i c a t i o n s f o r s o l a r energy. Phase " 0 " f i n d i n g s by General 

E l e c t r i c , TRW, and Westinghouse E l e c t r i c a l l suggest l a r g e i n i t i a l o u t l a y 

requ i rements f o r s o l a r energy i n s t a l l a t i o n s i n s i n g l e f a m i l y r es idences . 

I n o t h e r words , t he re w i l l be a p e r i o d o f t ime be fo re s o l a r energy systems 

are economica l l y j u s t i f i a b l e . Consequent ly , w i t h o u t s u b s i d i e s o r i n c e n t i v e s , 

one might expect s o l a r energy d i f f u s i o n t o p a r a l l e l t he c e n t r a l a i r -

c o n d i t i o n i n g expe r ience . 

A d d i t i o n a l i n s i g h t can be gleaned f rom the companion s tudy wh ich t r a c e s 

the s o l a r wa te r h e a t i n g exper ience i n F l o r i d a s i n c e t he e a r l y 1920s. S o l a r 

w a t e r hea te rs g e n e r a l l y have been r e t r o f i t i n s t a l l a t i o n s and have q u a l i f i e d 

f o r f i n a n c i n g as FHA T i t l e I i n s t a l l m e n t l o a n s . The s o l a r w a t e r h e a t e r 

i n d u s t r y peaked i n F l o r i d a d u r i n g the 1936-1941 p e r i o d . I n 1938 t h e r e 

e x i s t e d a c l e a r - c u t economic j u s t i f i c a t i o n f o r i n s t a l l i n g a s o l a r energy 

wate r h e a t i n g system over a conven t i ona l e l e c t r i c water h e a t i n g system. 

However, r i s i n g component and i n s t a l l a t i o n cos ts and c o n t i n u o u s l y d e c l i n i n g 
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e l e c t r i c i t y r a tes soon l ed t o a cost advantage s h i f t i n f a v o r of conven t i ona l 

e l e c t r i c water hea te r s . F i r s t cost d i f f e r e n t i a l s cont inued t o widen i n f a v o r 

o f e l e c t r i c water hea te r i n s t a l l a t i o n s , w h i l e the e l e c t r i c i t y cost sav ings 

per KWH d e c l i n e d u n t i l the 1970s. Even now, very few new s o l a r water h e a t e r 

i n s t a l l a t i o n s are be ing made i n F l o r i d a . 

Prev ious exper ience w i t h conven t i ona l h e a t i n g and a i r - c o n d i t i o n i n g 

systems and s o l a r wa te r h e a t i n g systems i n d i c a t e s t h a t f i r s t cos ts and l i f e -

cyc le cost economics w i l l s i g n i f i c a n t l y . i n f l u e n c e the d i f f u s i o n o f s o l a r 

energy i n s i n g l e f a m i l y res idences . Lenders i nvo l ved i n making loans on 

homes equipped w i t h s o l a r systems must be cognizant o f the economic r e l a t i o n -

s h i p s . 

I m p l i c a t i o n s o f Phase " 0 " Stud ies 

t h e Phase " 0 " f i n d i n g s were f u r t h e r examined f o r p o s s i b l e f a c t o r s , i n 

a d d i t i o n to s o l a r system economics, t h a t may enhance or impede the f i n a n c i n g 

o f b u i l d i n g s . The General E l e c t r i c r e p o r t d i d no t d i r e c t l y examine lender 

i m p l i c a t i o n s . TRW, i n what i s b e l i e v e d t o have been a cu rso ry su rvey , 

s t a t e d : 

Our d i scuss ions w i t h lenders have not i d e n t i f i e d any long- range 
major obs tac les t o overcome, pending the requ i rement f o r an 
e s t a b l i s h e d s o l a r i n d u s t r y which i s p roduc ing r e l i a b l e p roduc t s . 

However, the TRW study does acknowledge the p o s s i b i l i t y of near- term f inancing 

problems such as mortgage approva l r e s i s t a n c e , and r e s i s t a n c e t o l i f e - c y c l e 
4 

cos t concepts o r f i r s t cos ts versus o p e r a t i n g cost t r a d e - o f f s . 

The Westinghouse E l e c t r i c e f f o r t i n v o l v e d the m a i l i n g o f 24 q u e s t i o n -

n a i r e s t o mortgage, r e a l e s t a t e , and insurance b roke rs . S i x teen responses 

p rov ided the b a s i s f o r the f o l l o w i n g conc lus ions : 

3 * 

TRW C o r p o r a t i o n , op. c i t . , Execut ive Summary, p . 4 - 6 . 4 I b i d . 
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F inanc ie r s b e l i e v e t h a t a s o l a r supplement would have no d i r e c t 
adverse e f f e c t on f i n a n c i n g and cou ld p o s s i b l y improve i t . I t i s 
f e l t t h a t s o l a r h e a t i n g and c o o l i n g systems w i l l enhance the 
s a l a b i l i t y o f a b u i l d i n g . . . S a l a b i l i t y of b u i l d i n g s w i t h s o l a r u n i t s 
would be a f f e c t e d by cost c o n s i d e r a t i o n s , j u s t as c o n v e n t i o n a l 
systems a r e , bu t the n o v e l t y o f the concept i s no t cons idered 
l i k e l y to i m p a i r the market and, i n f a c t , would p robab ly enhance 
i t . 5 

Al though l i m i t e d , these f i n d i n g s p rov ided the bas i s f o r f u r t h e r i n v e s t i -

g a t i o n i n t o the impor tance o f c e r t a i n f a c t o r s t o f i n a n c i e r s . 

I n s t i t u t i o n I n t e r v i e w s 

A p e r s o n a l i n t e r v i e w approach was i n i t i a t e d i n o r d e r t o supplement the 

s o l a r economics and l i m i t e d lender i n f o r m a t i o n p rov ided i n the Phase " 0 " 

r e p o r t s . Loca l Denver, Colorado con tac t was i n i t i a t e d w i t h Mr. W i l l i a m 

Johnson, P r e s i d e n t o f Colorado Federa l Savings and Loan A s s o c i a t i o n and 

Mr. Stan Hendr i xon , Chairman of the Board o f Kass l e r and Company Mortgage 

Bankers i n an a t tempt to i d e n t i f y o the r f a c t o r s t h a t m igh t impede o r 

enhance the f i n a n c i n g o f homes equipped w i t h s o l a r energy systems. 

A d d i t i o n a l pe r sona l i n t e r v i e w s were conducted w i t h r e p r e s e n t a t i v e s 

f rom t h r e e n a t i o n a l o r g a n i z a t i o n s and the Federa l Home Loan Bank Board. 

More s p e c i f i c a l l y , the i n s t i t u t i o n s and i n t e r v i e w e d r e p r e s e n t a t i v e s we re : 

1. U n i t e d S ta tes League o f Savings A s s o c i a t i o n s (Ch icago, I l l i n o i s ) 
a. Mr. James A. H o l l e n s t e i n e r 

S t a f f V ice P r e s i d e n t 
b . Mr. Haro ld O l i n 

D i r e c t o r o f A r c h i t e c t u r e and C o n s t r u c t i o n Research 

2. Mortgage Bankers A s s o c i a t i o n o f America (Washington, D. C . ) 
a. Dr . O l i v e r H. Jones 

Execu t i ve V ice P res iden t 
b . A d d i t i o n a l S t a f f Members 

^Westinghouse E l e c t r i c , 0£. c i t . , Execu t i ve Summary, p . 50. 
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3. N a t i o n a l Associat ion of Home Bui lders (Washington, D. C . ) 
a. Mr. Ralph Johnson 

U i r e c t o r t NAHB Research Foundat ion 
b. Mr. C a r l Coan, J r . 

L e g i s l a t i v e Counsel 

4 . F e d e r a l Home Loan Bank Board (Wash ing ton , D. C . ) 
a . D r . H a r r i s Fr iedman 

D i r e c t o r o f Economic Research 

b . A d d i t i o n a l S t a f f Members 

S e v e r a l o b s e r v a t i o n s were f o r m u l a t e d as a r e s u l t o f t hese i n t e r v i e w s . 

F i r s t , f i n a n c i e r s were n o t l i k e l y t o be v e r y knowledgeab le about s o l a r 

h e a t i n g and c o o l i n g systems wh ich c o u l d be i n s t a l l e d i n s i n g l e f a m i l y 

r e s i d e n c e s . Second, t h e economics o f s o l a r energy w i l l s i g n i f i c a n t l y a f f e c t 

t h e r a t e o f d i f f u s i o n ( i . e . , s o l a r systems must be made e c o n o m i c a l l y com-

p e t i t i v e w i t h c o n v e n t i o n a l h e a t i n g and c o o l i n g sys tems ) . T h i r d , l e n d e r s 

w i l l need to become c o g n i z a n t o f l i f e - c y c l e c o s t i n g concep ts and be w i l l i n g 

t o r e c o g n i z e t r a d e - o f f s between f i r s t cos t s and o p e r a t i n g c o s t s . F o u r t h , 

some fo rm o f s u b s i d y o r i n c e n t i v e p rogram p r o b a b l y w i l l be necessary i n 

o r d e r t o ach ieve n e a r - t e r m w i d e - s p r e a d d i f f u s i o n o f s o l a r energy systems 

i n homes. 

The r e s u l t s o f t he p e r s o n a l d i s c u s s i o n s w i t h r e p r e s e n t a t i v e s o f t he 

USL (Sav ings A s s o c i a t i o n s ) , MBA, NAHB, and t h e FHLBB p r o v i d e d v a l u a b l e 

i n s i g h t i n t o i d e n t i f y i n g f a c t o r s t h a t may a f f e c t t he f i n a n c i n g o f s o l a r 

h e a t e d and c o o l e d b u i l d i n g s . However, t he d i s c u s s i o n s a l s o acknowledged 

t h e need t o e x t e n d ou r i n v e s t i g a t i o n t o t h e o p e r a t i n g i n s t i t u t i o n l e v e l 

( i . e . , t o r e p r e s e n t a t i v e s o f f i n a n c i a l i n s t i t u t i o n s d i r e c t l y i n v o l v e d i n t h e 

mor tgage l o a n p r o c e s s ) . Bo th t he U n i t e d S t a t e s League o f Sav ings A s s o c i a t i o n s 

and t h e Mor tgage Bankers A s s o c i a t i o n o f Amer ica p r o v i d e d t h e o p p o r t u n i t y f o r 

g a t h e r i n g responses f r o m some o f t h e i r members. 
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FINANCIAL INSTITUTION SURVEY RESULTS 

Study Design 

F inanc ie r s were no t expected t o be very knowledgeable about c u r r e n t 

s t a t e - o f - t h e - a r t s o l a r energy concepts. B u i l d i n g des ign i n n o v a t i o n s i n s i n g l e 

f a m i l y res idences t r a d i t i o n a l l y have been c h a r a c t e r i z e d by s low adop t i on 

r a t e s . And, on l y r e c e n t l y have major a t tempts been made t o comprehens ive ly 

s tudy the t e c h n o l o g i c a l and economic f e a s i b i l i t y o f s o l a r energy sys tems.^ 

A minimum unders tand ing on the p a r t o f f i n a n c i e r s concern ing a p p l i c a t i o n s 

o f s o l a r energy to heat and c o o l b u i l d i n g s seemed necessary i n o rde r to 

examine l ende r a t t i t u d e s . Consequent ly , a b r i e f w r i t e - u p d e s c r i b i n g s o l a r 

energy systems and economics was prepared and i s p resen ted as Appendix 1. 

A f i n a n c i a l i n s t i t u t i o n s q u e s t i o n n a i r e was des igned a f t e r r e v i e w i n g 

the research and p e r s o n a l i n t e r v i e w r e s u l t s d iscussed i n the p r i o r s e c t i o n . 

The comprehensive se t o f ques t i ons e l i c i t s a t t i t u d e s conce rn ing the degree 

o f impor tance o f s p e c i f i c f a c t o r s t h a t are l i k e l y t o be i n v o l v e d i n making 

mortgage loan d e c i s i o n s on s o l a r homes. A t t i t u d e s conce rn ing the degree 

o f impor tance assoc ia ted w i t h v a r i o u s p o s s i b l e i n c e n t i v e o r subs idy p r o -

posa ls a l so were s t r e s s e d . The f i n a l q u e s t i o n n a i r e i s p resen ted i n 

Appendix 2 . 

A m a i l q u e s t i o n n a i r e package—comprised o f a cover l e t t e r , a b r i e f 

w r i t e - u p on s o l a r energy (Appendix 1 ) , a s i x - p a g e q u e s t i o n n a i r e (Appendix 

2 ) , and a postage p a i d r e t u r n envelope—was developed. The U n i t e d S ta tes 

League o f Savings Assoc ia t i ons agreed to suppor t our e f f o r t s th rough the 

m a i l i n g o f t he q u e s t i o n n a i r e package to t he 110 members o f t h e Investments 

6See Schoen and We inga r t , 0£. c i t . , and the Phase " 0 " s t u d i e s by 
Genera l E l e c t r i c , TRW, and Westinghouse E l e c t r i c . 
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and Mortgage Lend ing Committee and to the 65 members o f the Committee on 

Land Use and Env i ronment .^ Ques t ionna i re m a t e r i a l s were mai led to the 175 

members o f the two committees d u r i n g l a t e August 1974. 

I n a d d i t i o n t o examining the a t t i t u d e s o f savings and loan a s s o c i a t i o n 

members, we were a l so i n t e r e s t e d i n the a t t i t u d e s of f i n a n c i e r s f rom o t h e r 

i n s t i t u t i o n s i n v o l v e d i n the mortgage l e n d i n g process . Members o f t he 

Mortgage Bankers A s s o c i a t i o n of America i n c l u d e savings and loan i n s t i t u t i o n s , 

mortgage bank ing f i r m s , commercial banks, and mutual sav ings banks. The 

Mortgage Bankers A s s o c i a t i o n p rov ided 200 m a i l i n g s — 8 0 t o mortgage bankers , 

60 to commercial banks , and 60 to mutua l sav ings banks—dur ing l a t e September 

1974. 8 

Responses t o Ques t ionna i re 

One hundred t h i r t y - o n e ques t i onna i res were r e t u r n e d . Seventy -n ine 

responses were r e c e i v e d f rom savings and l oan a s s o c i a t i o n o f f i c e r s . Based 

on 175 m a i l i n g s , t h i s rep resen ts a 45 percen t response r a t e . F i f t y - t w o 

responses (a 26 pe rcen t r a t e ) were rece i ved f rom the MBA menfoers—19 from 

mortgage bankers , 18 f rom commercial banks, and 15 f rom mutua l savings 

banks. I n a few I n s t a n c e s , l e t t e r s were rece i ved which i n d i c a t e d t h a t 

q u e s t i o n n a i r e s were no t completed because the r e c i p i e n t s f e l t they lacked 

7Mr. James H o l l e n s t e i n e r , S t a f f V ice P r e s i d e n t , U n i t e d S ta tes League 
o f Savings A s s o c i a t i o n s , I n d i c a t e d t h a t responses f rom these committee 
members would be p a r t i c u l a r l y v a l u a b l e because the members h e l d impo r t an t 
d e c i s i o n making p o s i t i o n s i n t h e i r r e s p e c t i v e o r g a n i z a t i o n s , 

g 

Mr. John M. Wetmore, D i r e c t o r o f Economics and Research, Mortgage 
Bankers A s s o c i a t i o n o f Amer ica , I n d i c a t e d t h a t a s imp le random sampl ing 
procedure was used t o s e l e c t the 60 commercial banks and 60 mutua l sav ings 
banks. The 80 mortgage bank ing f i r m s were s e l e c t e d on t he bas is o f a 
s t r a t i f i e d random sample us i ng c l a s s i f i c a t i o n s based on the volume of loans 
each f i r m o r i g i n a t e d . 
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minimal knowledge about s o l a r ene rgy . The h i g h e r response r a t e by s a v i n g s 

and l o a n a s s o c i a t i o n members seems due t o the f a c t t h a t m a i l i n g s were made 

t o s p e c i f i c commi t tee members and were accompanied by c o v e r l e t t e r s f r om 

the commi t tee cha i rmen . 

T a b u l a t e d responses t o t h e q u e s t i o n n a i r e a re p r e s e n t e d i n Append i x 3 . 

C a r e f u l r e v i e w o f t h e t a b u l a t e d r e s u l t s i s recommended. S i n c e r e s p o n d e n t 

p r o f i l e s and i n s t i t u t i o n a l c h a r a c t e r i s t i c s may be r e l e v a n t t o t h i s s t u d y , 

t h e y a r e p r e s e n t e d p r i o r t o our summar i z i ng t h e i m p o r t a n t f i n d i n g s . 

Respondent C h a r a c t e r i s t i c s 

Tab le 1 p r o v i d e s a p r o f i l e o f t h e responden ts i n te rms o f t h r e e c h a r a c t e r -

i s t i c s — j o b t i t l e o r p o s i t i o n , e x p e r i e n c e i n t he l e n d i n g i n d u s t r y , and degree 

o f knowledge about t h e s o l a r h e a t i n g and c o o l i n g o f b u i l d i n g s . Responses 

a re f r o m f i n a n c i e r s a t i m p o r t a n t d e c i s i o n mak ing l e v e l s i n t h e i r r e s p e c t i v e 

i n s t i t u t i o n s and who, on t he a v e r a g e , have 20 y e a r s o f e x p e r i e n c e i n t h e 

l e n d i n g i n d u s t r y . S i x t y - f o u r p e r c e n t o f t h e responden ts a r e a t t h e s e n i o r 

v i c e p r e s i d e n t o r h i g h e r l e v e l . A p p r o x i m a t e l y o n e - h a l f o f t h e s a v i n g s and 

l o a n a s s o c i a t i o n responden ts were p r e s i d e n t s o f t h e i r r e s p e c t i v e f i r m s . 

O p e r a t i n g o f f i c e r r e s p o n d e n t s , p r i m a r i l y f r o m mor tgage b a n k i n g f i r m s , com-

m e r c i a l banks and m u t u a l s a v i n g s b a n k s , i n c l u d e d a s s i s t a n t v i c e p r e s i d e n t s , 

l o a n o f f i c e r s and s t a f f a p p r a i s e r s . 

On ly 9 p e r c e n t o f t h e s a v i n g s and l o a n responden ts had l e s s t han 11 

y e a r s o f e x p e r i e n c e compared w i t h 25 p e r c e n t o f t h e o t h e r f i n a n c i e r r e s p o n -

d e n t s , Bo th groups" w e r e , howeve r , v e r y s i m i l a r i n terms o f how t h e y p e r c e i v e d 

t h e i r knowledge about s o l a r e n e r g y . N i n e t e e n p e r c e n t o f a l l r esponden t s l a c k e d 

p r i o r knowledge . That i s , t h e s e responden ts r ead o n l y t h e b r i e f w r i t e - u p 

d e s c r i b i n g s o l a r energy systems and e c o n o m i c s - t h a t was a t t a c h e d t o t h e f i n a n c i a l 
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TABLE 1. RESPONDENT CHARACTERISTICS 

Percentage o f Responses 
Savings 

and Loan Other T o t a l 
C h a r a c t e r i s t i c Assoc ia t i ons F inanc ie r s Responses 

Job T i t l e or P o s i t i o n 
P res iden t 49. 4% 21. 2% 38. 2% 
Execu t i ve o r Sen io r V ice P res iden t 31. 6 17. 3 26. 0 
V i c e - P r e s i d e n t 8. 9 25. 0 15. 3 
Ope ra t i ng O f f i c e r 10. 1 34. 6 19. 8 
No Response 0. 0 1. 9 8 

T o t a l 100. ,0% 100. 0% 100. 0% 

Exper ience i n Lending I n d u s t r y 
1 - 5 years 6. ,3% 11. ,5% 8. 4% 
6 - 1 0 years 2. ,5 13, 5 6. ,9 

11 - 20 years 44. .3 36. .5 41. ,2 
21 - 30 years 35, ,5 30, ,8 33. 6 
31 and over 10. .1 5. ,8 8. ,4 
No Response 1. ,3 1, ,9 1, 5 

T o t a l 100. .0% 100, .0% 100. ,0Z 
Average Years Exper ience 21. .3 17, ,7 19. ,9 

Knowledge About S o l a r 
Hea t ing and Coo l i ng o f B u i l d i n g s 
Read Numerous M a t e r i a l s 3, .8% 1, .9% 3. .1% 
Read Some M a t e r i a l s 77, .2 78, .9 77, .9 
Read Only Q u e s t i o n n a i r e M a t e r i a l s 19 .0 19 .2 19 . 1 

T o t a l 100 .0% 100 .0% 100 .OZ 

62-322 O - 7 5 - 9 
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i n s t i t u t i o n s q u e s t i o n n a i r e . And, as was p r e v i o u s l y ment ioned, a few 

i n d i v i d u a l s responded w i t h l e t t e r s i n d i c a t i n g a f a i l u r e t o complete the 

q u e s t i o n n a i r e due t o inadequate knowledge about s o l a r energy . Very few 

respondents f e l t t h a t they were very knowledgeable about the s o l a r h e a t i n g 

and c o o l i n g o f b u i l d i n g s . 

Seventy-one percen t o f the respondents b e l i e v e d t h a t s o l a r energy 

wou ld p r o v i d e a f e a s i b l e a l t e r n a t i v e energy source f o r t he h e a t i n g and 

c o o l i n g o f s i n g l e f a m i l y res idences withjLn the nex t 10 y e a r s . However, 

o n l y 19 pe rcen t o f a l l respondents f e l t t h a t s o l a r energy would be a t e c h -

n i c a l l y and economica l l y f e a s i b l e a l t e r n a t i v e w i t h i n f i v e y e a r s . Savings 

and l o a n respondents were cons ide rab l y more o p t i m i s t i c i n t h e i r o p i n i o n s — 

24 pe rcen t e n v i s i o n e d s o l a r energy f e a s i b i l i t y w i t h i n f i v e years and 80 

pe rcen t w i t h i n 10 y e a r s . Thus, even though b o t h groups o f f i n a n c i e r s h e l d 

s i m i l a r p e r c e i v e d read ing knowledge about s o l a r energy , t h e sav ings and 

l oan respondents were more o p t i m i s t i c i n t h e i r v iews when s o l a r energy 

would rep resen t a f e a s i b l e a l t e r n a t i v e f o r the h e a t i n g and c o o l i n g o f 

s i n g l e f a m i l y r es i dences . 

I n s t i t u t i o n Location and Size Character is t ics 

Two i n s t i t u t i o n a l character ist ics—geographic locat ion and asset s i z e -

were examined. The Un i ted S ta tes can be d i v i d e d i n t o s e v e r a l c l i m a t o l o g i c a l 

r e g i o n s . A l l t h r e e Phase " 0 " r e p o r t s i n d i c a t e t h a t s o l a r energy system 

cos ts w i l l d i f f e r s u b s t a n t i a l l y depending upon t h e h e a t i n g and c o o l i n g 
9 

requ i rements i n a g i ven area. As a consequence, the d i f f u s i o n o f s o l a r 

o 
Westinghouse E l e c t r i c , op c i t . , Volume 1 , Chapter 5 , p rov i des a 

d e t a i l e d e s t i m a t e o f i n v e s t m e n t , o p e r a t i n g and main tenance, aad l i f e c y c l e 
cos t d i f f e r e n c e s by r e g i o n . 
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energy i n s t a l l a t i o n s may no t be c o n s i s t e n t th roughout the Un i ted S t a t e s . 

Poss ib l e d i f f e r e n c e s i n f i n a n c i e r a t t i t u d e s toward s o l a r energy a l so may 

e x i s t by geographic area. 

F igure 1 , p repared by TRW, d i v i d e s the c o n t i n e n t a l Un i t ed S ta tes i n t o 

n ine c l i m a t i c r eg ions f o r -the h e a t i n g season (General E l e c t r i c i d e n t i f i e s 

12 c l i m a t i c r e g i o n s ) . I n i t i a l c o n s i d e r a t i o n was g iven t o p o s s i b l e examina t ion 

o f f i n a n c i e r a t t i t u d e s on the bas is o f these r e g i o n s . However, such an 

approach was judged unacceptab le when i t was shown t h a t r e g i o n a l c l i m a t i c 

c l a s s i f i c a t i o n s f o r the c o o l i n g season d i f f e r e d markedly f rom those f o r t he 

h e a t i n g season. As an a l t e r n a t i v e , we chose t o d i v i d e t he U n i t e d Sta tes 

i n t o f o u r r e g i o n s — N o r t h e a s t , South, Midwest o r No r t h C e n t r a l , and West 

( i n c l u d i n g the S o u t h w e s t ) . ^ Responses ca tego r i zed by geographic area 

and asset s i z e o f i n s t i t u t i o n are presented i n Table 2. 

Savings and l o a n a s s o c i a t i o n and o the r f i n a n c i e r responses were reason-

ab ly w e l l d i s t r i b u t e d across the f o u r geographic r e g i o n s . Th is enables the 

examina t ion o f f i n a n c i e r a t t i t u d e s f o r p o s s i b l e d i f f e r e n c e s by r e g i o n . 

Resu l t s w i l l be p resen ted l a t e r . I n terms of asset s i z e , 35 pe rcen t of 

t h e sav ings and l oan a s s o c i a t i o n responses were f rom a s s o c i a t i o n members w i t h 

l ess than $51 m i l l i o n i n asse ts . On the o t h e r hand, app rox ima te l y 27 pe rcen t 

o f t he S&L responses came f rom f i r m s w i t h assets i n excess o f $200 m i l l i o n . 

The r e s u l t was a w e l l ba lanced assat s i z e d i s t r i b u t i o n . Responses f rom 

the o t h e r f i n a n c i e r s group, and by sub-se ts w i t h i n t h e g roup , a l so w«re 

reasonably d i s t r i b u t e d by asset s i z e . 

Th is i s c o n s i s t e n t w i t h the U. S. Bureau o f t h e Census r e g i o n a l 
groupings w i t h the e x c e p t i o n o f t h e s t a t e s o f Oklahoma and Texas wh ich we 
p l aced i n t he West-Southwest r e g i o n i n s t e a d o f t he South r e g i o n . The 
g roup ing o f s t a t e s by r e g i o n i s p resented i n Appendix 4 . 
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REGtON 

1. PHOENIX 1 
2 . MIAMI 1 
3 . LOS ANGELES 1 
4 . ALBUQUERQUE 2 
5 . LAS VEGAS 2 
6 . GRAND JUNCTION 3 
7 . DALLAS-FORT WORTH 4 
8 . NASHVILLE 5 
9 . WASHINGTON, D. C. 5 
10. SALT LAKE CITY 6 
11. SEATTLE-TACOMA 8 
12. CHICAGO 9 
13. BOSTON 9 
14. NEW YORK 9 

to 00 

Figure l Regional Climatic Classification for the Heating Season 
(November-Apri1) 

Source: TRW, S o l a r Hea t i ng and Coo l ing o f B u i l d i n g s (Phase 0 ) , Execu t i ve Suranary, May 1974, page 2 - 2 . 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



129 

TABLE 2 . INSTITUTIONAL CHARACTERISTICS 

C h a r a c t e r i s t i c 

Geograph ic L o c a t i o n 
N o r t h e a s t 
South 
Midwest ( N o r t h C e n t r a l ) 
West ( i n c l u d i n g Sou thwes t ) 
No Response 

T o t a l 

Asset S i ze o f I n s t i t u t i o n 
$ 1 - $ 50 m i l l i o n 
$ 51 - $200 m i l l i o n 
$201 m i l l i o n and ove r 
No Response 

T o t a l 

Percentage o f Responses 
Sav ings 

and Loan O the r T o t a l 
A s s o c i a t i o n s F i n a n c i e r s Responses 

20.2% 3A.6% 26,0% 
32 .9 2 1 . 2 28 .2 
32.9 1 9 . 2 27 .5 
12 .7 2 1 . 2 16 .0 

1 . 3 3 . 8 2 . 3 
. 100.0% 100.0% 100.0% 

35.4% 23.1% 30.5% 
38 .0 2 8 . 8 34 .4 -
26 .6 3 4 . 6 2 9 . 8 

0 . 0 1 3 . 5 5 . 3 
100.0% 100.0% 100.0% 
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Factors Impor tant to the F inancing of Solar Homes 

Solar hea t i ng and c o o l i n g systems may be in t roduced i n new c o n s t r u c t i o n 

of va r i ous types of s t r u c t u r e s . Respondents were asked t o rank s e v e r a l 

s t r u c t u r e s — s m a l l o f f i c e or p r o f e s s i o n a l b u i l d i n g , , s i n g l e f am i l y res idence 

($50,000-$60,000) , condominium apartment, sma l l apartment b u i l d i n g , and 

s m a l l i n d u s t r i a l b u i l d i n g — o n the bas is o f the l end ing i n d u s t r y ' s w i l l i n g -

ness to make loans on the s o l a r energy systems. S ing le f a m i l y res idences 

were ranked f i r s t by 60 percent o f the .respondents. Next i n p re fe rence 

were sma l l o f f i c e or p r o f e s s i o n a l b u i l d i n g s and smal l i n d u s t r i a l b u i l d i n g s . 

Low pre fe rence was g iven to condominium apartments and sma l l apartment 

b u i l d i n g s . 

F inanc ie rs overwhelmingly p r e f e r r e d t o have s o l a r systems on new homes 

f i nanced as p a r t o f the. t o t a l mortgage loan ( conven t i ona l , VA or FHA) on 

the home. L i t t l e pre ference was g iven t o o the r p o t e n t i a l a l t e r n a t i v e s such 

as under separate second mortgage loans , FHA mortgage loans on the s o l a r 

equipment, or i n s t a l l m e n t loans ( s i m i l a r t o the f i n a n c i n g o f l a r g e a p p l i a n c e s ) . 

Table 3 i n d i c a t e s the degree o f respondent concern assoc ia ted w i t h a 

number o f s o l a r energy system c h a r a c t e r i s t i c s o r f a c t o r s . Responses were 

recorded i n the f o l l o w i n g f ash ion : 1 f o r l i t t l e concern; 2 f o r some concern; 

3 f o r much concern; and A f o r great concern (see Appendices 2 and 3 f o r 

f u r t h e r e l a b o r a t i o n ) . This would r e s u l t i n a m id -po in t va lue o f 2 . 5 , w i t h 

average values below 2 .0 and above 3.0 be ing of p a r t i c u l a r I n t e r e s t . Res-

pondents f e l t t ha t a l l o f the f a c t o r s l i s t e d i n Table 3 were impo r tan t . 

They were, however, p a r t i c u l a r l y concerned about the r e l i a b i l i t y o f s o l a r 

systems and the e f f e c t on s a l a b i l i t y o f s i n g l e f a m i l y residences w i t h s o l a r 

h e a t i n g and c o o l i n g systems. Respondents a lso expressed much concern, on 
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TABLE 3. DEGREE OF CONCERN FOR SOLAR SYSTEM FACTORS 

Average of Responses* 
Savings 

T o t a l and Loan Other T-
Fac to r Responses Assoc ia t i ons F i n a n c i e r s Values 

Expected L i f e o f So la r 
Equipment 3.02 

Fue l Cost Savings 2 .88 
Maintenance Expense 3.07 
Warranty Coverage on 

S o l a r Equipment 2 .77 
R e l i a b i l i t y o f S o l a r System 3.63 
Damage Due t o Water Leaks 2.64 
E f f e c t on S a l a b l l i t y o f 

Home 3 . 3 3 
I n s u r a b i l i t y o f Home 2.92 

2, ,94 3. 16 - 1 . 5 2 
2. 89 2. .88 .03 
3. 05 3. ,10 - . 3 5 

2. ,77 2. .76 .05 
3. ,64 3. ,61 . 3 1 
2. ,51 2, ,84 - 1 . 8 2 

3. .17 3, .59 - 2 . 7 6 * * 
2. ,65 3, ,33 - 3 . 4 3 * * 

•Responses cou ld range f rom 1 ( l i t t l e concern) t o 4 ( g r e a t concern ) . 
The T -va lue t e s t s f o r p o s s i b l e s i g n i f i c a n t d i f f e r e n c e s between the 
sav ings and l oan a s s o c i a t i o n and o the r f i n a n c i e r responses. 

• ^ S t a t i s t i c a l l y s i g n i f i c a n t at the . 01 l e v e l . 
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the average, about the expected l i f e o f s o l a r equipment and maintenance 

expenses assoc ia ted w i t h s o l a r systems. 

Responses between the sav ings and loan a s s o c i a t i o n and o t h e r f i n a n c i e r 

groups were examined by conduc t ing t w o - t a i l e d t - t e s t s o f the d i f f e r e n c e 

between mean v a l u e s . Two f a c t o r s — e f f e c t o f s o l a r system on s a l a b i l i t y and 

i n s u r a b i l i t y o f homes—were o f s i g n i f i c a n t l y h i g h e r concern t o the o t h e r 

f i n a n c i e r s group. We d o n ' t a t t a c h much impor tance t o t h i s f i n d i n g except 

t o n o t e t h a t i t i s c o n s i s t e n t w i t h the .other f i n a n c i e r s 1 l ess o p t i m i s t i c 

s o l a r system f e a s i b i l i t y e x p e c t a t i o n s . * * 

F u r t h e r i n s i g h t i n t o f i n a n c i e r a t t i t u d e s was generated th rough the 

f o l l o w i n g s c e n a r i o . Respondents were in fo rmed t h a t s o l a r energy systems 

i n s i n g l e f a m i l y res idences would r e q u i r e i n i t i a l cos ts o r expend i t u res 

above t h e cos ts f o r c o n v e n t i o n a l h e a t i n g and c o o l i n g sys tems. Respondents 

then were asked t o i n d i c a t e t he i m p o r t a n c e — l i t t l e , some, much, o r g r e a t — 

o f c e r t a i n f a c t o r s I f they were c o n s i d e r i n g a mortgage l o a n request on a 

s o l a r home. The r e s u l t s , computed i n the same f a s h i o n as the da ta i n 

Tab le 3 , f o r each f a c t o r under c o n s i d e r a t i o n are p resen ted i n Table 4 . For 

c o n t r o l purposes, some f a c t o r s were s i m i l a r to some o f those p resen ted i n 

Tab le 3. Respondents aga in were h i g h l y concerned about ev idence on t he 

expec ted l i f e o f s o l a r systems and about da ta on the expected per formance 

( r e l i a b i l i t y ) o f s o l a r systems. 

L i f e - c y c l e and i n i t i a l s o l a r system cos ts a l so were cons ide red t o be 

o f much impor tance t o the respondents . The two groups were g e n e r a l l y con-

s i s t e n t i n how they r a t e d the impor tance o f f a c t o r s w i t h the e x c e p t i o n o f 

^ A t t i t u d e s toward s a l a b i l i t y (and l o a n a b i l i t y ) o f s o l a r homes r e c e i v e 
f u r t h e r a t t e n t i o n i n t he form o f a c o s t - r e l a t e d s c e n a r i o l a t e r under the 
s o l a r system cos ts t o p i c . 
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TABLE 4 . IMPORTANCE OF FACTORS I N MORTGAGE LOAN 
REQUESTS ON SOLAR HOMES 

Factor 

A p p l i c a n t ' s Annua l Income 2 .82 
Ev idence on Expec ted L i f e 

o f S o l a r System 3 . 2 6 
Added I n i t i a l Cost o f 

S o l a r System 2 .95 
L i f e - C y c l e Costs f o r S o l a r 

System 3 .04 
Data on Expected P e r f o r -

mance o f S o l a r System 3 . 2 0 
Data on P o s s i b l e Damage Due 

t o System Leakages 2 .70 
E d u c a t i o n a l I n f o r m a t i o n 

f r o m N a t i o n a l O r g a n i z a t i o n s 2 . 4 7 
S o l a r Energy E d u c a t i o n o f 

A p p r a i s e r s 2 . 7 6 
Added S o l a r - R e l a t e d P I T I 

Requ i rements 2 . 6 3 

T -
Va lues 

2. 73 2 . 9 6 - 1 . 4 1 

3. 22 3 .33 - . 9 0 

2. 86 3 . 0 8 - 1 . 4 4 

2. ,98 3 . 1 4 - 1 . 1 7 

3. .15 3 . 2 8 - . 9 2 

2. .56 2 . 9 2 - 2 . 6 1 * * 

2, .45 2 . 5 1 - . 3 8 

2, .74 2 . 7 8 - . 2 6 

2, .47 2 . 9 3 - 2 . 8 7 * * 

Average o f Responses* 
Sav ings 

T o t a l and Loan O t h e r 
Responses A s s o c i a t i o n s F i n a n c i e r s 

*Responses c o u l d range f r o m 1 ( l i t t l e I m p o r t a n c e ) t o 4 ( g r e a t i m p o r t a n c e ) . 
The T - v a l u e t e s t s f o r p o s s i b l e s i g n i f i c a n t d i f f e r e n c e s be tween t h e 
s a v i n g s and l o a n a s s o c i a t i o n and o t h e r f i n a n c i e r r e s p o n s e s . 

* * S t a t i s t i c a l l y s i g n i f i c a n t a t t h e . 0 1 l e v e l . 
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data on possible leakage damage and added solar-related PITI requirements 

which were signi f icant ly more important to the other f inanciers' group. 

These differences are consistent with the s a l a b i l i t j and loanabi l i ty con-

cern expressed above, as wel l as, with the economic and technological 

f e a s i b i l i t y expectations. 

Solar Energy System Costs 

Solar energy systems require larger i n i t i a l expenditures re la t ive to 

conventional heating and air-conditioning systems. Consequently, economic 

j u s t i f i c a t i o n for a solar system rests on achieving lower operating costs 

( fue l cost savings adjusted for maintenance cost differences). This 

represents a l i f e -cyc le cost analysis. That i s , larger i n i t i a l outlays are 

of fset by future savings. 

In current pract ice, 37 percent of the respondents indicated that 

l i f e - c y c l e costs ( I . e . , heating and cooling costs) receive important con-

siderat ion in deciding whether to grant mortgage loans on single family, 

residences. This is encouraging. However, willingness by a l l f inanciers 

to consider l i f e -cyc le costs is necessary i f solar energy systems arc to bo 

competitive in the future with conventional heating and cooling systems. 

One way of evaluating l i f e -cyc le costs Is to determine the number of 

years I t w i l l take before savings from operation of the solar system w i l l 

equal the I n i t i a l cost of the system. Respondents were asked how fast 

would the payback ( I . e . , the time required to match operating savings with 

i n i t i a l costs) have to be in order to economically j u s t i f y a solar energy 

i n s t a l l a t i o n i n a single family residence. The responses averaged 8.3 

years—8.7 years for the savings and loan association responses and 7.7 

years for the other f inancier responses. This is somewhat discouraging 
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in tha t the Phase " 0 " s tudies by General E l e c t r i c , TRW, and Westinghouse 

E l e c t r i c suggest t h a t such a payback per iod i s not cur ren t l y f e a s i b l e . 

F i n a n c i e r a t t i t u d e s toward a c c e p t a b l e l e v e l s o f i n i t i a l s o l a r sys tem 

c o s t s a l s o were examined by e x p r e s s i n g the added s o l a r c o s t s as a p e r -

cen tage o f the p r i c e o f a home. For homes c o s t i n g between $30,000 and 

$40 ,000 , f i n a n c i e r s f e l t t h a t 4 p e r c e n t t o 6 p e r c e n t was, on the ave rage , 

an a c c e p t a b l e pe rcen tage c o s t i n c r e a s e i n o r d e r t o make s o l a r energy 

systems a t t r a c t i v e t o owners o f s i n g l e f a m i l y r e s i d e n c e s . Th i s l e v e l o f 

i n i t i a l 9 o l a r sys tem cos t s i s n o t , however , c u r r e n t l y a t t a i n a b l e . F i n a n c i e r s 

d i d become more l e n i e n t as the p r i c e o f homes i n c r e a s e d . For example, 

f i n a n c i e r s were w i l l i n g t o a c c e p t , on the average , added s o l a r c o s t s o f 7 

p e r c e n t t o 9 p e r c e n t f o r homes c o s t i n g $70,000 and above. I n i t i a l emphasis 

on i n t r o d u c i n g s o l a r systems i n more expens ive homes w o u l d , however , p r o -

b a b l y r e s u l t i n a d i f f u s i o n expe r i ence s i m i l a r t o t h a t f o r c e n t r a l a i r -

c o n d i t i o n i n g sys tems. 

A c o s t - r e l a t e d s c e n a r i o a l s o was deve loped i n o r d e r t o f u r t h e r examine 

a t t i t u d e s toward t h e s a l a b i l i t y and l o a n a b i l i t y o f s o l a r homes. The 

f o l l o w i n g q u e s t i o n was asked. A l l t h i n g s c o n s i d e r e d , how do you b e l i e v e 

t he i n c o r p o r a t i o n o f s o l a r h e a t i n g and c o o l i n g i n a $50,000 t o $60,000 s i n g l e 

f a m i l y r es i dence wou ld a f f e c t i t s s a l a b i l i t y and l o a n a b i l i t y i f t he s o l a r 

i n s t a l l a t i o n c o s t s $5,500? F i n a n c i e r s were d i v i d e d i n t h e i r responses . 

F o r t y - o n e p e r c e n t f e l t t h a t s a l a b i l i t y wou ld be somewhat enhanced, whereas 

33 p e r c e n t f e l t t h a t s a l a b i l i t y wou ld be somewhat reduced . I n terms o f 

l o a n a b i l i t y , t h e responses were 40 p e r c e n t and 23 p e r c e n t , r e s p e c t i v e l y . 

Thus , a l t h o u g h t h e responses average out t o no a f f e c t on s a l a b i l i t y and 

l o a n a b i l i t y , d i s t i n c t d i f f e r e n c e s o f o p i n i o n e x i s t . 
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Geographic Loca t i on Resu l t s 

As noted e a r l i e r , responses were grouped on the bas i s o f f o u r r e g i o n s — 

N o r t h e a s t , South , Midwest , and West. The p o t e n t i a l f o r s o l a r energy a p p l i -

c a t i o n s d i f f e r s markedly by geograph ica l area acco rd ing t o the Genera l 

E l e c t r i c , TRW, and Westinghouse E l e c t r i c Phase " 0 " s t u d i e s . Responses 

across the f o u r reg ions were examined i n a f a s h i o n s i m i l a r t o t h a t employed 

t o t e s t f o r d i f f e r e n c e s i n responses between the sav ings and loan a s s o c i a t i o n 

and o t h e r f i n a n c i e r groups. However, because t h e r e were f o u r g roups , 

d i f f e r e n c e s across mean va lues were examined through the a p p l i c a t i o n o f 

a n a l y s i s o f v a r i a n c e t e s t s i n s t e a d o f t - t e s t s . 

Average responses were found t o be g e n e r a l l y c o n s i s t e n t across the 

f o u r r e g i o n s . F i n a n c i e r responses concern ing s o l a r energy knowledge, s o l a r 

sys tem f e a s i b i l i t y e x p e c t a t i o n s , and acceptab le l e v e l s o f i n i t i a l s o l a r 

system costs were s i m i l a r . Responses p e r t a i n i n g t o t he f a c t o r s l i s t e d i n 

Tables 3 and 4 o f t h i s s tudy were no t s i g n i f i c a n t l y d i f f e r e n t by r e g i o n 

(see Appendix 5 ) . A t t i t u d e s toward p o s s i b l e s u b s i d i e s and i n c e n t i v e s a l s o 

d i d n o t d i f f e r across the r e g i o n s . Notab le d i f f e r e n c e s on l y e x i s t e d i n 

terms o f payback a t t i t u d e s . Respondents f rom the Midwest f e l t t h a t , on 

ave rage , payback pe r i ods o f 10-11 years were j u s t i f i a b l e . Averages f o r 

each o f t he o t h e r t h ree reg ions were 7 -8 y e a r s . 

ATTITUDES TOWARD POSSIBLE SUBSIDIES AND INCENTIVES 

S o l a r h e a t i n g and c o o l i n g systems c u r r e n t l y are n o t economica l l y com-

p e t i t i v e w i t h c o n v e n t i o n a l h e a t i n g and a i r - c o n d i t i o n i n g systems. Each o f 

t he Phase " 0 " s t u d i e s recogn ized a need f o r i n c e n t i v e s o r s u b s i d i e s i n 

o r d e r t o ach ieve r a p i d n e a r - t e r m d i f f u s i o n o f s o l a r energy systems i n * 

8 i n g l e f a m i l y res idences . Severa l p o s s i b l e i n c e n t i v e and subs idy programs 
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were f o r m u l a t e d . I n b r i e f , s u b s i d i e s o r i n c e n t i v e s can be d I r e e l e d n l a 

number o f l e v e l s — m a n u f a c t u r e r s o f s o l a r energy s y s t e m s , home b u i l d e r s , 

f i n a n c i n g i n s t i t u t i o n s , and consumers o r p u r c h a s e r s . A t the end o f t h e 

f i n a n c i a l i n s t i t u t i o n s q u e s t i o n n a i r e , f i n a n c i e r s were asked t o i n d i c a t e a t 

what l e v e l s w o u l d t h e b e s t b e n e f i t s ( i . e . , a g r e a t e r r a t e o f d i f f u s i o n ) 

be ach ieved r e l a t i v e t o c o s t s i n c u r r e d . F i n a n c i e r s were i n c o n c l u s i v e i n t h e i r 

responses . T h i r t y - n i n e p e r c e n t s e l e c t e d m a n u f a c t u r e r s as t h e i r h i g h e s t 

p r e f e r e n c e , w h i l e a n o t h e r 37 p e r c e n t ranked p u r c h a s e r s f i r s t . Home b u i l d e r s 

were ranked second i n a l a r g e number o f r esponses . Only e f f o r t s t o be 

d i r e c t e d a t t h e f i n a n c i n g i n s t i t u t i o n s ranked l o w . 

Financ iers a lso were asked how they would e v a l u a t e the importance of 

each o f s e v e r a l s u b s i d i e s and i n c e n t i v e s i f t hey were t r y i n g t o s t i m u l a t e 

12 

t h e d i f f u s i o n o f s o l a r energy sys tems . The r e s u l t s a r e summarized i n 

Table 5 . As b e f o r e , responses were reco rded i n t he f o l l o w i n g f a s h i o n : 1 

f o r l i t t l e i m p o r t a n c e ; 2 f o r some i m p o r t a n c e ; 3 f o r much i m p o r t a n c e ; and 

4 f o r g r e a t i m p o r t a n c e . The responden ts f a i l e d t o i d e n t i f y any o f t h e 

s u b s i d i e s o r i n c e n t i v e s as b e i n g g r e a t l y i m p o r t a n t — p o s s i b l y i n d i c a t i n g 

some r e s i s t a n c e t o t h i s approach f o r a c h i e v i n g c o m p e t i t i v e e q u a l i t y f o r 

s o l a r h e a t i n g and c o o l i n g sys tems . Research and deve lopment t a x w r i t e -

o f f s t o m a n u f a c t u r e r s was t h e o n l y i n c e n t i v e t o approach a much i m p o r t a n t 

( 3 . 0 ) average r a n k i n g . 

Severa l i n c e n t i v e s or subsid ies rece ived responses t h a t averaged 

approximately 2 . 5 ( i . e . , the mid -po in t between some and much impor tance) . 

Inc luded were: Federa l Government research and development grants to manu-

12 ^ 

P o t e n t i a l s u b s i d i e s and i n c e n t i v e s were i d e n t i f i e d and f o r m u l a t e d 
a f t e r r e v i e w o f t h e t h r e e Phase " 0 " s t u d i e s and a f t e r d i s c u s s i o n s w i t h 
r e p r e s e n t a t i v e s o f t he U. S. League o f Sav ings A s s o c i a t i o n s , the Mortgage 
Bankers A s s o c i a t i o n , t he N a t i o n a l A s s o c i a t i o n o f Home B u i l d e r s , and the 
F e d e r a l Home Loan Bank Board . 
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TABLE 5. IMPORTANCE OF SUBSIDIES AND INCENTIVES 
IN STIMULATING DIFFUSION OF SOLAR HOMES 

Average o f Responses* 
Savings 

T o t a l and Loan Other T -
Subsldy o r I n c e n t i v e Responses A s s o c i a t i o n s F i n a n c i e r s Values 

Government R & D Grants t o 
Manufac tu re rs 2 .46 2 .38 2 . 6 1 - 1 . 2 4 

R & D Tax W r i t e - o f f s t o 
Manufac turers 2 .87 2 .95 2 .75 1.15 

P r o p e r t y Tax Exemption or 
C r e d i t s t o Purchasers 2 . 5 1 2.47 2 .57 - . 5 2 

Fede ra l Income Tax C r e d i t s 
o r Deduct ions t o Purchasers 2.44 2.32 2 .65 - 1 . 8 8 

Government Ownership o f 
S o l a r P roduc t i on F a c i l i t i e s 1.30 1.29 1 . 3 1 - . 2 2 

Government-backed Product 
Warranty Insurance 2.20 2.14 2 . 3 1 - . 8 8 

J o i n t Indust ry-Government 
Funded'Programs 2 . 2 1 2.12 2 .38 - 1 . 5 2 

S o l a r Costs I n c l u d e d Under 
FHA T i t l e I Loans 2 .34 2.32 2 .38 - . 3 3 

Below-market I n t e r e s t Rates 
t o Purchasers ( T o t a l 
Mortgage) 2 .32 2 .30 2 .36 - . 2 7 

Below-market I n t e r e s t Rates 
t o Purchasers (So la r 
System) 1.85 1.86 1 .84 .09 

Be low-marke t - ra te Funds t o 
Lend ing I n s t i t u t i o n s (by 
FHLBB) 2.27 2.24 2 .33 - . 3 9 

Mortgage Purchase Commit-
ments t o Lend ing 
I n s t i t u t i o n s (by FHLBB) 2 .58 2.45 2 .79 - 1 . 7 2 

Government S u b s i d i z a t i o n 
o f Home B u i l d e r s 
( A b s o r p t i o n o f Costs) 2 .07 2 .00 2 .17 - . 9 0 

^Responses cou ld range f rom 1 ( l i t t l e impor tance) t o 4 ( g r e a t i m p o r t a n c e ) . 
The T - v a l u e t e s t s f o r p o s s i b l e s i g n i f i c a n t d i f f e r e n c e s between t h e 
sav ings and l oan a s s o c i a t i o n and o the r f i n a n c i e r responses. 
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f a c t u r e r s ; p r o p e r t y t a x exemptions or c r e d i t s t o purchasers ; Federa l Income 

tax c r e d i t s o r deduct ions t o purchasers ; and involvement by the Federal 

Home Loan Bank Board (and /o r o the r governmental agencies) to p rov ide home 

mortgage purchase commitments to lenders making mortgage loans on homes 

w i t h s o l a r energy systems. These p o s s i b l e programs would be d i r e c t e d at 

a number o f l e v e l s , aga in i n d i c a t i n g a l a c k o f d i r e c t i o n a l consensus on the 

p a r t o f f i n a n c i e r s . 

F i nanc i e r s were p a r t i c u l a r l y opposed t o Federa l government ownership 

o f s o l a r system p r o d u c t i o n f a c i l i t i e s as a means o f s t i m u l a t i n g d i f f u s i o n of 

s o l a r homes. Another p l a n judged to be o f low importance would i n v o l v e 

p r o v i d i n g be low-market i n t e r e s t r a tes t o purchasers as a means o f f i n a n c i n g 

on ly the cos t o f t he s o l a r system. Federa l government s u b s i d i z a t i o n of 

home b u i l d e r s th rough the a b s o r p t i o n of s o l a r energy system costs a l so was 

ranked low i n . importance. Table 5 f u r t h e r i n d i c a t e s t h a t average responses 

concern ing the impor tance o f subs id i es and i n c e n t i v e s d i d no t d i f f e r s i g n -

i f i c a n t l y between the sav ings and loan a s s o c i a t i o n respondents and the 

o t h e r f i n a n c i e r respondents r e p r e s e n t i n g mortgage bank ing f i r m s , commercial 

banks , and mutua l sav ings banks. 

CONCLUSIONS AND RECOMMENDATIONS 

F i n a n c i a l i n s t i t u t i o n s w i l l p l a y an impo r tan t r o l e i n the r a t e o f 

d i f f u s i o n o f s o l a r systems i n s i n g l e f a m i l y res idences . The major t h r u s t 

o f t h i s s tudy was the examina t ion o f a t t i t u d e s o f f i n a n c i e r s toward the 

s o l a r h e a t i n g and c o o l i n g o f b u i l d i n g s . 

Pe rsona l i n t e r v i e w s were conducted w i t h r e p r e s e n t a t i v e s o f the Un i t ed 

S ta tes League o f Savings A s s o c i a t i o n s , the Mortgage Bankers A s s o c i a t i o n of 

Amer ica, t he N a t i o n a l A s s o c i a t i o n of Home B u i l d e r s , and the Federa l Home 
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Loan Bank Board. A d d i t i o n a l i n f o r m a t l on was gathered f rom 131 mai l q u e s t i o n -

n a i r e s rece i ved from sav ings and loan a s s o c i a t i o n s and o t h e r f i n a n c i e r 

(mortgage bankers , commercial banks, and mutua l sav ings banks) respondents 

who were w e l l - e x p e r i e n c e d and i n impor tan t dec i s ion -mak ing p o s i t i o n s . 

Ma jo r conc lus ions a r e : 

1. A t t i t u d e s between the two broad groups o f responden ts—sav ings 
and l oan a s s o c i a t i o n s and o the r f i n a n c i e r s — u s u a l l y were c o n s i s t e n t . 
However, c e r t a i n responses were c h a r a c t e r i z e d by less o p t i m i s t i c 
o r more conse rva t i ve op in ions by the o t h e r f i n a n c i e r responden ts . 

2. Responses were g e n e r a l l y c o n s i s t e n t across broad geog raph i ca l 
a r e a s — N o r t h e a s t , South , Midwest , and West. 

3. Near ly t h r e e - f o u r t h s o f the respondents b e l i e v e d t h a t s o l a r energy 
would rep resen t a f e a s i b l e a l t e r n a t i v e energy source f o r the 
h e a t i n g and c o o l i n g o f s i n g l e f a m i l y res idences w i t h i n the nex t 
10 y e a r s . 

4 . F i n a n c i e r s i n d i c a t e d a p re fe rence f o r making loans on s o l a r homes 
(as opposed t o o t h e r types of s t r u c t u r e s ) and overwhe lming ly p r e - , 
f e r r e d t o have s o l a r systems on new homes f i n a n c e d as p a r t o f t h e 
t o t a l mortgage l oan on the home. 

5. Respondents were p a r t i c u l a r l y concerned about the r e l i a b i l i t y o f 
s o l a r systems and t h e i r e f f e c t on s a l a b i l i t y o f s i n g l e f a m i l y 
r es i dences . S u b s t a n t i a l concern a l s o was expressed about the 
expected l i f e o f s o l a r equipment and t he assoc ia ted maintenance 
expenses. 

6 . L i f e - c y c l e and i n i t i a l s o l a r system cos ts were pe rce i ved t o be o f 
much impor tance t o the respondents i f they were c o n s i d e r i n g a 
mortgage loan request on a s o l a r home. Somewhat s u r p r i s i n g l y , 
37 percen t o f the respondents i n d i c a t e d t ha t they p r e s e n t l y c o n s i d e r 
l i f e - c y c l e cos ts when e v a l u a t i n g mortgage l oan reques t s . 

7. Respondents f e l t t h a t , on the average, a payback p e r i o d ( i . e . , 
the t ime r e q u i r e d t o match o p e r a t i n g sav ings w i t h i n i t i a l c o s t s ) 
o f s l i g h t l y more than e i g h t years wou ld be needed t o economica l l y 
j u s t i f y a s o l a r energy i n s t a l l a t i o n i n a s i n g l e f a m i l y r e s i d e n c e . 
However, f i n a n c i e r s f e l t t h a t an average i n i t i a l s o l a r system 
cost o f 4 -6 pe rcen t on a $30,000-$40,000 home (7-9 pe rcen t on 
$70,000 and above homes) was an acceptab le percentage cost i n c r e a s e 
t h a t would make s o l a r energy systems a t t r a c t i v e . 

8. D i f f e r e n c e s o f o p i n i o n e x i s t concern ing the impact o f a s o l a r 
system on the s a l a b i l i t y and l o a n a b l l i t y o f a s i n g l e f a m i l y 
res idence . A s c e n a r i o , where a $5,500 s o l a r system i s added t o a 
$50,000-$60,000 home, r e s u l t e d i n some respondents b e l i e v i n g t h a t 
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s a l a b i l i t y and l o a n a b i l i t y would be somewhat enhanced w h i l e 
o the rs f e l t t h a t s a l a b i l i t y and l o a n a b i l i t y would be somewhat 
reduced. 

9. I n c e n t i v e s o r subs id i es may be necessary In order t o achieve r a p i d 
nea r - t e rm d i f f u s i o n o f s o l a r systems i n s i n g l e f a m i l y rob idcncvs . 
However, based on a c lose s c r u t i n y of the responses , t he re scctns 
t o e x i s t some f i n a n c i e r r es i s tance t o the use of i n c e n t i v e s and 
s u b s i d i e s to achieve nea r - te rm c o m p e t i t i v e e q u a l i t y f o r s o l a r 
systems. Respondents suppor ted research and development tax 
w r i t e - o f f s t o manufac tu re rs . On the o the r hand, f i n a n c i e r s were 
p a r t i c u l a r l y opposed to Federa l government ownership o f s o l a r 
system p r o d u c t i o n f a c i l i t i e s . 

At t h i s t i m e , s o l a r h e a t i n g and co.ol ing systems are no t economica l l y 

c o m p e t i t i v e w i t h c o n v e n t i o n a l h e a t i n g and a i r - c o n d i t i o n i n g systems. I n i t i a l 

s o l a r system c o s t s , as a percentage o f the cost o f a home, are above the 

cost inc reases deemed necessary by f i n a n c i e r s to make s o l a r systems 

a t t r a c t i v e t o owners o f s i n g l e f a m i l y res idences . L i k e w i s e , a payback 

p e r i o d o f approx imate ly e i g h t years does n o t seem to be p r e s e n t l y f e a s i b l e 

a c c o r d i n g t o t he Phase " 0 " s t u d i e s by General E l e c t r i c , TRW, and Westinghouse 

E l e c t r i c . These f a c t s and the f i n d i n g s o f t h i s study p r o v i d e the bas is f o r 

the f o l l o w i n g recommendations: 

1. A system f o r educa t i ng f i n a n c i e r s i n the va lue o f l i f e - c y c l e 
cost concepts must be developed. A w i l l i n g n e s s by a l l f i n a n c i e r s 
to cons ider l i f e - c y c l e costs i s necessary i f s o l a r energy systems 
are t o be c o m p e t i t i v e w i t h conven t i ona l h e a t i n g and c o o l i n g systems 
i n the f u t u r e . P o s s i b l y much o f the e d u c a t i o n a l m a t e r i a l s could be 
d issemina ted through the U. S. League o f Savings A s s o c i a t i o n s , the 
Mortgage Bankers A s s o c i a t i o n o f Amer ica, the N a t i o n a l A s s o c i a t i o n 
o f Home B u i l d e r s , and/or the Federa l Home Loan Bank Board. 

2 . Test da ta need t o be compi led and d issemina ted t o f i n a n c i e r s con-
c e r n i n g the r e l i a b i l i t y , expected l i f e , l i k e l y maintenance expenses, 
and p o s s i b l e leakage damages assoc ia ted w i t h s o l a r systems. Such 
i n f o r m a t i o n would a i d f i n a n c i e r s i n t h e i r d e c i s i o n s whether t o 
f i nancc s i n g l e f a m i l y res idences equipped w i t h s o l a r h e a t i n g and 
c o o l i n g systems. 

3. I n c e n t i v e and subs idy programs must be i n i t i a t e d by the Federa l 
Government. O the rw ise , we can expect s o l a r energy d i f f u s i o n t o 
p robab ly p a r a l l e l the c e n t r a l a i r - c o n d i t i o n i n g exper ience i n the 
U. S. A s t a r t i n g p o i n t might take., the form of research and 
development t ax w r i t e - o f f s to manufac turers and p o s s i b l y p rope r t y 
t ax and Federa l income t a x concessions t o pu rchasers . 

62-322 O - 75 - 10 
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4. Further research on the p o t e n t i a l b e n e f i t / c o s t t r a d e - o f f s 
associated with various subsidy and incent ive programs is 
needed. This would include i d e n t i f y i n g s p e c i f i c programs (and 
leve ls) that would provide for the recovery of i n i t i a l solar 
energy system costs w i th in an acceptable payback per iod. 
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APPENDIX 1. BRIEF DESCRIPTION OF SOLAR ENERGY CONCEPTS 

SOLAR HEATING AND COOLING OF BUILDINGS 

The f u t u r e r o l e of s o l a r energy In h e a t i n g and coo l ing b u i l d i n g s 
depends on a number of t e c h n o l o g i c a I e c o n o m i c , s o c i a l , e n v i r o n m e n t a l , ami 
I n s t i t u t i o n a l f a c t o r s . Th is b r i e f wr lu—up focuses on c u r r e n t st ; i l e - o t - t he 
act concepts provided in a Ford Foundation study by Schoen and Weiny.ari 
(November, 1973) and N a t i o n a l Science Foundat ion s t u d i e s by General K l e c l i i c , 
TRW, and Westinghouse E l e c t r i c (May, 1 9 7 4 ) . 

*• Solar Energy Systems 

Figure 1 contains a schematic diagram of a solar energy system 
u t i l i z i n g a so lar heated f l u i d and employing water heat storage. Both 
water heat ing and f o r ced -a i r space heating c a p a b i l i t i e s are ind ica ted , 
as w e l l as an a u x i l i a r y or conventional back-up heat ing system. 

The mounting.of so lar co l l ec to rs on the roo fs of s i ng le - f am i l y residences 
is cons is tent w i t h current s t a t e - o f - t h e - a r t developments. A rch i tec t renderings 
are ava i lab le which show the a b i l i t y to add so lar co l l e c t o r panels to the 
roo fs of t r a d i t i o n a l l y designed residences and contemporary and vacat ion r e s i -
dences wi thout a l t e r i n g the basic aesthet ics . Figure 2 i s an i l l u s t r a t i o n of 
a residence of contemporary design w i th so lar co l l ec to r panels on the r o o f . 
This bu i l d i ng i s now under construct ion at Fort Co l l i ns , Colorado and w i l l 
be both solar heated and cooled. 

Two basic so la r systems, given the cur rent s t a t e - o f - t h e - a r t , seem to 
o f f e r the best near-term p o t e n t i a l f o r use in s i ng le - f am i l y residences. One 
system would provide f o r solar heat ing (water and space) on ly . Such a system 
may or may not have a convent ional compressor a i r - c o n d i t i o n i n g system added. 
A second basic system would provide both so lar heat ing and cool ing w i t h the 
coo l ing func t i on being provided by an absorpt ion a i r - c o n d i t i o n i n g system. 

Solar Heating Only 

This would be the leas t complicated so lar energy system. Figure 1 
dep ic ts such a system. In a so lar heat ing only system, a choice ex i s t s between 
a system that u t i l i z e s a i r heat ing co l l ec to r s and dry rock heat storage versus 
a system w i t h water or other f l u i d heat ing co l l ec to r s and water heat storage. 
At t h i s po int I n t ime, i t s t i l l remains to be determined which system w i l l 
r e s u l t i n a lower cost-performance r a t i o . 

An a i r system i s not subject to possible f l u i d leakage problems. However, 
more power i s genera l l y requi red to move a i r through c o l l e c t o r s and heat 
storage areas i n con t ras t w i t h the pumping of water . A i r heat ing co l l e c to r s 
a lso are somewhat less e f f i c i e n t than f l u i d heat ing c o l l e c t o r s . 

Solar Heating and Cooling (Absorption) 

The use of so lar energy to perform a cool ing func t i on i s s u b s t a n t i a l l y 
more d i f f i c u l t than heat ing w i t h solar energy. There i s no ava i l ab le technology 
which permits an e f f i c i e n t use of solar energy to operate a convent ional 
compressor a i r - c o n d i t i o n i n g system ( i . e . , there i s no e f f i c i e n t method f o r 
conver t ing so lar energy to e l e c t r i c i t y to run an a i r - c o n d i t i o n e r ) . 
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SOLAR ENERGY AND WATER HEATING/SPACE HEATING 
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However, there ex i s t s substant ia l operat ing and manufacturing exporKmuo 
on the use of l i t h i u m bromide-water absorpt ion a i r - c o n d i t i o n e r s . Such a 
system can u t i l i z e solar heat as a d i rec t input i n performing the a i r -
cond i t i on ing func t ion through an absorpt ion process. Absorpt ion a i r -
cond i t ioners , to date, have not been as successful as compressor a i r -
condi t ioners because of higher cpsts and larger space requirements. They 
a r * , hdwever, the most l i k e l y method for achieving so lar coo l ing and may 
help produce cost economies through a more complete u t i l i z a t i o n of a solar 
energy system. 

I I . Solar Energy Economics 

The economics of so lar heat ing and cool ing r e l a t i v e to convent ional 
heat ing and coo l ing systems are uncerta in at t h i s point i n t ime. This 
uncer ta in ty w i l l remain u n t i l subs tan t ia l proof-of-concept-exper iments have 
been conducted and evaluated. 

I n i t i a l Costs 

F la t p la te c o l l e c t o r panels are commercially a v a i l a b l e . The solar 
c o l l e c t o r system w i l l cons t i t u te the most expensive element of a t o t a l 
energy system. Add i t i ona l i n i t i a l costs w i l l be incurred fo r p ip ing and 
plumbing requirements and fo r a heat storage u n i t . A so lar coo l ing system 
also would requ i re a d d i t i o n a l i n i t i a l costs fo r an absorpt ion a i r - c o n d i t i o n e r . 

Operating and Maintenance Costs 

Given the current s t a t e - o f - t h e - a r t , i t i s a d i f f i c u l t task to t r y to 
est imate operat ing, r e p a i r , and maintenance expenses which w i l l be associated 
w i t h a so lar energy system. Fuel costs w i l l be lower under the so lar system 
r e l a t i v e to a convent ional system. However, a t t h i s t ime i t i s genera l ly 
be l ieved that maintenance expenditures w i l l be r e l a t i v e l y higher f o r the 
system u t i l i z i n g so lar energy. 

L i fe -Cyc le Costs 

The r e l a t i v e costs Involved i n solar energy systems versus convent ional 
heat ing and coo l ing (HVAC) systems can be placed i n a c learer perspect ive 
when viewed on a l i f e - c y c l e bas is . That i s , the higher costs associated w i t h 
a so la r energy i n s t a l l a t i o n w i l l be o f f s e t , at least i n p a r t , by lower f u e l 
costs over the l i f e of the system. C r i t i c a l to any l i f e - c y c l e cost ana lys is 
are such fac to rs as: 1) operat ing and maintenance cost "es t imates" fo r a 
solar system; 2) the r a t e of increase i n f u e l costs f o r a convent ional system; 
3) the l i f e expectancy of a so lar system; and 4) the r a t e of discount which 
r e f l e c t s the " t ime value of money." 

Ronald W. Mel icher 
Associate Professor of Finance 
Un i ve rs i t y of Colorado 
Boulder, Colorado 80302 
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APPENDIX 2. QUESTIONNALRK RKSEARCH INSTRUMENT 

U n a n c l a l I n s t i t u t i o n Questionnaire 

This quest ionnaire study i s being conducted under a grant from the 
Nat ional Science Foundation. We are in te res ted i n the opinions and a t t i t u d e s 
of people from f i n a n c i a l i n s t i t u t i o n s which are involved i n the f inanc ing 
of s i ng l e - f am i l y residences. On behalf of the Nat ional Science Foundation, 
we would appreciate your"responses to the f o l l ow ing quest ions. 

1. Please check the type of i n s t i t u t i o n you are employed by. 

Savings and Loan Associat ion 
Mortgage Banking Firm 
Commercial Bank 
Mutual Savings Bank 
Other (please spec i fy ) 

2. Please Ind ica te : 

a. Locat ion of your i n s t i t u t i o n ( c i t y and s ta te) 

b . Size of your i n s t i t u t i o n ( t o t a l assets of i n s t i t u t i o n ) . 

3. Please i nd i ca te your present job pos i t i on or t i t l e 

How many years have you been employed i n the lending industry? ________ 

4. How knowledgeable are you about the so lar heat ing and coo l ing of 
bu i ld ings? Please check one of the f o l l ow ing desc r ip t i ons : 

Have read numerous a r t i c l e s and/or other mate r ia l s on 
so la r energy. 
Have read some a r t i c l e s and/or other mater ia ls on 
so la r energy. 
Have read only the mater ia ls attached to t h i s quest ionnai re 
on so lar energy. 

5. I n your op in ion , i n in t roduc ing solar hea t ing /coo l ing systems i n new 
cons t ruc t i on , how would you rank the fo l l ow ing s t ruc tu res on the bas is 
of your i n d u s t r y ' s w i l l i ngness to make loans on the so lar energy systems? 
Please rank from 1 (highest preference) through 5 ( lowest p re ference) . 

A smal l o f f i c e or p ro fess iona l bu i l d i ng 
A s i ng l e - f am i l y residence ($50,000 to $60,000) 
A condominium apartment 
A smal l apartment bu i l d i ng 
A smal l i n d u s t r i a l b u i l d i n g 

6. I n your op in ion i s the idea of solar energy economics and technology 
f eas ib l e as an a l t e r n a t i v e energy source fo r the heat ing and coo l ing 
o f s i n g l e - f a m i l y r e s i d e n c e s . . . . (check one) 

i n the next 5 years 
' 5 - 1 0 years 

10 - 20 years 
beyond 20 years 
don ' t know 
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To what extent would the folLowing fac to rs be of concern to 
f i n a n c i a l i n s t i t u t i o n s ' decisions to f inance const ruc t ion of 
s i ng le - fam i l y residences w i th solar heat ing/coo l ing systems? 
C i r c l e the number which most c lose ly represents your degree 
of concern w i t h each of the fo l l ow ing c h a r a c t e r i s t i c s : 

£ /* A 
,0 JV <2j o Q £ £ & n* rF t9 

O Cj 

a. expected l i f e of solar equipment 1 2 3 4 

b. f u e l cost savings * 1 2 3 4 

c . maintenance expense 1 2 3 4 

d. warranty coverage on solar 

equipment 1 2 3 4 

e. r e l i a b i l i t y of solar system 1 2 3 4 

f . damage due to water leaks 1 2 3 4 

g . e f f e c t on s a l a b i l i t y of home 1 2 3 4 

h. i n s u r a b i l i t y of home 1 2 3 4 

tr 
£ 

The i n s t a l l a t i o n of solar energy systems i n s i ng le - f am i l y residences 
w i l l requ i re i n i t i a l costs or expenditures above the costs f o r 
convent ional HVAC systems. Assume that you have been asked to 
consider a mortgage loan request on a new s ing le - f am i l y residence 
equipped w i t h a solar heat ing and cool ing system. How important 
would the f o l l ow ing fac to rs be to your decision? C i r c l e the 
number which most c lose ly represents your op in ion concerning 
each f a c t o r . (Before r a t i n g each fac to r read down the l i s t to 
form a t e n t a t i v e Impression of t h e i r r e l a t i v e importance.) 

a . a p p l i c a n t ' s annual income 
b. evidence on the expected l i f e 

of the so lar energy system 

c. added i n i t i a l cost of the 
so lar system 

d. l i f e - c y c l e costs fo r the solar 
system 

- V 
2 

2 

£ 
& o 

3 

3 

2 3 

continued on next page) 
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14. ( c o n t i n u e d ) 

p i a <?j- ^ 
e. data on how we l l the solar ^ v 

system i s expected to perform 1 2 3 

f . data on the p o s s i b i l i t y of 
damage due to leakages, e t c . , 
i n the system 1 2 3 

g. educational informat ion pro-
vided by nat iona l organizations 
( e .g . , U. S. S & L League,. 
Mortgage Bankers Associat ion, 
Nat ional Associat ion of Home 
Bui lders , e tc . ) 1 2 3 

h. r e a l estate appraisers 
educated i n solar energy 
concepts 1 2 3 

1. add i t i ona l PITI requirements 
due to solar i n s t a l l a t i o n 1 2 3 

In order to make solar energy systems a t t r a c t i v e to owners of 
s ing le - fami ly residences, what i s your est imat ion of i n i t i a l 
acceptable percentage cost increases? Please check the appropr iate 
percentage increase fo r each pr ice of home category. 

Single- fami ly residences cost ing 

Acceptable percentage $30,000 to $50,000 to $70,000 
of added cost $40,000 $60,000 and above 

1 - 3 % ^ 

4 - 6 , _ _ _ _ _ 

7 - 9 _ _ _ _ _ _ _ _ _ _ _ 

10 - 12 

13 - 15 

16 - 18 

19 - 2 1 
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Sola? ehergy systems requ i re larger i n i t i a l expenditures r e l a t i v e 
to conventional HVAC systems. Consequently, economic j *us t i f i c a t i o n 
fo r a so lar system res ts on achieving lower operat ing costs ( f u e l 
cost savings adjusted fo r maintenance cost d i f f e rences ) . Th is 
represents a l i f e - c y c l e cost ana lys is . That i s , la rger i n i t i a l 
out lays are o f f s e t by fu tu re savings. 

A. In current p rac t i ce , how important are l i f e - c y c l e cost 
considerat ions i n the mortgage loan decis ion process? That 
i s , are heat ing and cool ing costs important fac to rs i n mortgage 
loan decis ions fo r s ing le - fam i l y residences? 

never considered seldom considered always considered 

B. In terms of so lar energy i n s t a l l a t i o n s , what would you consider 
the minimum annual f u e l cost savings necessary to make so lar 
energy systems a t t r a c t i v e to .owners of s i ng le - fam i l y 
residences? (check one) . 

Percent Savings Percent Savings 

50-60% 
60-70% 
70-80% 
80-90% 
90-100% 

0-10% 
10-20% 
20-30% 
30-40% 
40-50% 

C. One way of eva luat ing l i f e - c y c l e costs i s to determine the 
number of years i t w i l l take before savings from operat ion of 
the so lar system w i l l equal the I n i t i a l cost of the system. 
In your op in ion how fas t would the payback ( i . e . , time required 
to match operat ing savings w i t h i n i t i a l costs) have to be i n 
order to economically j u s t i f y a solar energy i n s t a l l a t i o n 
i n a s i ng l e - f am i l y residence? (check one) 

Number of years 

1 year or 
2 years 
4 years 
6 years 
8 years 

10 years 

Number of years 

less 12 years 
14 years 
16 years 
18 years 
20 years 
over 20 years 

A l l th ings considered, how do you be l ieve the incorpora t ion of 
so lar heat ing and cool ing i n a $50,000 to $60,000 s i ng l e - f am i l y 
residence w i l l a f f e c t i t s s a l a b i l i t y and l o a n a b i l i t y i f the solar 
i n s t a l l a t i o n costs $5,500? 

i t s s a l a b i l i t y 

Great ly enhance 
Somewhat enhance 
Not a f f e c t 
Somewhat reduce 
Great ly reduce 

b . I t s l o a n a b i l i t y 

Great ly enhance 
Somewhat enhance 
Not a f f e c t 
Somewhat reduce 
Great ly reduce 
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12. In your op in ion , how should the added costs of a solar energy system 
i n s t a l l e d i n a new slngle-famLIy residence be financed? Please 
rank from 1 (highest preference) through 5 (lowest pre ference) . 

as par t of the t o t n l mortgage loan (convent iona l , 
VA or FHA) on the home 

under a separate second mortgage loan 

w i t h an FHA mortgage loan on the so la r equipment 

_ _ _ on an ins ta l lment loan basis ( s i m i l a r to la rge appl iances) 

other (please speci fy) _ 

13. I t has been suggested that i n order to achieve an acceptable r a te 
of d i f f u s i o n of so lar energy systems i n t o s i n g l e - f a m i l y residences 
some form(s) of incent ives or subsidies w i l l be needed. These 
subsidies or incent ives could be d i rec ted at a number of levels—manu-
fac tu re rs of so lar energy systems, home b u i l d e r s , f inanc ing i n s t i t u -
t i o n s , and consumers. I n your op in ion , a t what l eve ls would the 
best bene f i t s ( i . e . , a greater ra te of d i f f u s i o n ) be achieved r e l a t i v e 
to costs incur red . Please rank the four l eve l s from 1 (h ighest 
b e n e f i t / c o s t expectat ion) through 4 (lowest b e n e f i t / c o s t expec ta t i on ) . 

Manufacturers of so lar equipment 

Home bu i lde rs 

Financing i n s t i t u t i o n s 

Consumers or purchasers 

14. I n your op in ion , i f you were t r y i n g to s t imu la te the d i f f u s i o n of 
so la r energy systems, how would you evaluate each of the f o l l o w i n g 
fac to rs as to i t s bene f i t / cos t importance? C i r c l e the number which 
most c lose ly represents your opin ion concerning each i tem. (Before 
r a t i n g each i tem, read down the l i s t to form a t e n t a t i v e impression 
of t h e i r r e l a t i v e importance.) 

a. Federal government grants to 
manufacturers to encourage 
R&D i n so la r energy systems 

b. Tax w r i t e - o f f s to manufacturers 
to encourage R&D i n so lar 
energy systems 

c . Property tax exemptions and 
c r e d i t s to purchasers of 
homes w i t h so lar energy 
systems 

S ® o e £ « S c c <u 3 2 * r £ w 

w g- g $ 2 | $ o 

• 8 *J 

. 1 

1 2 3 4 

(cont inued on next page) 
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14 . ( c o n t i n u e d ) 

o o •7 <u £ a7 o 

d. Federal income tax c red i t s 
and/or deductions to 
purchasers of homes w i th 
so lar energy systems 

e. Government ownership of 
so lar product ion f a c i l i t i e s 

f . Government-backed product 
warranty insurance 

g . Jo in t industry/government-
funded programs 

h. Include so lar energy i n s t a l l a t i o n s 
under FHA T i t l e 1 mortgage loans 

i . Provide lower In te res t cost 
loans ( r e l a t i v e to the going 
ra te on homes using conventional 
HVAC systems) to purchasers of 
new homes w i t h so lar energy 
systems: 

1. Below-market i n te res t rates on 
the t o t a l mortgage 

2. Below-market i n te res t rates 
only on the solar component 

j . Involvement by the Federal Home 
Loan Bank Board and other govern-
mental agencies: 

1. Provide below-market-rate 
funds to i n s t i t u t i o n s making 
loans on homes w i t h so lar 
energy systems 

2. Provide home mortgage purchase 
commitments to lenders making 
mortgage loans on homes w i t h 
so lar energy systems 

k. Federal government subs id iza t ion 
of home bu i l de rs through the 
absorpt ion of solar energy 
system costs 

3 A 

3 4 

3 4 

3 4 

3 4 

THANK YOU FOR YOUR ASSISTANCE. 
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APPENDIX 3. TABULATED RESULTS OF QUESTIONNAIRES 

Type of I n s t i t u t i o n : Number Percent 

Savings and Loan Assoc ia t ions (SL) 79 60.3 
Other F inanc ie rs (OF) 52 39.7 

Mortgage Banking Firms 19 
Commercial Banks 18 
Mutual Savings Banks 15 

T o t a l 1 3 l 100.0 

Locat ion of I n s t i t u t i o n : * Number 
SL OF T o t a l Percent 

Northeast 16 18 34 26.0 
South 26 11 37 28.2 
Midwest (North Cent ra l ) 26 10 36 27.5 
West ( i n c l u d i n g Southwest) 10 11 21 16.0 
No Response 1 2 3 2 .3 

100.0 

*The c l a s s i f i c a t i o n o f s t a tes by geographic reg ion i s presented i n 
Appendix A. 

Asset Size of I n s t i t u t i o n : 
Number 

$ M i l l i o n s SL OF T o t a l Percent 
1-50 28 12 40 30.5 
51-200 30 15 45 34.4 
201 and over 21 18 39 29.8 
No Response 0 7 7 5 .3 

100.0 

Job P o s i t i o n or T i t l e : Number 
SL OF T o t a l Percent 

P res iden t * 39 11 50 38.2 
Execut ive and Senior 

V ice Pres idents 25 9 34 26.0 
Vice Pres ident 7 13 20 15.3 
Operat ing O f f i c e r s 8 18 26 19.8 
No Response 0 1 1 .8 

100.0 

* Inc ludes two savings and loan Board Chairmen. 

Years Employed i n Lending I ndus t r y 
Number 

SL OF T o t a l Percent 
1-10 7 13 20 15.3 
11-20 35 19 54 41.2 
21-30 28 16 44 33.6 
31 and over 8 3 11 8 .4 
No Response 1 1 2 1.5 

100.0 
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Knowledge about Solar Heating and Cooling of Bu i ld ings : 

Number 

SL OF To ta l Percent 
Read Numerous Mater ia ls 3 1 , 4 3 .1 
Read Some Mater ia ls 61 41 102 77.9 
Read Only Mater ia ls Attached 

to Questionnaire 15 10 25 19.1 
100.0 

Preference f o r making Loans on Solar Energy Systems 
by Type of S t ruc ture : 

To ta l Small Single Small Small 
Sample O f f i ce Family Condominium Apartment I n d u s t r i a l 
Preference Bu i ld ing Residence Apartment Bu i l d i ng Bu i ld ing 

1 (h ighest) 20.6% 52.7% 3.1% 1.5% 9.9% 
2 25.2 10.7 16.8 13.7 16.0 
3 17.6 10.7 11.5 31.3 20.6 
4 13.7 6.9 19.1 22.9 11.5 
5 ( lowest) 7.6 9.9 29.8 11.5 26.0 
Incomplete 

Response 15.3 9.2 19.8 19.1 16.0 

Number of Times Selected as Highest Preference 

Number 
SL OF To ta l Percent 

Small O f f i ce Bu i ld ing 16 11 27 23.5 
Single Family Residence 42 27 69 60.0 
Condominium Apartment 0 4 4 3.5 
Small Apartment Bu i ld ing 1 1 2 1.7 
Small I n d u s t r i a l Bu i l d ing 7 6 13 

115 
11.3 

100.0 

L i ke l y F e a s i b i l i t y of Solar Systems f o r Single Family Residences: 

Number 
SL OF To ta l Percent 

Wi th in 5 years 19 6 25 19.1 
5-10 years 44 24 68 51.9 
10-20 years 8 6 14 10.7 
21 and over 2 1 3 2.3 
Don' t Know 6 15 21 16.0 

100.0 
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Degree o f Concern I n F inanc ing So la r Homes: 

L i t t l e Some 
Concern Concern 

expected l i f e 
of solar 
equipment 

fue l cost 
savings 

maintenance 
expense 

2.3% 

6.1 

1.5 

d. warranty 
coverage on 
solar equipment 9.2 

r e l i a b i l i t y of 
solar system .8 

damage due to 
water leaks 16.0 

e f fec t on 
s a l a b i l i t y of 
home 3.8 

insurabi l i ty 
of home 19.1 

24.4% 

26.0 

20.6 

31.3 

3.8 

29.8 

15.3 

13.7 

Much 
Concern 

41.2% 

38.9 

46.6 

30.5 

26.7 

27.5 

24.4 

22.9 

Great 
Concern 

31.3% 

26.7 

30.5 

26.7 

67.2 

26.0 

55.7 

43.5 

No 
Response 

.8% 

2.3 

.8 

2.3 

1.5 

.8 

.8 

.8 

Averages and Standard Deviations ( in parentheses) for Each of the 
Factors 
(Degree of Concern: L i t t l e - 1 ; Some-2; Much«3; Great-4) 

SL OF Total SL OF Total 
a. 2.94 3.16 3.02 e. 3.64 3.61 3.63 

( .81) ( .81) ( .81) ( .60) ( .60) ( .60) 
b. 2.89 2.88 2.88 f . 2 .51 2.84 2.64 

( .91) ( .85) ( .88) (1.07) ( .97) (1.04) 
c. 3.05 3.10 3.07 g- 3.17 3.59 3.33 

( .73) ( .81) ( .76) ( .91) ( .75) ( .88) 
d. 2.77 2.76 2.77 h. 2.65 3.33 2.92 

( .98) ( .94) ( .96) (1.22) ( .93) (1.16) 
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Degree of Importance in Considering Loan Requests on Solar Homes: 

L i t t l e Some Much Great No 
Importance Importance Importance Importance Response 

app l i can t 1 s 
annual income 6.1% 32.8% 33.6% 27.5% 0.0% 

evidence on the 
expected l i f e o f 
the so lar energy 

system .8 12.2 47.3 39.7 0.0 

added i n i t i a l cost of the so la r system 3.8 26.7 40.5 29.0 0.0 

l i f e - c y c l e costs 
f o r the so la r 
system 1.5 22.9 45.8 29.0 0.0 

data on how w e l l 
the so lar system 
i s expected to 
perform 1.5 14.5 45.8 37.4 .8 

data on the poss i -
b i l i t y of damage 
due to leakages, 
e t c . , i n the 
system 3 . 1 41.2 37.4 17.6 .8 

educat ional i n f o r -
mation provided by 
n a t i o n a l organizat ions 
( e . g . , U. S. S & L 
League, Mortgage 
Bankers Assoc ia t ion, 
Nat iona l Assoc ia t ion 
of Home Bu i lde rs , 
e t c . ) 12.2 42.0 29.8 14.5 1.5 

r e a l es ta te 
appraisers educated 
i n so la r energy 
concepts 7.6 29.8 39.7 21.4 1.5 

a d d i t i o n a l P IT I 
requirements due 
to so lar 
i n s t a l l a t i o n 6 .1 35.9 31.3 15.3 11.5 
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14. ( c o n t i n u e d ) 

9. 

Averages and Standard Deviat ions ( i n parentheses) f o r Each of the 
Factors 
(Degree of Importance : L i t t l e -1; Some=2; Much®3; Great«4) 

SL OF Tota l SL OF To ta l 
a. 2.73 2.96 2.82 f . 2.56 2.92 2.70 

( .89) ( .93) ( .91) ( .81) ( .72) ( .79) 
b. 3.22 3.33 3.26 g. 2.45 2.51 2.47 

( -75) ( .62) ( .70) ( .94) ( .83) ( .89) 
c. 2.86 3.08 2.95 h. 2.74 2.78 2.76 

( .80) ( .90) ( .84) (.86) ( .92) ( .88) 
d. 2.98 3.14 3.04 i . 2.47 2.93 2.63 

( .78) ( .74) ( .77) ( .84) ( .79) ( .85) 
e. 3.15 3.28 3.20 

( .79) ( .67) ( .74) 

Acceptable Percentage of Added Cost Per Home f o r Solar System 

$30,000-$40,000 $50,000-$60,000 $70,000 and Above 
Number Percent Number Percent Number Percent 

1 - 3 % 47 35. .9 9 6.9 12 9.2 
4 - 6 45 34. .4 53 40.5 36 27.5 
7 - 9 8 6. .1 29 22.1 20 15.3 
10 - 12 19 14. .5 25 19.1 31 23.7 
13 - 15 3 2. .3 4 3 .1 13 9.9 
16 - 18 0 0. .0 2 1.5 5 3.8 
19 - 21 1 .8 0 0.0 4 3 .1 
No Response 8 6, .1 9 6.9 10 7.6 

100, .0 100.0 100.0 

$30,000-$40,000 $50,000-$60,000 $70,000 and Above By Group . Number Number Number 
SL OF SL OF SL OF 

1 - 3 % 28 19 7 2 10 2 
4 - 6 27 18 33 20 20 16 
7 - 9 5 3 16 13 13 7 
10 - 12 12 7 14 11 18 13 
13 - 15 1 2 3 1 7 6 
16 - 18 0 0 1 1 3 2 
1 9 - 2 1 1 0 0 0 2 2 
No Response 5 3 5 4 6 4 
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10a. Importance of L i fe-Cyc le Costs In Current Mortgage Loan Decisions: 

Nutnbes 
SL OF To ta l Percent 

Never Considered 4 7 11 8.4 
Seldom Considered 49 22 71 54.2 
Always Considered 26 22 48 36.6 
No Response 0 1 1 .8 

100.0 

b. Annual Fuel Cost Savings Necessary to make Solar Energy A t t r a c t i v e : * 

SL 
0 - 10% 0 
10 - 20 19 
20 - 30 29 
30 - 40 9 
40 - 50 8 
50 - 60 4 
60 - 70 2 
70 - 80 1 
No Response 7 

Number 
OF To ta l Percent 

0 0 0.0 
9 28 21.4 

23 52 39.7 
7 16 12.2 
2 10 7.6 
6 10 7.6 
0 2 1.5 
0 1 . 8 
5 12 9.2 

100.0 

*Several respondents ind icated that t h e i r answers were h igh ly dependent; 
upon assumptions about fue l costs and i n i t i a l so la r costs. Thus, we 
caut ion the reader at tempting to i n t e r p r e t t h i s t a b l e . 

c. Payback Period Necessary to J u s t i f y a Solar System: 

Number Number 
Years SL OF To ta l Percent Years SL OF To ta l Percent 
1 or less 0 0 0 0.0 12 2 3 5 3.8 
2 0 1 1 .8 14 2 1 3 2.3 
4 10 6 16 12.2 16 0 0 0 0.0 
6 19 19 38 29.0 18 0 0 0 0.0 
8 11 7 18 13.7 20 3 1 4 3 .1 

10 30 11 41 31.3 Over 20* . 1 0 1 .8 
No Response 1 3 4 3 .1 

*A value of 25 was used f o r purposes of computing averages. Average 
values were: to ta l=8 .31 years; savings and loan-8 .71 years; 
other f i n a n c i e r s * ^ . 67 years. 

62-322 O - 75 - 11 
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11. Impact of Solar Systems or i S a l a b i l i t y and Loanab i l l t y : 

a. S a l a b i l i t y b. L o a n a b i l l t y 
Number Number 

SL OF Tota l Percent SL OF . T o t a l Percent 

Great ly Enhance 7 4 11 8.4 3 0 3 2. 3 
Somewhat Enhance 33 21 54 41.2 32 20 52 39. ,7 
Not A f fec t 5 6 11 8.4 22 14 36 27. .5 
Somewhat Reduce 28 15 43 32.8 17 13 30 22. .9 
Great ly Reduce 6 4 10 7.6 4 2 6 4. • 6 
No Response 0 2 2 1.5 1 3 4 3. .1 

12. Preference f o r Financing Solar Systems on New Homes 

Number of Times Selected i is Highest Preference 

• SL OF Tota l Percent 
Part of Mortgage Loan 77 50 127 98.4 
Second Mortgage Loan 0 0 0 0 .0 
FHA Mortgage Loan 1 0 1 .8 
Ins ta l lmen t Loan 0 1 1 .8 
Other Method Spec i f ied* 0 0 0 0 .0 

129 100.0 

*Few respondents spec i f i ed other methods, none were dominant i n 
frequency, and a l l were ranked low i n preference. 

13. Preference f o r D i rec t i ng Incent ives or Subsidies a t Spec i f i c Groups: 

To ta l 
Sample 
Preference Manufacturers 

Home 
Bui lders 

Financing 
I n s t i t u t i o n s Purchasers 

1 (h ighest) 36.6% 19.1% 3. 8% 35. .1% 
2 15.3 41.2 6. ,9 19. .8 
3 20.6 19.8 19, .1 24. .4 
4 ( lowest) 15.3 4.6 52. .7 11. .5 
Incomplete Response 12.2 15.3 17, ,6 9. ,2 

Number of Times Selected as Highest Preference 

SL OF To ta l Percent 
Manufacturers 30 18 48 38.7 
Home Bui lders 17 8 25 20.2 
Financing I n s t i t u t i o n s 3 2 5 4.0 
Purchasers 27 19 46 37.1 

124 100.0 
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1 A. Degree of Importance of Subsidy and Incent ive Methods fo r S t imu la t ing Solar 
Knergy D i f f us i on : 

L i t t l e Some Much Great No 
Importance Importance Importance Importance Response 

a. Federal government grants 
to manufacturers to 
encourage R&D i n so la r 
energy systems 16.8% 35.9% 24.4% 18.3% 4.6% 

b. Tax w r i t e - o f f s to 
manufacturers t o encourage 
R&D i n so la r energy 
systems 8.4 24.4 34.4 29.0 3.8 

c. P r o p e r t y t ax exempt ions 
and c red i t s to purchasers 
of homes w i t h so la r energy 
systems 23.7 22.1 26.0 22.9 5.3 

d. Federal income tax c red i t s 
and/or deductions to 
purchasers of homes w i th 
so la r energy systems 18.3 32.1 32.1 14.5 3.1 

e. Government ownership of 
so la r product ion 
f a c i l i t i e s 74.8 16.0 1.5 3 .1 4.6 

f . Government-backed product 
warranty insurance 29.8 32.8 20.6 14.5 2.3 

g. Jo in t industry/government-
funded programs 23.7 38.2 24.4 9.9 3.8 

h. Inc lude so la r energy 
i n s t a l l a t i o n s under FHA 
T i t l e 1 mortgage loans 20.6 36.6 26.0 13.7 3 .1 

i . Provide lower i n t e r e s t 
cost loans ( r e l a t i v e t o 
the going ra te on homes 
using convent ional HVAC 
systems) t o purchasers of 
new homes w i t h so lar energy 
systems: 

1. Below-market i n t e r e s t 
ra tes on the t o t a l 
mortgage 30.5 21.4 _ 22.1 19.1 6.9 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



160 

14. ( c o n t i n u e d ) 

L L t t l c Some Much Great No 
Importance Importance Importance Importance Response 

2. Be low-market i n te res t 
rates only on the 
so lar component 41.2 29.8 18.3 4.6 6 . 1 

j . Involvement by the 
Federal Home Loan Bank 
Board and other govern-
mental agencies: 

1. Provide below-market-
ra te funds to 
i n s t i t u t i o n s making 
loans on homes w i t h 
so la r energy systems 32.1 22.9 21.4 18.3 5 .3 

2. Provide home mortgage 
purchase commitments 
to lenders making 
mortgage loans on 
homes w i t h so la r 
energy systems 18.3 28.2 24.4 24.4 4.6 

k . Federal government 
subs id i za t i on of home 
bu i l de r s through the 
absorp t ion of so la r 
energy system costs 37.4 23.7 23.7 9.9 5 .3 

Averages and Standard Deviat ions ( i n parentheses) f o r Each Incent ive or Subsidy 
(Degree o f Importance: L i t t l e - 1 ; Some»2; Much»3; Great»4) 

SL OF To ta l SL OF To ta l 
a. 2.38 2.61 2.46 h. 2.32 2.38 2.34 

(1.00) ( .98) (1.00) (1.01) ( .91) ( .97) 
b. 2.95 2.75 2.87 i . (1) 2.30 2.36 2.32 

( .94) ( .96) ( .95) (1.14) (1.15) (1.14) 
c. 2.47 2.57 2.51 i . (2) 1.86 1.84 1.85 

(1.14) (1.08) (1.12) ( .92) ( .88) ( .90) 
d. 2.32 2.65 2.44 j . (1) . 2.24 2.33 2.27 

( .93) (1.00) ( .97) (1.11) (1.18) (1.13) 
e. 1.29 1.31 1.30 j . (2) 2.45 2.79 2.58 

( .67) ( .66) ( .66) (1.11) ( .98) (1.07) 
f . 2.14 2.31 2.20 k . 2.00 2.17 2.07 

(1.05) (1.03) (1.04) (1.02) (1.06) (1.03) 
g- 2.12 

( .94) 
2.38 
( .91) 

2.21 
( .93) 

(1.03) 
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APPENDIX A. CLASSIFICATION OF STATES BY GEOGRAPHIC REGION 

Northeast Midwest or North Central 
1. Connecticut 1. I l l i n o i s 
2. Maine 2. Indiana 
3* Massachusetts 3. Iowa 
A. New Hampshire A. Kansas 
5. New Jersey 5. Michigan 
6. New York 6. Minnesota 
7. Pennsylvania 7. Missouri 
8. Rhode Is land 8. Nebraska 
9. Vermont . 9. North Dakota 

10. Ohio 
11. South Dakota 
12. Wisconsin 

South West ( Inc lud ing Southwest) 
1. Alabama 1. Arizona 
2. Arkansas 2. Ca l i f o rn ia 
3. Delaware 3. Colorado 
A. ( D i s t r i c t of Columbia) A. Idaho 
5. F lo r i da 5. Montana 
6. Georgia 6. Nevada 
7. Kentucky 7. New Mexico 
8. Louisiana 8. Oklahoma 
9. Maryland 9. Oregon 

10. M iss i ss ipp i 10. Texas 
11. North Carol ina 11. Utah 
12. South Carol ina 12. Washington 
13. Tennessee 13. Wyoming 
1A. V i r g i n i a 1A. Alaska 
15. West V i r g i n i a 15. Hawaii 
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APPENDIX 5. QUESTIONNAIRE RESULTS BY GEOGRAPHIC REGION 

Questionnaire 
Question Average of Responses* Level of 

Number Northeast South Midwest West F-Rat io S ign i f i cance 

7a. 3.02 2.89 3.08 3.15 .547 .651 
b. 2.88 2.69 3.03 2.95 .901 .443 
c. 3.03 3.00 3.06 3.25 .501 .683 
d. 2.85 2.47 2.78 3.15 2.335 .077 
e. 3.65 3.61 3.56 3.75 .460 .710 
f . 2.76 2.41 2.58 2.85 1.091 .356 
g- 3.56 3.05 3/28 3.55 2.512 .062 
h. 3.26 2.70 2.89 2.75 1.583 .197 

8a. 2.97 2.70 2.69 2.90 .797 .498 
b . 3.15 3.16 3.31 3.52 1.596 .194 
c. 2.97 2.84 2.92 3.10 .440 .725 
d. 2.82 2.86 3.19 3.29 2.855 .040 
e. 3.21 3.11 3.17 3.38 '.611 .609 
f . 2.62 2.70 2.54 3.05 1.972 .122 
g- 2.55 2.27 2.61 2.45 .981 .404 
h. 2.74 2.59 2.77 3.05 1.166 .325 
i . 2.77 2.56 2.56 2.74 .475 .700 

14a. 2.61 2.38 2.41 2.35 .423 .737 
b. 2.90 2.84 2.82 2.95 .102 .959 
c. 2.52 2.36 2.74 2.40 .722 .541 
d. 2.32 2.57 2.26 2.71 1.339 .265 
e. 1.19 1.42 1.29 1.30 .666 .575 
f . 2.19 2.38 2.00 2.24 .802 .495 
g. 2.24 2.25 2.30 2.05 .338 .798 
h . 2.16 2.30 2.35 2.62 .969 .410 
i . (1) 2.03 2.51 2.29 2.33 .943 .422 
i . (2) 1.93 2.03 1.62 1.81 1.285 .283 
J. (1) 2.33 2.33 2.09 2.24 .353 .787 
j . (2) 2.55 2.56 2.47 2.67 .143 .934 
k . 2.13 2.11 2.09 1.76 .653 .583 

*Responses could range from 1 ( l i t t l e concern or importance) to 4 
(great concern or importance). The F - r a t i o tes ts f o r poss ib le 
s i g n i f i c a n t d i f fe rences i n mean across the four geographic regions. 
No va r i ab l e was s i g n i f i c a n t at the .01 l e v e l . 
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SOLAR ENERGY CONVERSION RESEARCH & DEVELOPMENT 
AT THE UNIVERSITY OF FLORIDA 

DR. ERICH A. FARBER, Professor & Research Professor of Mechanical Engineering and 
Director, Solar Energy & Energy Conversion Laboratory, University of Florida, Gainesville, FL 3 2 6 0 1 

W i d e s p r e a d concern with our 
energy situation and crisis, and 
what meeting the ever increasing 
demand of this energy does to the 
environment through pollution, 
prompted the writing of this paper. 
I t presents the over-all activities of 
the Solar Energy & Energy Con-
version Laboratory of the Univer-
sity of Florida rather than the 
technical details of one particular 
investigation. 

The laboratory has looked into 
old methods of converting solar 
energy into the forms of energy 
needed, has used the present state 
of the art, and has pioneered in 
many areas of solar energy utiliza-
tion. 

I t is obvious from all surveys 
and reports that we are using our 
fossil fuels at a tremendous and 
ever increasing rate so that in the 
not too distant future these sup-
plies of energy, so vital to our 
present growth of civilization, will 
be depleted. For this reason it is of 
utmost importance that we look for 
other more permanent sources of 
energy and learn to use them 
before the dire need arises. Solar 
energy is readily available, well 
distributed, inexhaustible for all 
practical purposes, and has no 
pollution effects upon the environ-
ment when converted and utilized. 

Our present usage of energy can 
be compared to a family or group 
living off their savings, stored in a 
bank, and being steadily depleted. 
This process cannot go on very 
long unless some "income" is 
added to the savings. 

In the field of energy, the most 
abundant "income" is solar energy. 
This incoming energy was, usually 
in very in-efficient processes and 
over millions of years, converted 
into our fossil fuels. With these 
savings rapidly disappearing, we 
will have to learn to use this in-
come directly in the form of radi-
ant energy, by converting it into 
the forms of energy needed. 

This conversion from solar en-
ergy into the desired forms should 
be done in the fewest possible steps 
and along the most direct route. 
This procedure wil l insure the 
most efficient way of doing this 
and will keep the equipment nec-
essary simplest. 

Solar energy has certain charac-
teristics. It is intermittent, only 
available during the day in a par-
ticular location on the surface of 
the earth. In spectral character it 
approximates a black body source of 
about 10,000F, modified by gaseous 
layers of both the sun and the 
earth's atmosphere. 

I t arrives on the surface of the 
earth both as direct radiation and 
diffuse radiation. The former por-
tion can be concentrated if it is de-
sirable. 

A knowledge of the specific 
properties of materials under solar 
irradiation Will then allow the 
collection and/or concentration and 
absorption of this energy. 

I f night time operation or opera-
tion during bad weather conditions is 
necessary or desirable, storage has to 
be provided. For many applications 
this is not necessary- The energy 
could be stored in a conventional 
manner as potential energy 
(pumped water, etc.), as heat in 
hot water storage tanks or rock 
bins, as chemical energy utilizing 
chemical processes, latent heat or 
heat of fusion, etc. 

In other words, the technology 
has been developed to convert and 
utilize solar energy. The economics 
and sociological acceptance has 
still to be worked out in many 
cases. These problems vary from 
region to region and therefore take 
on a local character to be worked 
out by the potential users. 

To be most effective, local mate-
rials should be used in fabricating 
by local methods and labor fitting 
the economics and habits of the 
local civilization. 

With this introduction of a gen-
eral nature the paper will now go 
into some of the work done by one 
group. The best way to do this is to 
take you on a tour through the 
Solar Energy Laboratory of the 
University of Florida in the United 
States of America. 

UF Solar Energy Laboratory 
The University of Florida Solar 

Energy Laboratory is one of the 
largest laboratories of this kind 
and a tour through it wil l give an 
idea what such laboratories look 
like and the kind of work which is 
carried out in them. The work 
carried out at this laboratory is 

supported by work and persons all 
over the world and proper credit 
should be given to them. Fig. 1 
presents the entrance, within the 
gate to the laboratory and two of 
the four buildings. 

Stepping around these two 
buildings one can see some of the 
equipment of the laboratory which 
will be discussed in more detail in 
the paper and the following illus-
trations. Fig. 2 shows this equip-
ment with engines of various types 
in the foreground, behind them 
collectors and concentrators of 
various types. On the left of the 
picture are a small solar air-condi-
tioning system and two solar water 
heaters, a solar still and parabolic 
concentrators. Also visible are a 
solar power plant, a solar still, the 
solar furnace and solar calorimeter 
to investigate the solar properties 
of materials. In the background, 
partially visible, is a 5 ton solar 
air-conditioning piece of equip-
ment. 

Solar Properties 
The first step in utilizing solar 

energy is to find materials which 
will withstand the exposure neces-
sary in the equipment to be built. 
To do this we take some of these 
materials and expose them under 
rather realistic operating condi-
tions to the weather and the sun. 
Fig. 3 shows different plastics ex-
posed to the environment , 
stretched over cans which are 
filled with water or sand or wet 
soil, etc. I f these materials deterio-
rate after a short time the inves-
tigation is terminated. 

Those materials which, however, 
withstood this exposure test satis-
factorily are then investigated in 
our Solar Calorimeter as to their 
reflection, absorption and trans-
mission characteristics under actu-
al solar irradiation. 

The Solar Calorimeter, Fig. 4, 
can be oriented into any desired 
position; it can be made to follow 
the sun; it can simulate severe 
winter conditions or extreme 
summer environments. I t is further 
instrumented with many, many 
thermocouples to be able to obtain 
complete heat balances. This in-
strument, the only one of its kind, 
is constantly used to investigate 
new types of materials such as 
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Fig. 1. Entrance to the University of Florida — Soiar Energy Laboratory. Fig. 3. Exposure test of some plastic 
films. 

Fig. 4. The solar calorimeter. 
Fig. 7. Solar water heaters in apartment 
house. 

Fig. 5. Experimental flat plate collectors. Fig. 8. Swimming pool soiar heater. 
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glasses w i th t in t ing or coatings, 
laminated glasses and plastic ma-
te r ia l s , Venet ian b l i nds , Ther -
mopane windows, plastic bubbles 
for aircraft, fabric used for cloth-
ing, curtains and draperies, water 
cooled Venetian blinds, etc. 

With the properties determined, 
a selection can be made to obtain 
the best results in any desired 
application. 

Solar Water Heating 
In Fig, 5, five different flat plate 

collectors used for water heating 
are presented. They consist of a 
box with glass or plastic covers 

Fig. 11. Small solar still. 
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Fig. 14. 5-ton solar air conditioning system. 

Fig. 15. Small solar refrigeration Fig. 16. Smalt solar refrigeration 
system, front. systems, back. 
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(one or more) with a metallic ab-
sorber element inside, which con-
tains the water. This water is 
circulated to the small water 
storage tanks shown above. These 
absorbers can be compared with 
each other when exposed to the 
sun under identical conditions and 
for the same length of time. 

Some of the absorbers have 
copper plates with copper tubes 
soldered into them, others are two 
flat plates riveted, crimped or 
welded together. The most efficient 
unit found consisted of two thin 
flat copper plates fastened together 
on the edges and providing a water 
space of about V4 inch, with one 
glass cover and one inch of styro-
foam insulation behind the plates. 
No plastic materials were found to 
be as good as glass since none of 
the ones we could find had the 
characteristics of glass, namely let-
ting through the short wave radia-
tion but not the long wave radia-
tion. This characteristic of glass 
allows it to be used in the design of 
a solar trap. 

Fig. 6 presents a typical Florida 
solar water heater. I t consists of a 
sheet metal box, 4 feet by 12 feet, 
covered by a layer of glass. Inside 
the box is a copper sheet with 
copper tubes soldered to it in 
sinusoidal configuration and con-
nected to an 80 gal. water storage 
tank. This system, rather common, 
is found satisfactory for a typical 
American family of 4 wi th auto-
matic washing machine, etc. Under 
the copper sheet is one inch of 
styrofoam insulation. For satisfac-
tory operation the bottom of the hot 
water storage tank must be above 
the top of the absorber to provide 
circulation without a pump. 

Fig. 7 shows actual installations 
of this type in an apartment house 
in Florida with each apartment 
having its own unit to provide the 
needed hot water. 

These standard units may be 
damaged if used in freezing tem-
peratures and for this reason we 
developed a dual circulation 
system which eliminates this 
problem. I t consists of two tanks, 
one inside the other. The outer 
tank, being connected to the col-
lector, is filled with an antifreeze 
solution. The heat is then trans-
ferred from this solution through 
the wal l of the inner tank to the 
water to be used. Since in this 
system the p r i m a r y c i rcu i t 
operates at atmospheric conditions 
(the outer tank needs only a lid on 
i t ) the collector can be constructed 
much cheaper and lighter. For ex-
ample, it may be patterned after 
the most efficient design men-

tioned earlier. Insulation covers 
the outside tank. 

Swimming Pool Heating 
Another type of heater which 

has interested many people in 
Florida is a swimming pool heater 
as shown in Fig. 8. I t is one of the 
simplest ones and least expensive. 
I t consists of a galvanized sheet, 
wrapped into plastic. The sheet is 
painted black (f lat) like all the 
other absorbers. Water from the 
pool can be fed to these absorbers 
by the filter pump and then 
allowed to run down the front and 
back of the metal plate and drain 
back into the pool. I t usually takes 
a collecting surface equal to the 
pool surface for raising the water 
temperature in the pool 10 degrees 
F. These absorbers can be con-
structed to form the fence around 
the pool which in many localities is 
required by law, and in addition 
can provide privacy. 

House Heating 
I f the objective is to heat a house 

rather than water, it can be done 
by hot water circulated through 
baseboard pipes in a conventional 
hot water heating system. How-
ever, it is frequently more conve-
nient or desirable to heat a build-
ing by hot air. Fig. 9 shows such an 
air heater, made up of overlapping 
aluminum plates, painted black on 
the portion exposed to the sun. 
About % of each plate is showing, 
the other % shaded by the plate 
above. They are put into a glass 
covered box. The air wi l l enter this 
unit on the bottom and then, 
streaming between the hot plates, 
wi l l pick up the heat and leave on 
top as hot air. The circulation can 
be produced either by free (or nat-
ural) circulation or by a fan. 

A l l the above mentioned col-
lectors Eire ideally facing South and 
inclined with the horizontal at an 
angle equal to the local geographic 
latitude plus 10 degrees. This gives 
a little higher collection efficiency 
during the winter when the days 
are shorter. 

The air heater could be designed 
to form the wall of a building, let 
us say the East wall where it could 
produce hot air the first thing in 
the morning to take the chill out of 
the building the first part of the 
day. 

Solar Baking 
Another application can be a 

solar oven, Fig. 10, essentially a 
glass covered box facing into the 
sun. Cooking and baking tempera-
tures can easily be reached with 
such a device. Periodic (about 

every 15 minutes) reorientation, 
due to the movement of the sun, is 
required. Flaps can be added as 
shown in Fig. 25 to provide some 
degree of concentration and thus 
bringing the things to be cooked up 
to temperature quicker. Very little 
heat is actually required for the 
cooking process, only a certain 
temperature for the required 
length of time. I f one of these ovens 
is to be used in the late afternoon 
or early evening, the walls could 
be made thick, of clay or other ma-
terials which can store appreciable 
amounts of heat and thus remain 
warm long after the sun has gone 
down. 

Solar Distillation 
One of the major problems in 

many parts of the world is the lack 
of fresh water. Solar energy can, 
with very simple equipment, con-
vert salt or brackish water into 
fresh and pure water. Fig. 11 
shows a simple solar still, a metal 
box with slanting glass facing 
South. Inside the box is a pan on 
short legs, painted black and hold-
ing the bad water. The sun shining 
into this pan heats the water in the 
pan and vaporizes it. The vapor or 
steam then will, when coming in 
contact with the cold surfaces of 
the box, both the glass and the 
metal, condense, forming the fresh 
which runs down the sides in the 
form of droplets. This fresh water 
can then be collected for future 
use. About Vz lb. of water can be 
produced at an average per square 
foot per day. 

Another larger still is shown in 
Fig. 12. The pan is covered by glass 
at about 45 degrees which forms 
most of the condensing surface. 
Glass is much better than plastic 
since it forms film condensation, 
letting the solar energy through 
without much difficulty. Plastics in 
general produce dropwise conden-
sation, each droplet forming a little 
crystal which reflects much of the 
incident solar energy. This larger 
still is also designed to be able to 
collect rain water and, in some 
areas such as Florida, this can 
double the output of the still. 

The best orientation of the still 
depends somewhat upon the angles 
of the glass but is generally East-
West or somewhat NE-SW. 

Solar Refrigeration and A/C 
Another phase of our work is the 

use of solar energy for solar refrig-
eration and air-conditioning. At a 
number of international meetings 
it was pointed out that famine 
could be prevented in much of the 
world if the food which is raised 
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during certain parts of the year 
could be preserved from spoilage, 
and thus preserved for use during 
the rest of the year. This requires 
refrigeration and for remote areas, 
or areas without electricity, solar 
refrigeration may well be the an-
swer. 

Some of our early work along 
these lines was to heat oil to rather 
high temperatures by concen-
trating solar energy and then 
circulating the hot oil around the 
generator of an ammonia absorp-
tion refrigeration system, Fig. 13. 
This picture is somewhat out of 
order since all the applications 
thus far dealt with solar energy in 
its natural state without concen-
tration but it was put in here since 
it was actually our first attempt. 
We believe, however, that solar re-
frigeration without concentration 
holds much more promise since 
nonconcentrating devices can also 
utilize the diffuse portion of solar 
radiation, thus function even on 
cloudy days. 

A number of small units were 
built before the 5-ton unit shown 
in Fig. 14. Flat plate collectors 
heat water which is then circu-
lated to drive out the . ammonia 
from the water in the generator 
of the system. This ammonia vapor 
is condensed and then expanded, 
providing the cooling effect by 
evaporation. After having done its 
work the ammonia vapor is reab-
sorbed, in the ammonia absorber of 
the system, into the water to 
repeat the cycle. 

Figs. 15 and 16 show a smaller 
version of such a system with some 
improvements. The main one, com-
bining the solar collector and the 
ammonia generator into one unit, 
eliminates the primary fluid and 
reduces the heat losses by pro-
viding a more direct path for the 
solar heat to get into the system 
and do its work. This small 4 x 4 
foot unit can produce 80 lb. of ice 
on a good day. 

I t should be pointed out again 
that all the applications mentioned 
so far did not require concentra-
tion of solar energy, and therefore 
could utilize the diffuse portion of 
solar energy and work even on 
cloudy days. 

The solar air-conditioning or re-
frigeration systems have an added 
advantage, that the demand and 
supply are in phase. When the sun 
shines hottest the need for refrig-
eration and air-conditioning is 
greatest. 

Solar Energy Concentration 
For some uses, however, higher 

temperatures than can be obtained 

with flat plate, non-concentrating 
collectors, are needed. I f this is the 
case, then concentration is called 
for. Many different methods can be 
used for concentration, the sim-
plest ones stationary in design but 
not as good, and the better ones 
requiring methods which allow 
them to follow the sun. Fig. 17 
shows a simple high temperature 
absorber. I t consists of a number of 
parabolic troughs oriented hori-
zontally and with a pipe running 
down the focal line of the parabo-
las. The system of parabolic 
troughs is inclined at about the 
local latitude. Depending upon the 
diameter of the pipe, adjustment 
may or may not be needed during 
the year. The solar energy is 
reflected by the parabolic surfaces 
upon the focal pipe which, painted 
with a good absorbing paint (flat 
black), absorbs this energy and 
transmits it to the fluid inside the 
pipe. This device can easily pro-
duce hot water, steam or hot oil. 

Some energy is lost during the 
early morning and the late after-
noon hours with the above method 
of converting solar energy to heat 
because of shading, but the sim-
plicity and stationary design have 
considerable advantages, both eco-
nomically and because the units do 
not need much attention. 

Solar Power Plant 
I f better efficiency is desired, 

then cylindrical parabolas can be 
used which are allowed to follow 
the sun. In the simplest form they 
can be made as shown in Fig. 18, a 
single parabola with a pipe at the 
focal line. This particular absorber 
is used to produce steam to operate 
a small steam engine, which in 
turn drives a small generator and 
lights up a light bulb, thus demon-
strating what a solar power plant 
could look like. The 2 x 5 foot ab-
sorber is the equivalent of 500 
watts of electrical heat. 

A large cylindrical parabolic ab-
sorber is shown in Fig. 19 having 
dimensions of 6 x 8 feet with a 
glass covered focal tube. The glass 
cover reduces the losses from the 
heated tube. Depending upon the 
needs, different diameter tubes can 
be used. Copper has been found 
best, again painted with a good ab-
sorbing high temperature paint. 
This absorber is mounted on a ro-
tating axis parallel to the earth's 
axis. I t is adjusted to face East in 
the morning and then, by an elec-
trically driven worm gear reduc-
tion unit, is made to follow the sun 
all day. Where electricity is not 
available, a heavy weight with a 
clock work timing unit can be used 
as well. The construcion of such a 

large device must be rather rigid 
since wind loads in windy areas 
may make it difficult to keep the 
unit directly facing the sun and to 
keep it from oscillating. 

This unit has been used to 
produce steam for the operation of 
a fractional horsepower steam en-
gine, to provide 8 OOF oil to operate 
a solar refrigerator, etc. 

Other methods of concentrating 
solar energy are lenses both of 
glass and other materials ( in-
cluding liquid lenses), but they are 
not widely used because of their 
cost in large sizes and their weight. 
However Fresnel lenses, specially 
made from plastic sheets, with 
grooves cut or embossed so as to 
focus the rays, can be produced 
rather inexpensively, are unbreak-
able, and can be of large size and 
light weight. The lens shown in 
Fig. 20 is of this type and can 
produce a temperature of 2000F. 

A very effective way of concen-
trating solar energy is to take flat 
pieces of reflecting materials (for 
better results they can even be 
slightly curved) such as mirrors or 
reflecting metal surfaces, and 
orient them in such manner as to 
reflect the solar radiation on one 
spot. Front surface reflecting 
mirrors Eire giving better perfor-
mance than, for instance, back sil-
vered mirrors where some of the 
energy is absorbed in the glass. 
Very large concentrators of this 
type have been built with thou-
sands of these mirrors used in some 
of the large solar furnaces in the 
world. 

Solar Cooking 
A few concentrating panels of 

this type are shown in Fig. 21, 
where three of them concentrated 
upon a board wil l make this board 
flash into fire. Such mirrors can 
also be set up in a different pattern 
like the one shown in Fig. 22 where 
the mirrors are set up into a 
circular pattern, heating the fluid 
in the jar at the focal region of the 
device. 

I f higher concentration, and thus 
higher temperatures, and smaller 
focal regions are desired, then ei-
ther small mirrors are needed or 
continuously curved surfaces can 
be employed. In this manner ex-
cellent concentrating mirrors even 
of optical quality can be made but 
they are very expensive and there 
is a practical l imit to the size of 
these configuratiohs. 

Two such mirrors of fair quality 
are shown in Fig. 23, the one on the 
left being strong enough to hold its 
shape by being properly formed, 
the one on the right being sup-
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ported by ribs from wood in this 
case which are cut out forming pa-
rabolas. Then thin, highly re-
flecting metal sheets are held 
loosely to these ribs to allow for 
expansion when the metal sheets 
are slightly heated, thus avoiding 
distortion. This type of construc-
tion is especially important in 
large sizes. This type of construc-
tion was also used in the large par-
abolic cylindrical concentrator 
mentioned earlier. 

The two concentrators of Fig. 23 
were used as solar cookers where 
only a moderate amount of concen-
tration is needed and too good a 
concentrator may burn holes into 
the containers used if great care is 
not taken. So, not-too-good quality 
is more desirable for this applica-
tion. 

I f such concentrators are used 
for solar cooking, it may be desir-
able to design them for easy porta-
bility, thus either in sections which 
can be collapsed for moving, or of 
coated cloths of an umbrella design 
which can be folded when not in 
use. This type is shown in Fig. 24. 

An oven and a cooker of moder-
ate concentration are shown in Fig. 
25. The flaps on the oven can be 
adjusted to regulate the degree of 
concentration needed. An oven of 
this design wi l l shorten the 
cooking and baking time by bring-
ing the food up to the desired tem-
perature faster than the type men-
tioned earlier. 

Higher concentrations than the 
surfaces previously discussed can 
provide is needed for high temper-
ature work, solar engines, etc. For 
this purpose, the geometry has to 
be more perfect. Fig. 26 shows 
such a mirror of rather high 
quality giving high degrees of con-
centration, wi th the ultimate 
reached in the solar furnace, Fig. 
27. 
Solar Furnace 

This solar furnace, with a 5 foot 
diameter mirror, can produce con-
centration ratios of almost 25,000 
and temperatures of up to 7000 F. 

Solar furnaces can be used for 
research where, high temperatures 
and extremely pure, uncontami-
nated heat is needed. Materials 
can be enclosed in glass containers 
or plastic containers, surrounded 
by vacuum or any desired atmo-
sphere and heated under very 
closely controlled conditions. Since 
the solar energy can be concen-
trated onto a very small region it is 
not necessary for the support of the 
sample to be able to withstand 
very high temperatures nor is it 
necessary for the glass or plastic 
container to be high-temperature 

resistent since the energy as it goes 
through this material is not yet 
concentrated to a high degree. See 
Fig. 28. 

The furnace has been used to 
produce extremely high purity 
materials, to grow crystals of high 
temperature materials, Fig. 29, 
crystals non-existing in nature, to 
extract water from rocks and 
moisture-containing soils (work 
which may be of great importance 
when a Lunar station is going to be 
set up since many experts believe 
that the solar furnace wil l be an 
important tool on the moon), and it 
may be possible to produce materi-
als on location instead of hauling 
them from the earth to the moon. 
We received a citation from the Air 
Force for this work, etc. 

Mechanical Power 
One of the largest programs in 

our laboratory is the conversion of 
solar energy into mechanical pow-
er. This is done by steam engines 
(one of them shown in Fig. 30) 
supplied with steam from the large 
cylindrical parabolic concentrator, 
Fig. 31. The combination shown 
wil l give about one quarter horse 
power, limited only by the concen-
trator and quantity of steam deliv-
ered by it. 

A working model of a steam 
power plant is shown in Fig. 32, 
with the absorber and boiler 
shown from the front in Fig. 18, 
and the engine driving a generator 
and lighting up a small light bulb. 
The steam engine with a different 
type of absorber is also shown in 
Fig. 33. The small square boiler in 
this case must be used with the 
concentrators shown in Fig. 21. 
Other combinations and designs 
are possible and wil l work equally 
well, if designed properly. 

We believe, however, that hot 
air engines have a much greater 
promise than steam engines for 
fractional horsepower require-
ments. They are safer, quiet and 
need only a source of heat, any 
source. These engines can be 
operated off solar energy during 
the day and, if power is needed 
during the night, by other sources 
of heat such as wood, coal, oil; or 
they can be operated by the heat 
produced from the burning of 
waste products such as trash, cow 
dung, etc. 

Closed Cycle Hot Air Engines 
There are two basic types of hot 

air engines. The closed cycle type 
encloses a certain amount of air 
which can be pushed back and 
forth by a plunger between hot and 
cold surfaces. When the air is in 

contact with the hot surfaces it is 
heated and thus increases the pres-
sure in the engine and when in 
contact with the cold surfaces it is 
cooled, thus decreasing the pres-
sure in the engine. A power piston 
is pushed down when the pressure 
in the engine is high and returns 
due to flywheel action when the 
pressure is low. So every down 
stroke is a power stroke. With 
proper timing of the power piston 
and the plunger, considerable 
amounts of energy can be pro-
duced. 

These engines are inherrently 
slow-speed engines — a few 
hundred revolutions per minute — 
since it takes time to heat and cool 
the air. The heat transfer can be 
improved by either pressurizing 
the engine or filling it with gases 
such as hydrogen or helium. Also, a 
large surface regenerator wi l l in-
crease the performance of such en-
gines but they become more com-
plicated and much more expensive 
by such additions and refinements. 

Fig. 34 shows a quarter horse-
power engine with the displacer 
cylinder in horizontal positibn on 
top and the power cylinder direct-
ly underneath in vertical position. 
The blackened end of the displace-
ment cylinder is heated and the 
other end cooled, in this case by a 
water jacket. Fig. 35 shows such an 
engine dis-assembled. The basic 
unit for this engine is a lawn 
mower engine but the engine itself 
is much simpler and less expensive 
since it does not require any 
valves, carburator or electrical 
system. 

Another engine is shown in Fig. 
36 in operation with a radiation 
shield around the hot end of the 
displacer cylinder. The concen-
trated solar energy can clearly be 
seen heating the end of the dis-
placement cylinder. A five foot 
mirror is used with this engine 
which has to be moved about every 
15 minutes to keep the energy con-
centrated on the engine. This 
movement is rather small and 
could be automated. Enough heat 
capacity is built into this engine so 
that if small clouds pass over the 
sun the engine wi l l operate 
through the short intervals of 
shading. 

These engines are not self 
starting and, after the engine sur-
faces are heated, must be given a 
push but wil l then take off on their 
own. This should be no handicap if 
compared with the attention a 
team of bullocks requires. A single 
man can operate a bank of these 
small engines, adjusting the 
mirrors periodically. In addition, 
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no further land is needed as in the 
case when animals are used to raise 
the food they need. 

Fig. 37 shows another one of the 
closed cycle hot air engines in 
operation and in Fig. 38 it is 
pumping water out of a ditch. The 
mirror shown with this engine is 
actually much better than needed 
but was used since it was available. 
I t is an old mirror from the solar 
furnace which has been polished so 
many times that the reflecting sur-
face is no longer very good. For en-
gine operation the concentrator 
only has to be good enough to 
provide a spot of concentration of 
the size of the displacement cylin-
der of the engine, about 3 % inches 
in diameter for the engine shown. 

A Vz horsepower engine, closed 
cycle, is shown in Fig. 39, which is 
designed to be used with solar 
energy and can be used directly 
without modification to burn 
wood, coal, or liquid fuels. I f used 
with solar energy it is only neces-
sary to open the big door shown 
and to concentrate the solar energy 
upon the end of the displacer cyl-
inder inside the furnace box. 

Open Cycle Hot Air Engines 
The other type of hot air engine, 

the open cycle type, takes atmo-
spheric air, compresses it, then 
heats it again by solar energy or 
other means and then expands the 
air and exhausts it into the open. 

These engines have the advan-
tage that the heating of the air and 
the speed of the engine are in-
dependent and so these engines can 
be made to run at much higher 
speed. This higher speed makes it 
possible to reduce the weight per 
unit power output but the engines 
so far built by us do not have as 
high conversion efficiency as the 
closed cycle engines. Fig. 40 shows 
one of these engines. 

Both these types of hot air en-
gines, but especially the closed 
cycle type, can be built without 
special equipment and with only 
the simplest types of machine tools. 
The timing for best performance is 
rather critical and should be ad-
justed carefully. Another critical 
parameter of the closed cycle en-
gine is the clearance volume. 

Our work was concentrated on 
fractional horsepower engines of 
the portable type which could be 
used for irrigation or to drive small 
machinery. 

Solar Pump 
There are other solar devices 

which can convert solar energy 
into mechanical energy but they 
are of less importance. 

Fig. 41 shows a solar pump 
model, in this case made out of 
glass so that its operation can be 
observed. I t has only two check 
valves and otherwise no moving 
parts. A boiler is connected by a 
straight and a U-shaped tube to a 
chamber with check valves at the 
inlet and outlet. The liquid in the 
boiler is vaporized, pushing liquid 
out of the system and, when the 
vapor reaches the bottom of the U 
tube, it suddenly streams into the 
other chamber filled with cold l iq-
uid where the steam rapidly con-
denses. While the steam is pro-
duced, the top check valve is open 
and liquid is pushed out. When the 
vapor condenses, the top check 
valve closes due to the vacuum 
produced and the bottom check 
valve opens, letting in more new 
liquid to be transported. This pul-
sating action can be smoothed into 
steady flow if an air chamber is 
provided past the top check valve. 

Solar Turbine 
Another method of converting 

solar energy into mechanical en-
ergy is by means of a turbine, a 
model of which is shown in Fig. 42 
A vertical chamber with a turbine 
wheel in it is filled with a volatile 
liquid to just above the turbine 
wheel. The collecting surface has a 
cover with a small hole in the 
bottom of the chamber. The liquid 
wil l drain through this hole into 
the space below, wi l l come in con-
tact with the hot surface below and 
vaporize. The vapor wi l l stream 
upward, forming a jet which, in 
turn, drives the turbine wheel. 
When leaving the turbine wheel it 
wil l come in contact with the cold 
surfaces of the upper part of the 
vertical chamber and condense, 
running down the walls and re-
peating the cycle. 

For some applications it is more 
convenient to separate the steam 
generator from the turbine and the 
condenser. 

Solar-Gravity Motor 
Shifting of weights from one side 

to the other on a wheel or seesaw 
can do work. Fig. 42 shows a motor 
where a number of spheres, two at 
a time, are connected by tube and 
mounted on a wheel. The sun 
shining on one side wi l l vaporize 
the liquid and the vapor streaming 
to the other side wi l l condense. I f 
properly designed, continuous mo-
tion can be obtained which can be 
used to pump water or do other 
useful work. The conversion ef-
ficiency and power output are 
rather small but may be sufficient 
for certain tasks. 

Solar Reciprocating Engine 
Fig. 44 shows another device for 

the conversion of solar energy into 
mechanical energy. I t consists es-
sentially of a column of water with 
bellows at-the top. The system is 
completely purged of air. The end 
of the tube is heated by concen-
trating solar energy upon it or any 
other concentrated source of heat. 
This wi l l vaporize ttyp water on the 
end of the tube and force the col-
umn of water to the right, as 
shown in the picture. With vapor 
now in contact with the hot sur-
face, the heat transfer is suddenly 
decreased tremendously and so the 
cooling effects are now greater 
than the heating and the vapor 
condenses, letting the column of 
water return to the left until it 
touches the hot end and the cycle 
repeats. Cooling of the lower end of 
the column of water wi l l improve 
the performance. The moving col-
umn wi l l make the end of the 
bellows move back and forth. This 
reciprocating motion can be cou-
pled to a flywheel and transformed 
into rotary motion. This very 
simple little device is quite noisy, 
sounding like a small gasoline en-
gine and can, by adjusting the 
pressure on the end of the bellows 
be made to run at different speeds, 
several hundred cycles per minute 
if desired. 

Conversion to Electricity 
I f electricity is desired as the 

form of energy to be used it can be 
produced by converting solar en-
ergy into mechanical energy and 
then driving a conventional elec-
tric generator. More conveniently, 
the solar energy can be converted 
directly into electricity by one of 
the many solid state devices nor-
mally referred to as solar cells. 
Through the space program, great 
strides have been made in the pho-
togalvanic conversion field ut i -
lizing silicon as the most common 
material. Two photogalvanic con-
verters are shown, Figs. 45 and 46. 

Thermoelectric conversion has 
also been investigated in our labo-
ratory, using certain semicon-
ductor materials as super ther-
mocouples, as well as thermionic 
conversion, but not a great deal of 
effort was spent in these areas. 

Sewage Treatment 
Another project of interest is 

application of solar energy to sew-
age treatment. One phase of this 
work provided solar heating for 
sewage digesters. By heating these 
digesters and controlling the tem-
perature for optimum efficiency, 
considerably more sewage can be 
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Fig. 39. Va -horsepower closed cycle hot 
air engine. 
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Fig. 40. Open «yeto hat air angina. 

tit 43. Soier-grâ ty mum. 
Fit. 44. Stttar Theraw-Phase Shift Re-
etpcecating Engine* 
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Fig. 47. Sewage digesters heated by seiar energy. 
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handled by a given size plant. 
Many plants buy very expensive 
covers and collect the sewage gas 
and then burn it to heat the fluid in 
the digesters. Many of these plants 
even buy fuel and all this becomes 
a very expensive operation. Solar 
heating of these digesters proved 
relatively inexpensive by being 
able to use plastic sheets glued 
together to form an air mattress 
type cover floated on top of the 
digester. This in many cases pro-
vided enough of a solar trap to 
keep the digester at good operating 
temperatures in our region. As a 
matter of fact, one winter with 
rather severe and prolonged 
freezes, all the bacteria in the 
unheated digesters died and action 
stopped completely until they were 
restocked. During this same period 
the solar heated digesters survived 
and the bacterial action, even 
though slowed down during the 
extreme cold spells, picked right 
up again when the temperature of 
the digesters increased. The basic 
problem of heating here is the 
same as for swimming pools. 

If the digester is designed more 
like a solar still, fresh water can be 
produced by distillation in addition 
to the digestion process, and the 
remaining sludge used for fertil-
ization. 

Transportation 
The Solar Energy and Energy 

Conversion Laboratory has a 
solar-electric car which one of the 
staff members drives to work 
regularly under high traffic den-
sity conditions to obtain operating 
and performance data. This car, 
Fig. 48, has both NiCd and Pb acid 
batteries, Fig. 49. These batteries 
can be charged by converting solar 
energy either by solar cells or by a 
solar engine-generator system. The 
above with a 27 horsepower, 30 lb. 
motor can propel the car at 65 mph 
on a level road and gives it, under 
proper driving conditions, a range 
of over 100 miles. Special batteries 
already developed could increase 
the range fivefold. 

If solar battery charging stations 
were set up like our present gaso-
line stations, where run-down bat-
teries could be exchanged for 
charged ones, a truly energy-free 
and non polluting transportation 
system could be provided. 

The Solar House 
The University of Florida Solar 

House, Figs. 50 and 51, was built 
about 18 years ago to make it pos-
sible to put to use the devices and 
systems developed in our Solar 
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Fig. 52. Solar heated swimming pool. 
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Energy and Energy Conversion 
Laboratory. To form a data base 
for comparison, the house was first 
heated and cooled by a number of 
conventional methods with all 
modern conveniences provided. A 
graduate student couple always 
lived in the house so that all data 
were taken under actual oc-
cupancy conditions. Then the 
house was converted, step-by-step, 
into a solar house. After some of 
the equipment, such as the solar 
water heater, was installed, great 
interest was shown by visitors who 
wanted to see everything. There-
fore, it was decided to set the solar 
equipment next to the house in 
clear view rather than hide it on 
the roof or underground, so that 
everyone could see what it looks 
like. 

This house uses solar energy for 
more things than any other house. 
I t has its domestic hot water 
provided by the sun, is heated by 
the sun, has a solar heated swim-
ming pool, Fig. 52, has some of its 
liquid waste recycled to fresh 
water by the sun, Fig. 53, has some 
electricity generated by the sun to 
operate some lights, television, 
radio, and some small appliances, 
Fig. 54, and has the solar electric 
car. An air-conditioning system, 
similar to the ones designed, built 
and tested in the laboratory, is 
under construction to be put into 
the house soon. A solar stove and 
oven, looking somewhat like an 
electric range, is under construc-
tion. I t will use hot oil in its coils 
rather than electricity. This allows 
cooking throughout the 24 hour 
day. Eventual ly, al l energy 
requirements will be met by con-
verting solar energy into the 
various forms needed. 

The study of all the systems 
which have been and are used in 
this house allows a realistic com-
parison of solar systems with con-
ventional systems, on both tech-
nical and economic bases. 

Conclusion 
The above discussion with a 

number of illustrations (we believe 
that pictures can tell a story much 
better) covers much of our work 
but by no means all of it. I t 
presents the range of activities in 
our laboratory. 

When solar energy utilization is 
contemplated, its availability and 
amount of supply, the require-
ments, the availability of materials 
and labor, as well as the economic 
considerations should be analyzed 
on a regional or local basis since 
large variations can occur from 

Fig. 53. Liquid waste recycling system. 

Fig. 54. 
Solar to 
electricity 
conversion 
unit. 

place to place on a global scale. The 
devices discussed and shown have 
different degrees of applicability in 
different areas. 

As an example, we recom-
mended that an Army Post in Chile 
spread steel pipes on the sandy 
ground and hook them together 
into a number of parallel circuits to 
provide the hot water they needed. 
They had steel pipe, the labor and 
the sandy land. To recommend to 
them the Florida type solar water 
heater would have been the wrong 
thing to do since they did not have 
copper sheets, copper pipes and hot 
water storage tanks. Their problem 
was solved with local materials, 
under local conditions, and pro-
duced the desired results. 

In closing I would say that solar 
energy, its conversion and utiliza-
tion, wi l l not solve all our 
problems, but it will be a great 
step in the right direction, by 
supplying needed energy wherever 
it can, without having adverse ef-
fects upon the environment and at 
the same time conserving our fossil 
fuels which can do much more for 

us than provide heat. The chemi-
cals they contain can be used as 
preservatives, in medication, etc., 
so that the indiscriminate use of 
these resources for energy is un-
wise and a serious loss to future 
generations. 
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SOLAR WATER HEATING 

D r . E . A . F a r b e r 
D i r e c t o r , S o l a r E n e r g y & 
E n e r g y C o n v e r s i o n L a b o r a t o r y 

W a t e r c a n be h e a t e d by s o l a r e n e r g y by many d i f f e r e n t m e t h o d s , v a r y i n g f r o m 
t h e v e r y s i m p l e t o t h e v e r y s o p h i s t i c a t e d , e x p e n s i v e , b u t more e f f i c i e n t . 

One o f t h e s i m p l e s t m e t h o d s i s t o t a k e a t a n k and s e t i t i n t h e s u n , o r a 
p i p e , o r a g a r d e n hose s p r e a d o u t on t h e g r o u n d w i t h t h e sun s h i n i n g on i t . I t 
w i l l p r o v i d e v e r y h o t w a t e r i n a r e l a t i v e l y s h o r t t i m e . 

The more common method u s e d i n t h e U n i t e d S t a t e s i s a f l a t p l a t e c o l l e c t o r 
w h i c h c o n s i s t s o f a box w h i c h c a n be e i t h e r wood o r m e t a l w i t h a m e t a l s h e e t 
i n s i d e t o w h i c h t u b e s a r e s o l d e r e d i n s i n u s o i d a l a r r a n g e m e n t s s p a c e d a b o u t f o u r 
t o s i x i n c h e s a p a r t . The t u b e s a r e u s u a l l y f r o m 4 " t o 6" a p a r t . T h e t u b e s 
a r e u s u a l l y f r o m 3 / 4 " t o 1" i n d i a m e t e r and t h e r e must be t h e r m a l c o n t a c t 
b e t w e e n t h e p l a t e and t h e t u b e . T h i s i s i m p o r t a n t so t h a t t h e h e a t w h i c h i s 
a b s o r b e d by t h e p l a t e c a n e a s i l y f l o w t o t h e t u b e and t h r o u g h t h e t u b e i n t o t h e 
w a t e r . The t u b e - p l a t e a r r a n g e m e n t i s p a i n t e d w i t h a good a b s o r b i n g p a i n t , 
u s u a l l y c o m m e r c i a l f l a t b l a c k s a r e s a t i s f a c t o r y . 

The t u b e - p l a t e a r r a n g e m e n t i s s u p p o r t e d by p o i n t s u p p o r t s t o r e d u c e t h e h e a t 
l o s s e s and has e i t h e r a b o u t one i n c h a i r s p a c e b e t w e e n i t and t h e b a c k o f t h e 
box o r has one o r two i n c h e s o f i n s u l a t i o n i n t h e b o x . 

The box i s c o v e r e d by one o r two l a y e r s o f g l a s s , d e p e n d i n g on w h e t h e r i t i s 
used i n s o u t h e r n o r more n o r t h e r n c l i m a t e s . I t i s i m p o r t a n t t o r e d u c e t h e h e a t 
l o s s e s f u r t h e r n o r t h . T h e g l a s s s h o u l d be one w i t h l o w i r o n c o n t e n t w h i c h c a n 
be d e t e r m i n e d by l o o k i n g a t t h e c u t t i n g edge w h i c h s h o u l d be c o l o r l e s s o r l i g h t 
b l u i s h and n o t g r e e n w h i c h i n d i c a t e s h i g h i r o n c o n t e n t . P l a s t i c s h e e t s can be 
used i n s t e a d o f g l a s s b u t do n o t have t h e t r a p p i n g p r o p e r t i e s o f g l a s s m e a n i n g 
t h a t t h e s h o r t wave r a d i a t i o n f r o m t h e sun p e n e t r a t e s v e r y r e a d i l y w h i l e t h e l o n g 
wave r a d i a t i o n g i v e n o f f by t h e h o t s u r f a c e s does n o t . A l s o , p l a s t i c s u s u a l l y 
do n o t l a s t as l o n g due t o t h e u l t r a v i o l e t e f f e c t , t h e e l e v a t e d t e m p e r a t u r e 
and t h e w i n d f l e x i n g . 

I n c l i m a t e s w h e r e f r e e z i n g i s n o t a p r o b l e m , t h i s c o l l e c t o r c a n be c o u p l e d t o 
t h e t a n k w h i c h c o n t a i n s t h e d o m e s t i c h o t w a t e r . I f t h e t a n k i s two f e e t o r more 
a b o v e t h e c o l l e c t o r , f r e e c i r c u l a t i o n w i l l t a k e p l a c e and no pump i s r e q u i r e d . 
I n many i n s t a n c e s w i t h t h e c o l l e c t o r on t h e r o o f , t h e w a t e r t a n k p r o t r u d e s 
t h r o u g h t h e r o o f and i s c a m o u f l a g e d as a c h i m n e y . I f i t i s , h o w e v e r , d e s i r a b l e 
t o h a v e t h e t a n k l o w e r t h a n t h e a b s o r b e r , a s m a l l v e r y i n e x p e n s i v e c i r c u l a t i n g 
pump i s r e q u i r e d . I n f r e e z i n g c l i m a t e s d r a i n i n g o r a d u a l c i r c u l a t i o n s y s t e m i s 
r e q u i r e d w h i c h means t h a t t h e a b s o r b e r i s c o u p l e d t o an o u t e r t a n k w h i c h c a n 
have a l i d and i s i n s u l a t e d . T h e s e r v i c e h o t w a t e r t a n k i s submerged i n s i d e t h e 
o u t e r t a n k . The r i g h t amount o f a n t i - f r e e z e i s added t o t h e w a t e r i n t h e o u t e r 
t a n k so as t o p r e v e n t f r e e z i n g f o r t h e p a r t i c u l a r , l o c a l , c l i m a t i c c o n d i t i o n s . 
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SOLAR WATER HEATING 

The usua l d imensions f o r a s i n g l e f a m i l y d w e l l i n g i s f o u r f e e t by t w e l v e 
f e e t f o r t h e c o l l e c t o r , and a b o u t a one hundred g a l l o n s e r v i c e w a t e r t a n k . 
I t i s a d v i s a b l e t o i n s t a l l a smal l e l e c t r i c b o o s t e r , somewhat l i k e a f o u r 
thousand w a t t c o l l , t h e r m o s t a t i c a l l y c o n t r o l l e d so whenever t h e sun 1s u n a b l e 
t o p r o v i d e a l l t h e ho t w a t e r needed 1n t h e house , a few t i m e s d u r i n g t h e y e a r , 
t h i s b o o s t e r can p r o v i d e t h e d i f f e r e n c e . 

Thousands o f t h e s e s o l a r w a t e r h e a t e r s have been o p e r a t i n g v e r y s a t i s f a c t o r i l y 
i n t h e U n i t e d S t a t e s and m i l l i o n s o f them around t h e w o r l d , and i f p r o p e r l y 
d e s i g n e d , t h e y w i l l g i v e v e r y s a t i s f a c t o r y r e s u l t s . Some s t u d i e s made by our 
l a b o r a t o r y I n d i c a t e d t h a t t h e b reak even p o i n t i n t h e c o s t o f t h e hot w a t e r i s 
about two y e a r s . From t h e n on t h e hot w a t e r p r o v i d e d by s o l a r energy i s f r e e 
w h i l e o t h e r systems w i l l have t o be s u p p l i e d w i t h f u e l . 

The s o l a r w a t e r h e a t e r o r f l a t p l a t e c o l l e c t o r shou ld be o r i e n t e d f a c i n g 
south and I n c l i n e d w i t h a h o r i z o n t a l a t an a n g l e equa l t o t h e l a t i t u d e p l u s 
10 d e g r e e s . I n t h i s manner t h e c o l l e c t o r w i l l be more f a v o r a b l y o r i e n t e d i n 
t h e w i n t e r when t h e days a r e s h o r t e r and l e s s f a v o r a b l y i n t h e summer when t h e 
days a r e l o n g e r . I n t h i s manner i t w i l l c o l l e c t about t h e same amount o f 
energy a l l y e a r a round . 

Some s o l a r w a t e r h e a t e r i n s t a l l a t i o n s have been i n o p e r a t i o n i n t h e U n i t e d 
S t a t e s f o r o v e r f o r t y y e a r s . 
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S O L A R C O O K I N G A N D B A K I N G 

D r . E . A . F a r b e r 
D i r e c t o r , S o l a r E n e r g y & 
E n e r g y C o n v e r s i o n L a b o r a t o r y 

A n u m b e r o f d i f f e r e n t m e t h o d s a r e a v a i l a b l e t o u s e s o l a r 
e n e r g y t o p r o v i d e t h e t e m p e r a t u r e s w h i c h a r e r e q u i r e d f o r c o o k i n g 
a n d b a k i n g . O n e o f t h e s i m p l e s t t h i n g s i s t a k i n g a b o x w h i c h 
i s i n s u l a t e d a n d h a s a s i n g l e o r d o u b l e g l a s s o n o n e o f i t s s i d e s . 
W h e n t h i s s i d e i s p o i n t e d t o w a r d s t h e s u n , b a k i n g t e m p e r a t u r e s o f 
s e v e r a l h u n d r e d d e g r e e s F c a n b e r e a c h e d i n s i d e t h a t b o x . I t c a n 
b e u s e d e x a c t l y l i k e a n o v e n i n a n o t h e r w i s e h e a t e d s t o v e . I f 
t h e w a l l s a r e m a d e o u t o f m a t e r i a l w h i c h c a n s t o r e e n e r g y , t h e 
s t o v e c a n b e s e t o u t i n t o t h e s u n a n d a b s o r b i n g e n e r g y a l l d a y , 
s t o r i n g i t i n t h e w a l l s , a l l o w i n g c o o k i n g o r b a k i n g f o r s e v e r a l 
h o u r s a f t e r t h e s u n h a s g o n e d o w n . 

A n o t h e r m e t h o d f o r c o o k i n g i s t h r o u g h t h e u s e o f a c o n c e n t r a t o r 
w h i c h c a n b e a d i s h c o v e r e d w i t h r e f l e c t i n g s u r f a c e s s u c h a s a 
m i r r o r , o r e v e n a n u m b r e l l a c o v e r e d w i t h a l u m i n u m f o i l w h i c h w i l l 
c o n c e n t r a t e t h e s o l a r r a d i a t i o n f a l l i n g u p o n i t o n t o a c o n t a i n e r 
w h i c h h o l d s t h e f o o d t o b e h e a t e d . A c o l l e c t o r o f t h i s t y p e o f 
t h r e e t o f o u r f e e t i n d i a m e t e r w i l l b e a b l e t o p r e p a r e m e a l s i n 
t h e s a m e t i m e a s a n o t h e r s t o v e o r o v e n . I f t h e c o o k e r i s m a d e 
o u t o f a n u m b r e l l a , i t c a n b e f o l d e d a w a y w h e n n o t i n u s e , o r 
c o u l d e v e n b e u s e d a s a n u m b r e l l a w h e n t h e s u n d o e s n o t s h i n e . 

T h e t w o t y p e s o f s y s t e m s , t h e o v e n a n d t h e c o o k e r , d e s c r i b e d 
a b o v e c a n o n l y b e u s e d o u t d o o r s . H o w e v e r , a t h i r d m e t h o d b y 
w h i c h o i l , f o r i n s t a n c e , i s h e a t e d i n a c o n c e n t r a t i n g t y p e c o l -
l e c t o r t o v e r y h i g h t e m p e r a t u r e s o f , 8 0 0 t o 9 0 0 d e g r e e s F , c a n 
t h e n b e s t o r e d i n a w e l l i n s u l a t e d t a n k . A s o l a r s t o v e a n d o v e n , 
l o o k i n g s o m e w h a t l i k e a n e l e c t r i c r a n g e , c a n b e u s e d t w e n t y - f o u r 
h o u r s t o d o t h e c o o k i n g b y c i r c u l a t i n g h o t o i l t h r o u g h t h e c o i l s 
o n t h e s t o v e a n d i n t h e o v e n i n s t e a d o f e l e c t r i c i t y . *By c o n t r o l -
l i n g t h e a m o u n t o f o i l c i r c u l a t i n g t h r o u g h t h e c o i l s , t h e t e m p -
e r a t u r e w h i c h i s d e s i r e d c a n b e o b t a i n e d . 

A n u m b e r o f o t h e r m e t h o d s s i m i l a r t o t h e o n e s d e s c r i b e d a b o v e , 
c a n b e u s e d f o r c o o k i n g o r b a k i n g w i t h s o l a r e n e r g y . 
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U n i v e r s i t y o f F l o r i d a 
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SOLAR A I R CONDIT IONING 

Dr. r.A. Farber 
UiroU.or, Solar Enorqy ft 
I nc.krfjy Conversion Laboratory 

A number o f methods a r e a v a i l a b l e t o p r o v i d e s o l a r a i r c o n d i t i o n i n g f o r a home 
o r l a r g e r b u i l d i n g . 

S o l a r e n e r g y c a n be c o n v e r t e d t o m e c h a n i c a l e n e r g y and t h e n u s e d t o d r i v e a com-
p r e s s o r i n t h e c o n v e n t i o n a l c o m p r e s s i o n r e f r i g e r a t i o n o r a i r c o n d i t i o n i n g s y s t e m . 
S o l a r e n e r g y can be used t o p r o v i d e s t e a m and t h e n use s t e a m j e t r e f r i g e r a t i o n o r 
a i r c o n d i t i o n i n g . I t s e e m s , h o w e v e r , m o s t p r o m i s i n g t o use t h e a b s o r p t i o n r e f r i -
g e r a t i o n m e t h o d . 

I n c o m p r e s s i o n r e f r i g e r a t i o n o n l y one c o m p o n e n t , n a m e l y t h e r e f r i g e r a n t , i s u s e d ; 
t h u s , t h e s y s t e m c o n s i s t s o f a c o m p r e s s o r , a c o n d e n s e r , an e x p a n s i o n v a l v e a n d an 
e v a p o r a t o r w h e r e t h e a c t u a l c o o l i n g i s d o n e . By u s i n g t w o c o m p o n e n t s , r e f r i g e r a n t 
and a b s o r b e r , t h e c o m p r e s s o r , w h i c h t a k e s a c o n s i d e r a b l e amount o f m e c h a n i c a l o r 
h i g h c o s t e n e r g y , c a n be r e p l a c e d by a s m a l l pump and a s o u r c e o f h e a t . T h u s , a gas 
r e f r i g e r a t o r o r a i r c o n d i t i o n i n g s y s t e m u s e s a g a s f l a m e and o n l y a s m a l l c i r c u l a -
t i n g pump w h i c h r e q u i r e s n e g l i g i b l e amount o f e n e r g y t o d r i v e . B a s i c a l l y , t h e 
a b s o r b e r l i q u i d i s t h e c a r r i e r f o r t h e r e f r i g e r a n t f r o m l o w p r e s s u r e t o h i g h p r e s s u r e 
by a b s o r b i n g a t l o w t e m p e r a t u r e and t h e n b e i n g pumped t o h i g h p r e s s u r e a n d when 
h e a t e d g i v i n g o f f t h e r e f r i g e r a n t a g a i n . So by r e p l a c i n g t h e c o m p r e s s o r i n a s i n g l e 
c o m p o n e n t s y s t e m by an a b s o r b e r , a pump, a g e n e r a t o r and a h e a t s o u r c e , t h e same 
e f f e c t s a r e p r o d u c e d as w i t h t h e c o m p r e s s o r . I f a t h r e e c o m p o n e n t s y s t e m i s u s e d ; 
t h e n e v e n t h e pump c a n be e l i m i n a t e d and o n l y a h e a t s o u r c e i s r e q u i r e d . Gas r e f r i -
g e r a t o r s a r e u s u a l l y o f t h i s t y p e , h a v e no m o v i n g p a r t s and r e q u i r e o n l y a s i n g l e 
s o u r c e o f h e a t . Our s y s t e m f o r s o l a r a i r c o n d i t i o n i n g i s b a s i c a l l y t h e same as a 
gas a i r c o n d i t i o n i n g o r r e f r i g e r a t i o n s y s t e m , b u t f o r t h e gas o r o i l f l a m e , h o t 
w a t e r i s s u b s t i t u t e d . 

T h e r e f o r e , t h e s o l a r s y s t e m , w h i c h p r o v i d e s t h e d o m e s t i c h o t w a t e r and h o t w a t e r 
f o r h e a t i n g t h e h o u s e i n t h e w i n t e r , c a n be u s e d i n t h e summer t o p r o v i d e t h e h o t 
w a t e r t o o p e r a t e t h e a i r c o n d i t i o n i n g s y s t e m . 

S o l a r a i r c o n d i t i o n i n g has many t h i n g s i n i t s f a v o r . One o f t h e most i m p o r t a n t 
o n e s i s t h a t when t h e sun s h i n e s h o t t e r , more a i r c o n d i t i o n i n g i s r e q u i r e d , t h u s 
t h e s u p p l y o f e n e r g y t o o p e r a t e t h e s y s t e m i s i n p h a s e w i t h t h e demand made on t h e 
s y s t e m . F u r t h e r m o r e , t h e c o l l e c t o r s w h i c h a r e u s u a l l y p l a c e d on t h e r o o f o f t h e 
house w i l l a c t u a l l y s h a d e t h e r o o f , t h u s r e q u i r i n g l e s s a i r c o n d i t i o n i n g by i n t e r -
c e p t i n g t h e e n e r g y and n o t l e t t i n g i t g e t t h r o u g h t h e r o o f and i n t o t h e h o u s e . 

From t h i s v e r y b r i e f d e s c r i p t i o n i t c a n be s e e n t h a t t h e i d e a l s y s t e m i s a 
s o l a r s y s t e m w h i c h p r o v i d e s h o t w a t e r , h e a t f o r t h e house i n t h e w i n t e r , a n d a i r 
c o n d i t i o n i n g f o r t h e house i n t h e summer. I n t h i s m a n n e r , t h e same s o l a r s y s t e m 
i s used a l l y e a r a r o u n d . The c o l l e c t o r s c a n e v e n be u s e d f o r h e a t i n g t h e s w i m -
m i n g p o o l . 
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SOLAR FURNACES 

F o r many p u r p o s e s p u r e h e a t and h i g h t e m p e r a t u r e s a r e n e e d e d and f o r t h i s 
p u r p o s e s o l a r e n e r g y c a n be c o n c e n t r a t e d by e i t h e r l e n s e s o r m i r r o r s t o p r o d u c e 
t h e s e v e r y h i g h t e m p e r a t u r e s . 

E q u i p m e n t t o do t h i s i s u s u a l l y r e f e r r e d t o a s s o l a r f u r n a c e s . T h e 
c o n c e n t r a t i o n c a n be p r o v i d e d by a l a r g e number o f m i r r o r s w h i c h r e f l e c t t h e 
sun on t h e same s p o t . T h e l a r g e s t f u r n a c e s i n F r a n c e have been c o n s t r u c t e d 
i n t h i s p a r t i c u l a r m a n n e r . S m a l l e r ones c a n be d e s i g n e d as c o n t i n u o u s s u r f a c e s 
such as p a r a b o l i c d i s h e s a s t h e ones shown i n t h i s p a r t i c u l a r p i c t u r e . The sun 
s h i n e s i n t o t h i s m i r r o r and i s r e f l e c t e d o n t o a s m a l l t a r g e t g i v i n g up t o 
2 5 , 0 0 0 t i m e s norma l s u n s h i n e . 

The t a r g e t o f t h e s o l a r f u r n a c e c a n be s u p p o r t e d b y a r e l a t i v e l y l o w t e m p e r a -
t u r e m e l t i n g m a t e r i a l and c a n be s u r r o u n d e d by a g l a s s o r p l a s t i c s p h e r e . The 
s o l a r r a d i a t i o n when i t p e n e t r a t e s t h e g l a s s s p h e r e i s n o t h i g h l y c o n c e n t r a t e d 
a n d , t h e r e f o r e , does n o t damage t h e g l a s s d u e t o h i g h t e m p e r a t u r e , b u t h e a t s 
t h e t a r g e t t o m e l t i n g o r v a p o r i z a t i o n t e m p e r a t u r e s . T e m p e r a t u r e s w h i c h w i l l 
m e l t and v a p o r i z e a l l known m a t e r i a l s c a n be r e a c h e d i n t h i s m a n n e r . 

Our s o l a r f u r n a c e has been used t o e x t r a c t w a t e r f r o m r o c k s by v a p o r i z a t i o n 
and t h e n s e l e c t i v e c o n d e n s a t i o n . I t has a l s o been u s e d t o p r o d u c e h i g h t e m p e r a -
t u r e c r y s t a l s n o n - e x i s t i n g i n n a t u r e . T h u s , a s o l a r f u r n a c e c a n be a v e r y 
v a l u a b l e r e s e a r c h t o o l o r i t c a n be l i k e t h e l a r g e f u r n a c e s . i n F r a n c e , e q u i p m e n t 
w h i c h c o m m e r c i a l l y p r o d u c e s t o n s o f v e r y h i g h l y p u r i f i e d m a t e r i a l s n e e d e d by 
i n d u s t r y . 
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H e a t i n g o f swimming p o o l s i s an e x p e n s i v e p r o p o s i t i o n s i n c e swimming p o o l s c o n -
t a i n t r e m e n d o u s amounts o f w a t e r , and t h u s , r e q u i r e v e r y l a r g e a m o u n t s o f h e a t t o 
do t h e j o b . Swimming p o o l s c a n be h e a t e d by means o f s o l a r e n e r g y o v e r a p e r i o d o f 
y e a r s c h e a p e r t h a n by a n y o t h e r m e a n s ; h o w e v e r , t h e i n i t i a l e q u i p m e n t i s s t i l l e x -
p e n s i v e e x c e p t f o r one o f t h e v e r y s i m p l e m e t h o d s . 

I f a swimming p o o l , and i t c a n be an O l y m p i c s i z e swimming p o o l , i s i n t h e s u n , 
t h e n a r e l a t i v e l y i n e x p e n s i v e m e t h o d i s t o t a k e a p l a s t i c t r a n s p a r e n t s h e e t a n d 
f l o a t i t on t h e s u r f a c e o f t h e p o o l so t h a t no a i r b u b b l e s a r e t r a p p e d b e l o w t h e 
p l a s t i c . I f a i r b u b b l e s a r e u n d e r t h e p l a s t i c , d r o p l e t s w i l l c o l l e c t on t h e p l a s t i c 
and a c t as l i t t l e r e f l e c t o r s p r e v e n t i n g t h e s o l a r e n e r g y f r o m p e n e t r a t i n g i n t o t h e 
w a t e r . By t h i s r e l a t i v e l y s i m p l e m e t h o d , t h e a v e r a g e p o o l t e m p e r a t u r e w i l l be i n -
c r e a s e d by 1 0 ° F . 

O t h e r m e t h o d s o f h e a t i n g swimming p o o l s become more e x p e n s i v e . L a r g e s u r f a c e s , 
r o o f s , e t c . , c a n be u s e d t o c i r c u l a t e t h e w a t e r a n d l e t i t t r i c k l e down t h e s u r f a c e 
w h i c h i s h e a t e d by t h e s u n . The w a r m i n g w a t e r d r a i n s back i n t o t h e p o o l . C o n c r e t e 
s u r f a c e s o r s l a b s c a n be u s e d f o r t h i s p u r p o s e o r m e t a l s h e e t s e x p o s e d t o t h e sun 
w h i c h c a n be t h e f e n c e a r o u n d t h e p o o l t o p r o v i d e b o t h s o l a r h e a t i n g f o r t h e p o o l 
and p r i v a c y f o r t h e s w i m m e r s . Fences i n many a r e a s a r e r e q u i r e d by o r d i n a n c e t o 
be p u t a r o u n d swimming p o o l s , t h u s , t h e f e n c e w h i c h a t t h e same t i m e i s a s o l a r 
c o l l e c t o r w i l l g i v e t h e h e a t i n g f o r t h e p o o l a t a r e l a t i v e l y l o w a d d i t i o n a l c o s t . 

F o r e a c h c o l l e c t o r s u r f a c e a b o u t e q u a l t o t h e p o o l s u r f a c e a r e a a 1 0 d e g r e e F 
t e m p e r a t u r e r i s e i n t h e a v e r a g e t e m p e r a t u r e o f t h e p o o l c a n be e x p e c t e d . 

More s o p h i s t i c a t e d and more e f f i c i e n t s o l a r c o l l e c t o r s can be d e s i g n e d a n d u s e d 
b u t t h e i r c o s t c a n h a r d l y be j u s t i f i e d u n l e s s t h e s e same c o l l e c t o r s a r e a l s o u s e d 
f o r h e a t i n g t h e h o u s e , h e a t i n g t h e w a t e r , and p o s s i b l y s o l a r a i r c o n d i t i o n i n g . 

The c o l l e c t o r s f o r swimming p o o l h e a t i n g c a n be made o f p l a s t i c , h o w e v e r , i t 
m u s t be r e a l i z e d t h a t t h e l i f e o f such s y s t e m s w i l l be s h o r t e r t h a n t h e p r o p e r l y 
d e s i g n e d m e t a l l i c e q u i v a l e n t s . 
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SOLAR ENGINES 

I f m e c h a n i c a l e n e r g y i s t h e e n d r e s u l t r e q u i r e d , s o l a r e n e r g y c a n b e 
c o n v e r t e d t o t h i s f o r m o f e n e r g y by many d i f f e r e n t m e t h o d s . Some o f t h e s e 
m e t h o d s u t i l i z e s o l a r e n e r g y d i r e c t l y a s i t comes i n o t h e r s r e q u i r e f i r s t 
c o n c e n t r a t i o n t o o b t a i n h i g h e r t e m p e r a t u r e s . T h e us*e o f s o l a r e n e r q y w i t h -
o u t c o n c e n t r a t i o n a l l o w s t h e u t i l i z a t i o n o f t h e d i f f u s e d r a d i a t i o n a s w e l l 
a s t h e d i r e c t r a d i a t i o n i t m a k e s i t p o s s i b l e t o o p e r a t e t h e s e e n g i n e s e v e n 
on c l o u d y d a y s . 

One m e t h o d o f c o n v e r t i n g s o l a r e n e r g y t o m e c h a n i c a l e n e r g y i s t o h e a t 
l i q u i d s t o h i g h e n o u q h t e m p e r a t u r e s t o p r o d u c e v a p o r a n d t h e n u s e t h e v a p o r 
t o o p e r a t e s t e a m e n g i n e s o r s t e a m t u r b i n e s . D e p e n d i n g u p o n t h e l i q u i d u s e d 
c o n c e n t r a t i o n may be n e c e s s a r y s u c h a s f o r w a t e r o r i f o t h e r l i q u i d s s u c h 
a s F r e o n s a r e u s e d f l a t p l a t e c o l l e c t o r s c a n be u t i l i z e d . 

I f c o n c e n t r a t i o n o f s o l a r e n e r g y i s a v a i l a b l e t h e n h o t a i r e n g i n e s o r 
h o t g a s e n g i n e s o f t h e s t e r l i n g t y p e c a n be o p e r a t e d . T h e y f a l l i n t o t w o 
c l a s s e s , t h e c l o s e d c y c l e a n d t h e o p e n c y c l e t y p e e n g i n e . I n t h e c l o s e d 
c y c l e e n g i n e t h e a i r o r g a s i s c o n t a i n e d i n a p o w e r c y l i n d e r a n d a d i s p l a c e r 
c y l i n d e r . T h e a i r i s s h i f t e d b a c k a n d f o r t h i n t h e d i s p l a c e r c y c l i n d e r 
b e t w e e n hot a n d c o l d s u r f a c e s t h u s b e i n g h e a t e d a n d t h e n c o o l e d d u r i n g e a c h 
c y c l e . T h i s b u i l d s up t h e p r e s s u r e d u r i n g t h e p o w e r s t r o k e a n d l o w e r s i t 
when t h e f l y w h e e l r e t u r n s t h e p i s t o n t o t h e u p p e r d e a d c e n t e r . I n t h e o p e n 
c y c l e e n g i n e t h e a i r i s t a k e n - i n , c o m p r e s s e d , t h e n h e a t e d a n d e x h a u s t e d t h r o u g h 
t h e e n g i n e . T h e a d v a n t a g e o f t h e o p e n c y c l e e n q i n e i s t h a t t h e h e a t i n q r a t e 
a n d t h e s p e e d o f t h e e n g i n e a r e i n d e p e n d e n t . H o w e v e r t h e c l o s e d c y c l e e n q i n e s 
w h i c h we h a v e b u i l t had a h i g h e r c o n v e r s i o n e f f i c i e n c y o f a b o u t 10%. 

O t h e r e n g i n e s w o r k i n g o n d i f f e r e n t p r i n c i p a l s h a v e b e e n b u i l t s u c h a s 
p u m p s , g r a v i t y e n q i n e s , p h a s e s h i f t e n g i n e s , e t c . 

A l l t h e e n g i n e s m e n t i o n e d a b o v e c a n b e o p e r a t e d o f f a n y s o u r c e o f h e a t 
t h u s c o u l d be o p e r a t e d d u r i n g t h e d a y f r o m s o l a r e n e r g y a n d i f r e q u i r e d d u r i n g 
t h e n i g h t f r o m o t h e r f u e l s o u r c e s . 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



185 

U n i v e r s i t y o f F l o r i d a 
G a i n e s v i l l e , F l o r i d a 3 2 6 1 1 

D r . E . A . F a r b e r 
D i r e c t o r , S o l a r E n e r g y & 
E n e r g y C o n v e r s i o n L a b o r a t o r y 

SOLAR ELECTRIC TRANSPORTATION 

S i n c e t h e p h i l o s o p h y o f o u r l a b o r a t o r y has been t o d e v e l o p and 
d e m o n s t r a t e t h a t s o l a r e n e r g y c a n be c o n v e r t e d t o a l l f o r m s o f e n e r g y 
w h i c h we u s e i n o u r d a i l y l i f e , a s o l a r e l e c t r i c c a r has b e e n b u i l t . 
T h i s c a r has been d e s i g n e d t o m e e t o p e n r o a d and u r b a n t r a f f i c c o n d i t i o n s . 
I t i s b a s i c a l l y an e l e c t r i c c a r t h e b a t t e r i e s o f w h i c h c a n be c h a r g e d by 
e l e c t r i c i t y c o n v e r t e d f r o m s o l a r e n e r g y . 

T h e s o l a r e l e c t r i c c a r i s a c o n v e r t e d C o r v a i r w i t h t h e e n g i n e r e p l a c e d 
by a 27 h o r s e p o w e r s u r p l u s a i r c r a f t g e n e r a t o r . V a r i o u s b a t t e r i e s h a v e been 
u s e d i n t h e p a s t s u c h a s n i c k e l cadmium and l e a d a c i d t y p e s . T h e c a r a s 
shown a b o v e c a n o p e r a t e a t 6 5 mph and h a s , a r a n g e o f a b o u t 1 0 0 m i l e s . 
D i f f e r e n t b a t t e r i e s w h i c h a r e p r e s e n t l y a v a i l a b l e on t h e m a r k e t c a n e x t e n d 
t h i s r a n g e c o n s i d e r a b l y . 

T h e s w i t c h i n g o f t h e v o l t a g e i s c o n t r o l l e d by t h e a c c e l e r a t o r and t h e 
c h a n g i n g o f t h e f i e l d e x c i t a t i o n a t t h e same t i m e g i v e s t h e c a r a smooth 
o p e r a t i o n . T h e m o t o r w h i c h p r o p e l s t h e c a r i s u s e d a s a g e n e r a t o r when 
t h e c a r i s s l o w i n g down t h u s f e e d i n g some e n e r g y b a c k i n t o t h e b a t t e r i e s . 
When t h e c a r i s s t o p p e d a t a s t o p l i g h t o r i n t r a f f i c , no e n e r g y i s c o n -
sumed f r o m t h e b a t t e r i e s . 

D r . S c h a e p e r , o n e o f o u r s t a f f m e m b e r s , d r i v e s t h i s c a r a s a n y o t h e r 
c a r w o u l d be o p e r a t e d t o o b t a i n i n - t r a f f i c p e r f o r m a n c e d a t a . 

C a r s and t r u c k s and b u s e s s i m i l a r t o t h i s one c o u p l e d w i t h a n e t w o r k 
o f s o l a r b a t t e r y c h a r g i n g s t a t i o n s i n s t e a d o f g a s o l i n e s t a t i o n s c o u l d p r o -
v i d e a n a t i o n w i d e e n e r g y f r e e and p o l l u t i o n f r e e t r a n s p o r t a t i o n s y s t e m . 
D r i v i n g a l o n g when t h e b a t t e r i e s become d i s c h a r g e d , you c o u l d d r i v e y o u r 

c a r i n t o one o f t h e s e s o l a r b a t t e r y c h a r g i n g s t a t i o n s and h a v e t h e c a r ' s 
b a t t e r i e s r e p l a c e d f o r c h a r g e d o n e s . T h i s s h o u l d n o t t a k e a n y l o n g e r t h a n 
h a v i n g t h e g a s o l i n e t a n k f i l l e d . 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



186 

U n i v e r s i t y o f F l o r i d a 
G a i n e s v i l l e , F l o r i d a 3 2 6 1 1 

D r . E . A . F a r b e r 
D i r e c t o r , S o l a r E n e r g y & 
E n e r g y C o n v e r s i o n L a b o r a t o r y 

SOLAR PROPERTIES OF MATERIALS 

T h e S o l a r E n e r g y and E n e r g y C o n v e r s i o n L a b o r a t o r y has t h e s o l a r c a l o r i m e t e r 
w h i c h i s a n i n s t r u m e n t w h i c h c a n d e t e r m i n e t h e s o l a r p r o p e r t i e s o f m a t e r i a l s , 
n a m e l y , t h e r e f l e c t i o n , a b s o r p t i o n and t r a n s m i s s i o n . M a t e r i a l s such as c l e a r 
g l a s s e s , t i n t e d g l a s s e s , p l a s t i c s , laminated g l a s s e s , Venetian b l i n d s , d r a p e r i e s , 
g l a s s b r i c k , e t c . h a v e been i n v e s t i g a t e d and t h e i r p r o p e r t i e s d e t e r m i n e d . Many 
o f t h e r e s u l t s o b t a i n e d w i t h t h i s i n s t r u m e n t a r e p u b l i s h e d i n t h e G u i d e o f t h e 
A m e r i c a n S o c i e t y o f H e a t i n g , R e f r i g e r a t i o n , and A i r C o n d i t i o n i n g E n g i n e e r s . 

T h e i n s t r u m e n t c a n be o r i e n t e d i n a n y d i r e c t i o n d e s i r e d , t h u s s i m u l a t i n g 
s o u t h w a l l s , e a s t w a l l s , w e s t w a l l s , n o r t h w a l l s o r h o r i z o n t i a l r o o f s , e t c . I t 
c a n be made t o f o l l o w t h e sun i f t h a t i s d e s i r e d . T h e r a d i a t i o n f r o m t h e s u n , 
t h e r a d i a t i o n f r o m t h e g r o u n d , and h u n d r e d s o f t e m p e r a t u r e s c a n be m o n i t o r e d 
w i t h t h i s i n s t r u m e n t . 

I t m i g h t be w o r t h w h i l e t o m e n t i o n t h a t t h e b e h a v i o r o f m a t e r i a l s u n d e r s o l a r 
i r r a d i a t i o n i s d i f f e r e n t f r o m t h e b e h a v i o r u n d e r l o w t e m p e r a t u r e o r n o r m a l 
i r r a d i a t i o n . 

T h e l a b o r a t o r y a l s o has e x p o s u r e t e s t f a c i l i t i e s t o i n v e s t i g a t e t h e e f f e c t 
o f w e a t h e r i n g s i n c e m a t e r i a l s u s e d i n s o l a r e n e r g y w o r k m u s t be a b l e t o 
w i t h s t a n d t h e e n v i r o n m e n t a l c l i m a t i c c o n d i t i o n s . 
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U n i v e r s i t y o f F l o r i d a 
G a i n e s v i l l e , F l o r i d a 3 2 6 1 1 

D r . E . A . F a r b e r 
D i r e c t o r , S o l a r E n e r q y & 
E n e r g y C o n v e r s i o n L a b o r a t o r y 

ELECTRICITY FROM SOLAR ENERGY 

I f e l e c t r i c i t y i s n e e d e d many m e t h o d s c a n be e m p l o y e d t o c o n v e r t s o l a r e n e r g y 
t o t h i s f o r m o f e n e r g y and a number o f t h e s e w i l l be d e s c r i b e d b e l o w . 

One method o f c o n v e r t i n g s o l a r e n e r g y t o e l e c t r i c i t y i s by means o f s o l a r 
e n g i n e s c o n v e r t i n g s o l a r e n e r g y f i r s t t o m e c h a n i c a l e n e r g y and t h e n h a v i n g t h e s e 
e n g i n e s d r i v e g e n e r a t o r s t o p r o d u c e t h e e l e c t r i c a l e n e r g y . T h i s m e t h o d seems a t 
t h e p r e s e n t t i m e t o be t h e most e c o n o m i c a l method o f p r o d u c i n g e l e c t r i c i t y f r o m 
s o l a r e n e r g y . 

A n o t h e r m e t h o d w h i c h i s u s e d i n o u r s a t e l l i t e s i s t h e c o n v e r s i o n o f s o l a r 
e n e r g y , t o e l e c t r i c i t y by s o l i d s t a t e d e v i c e s o r t h e s o l a r o r s i l i c o n c e l l . T h e 
s e m i c o n d u c t o r m a t e r i a l d o p e d p r o p e r l y i s a b l e t o c o n v e r t s o l a r r a d i a t i o n I n t o 
d i r e c t c u r r e n t e l e c t r i c i t y . T h i s f o r m o f e l e c t r i c i t y c a n be s t o r e d i n b a t t e r i e s 
and a t t h e p r o p e r t i m e i f so d e s i r e d c o n v e r t e d 1 1 0 AC s i n c e most o f o u r e q u i p m e n t 
i s d e s i g n e d t o o p e r a t e f r o m t h i s t y p e and o p e r a t e t e l e v i s i o n s e t s , l i g h t s , s m a l l 
a p p l i a n c e s , e t c . a s shown i n t h e p i c t u r e a b o v e . U n f o r t u n a t e l y t h e s o l a r s o l i d 
s t a t e c o n v e r s i o n e q u i p m e n t a t t h e p r e s e n t t i m e i s v e r y e x p e n s i v e such as t h i s 
p a n e l shown i n t h i s p i c t u r e w h i c h c o s t s a b o u t $ 3 0 , 0 0 0 . Many p e o p l e a r e w o r k i n g 
a t t h e p r e s e n t t i m e on t r y i n g t o r e d u c e t h e c o s t o f t h e s e s o l i d s t a t e s o l a r t o 
e l e c t r i c i t y c o n v e r s i o n d e v i c e s . 

Two o t h e r m e t h o d s t h a t h a v e been c o n s i d e r e d a r e t h e t h e r m o - e l e c t r i c c o n v e r s i o n 
w h i c h b a s i c a l l y u s e s two d i s - s i m i l a r m a t e r i a l s j o i n e d t o g e t h e r and i f h e a t e d on 
o n e o f t h e j u n c t i o n s makes an e l e c t r i c c u r r e n t f l o w . The e f f i c i e n c y o f t h e s e 
d e v i c e s a t t h e p r e s e n t t i m e has n o t been v e r y h i g h and t h e s t a b i l i t y o f some o f 
t h e m a t e r i a l s n o t t o o g o o d . 

T h e r m o n i c c o n v e r s i o n w h i c h i s based on t h e p r i n c i p l e o f h e a t i n g a m a t e r i a l 
t o h i g h t e m p e r a t u r e s so t h a t e l e c t r o n s a r e g i v e n o f f and c o l l e c t i n g t h e s e e l e c t r o n s 
on a p l a t e c l o s e t o t h e f i r s t one has a l s o been t r i e d . B u t some o f t h e d i f f i c u l t i e s 
o f h e a t i n g and c o o l i n g a s w e l l as e l e c t r o n c o l l e c t i o n h a v e n o t y e t b e e n s o l v e d 
s a t i s f a c t o r i l y . 

So e v e n t h o u g h a number o f m e t h o d s o f c o n v e r t i n g s o l a r e n e r g y t o e l e c t r i c i t y 
a t t h i s t i m e h a v e been d e v e l o p e d none o f t h e s e seem t o be e c o n o m i c a l l y c o m p e t i t i v e 
w i t h c o n v e n t i o n a l m e t h o d s a t t h i s t i m e f o r o n - e a r t h a p p l i c a t i o n s . 
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SOLAR EQUIPMENT MANUFACTURERS 

( T h i s l i s t d o e s n o t i n d i c a t e a n e n d o r s e m e n t 
o f a n y one o f t h e m a n u f a c t u r e r s b y u s ) 

A r k l a I n d u s t r i e s 
E v a n s v i l l e , I l l i n o i s 

Amcor E x p o r t C o . , L t d . 
P . O . Box 2850 
T e l A v i v , I s r a e l 

Edmund S c i e n t i f i c Company 
300 E d s c o r p B l d g . 
B a r r i n g t o n , N . J . 89109 

E n e r g e x C o r p . 
4 8 1 T r o p i c a n a Road 
L a s V e g a s , N e v a d a 89109 

B e a s l e y I n d u s t r i e s L t d . 
B o l t o n A v e n u e , D e v o n P a r k 
S o u t h A u s t r a l i a 
IMPORTED BY 
S o l a r E n e r g y R e s e a r c h C e n t e r 
P . O . Box 17776 
San D i e g o , CA 92117 

E n e r g y S y s t e m s , I n c . 
E l C a j o n , CA 

FAFCO, I n c . 
138 J e f f e r s o n D r i v e 
M e n o l P a r k , CA 9402 5 

B e u t e l ' s S o l a r H e a t e r , I n c . 
152 7 N o r t h M i a m i A v e n u e 
M i a m i , FL 33136 
( 3 0 5 ) 8 2 2 - 6 2 6 8 

F r e d R i c e P r o d u c t i o n s 
6313 P e a c h A v e n u e 
Van N u y s , CA 9 1 4 0 1 

CSI S o l a r S y s t e m s D i v i s i o n 
12400 - 4 9 t h S t r e e t N o r t h 
S t . P e t e r s b u r g , FL 33732 

F r e e H e a t 
P . O . Box 8934 
B o s t o n , Mass 02114 

C o l e m a n R o o f i n g Company 
M i a m i , FL 

D & J S h e e t M e t a l Co. 
10055 N.W. 7 t h A v e n u e 
M i a m i , FL 
( 3 0 5 ) 7 5 7 - 7 0 3 3 

Fun & F r o l i c , I n c . 
P . O . Box 277 
M a d i s o n H e i g h t s , M i c h i g a n 4 8 0 7 1 

G a r d e n Way L a b s 
P . O . Box 66 
C h a r l o t t e , VT 05445 

D e k o - L a b s 
P . O . Box 1 2 8 4 1 
G a i n e s v i l l e , FL 32604 
( 9 0 4 ) 3 7 2 - 6 0 0 9 

H e l i o A s s o c i a t e s , I n c . 
82 30 E . B r o a d w a y 
T u c s o n , A r i z o n a 85710 

D i s c o n I n d u s t r i e s 
Pompano B e a c h , FL 

E & K S e r v i c e Company 
16824 - 74 A v e n u e N . E . 
B o t h e l l , W a s h i n g t o n 9 8 0 1 1 

H i t a c h i A m e r i c a L t d . 
437 M a d i s o n A v e n u e 
New Y o r k , N . Y . 10022 

62-322 O - 75 - 13 
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H i t a c h i H i - H e a t e r 
H i t a c h i C h e m i c a l C o . , L t d . 
4 , 1 -Chome 
M o r u n o u c h i , C h i y p d a - K u 
T o k y o , J a p a n 

R e y n o l d s M e t a l Company 
2 315 D o m i n g u e z S t r e e t 
T o r r a n c e . , CA 9 05 08 

I n t e r n a t i o n a l S o l a r t h e r m i c s C o r p . Rho S i g m a 
Box 297 N e d e r l a n d 5108 M e l v i n A v e n u e 
N e d e r l a n d , CO 80466 T a r z a n a , CA 91356 

I n t e r t e c h n o l o g y C o r p . 
W a r r e n t o n , V i r g i n i a 

J £ R Simmons C o n s t r u c t i o n Co. 
2185 S h e r w o o d D r i v e 
S o u t h D a y t o n a , FL 32019 

K a l w a l l C o r p . 
1 1 1 1 C a n d i a Rd. 
M a n c h e s t e r , N . H . 03105 

R o b b i n s W.R. £ Sons R o o f i n g 
1 4 0 1 N.W. 2 0 t h S t r e e t 
M i a m i , FL 3 3142 
( 3 0 5 ) 3 2 5 - 0 8 8 0 

R o d g e r s £ M a c D o n a l d 
3003 N . E . 1 9 t h D r i v e 
G a i n e s v i l l e , FL 3 2 6 0 1 
( 9 0 4 ) 3 7 7 - 7 8 8 3 

L i f e g u a r d F i l t r a t i o n S y s t e m s 
F t . L a u d e r d a l e , FL 

O l i n - B r a s s 
O l i n C o r p . 
E . A l t o n , I l l i n o i s 

PPG I n d u s t r i e s , I n c . 
One G a t e w a y C e n t e r 
P i t t s b u r g h , PA 15222 

P . R . D i s t r i b u t o r s 
12 3 2 Z a c c h i n i A v e n u e 
S a r a s o t a , FL 33577 
( 8 1 3 ) 9 5 8 - 5 6 6 0 

Ram P r o d u c t s 
S t u r g i s , M i c h i g a n 

SAV S o l a r H e a t e r 
IMPROTED FROM 
F r e d R i c e P r o d u c t i o n s , I n c . 
6 313 P e a c h A v e n u e 
Van N u y s , CA 9 1 4 0 1 

S i l v e s L i m i t e d 
7 Wes t 1 4 t h S t r e e t 
New Y o r k , N . Y . 1 0 0 1 1 
( I m p r o t e d f r o m I s r a e l ) 

S k y t h e r m P r o c e s s e s £ E n g i n e e r i n g 
2424 W i l s h i r e B l v d . 
Los A n g e l e s , CA 90057 

S o l - T h e r m C o r p . 
7 Wes t 1 4 t h S t r e e t 
New Y o r k , N . Y . 1 0 0 1 1 

S o l a r D e s i g n £ E n g i n e e r i n g 
R e v e r e C o p p e r £ B r a s s , I n c . Tampa , FL 
P . O . Box 1 5 1 
Rome, N . Y . 13440 
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S o l a r D e v e l o p m e n t , I n c . 
W e s t P a l m B e a c h , FL 

S o l a r D y n a m i c s , I n c . 
4527 E . 1 1 t h A v e n u e 
H i a l e a h , FL 33013 

S o l a r Power Company 
42 E d n a , R o u t e 4 
P o r t R i c h e y , FL 

S o l a r Power C o r p o r a t i o n 
B r a i n t r e e , M a s s . 

S o l a r E n e r g y Company 
P . O . Box 614 
M a r l b o r o , M a s s . 017 52 

S o l a r E n e r g y Company 
C r o s s l y Window C o r p . 
M i a m i , FL 

S o l a r Power C o r p o r a t i o n 
9 30 C l o c k t o w e r P k y . 
V i l l a g e S q u a r e 
New P o r t R i c h e y , FL 3 35 52 

S o l a r S a l e s , I n c . 
M i a m i , FL 

S o l a r E n e r g y C o m p o n e n t s , I n c . 
1605 N. Cocoa B l v d . 
C o c o a , FL 32922 
( 3 0 5 ) 6 3 2 - 2 8 8 0 

S o l a r S y s t e m s D i v i s i o n 
12400 4 9 t h S t r e e t , N o r t h 
S t . P e t e r s b u r g , FL 33732 

S o l a r E n e r g y P r o d u c t s Company 
A v o n L a k e , O h i o 

S o l a r S y s t e m s , I n c . 
1802 D e n n i s D r i v e 
T y l e r , T e x a s 7 5 7 0 1 

S o l a r E n e r g y S y s t e m s 
124 3 S o u t h F l o r i d a A v e n u e 
R o c k l e d g e , FL 
( 3 0 5 ) 6 3 2 - 6 2 5 1 

S o l a r E n e r g y S y s t e m s , I n c . 
N e w a r k , D e l a w a r e 

S o l a r E n e r g y S y s t e m s o f 
616 N. I n g r a h a m A v e n u e 
L a k e l a n d , FL 33 8 0 1 
( 8 1 3 ) 6 8 8 - 8 8 0 6 

S o l a r Home S y s t e m s 
W i l l o u g h b y , O h i o 

S o l a r , I n c . 
206 C e n t e r R o a d , Page P a r k 
F t . M y e r s , FL 
( 8 1 3 ) 9 3 6 - 7 4 7 4 

S o l a r S y s t e m s o f L a r g o 
2 525 Key L a r g o Lane 
F t . L a u d e r d a l e , FL 3 3 312 

S o l a r W a t e r H e a t e r Co. 
9 9 5 1 S.W. 3 8 t h T e r r a c e 
M i a m i , FL 33155 

S o l a r e x C o r p o r a t i o n 
R o c k v i l l e , M a r y l a n d 

S o l a r o n C o r p . 
4850 O l i v e S t r e e t 
D e n v e r , C o l o r a d o 8 0022 

S o l a r t e c , I n c . 
L a k e l a n d , FL 

S o l e c Company 
No A d d r e s s 
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Spec t ro l ab 
D i v i s i o n o f Tex t ron 
Sy lmar , C a l i f o r n i a 

Youngblood Company, I n c . 
1085 N.W. 36th S t r e e t 
Miami , FL 33127 
(305) 635-2501 

Stampco, I n c . 
4549 S t . Augus t ine Road - #13 
J a c k s o n v i l l e , FL 32207 
(904) 737-6144 

Sunhay E n t e r p r i s e s 
1505 E. Windsor Road 
G l e n d a l e , C a l i f o r n i a 91205 

Sundu Company 
3319 Keys Lane 
Anaheim, C a l i f o r n i a 92804 

Sunsource 
9 606 Santa Monica B l v d . 
B e v e r l y H i l l s , CA 90210 

Sunsystems, I n c . 
Eureka, I l l i n o i s 

Sunwater Company 
1112 P ioneer Way 
E l Ca jon , C a l i f o r n i a 92020 

Sunworks, I n c . 
669 Boston Post Road 
G u i l f o r d , Conn 06437 

Supe r i o r W.J. Se rv i ce 
P.O. Box 706 
H o l l y H i l l , FL 32017 

T r a n t e r , I n c . 
735 E. Hazel S t r e e t 
Lans ing , M ich igan 48909 

U n i t Span A r c h i t e c t u r a l Systems, I n c . 
6606 V a r i e l , 
Canoga Park , C a l i f o r n i a 91303 
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PUBLICATIONS 

E . A . FARBER 

1948 

" H e a t T r a n s f e r t o W a t e r B o i l i n g u n d e r P r e s s u r e " , E . A . F a r b e r 
S R . L . S c o r a h , ASME T r . , May 1 9 4 8 . 

1950 

" U s e o f M o d e l s t o S t u d y S team C i r c u l a t i o n i n B o i l e r s " , E . A . F a r b e r , 
M i d w e s t Power C o n f e r e n c e P r o c e e d i n g s , 1 9 5 0 . 

1 9 5 1 

" I n v e s t i g a t i o n o f S team S e p a r a t i o n i n B o i l e r Drums T h r o u g h 
S t u d i e s o n a M o d e l " , E . A . F a r b e r , ASME T r . 1 9 5 1 . 

" F r e e C o n v e c t i o n H e a t T r a n s f e r f r o m E l e c t r i c a l l y H e a t e d W i r e s " , 
E . A . F a r b e r , J o u r n a l o f A p p l i e d P h y s i c s , November 1 9 5 1 . 

1953 

" C o m b u s t i o n E f f i c i e n c y v s . C y c l e L e n g t h o f D o m e s t i c O i l B u r n e r s " , 
J . R . A k e r m a n , E . A . F a r b e r , G . L . L a r s e n , ASME P a p e r #5 3 - F - 2 0 , 
O c t o b e r 1 9 5 3 . 

" A n A c c u r a t e M e t h o d f o r t h e D e t e r m i n a t i o n o f t h e T h e r m a l 
C o n d u c t i v i t y o f I n s u l a t i n g M a t e r i a l s " , C . R . M i s c h k e , E . A . F a r b e r , 
ASME P a p e r #5 3 - A - 1 8 5 , November 195 3 . 

1955 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y - D e c e m b e r , 19 55 . 

" C o m b u s t i o n E f f i c i e n c y v s . C y c l e L e n g t h o f D o m e s t i c O i l B u r n e r s " , 
J . R . A k e r m a n , E . A . F a r b e r , G . L . L a r s e n , R e p o r t # 2 , U n i v e r s i t y o f 
W i s c o n s i n E n g i n e e r i n g E x p e r i m e n t S t a t i o n , M a r c h 195 5 . 

" T h e T e a c h i n g a n d L e a r n i n g o f E n g i n e e r i n g " , J o u r n a l o f E n g i n e e r i n g 
E d u c a t i o n , E . A . F a r b e r , Vo lume 4 5 , No . 1 0 , J u n e 1 9 5 5 . 

" T h e T e a c h i n g a n d L e a r n i n g o f E n g i n e e r i n g " , E . A . F a r b e r , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume I X , No . 1 1 , 
L e a f l e t #7 3 , November 19 55 . 
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1956 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , N a t i o n a l 
Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , D e p a r t m e n t 
o f Commerce , J a n u a r y t h r o u g h D e c e m b e r 19 5 6 . 

" A n A c c u r a t e M e t h o d f o r t h e D e t e r m i n a t i o n o f t h e T h e r m a l C o n -
d u c t i v i t y o f I n s u l a t i n g S o l i d s " , C . R . M i s c h k e , E . A . F a r b e r , 
R e p o r t # 5 , U n i v e r s i t y o f W i s c o n s i n E n g i n e e r i n g E x p e r i m e n t S t a t i o n , 
F e b r u a r y 19 5 6 . 

" T h e T e a c h i n g o f T h e r m o d y n a m i c s " , E . A . F a r b e r , H e a t a n d Power 
News a n d V i e w s , V o l u m e X I , No . 4 2 , May 1 9 5 6 . 

" S o l a r E n e r g y - P a s t , P r e s e n t , a n d F u t u r e " , E . A . F a r b e r , J . C . R e e d , 
J o u r n a l o f F l o r i d a E n g i n e e r i n g S o c i e t y , V o l u m e X , No . 2 , A u g u s t 
1 9 5 6 . 

" P r a c t i c a l A p p l i c a t i o n s o f S o l a r E n e r g y " , E . A . F a r b e r , J . C . R e e d , 
C o n s u l t i n g E n g i n e e r , S e p t e m b e r 1 9 5 6 . 

" T h e F u n d a m e n t a l s o f H e a t T r a n s f e r " , E . A . F a r b e r , F l o r i d a E n g i n e e r i n g 
a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , V o l u m e X , No . 1 0 , B u l l e t i n 
# 8 5 , O c t o b e r 1 9 5 6 . 

" T h e Gamma Ray D e n s i t o m e t e r a n d C o n c e n t r a t i o n M e t e r " , E . A . F a r b e r , 
Oak R i d g e N a t i o n a l L a b o r a t o r y R e p o r t , O c t o b e r 19 56 . 

" E f f e c t s o f J u n c t i o n M a n u f a c t u r e o n T h e r m o c o u p l e EMF G e n e r a t i o n " , 
ASME P a p e r # 5 6 - A - 1 3 5 , E . A . F a r b e r , M .R . G l i c k s t e i n , N o v e m b e r 1 9 5 6 . 

" P r a c t i c a l A p p l i c a t i o n s o f S o l a r E n e r g y " , E . A . F a r b e r , J . C . R e e d , 
F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , V o l u m e X , 
No . 1 1 , L e a f l e t # 8 3 , N o v e m b e r 19 56 . 

1957 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , N a t i o n a l 
Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , D e p a r t m e n t 
o f Commerce , J a n u a r y t h r o u g h December 1 9 5 7 . 

" 2 0 0 A T h o r i u m O x i d e S l u r r y T e s t L o o p D e n s i t y a n d C o n c e n t r a t i o n 
D a t a " , E . A . F a r b e r , Oak R i d g e N a t i o n a l L a b o r a t o r y R e p o r t , J a n u a r y 
1 9 5 7 . 

" V a r i a t i o n o f H e a t T r a n s f e r C o e f f i c i e n t s w i t h L e n g t h f o r I n c l i n e d 
T u b e s i n S t i l l A i r " , E . A . F a r b e r , H . O . R e n n a t , I n d u s t r i a l a n d 
E n g i n e e r i n g C h e m i s t r y , Vo lume 4 9 , p . 4 3 7 , M a r c h 1 9 5 7 . 

Book - " B u i l d i n g an E n g i n e e r i n g C a r e e r " , C . C . W i l l i a m s , E . A . F a r b e r , 
3 r d E d i t i o n , M c G r a w - H i l l Book Company , 299 p p . , M a r c h 1 9 5 7 . 
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" T h e Gamma Ray D e n s i t o m e t e r a n d C o n c e n t r a t i o n M e t e r " , E . A . F a r b e r , 
M. R i c h a r d s o n , I n s t r u m e n t S o c i e t y o f A m e r i c a P r o c e e d i n g s , A p r i l 
1 9 5 7 . 

" T h e Gamma Ray D e n s i t o m e t e r and C o n c e n t r a t i o n M e t e r " , E . A . F a r b e r , 
M .R . R i c h a r d s o n , F l o r i d a E n g i n e e r i n g and I n d u s t r i a l E x p e r i m e n t 
S t a t i o n , Vo lume X I , No . 5 , B u l l e t i n # 8 8 , May 19 57 . 

" V a r i a t i o n o f H e a t T r a n s f e r C o e f f i c i e n t s w i t h L e n g t h f o r I n c l i n e d 
Tubes i n S t i l l A i r " , E . A . F a r b e r , H .O . R e n n a t , F l o r i d a E n g i n e e r i n g 
and I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume X I , No . 5 , L e a f l e t # 9 0 , 
May 1 9 5 7 . 

" B u b b l e a n d S l u g F l o w i n G a s - L i q u i d a n d Gas ( V a p o r ) - L i q u i d -
S o l i d M i x t u r e s " , E . A . F a r b e r , Oak R i d g e N a t i o n a l L a b o r a t o r y 
R e p o r t , May 19 5 7 . 

" S o l a r W a t e r H e a t i n g : P r e s e n t P r a c t i c e s a n d I n s t a l l a t i o n s " , 
E . A . F a r b e r , ASME P a p e r # 5 7 - S A 4 5 , J u n e 1 9 5 7 . 

" S o l a r W a t e r H e a t i n g : P r e s e n t P r a c t i c e s and I n s t a l l a t i o n s " , 
E . A . F a r b e r , N a t i o n a l E n g i n e e r , A u g u s t 1 9 5 7 . 

" S o l a r E n e r g y t o S u p p l y S e r v i c e H o t W a t e r " , E . A . F a r b e r , W.H. R u s s e ] 
J . D . B e n n e t t , A i r C o n d i t i o n i n g , H e a t i n g , a n d V e n t i l a t i n g , 
O c t o b e r 1 9 5 7 . 

1958 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , N a t i o n a l 
Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , D e p a r t m e n t 
o f Commerce , J a n u a r y t h r o u g h December 19 5 8 . 

" B u b b l e a n d S l u g F l o w i n C i r c u l a t i n g G a s - L i q u i d a n d G a s - L i q u i d -
S o l i d M i x t u r e s " , E . A . F a r b e r , Oak R i d g e N a t i o n a l L a b o r a t o r y 
R e p o r t , F e b r u a r y 19 58 . 

" S o l a r E n e r g y R e s e a r c h " , E . A . F a r b e r , P r o c e e d i n g s o f t h e E . I . 
D u P o n t de Nemours £ Co. S o l a r E n e r g y S y m p o s i u m , M a r c h 19 5 8 . 

" T e m p e r a t u r e M e a s u r e m e n t s - What Do We Know A b o u t Them?", E . A . F a r b e r 
H e a t Power News a n d V i e w s , Vo lume X I I I , No . 4 6 , M a r c h 1 9 5 8 . 

" V o l u m e B o i l i n g o f W a t e r and T h o r i u m O x i d e S l u r r y When C i r c u l a t i n g 
i n a Loop a t A t m o s p h e r i c P r e s s u r e a n d b y F r e e C o n v e c t i o n " , 
E . A . F a r b e r , Oak R i d g e N a t i o n a l L a b o r a t o r y R e p o r t , May 1 9 5 8 . 

" M e t h o d s a n d S y s t e m s U s e d f o r T e m p e r a t u r e M e a s u r e m e n t " , E . A . F a r b e r , 
A i r C o n d i t i o n i n g , H e a t i n g a n d V e n t i l a t i n g , J u l y 1 9 5 8 . 

" E f f e c t s o f J u n c t i o n M a n u f a c t u r e on T h e r m o c o u p l e EMF G e n e r a t i o n " , 
E . A . F a r b e r , M .R . G l i c k s t e i n , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , L - 1 0 0 , V o l u m e X I I , No . 1 0 , O c t o b e r 1 9 5 8 . 
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" S e l e c t i v e S u r f a c e s a n d S o l a r A b s o r b e r s " , E . A . F a r b e r , ASME P a p e r , 
December 195 8 . 

" E n g i n e e r i n g A n a l y s i s i n E n g i n e e r i n g E d u c a t i o n " , E . A . F a r b e r , 
J o u r n a l o f E n g i n e e r i n g E d u c a t i o n , Vo lume 4 9 , No . 3 , December 
1 9 5 8 . 

1959 

" E n g i n e e r i n g A n a l y s i s i n E d u c a t i o n " , E . A . F a r b e r , F l o r i d a E n -
g i n e e r i n g a n d I n d s u t r i a l E x p e r i m e n t S t a t i o n , 1 - 1 0 4 , V o l u m e X I I I , 
N o . 2 , F e b r u a r y 1 9 5 9 . 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a " , 
N a t i o n a l Summary , P u b l i s h e d M o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h D e c e m b e r 19 5 9 . 

" T i m e R e t a r d a t i o n i n S t a t i c a n d S t a t i o n a r y S p h e r i c a l a n d E l l i p t i c 
S p a c e s " , J . K r o n s b e i n , E . A . F a r b e r , P h y s i c s R e v i e w , V o l u m e 1 1 5 , 
N o . 3 , A u g u s t 19 5 9 . 

" S o l a r W a t e r H e a t i n g " , E . A . F a r b e r , A i r C o n d i t i o n i n g , H e a t i n g 
a n d V e n t i l a t i n g , J u l y 1 9 5 9 . 

" S e l e c t i v e S u r f a c e s a n d S o l a r A b s o r b e r s " , E . A . F a r b e r , J o u r n a l 
f o r A p p l i e d S o l a r E n e r g y , A p r i l 19 5 9 . 

" S o l a r W a t e r H e a t i n g a n d Space H e a t i n g i n F l o r i d a " , E . A . F a r b e r , 
The J o u r n a l o f S o l a r E n e r g y S c i e n c e a n d E n g i n e e r i n g , V o l u m e I I I , 
N o . 3 , O c t o b e r 1 9 5 9 . 

" T h e F l o r i d a P r o g r a m i n S o l a r R e f r i g e r a t i o n a n d A i r C o n d i t i o n i n g " , 
E . A . F a r b e r , The J o u r n a l o f S o l a r E n e r g y S c i e n c e a n d E n g i n e e r i n g , 
V o l u m e I I I , No . 3 , 1 9 5 9 . 

" S o l a r A i r C o n d i t i o n i n g w i t h A m m o n i a / W a t e r A b s o r p t i o n R e f r i g e r a t i o n 
S y s t e m " , M. E i s e n s t a d t , F . F l a n i g a n , E . A . F a r b e r , ASME P a p e r 
# 5 9 - A - 2 7 6 , December 1 9 5 9 . 

1960 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l t ) a t a , N a t i o n a l 
Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , D e p a r t m e n t 
o f Commerce , J a n u a r y t h r o u g h December 1 9 6 0 . 

" S e l e c t i v e S u r f a c e s a n d S o l a r A b s o r b e r s " , E . A . F a r b e r , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , T e c h n i c a l R e p o r t 
# 9 , V o l u m e X I V , N o . 2 , F e b r u a r y 1 9 6 0 . 

" S o l a r W a t e r H e a t i n g " , E . A . F a r b e r , F l o r i d a E n g i n e e r i n g a n d 
I n d u s t r i a l E x p e r i m e n t S t a t i o n , T e c h n i c a l R e p o r t # 9 , V o l u m e X I V , 
No . 2 , F e b r u a r y 1 9 6 0 . 
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" L ' U s o D e l l ' E n e r g i a S o l a i r e P e r I I R i s c a l d a m e n t o D e l l ' A q u a " , 
E . A . F a r b e r , E n t e N a z i o n a l e I d r o c a r b u r i , La S c u o l a i n A z i o n e , 
E s t r a t t o D a l Numero 14-, San D o n a t o M i l a n e s e , Anno D i S t u d i 
1 9 6 1 - 6 2 , J u n e 1 9 6 2 . 

" C r y s t a l s o f H i g h T e m p e r a t u r e M a t e r i a l s P r o d u c e d i n t h e S o l a r 
F u r n a c e " , E . A . F a r b e r , R e p o r t R e s e a r c h A n a l y s e s D i r e c t o r a t e , 
A i r F o r c e O f f i c e o f S c i e n t i f i c R e s e a r c h , O f f i c e o f A e r o s p a c e 
R e s e a r c h , U n i t e d S t a t e s A i r F o r c e , H o l l o m a n AFB, New M e x i c o , 
J u l y 1 9 6 2 . 

" C r y s t a l s o f H i g h T e m p e r a t u r e M a t e r i a l s Produc-ed i n t h e S o l a r 
F u r n a c e " , E . A . F a r b e r , A i r F o r c e O f f i c e o f S c i e n t i f i c R e s e a r c h , 
D i r e c t o r a t e o f R e s e a r c h A n a l y s e s , HAFB, New M e x i c o , P a p e r DRA-
6 2 - 5 , J u l y 1 9 6 2 . 

1963 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , N a t i o n a l 
Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 1 9 6 3 , V o l u m e 
1 4 , No . 1 - 1 2 . 

"Summary o f t h e 196 3 U n i v e r s i t y o f F l o r i d a S o l a r E n e r g y 
S y m p o s i u m " , E . A . F a r b e r , 40 p a g e s , May 1 9 6 3 . 

" A B r i e f H i s t o r y o f U . S . W e a t h e r B u r e a u " ( 3 p ) . 
" S e l e c t i v e A b s o r p t i o n o f E n e r g y b y P a i n t e d M e t a l S u r f a c e s 
when I r r a d i a t e d b y A r t i f i c i a l S o u r c e s " (3 p ) . 
" T h e o r e t i c a l E f f e c t i v e R e f l e c t i v i t i e s o f D r a p e r y M a t e r i a l s 
as a F u n c t i o n o f G e o m e t r i c C o n f i g u r a t i o n " (2 p ) . 
" T h e U n i v e r s i t y o f F l o r i d a - ASHRAE S o l a r C a l o r i m e t e r " (2 p ) . 
" A New M e t h o d o f C a l c u l a t i n g H e a t G a i n T h r o u g h S u n - L i t 
G l a s s " (2 p ) . 
" E x p e r i m e n t a l C o o l i n g " ( 3 p ) . 
" U n i v e r s i t y o f F l o r i d a A i r - C o n d i t i o n i n g U n i t " ( 4 p ) . 
" C r y s t a l s o f H i g h T e m p e r a t u r e M a t e r i a l s P r o d u c e d i n t h e 
S o l a r F u r n a c e " ( 3 p ) . 
" P h o t o s y n t h e s i s " ( 3 p ) . 
" A D o u b l e Compound T h e r m a l Image F u r n a c e f o r C o n t i n u o u s 
O p e r a t i o n " (2 p ) . 
" P e r f o r m a n c e o f S i n g l e E f f e c t S o l a r S t i l l s " (2 p ) . 
" M u l t i p l e E f f e c t H u m i d i t y P r o c e s s " (2 p ) . 
" B a s i n Type S o l a r S t i l l s " (2 p ) . 
" T h e I n c l i n e d T r a y ' S u n a g u a ' S o l a r S t i l l " ( 1 p ) . 

" T h e o r e t i c a l E f f e c t i v e R e f l e c t i v i t i e s o f D r a p e r y M a t e r i a l s a s a 
F u n c t i o n o f G e o m e t r i c C o n f i g u r a t i o n " , E . A . F a r b e r , Summary o f 
t h e 1963 U n i v e r s i t y o f F l o r i d a S o l a r E n e r g y S y m p o s i u m , May 1 9 6 3 . 

" T h e o r e t i c a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g G l a s s 
w i t h I n s i d e S h a d i n g " , E . A . F a r b e r , W.A. S m i t h , C.W. P e n n i n g t o n , 
J . C . R e e d , A n n u a l M e e t i n g P a p e r , The A m e r i c a n S o c i e t y o f H e a t i n g , 
R e f r i g e r a t i n g a n d A i r C o n d i t i o n i n g E n g i n e e r s , J u n e 196 3 . 
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" S o l a r A i r C o n d i t i o n i n g w i t h A m m o n i a / W a t e r A b s o r p t i o n R e -
f r i g e r a t i o n S y s t e m " , M.M. E i s e n s t a d t , F . F l a n i g a n , E . A . F a r b e r , 
F l o r i d a E n g i n e e r i n g and I n d u s t r i a l E x p e r i m e n t S t a t i o n , T e c h n i c a l 
P r o g r e s s R e p o r t No. 2 , F e b r u a r y 1 9 6 0 . 

" T e s t s P r o v e F e a s i b i l i t y o f S o l a r A i r C o n d i t i o n i n g " , M. E i s e n s t a d t , . 
F . M . F l a n i g a n , E . A . F a r b e r , H e a t i n g , P i p i n g , a n d A i r C o n -
d i t i o n i n g , J u n e 1 9 6 0 . 

" S o l a r W a t e r H e a t i n g , Space H e a t i n g a n d C o o l i n g " , E . A . F a r b e r , 
J o u r n a l o f A p p l i e d S o l a r E n e r g y , A u g u s t 1 9 6 0 . 

" T e s t s P r o v e F e a s i b i l i t y o"f S o l a r A i r C o n d i t i o n i n g " , M. E i s e n s t a d t , 
F . F l a n i g a n , E . A . F a r b e r , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , Vo lume 3 2 , No . 1 1 , N o v e m b e r 1 9 6 0 . 

1 9 6 1 

" P h a s e Change H e a t T r a n s f e r - B o i l i n g a n d C o n d e n s a t i o n " , 
E . A . F a r b e r , H e a t T r a n s f e r Sympos ium P r o c e e d i n g s , M a r c h 1 9 6 1 . 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d M o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 19 6 1 . 

" P e r f o r m a n c e o f a S o l a r S t i l l " , C .R . G a r r e t t , E . A . F a r b e r , 
U . N . C o n f e r e n c e P r o c e e d i n g s on New S o u r c e s o f E n e r g y , A u g u s t 1 9 6 1 . 

" S o l a r E n g i n e s " , E . A . F a r b e r , S o l a r E n e r g y Sympos ium P r o c e e d i n g s , 
A p r i l 1 9 6 1 . 

" T h e Use o f S o l a r E n e r g y f o r H e a t i n g W a t e r " , E . A . F a r b e r , 
U . N . C o n f e r e n c e P r o c e e d i n g s on New S o u r c e s o f E n e r g y , A u g u s t 1 9 6 1 . 

" S o l a r E n e r g y Used f o r C o o l i n g , R e f r i g e r a t i o n " , E . A . F a r b e r , 
U . N . C o n f e r e n c e P r o c e e d i n g s o n New S o u r c e s o f E n e r g y , A u g u s t 1 9 6 1 . 

" A p p l i c a t i o n de L ' E n e r g i e S o l a i r e Au C h a u f f a g e de L ' E a u " , 
E . A . F a r b e r , U . N . C o n f e r e n c e on New S o u r c e s o f E n e r g y P r o c e e d i n g s , 
A u g u s t 1 9 6 1 . 

" E m p l o i de L ' E n e r g i e S o l a i r e P o u r l a R e f r i g e r a t i o n " , E . A . F a r b e r , 
U . N . C o n f e r e n c e P r o c e e d i n g s on New S o u r c e s o f E n e r g y , A u g u s t 1 9 6 1 . 

1962 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , N a t i o n a l 
Summary , P u b l i s h e d M o n t h l y b y t h e U . S . W e a t h e r B u r e a u , D e p a r t m e n t 
o f Commerce , J a n u a r y t h r o u g h December 19 6 2 . 
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" T h e U n i v e r s i t y o f F l o r i d a S o l a r A i r C o n d i t i o n i n g U n i t " , E . A . F a r b e r 
Summary o f t h e 19 6 3 U n i v e r s i t y o f F l o r i d a S o l a r E n e r g y S y m p o s i u m , 
May 1 9 6 3 . 

" C r y s t a l s o f H i g h T e m p e r a t u r e M a t e r i a l s P r o d u c e d i n t h e S o l a r 
F u r n a c e " , E . A . F a r b e r , Summary o f t h e 1963 U n i v e r s i t y o f F l o r i d a 
S o l a r E n e r g y S y m p o s i u m , May 19 6 3 . 

" T h e o r e t i c a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g G l a s s 
w i t h I n s i d e S h a d i n g " , E . A . F a r b e r , W.A. S m i t h , C.W. P e n n i n g t o n , 
J . C . R e e d , ASHRAE J o u r n a l , A m e r i c a n S o c i e t y o f H e a t i n g , 
R e f r i g e r a t i n g a n d A i r C o n d i t i o n i n g E n g i n e e r s , A u g u s t 196 3 . 

" T h e o r e t i c a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g G l a s s 
w i t h I n s i d e S h a d i n g " , E . A . F a r b e r , e t . a l . , T r a n s a c t i o n s , The 
A m e r i c a n S o c i e t y o f H e a t i n g , R e f r i g e r a t i n g and A i r C o n d i t i o n i n g 
E n g i n e e r s , 1 9 6 3 . 

" T h e o r e t i c a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g 
G l a s s w i t h I n s i d e S h a d i n g " , E . A . F a r b e r , e t . a l . , T P - 2 7 3 , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , November 196 3 . 

" T h e o r e t i c a l E f f e c t i v e R e f e l c t i v i t i e s , A b s o r p t i v i t i e s , a n d T r a n s -
m i s s i v i t i e s o f D r a o e r i e s as a F u n c t i o n o f G e o m e t r i c C o n f i g u r a t i o n " , 
E . A . F a r b e r , S o l a r E n e r g y , The J o u r n a l o f S o l a r E n e r g y S c i e n c e 
and E n g i n e e r i n g , Vo lume V I I , No . O c t o b e r - D e c e m b e r 1 9 6 3 . 

" T h e o r e t i c a l M e t h o d f o r D e t e r m i n i n g t h e A p p a r e n t R a d i a t i o n 
P r o p e r t i e s f o r M a t e r i a l s i n S i n u s o i d a l C o n f i g u r a t i o n " , E . A . F a r b e r , 
P. V a l a n d a n i , ASME P a p e r No . 6 3 - W A - 1 3 9 , November 1 9 6 3 . 

1964 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 1 9 6 4 . 

" C r y s t a l s o f H i g h T e m p e r a t u r e M a t e r i a l s P r o d u c e d i n t h e S o l a r 
F u r n a c e " , E . A . F a r b e r , S o l a r E n e r g y , J o u r n a l o f S o l a r E n e r g y 
S c i e n c e a n d E n g i n e e r i n g , Vo lume V I I I , No . 1 , J a n u a r y - M a r c h 1 9 6 4 . 

" E x p e r i m e n t a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g 
G l a s s w i t h I n d o o r S h a d i n g " , E . A . F a r b e r , C.W. P e n n i n g t o n , 
W.A. S m i t h , J . C . R e e d , A m e r i c a n S o c i e t y o f H e a t i n g , R e f r i g e r a t i n g 
a n d A i r C o n d i t i o n i n g E n g i n e e r s P a p e r , J a n u a r y 1 9 6 4 . 

Book - " S o l a r E n e r g y " , Hans R a n ; E . A . F a r b e r , C h a p t e r 1 4 , 
" T h e F u t u r e o f S o l a r E n e r g y " , M a c m i l l a n Company , New Y o r k , 19 6 4 . 

" E x p e r i m e n t a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g G l a s s 
w i t h I n d o o r S h a d i n g " , E . A . F a r b e r , e t . a l . , A m e r i c a n S o c i e t y o f 
H e a t i n g , R e f r i g e r a t i n g a n d A i r - C o n d i t i o n i n g E n g i n e e r s , ASHRAE 
J o u r n a l , F e b r u a r y 19 6 4 . 
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" F u n d a m e n t a l s o f H e a t T r a n s f e r A p p l i c a b l e t o t h e C i t r u s I n d u s t r y " , 
E . A . F a r b e r , P r o c e e d i n g s - A n n u a l C i t r u s E n g i n e e r i n g C o n f e r e n c e , 
M a r c h 1 9 6 4 . 

" T h e o r e t i c a l E f f e c t i v e R e f l e c t i v i t i e s , A b s o r p t i v i t i e s , a n d 
T r a n s m i s s i v i t i e s o f D r a p e r i e s as a F u n c t i o n o f G e o m e t r i c 
C o n f i g u r a t i o n " , E . A . F a r b e r , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , L e a f l e t N o . 1 6 9 , V o l u m e X V I I I , No . 2 , 
F e b r u a r y 19 6 4 . 

" C r y s t a l s o f H i g h T e m p e r a t u r e M a t e r i a l s P r o d u c e d i n t h e S o l a r 
F u r n a c e " , E . A . F a r b e r , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , L e a f l e t No . 17 0 , V o l u m e X V I I I , No . 2 , 
F e b r u a r y 1 9 6 4 . 

" E x p e r i m e n t a l A n a l y s i s o f S o l a r H e a t G a i n T h r o u g h I n s u l a t i n g 
G l a s s w i t h I n d o o r S h a d i n g " , E . A . F a r b e r , e t . a l . , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , T e c h n i c a l P a p e r 
No . 2 8 1 , V o l u m e X V I I I , No . 4 , A p r i l 1 9 6 4 . 

" T h e o r e t i c a l M e t h o d f o r D e t e r m i n i n g t h e A p p a r e n t R a d i a t i o n 
P r o p e r t i e s f o r M a t e r i a l s i n S i n u s o i d a l C o n f i g u r a t i o n " , E . A . F a r b e r , 
e t . a l . , A m e r i c a n S o c i e t y o f M e c h a n i c a l E n g i n e e r s T r a n s a c t i o n s . 
V o l u m e 8 6 , S e r i e s A , No . 4 , p p . 4 7 2 - 4 7 4 , O c t o b e r 1 9 6 4 . 

" A 1 / 4 H o r e s p o w e r C l o s e d C y c l e S o l a r H o t A i r E n g i n e " , E . A . F a r b e r * 
F . L . P r e s c o t t , A m e r i c a n S o c i e t y o f M e c h a n i c a l E n g i n e e r s P a p e r 
6 4 - W A / S 0 L - 5 , November 1 9 6 4 . 

" F u n d a m e n t a l s o f H e a t T r a n s f e r A p p l i c a b l e t o t h e C i t u r s I n d u s t r y " * 
E . A . F a r b e r , P r o c e e d i n g s - A n n u a l C i t r u s E n g i n e e r i n g C o n f e r e n c e , 
M a r c h 1 9 6 4 . 

1965 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e i ? , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h D e c e m b e r 19 6 5 . 

" A 1 / 3 H o r e s p o w e r C l o s e d C y c l e S o l & r H o t A i r E n g i n e " , E . A . F a r b e r , 
F . L . P r e s c o t t , P r o c e e d i n g s o f t h e 1965 A n n u a l M e e t i n g o f t h e 
S o l a r E n e r g y S o c i e t y , M a r c h 1 9 6 5 . 

" T h e o r e t i c a l M e t h o d f o r D e t e r m i n i n g t h e A p p a r e n t R a d i a t i o n 
P r o p e r t i e s f o r M a t e r i a l s i n S i n u s o i d a l C o n f i g u r a t i o n " , E . A . F a r b e r , 
P. V a l e n d a n i , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i d n , 
T e c h n i c a l P a p e r N o . 3 0 9 , V o l u m e X I X , No . 5 , May 1 9 6 5 . 

" F u n d a m e n t a l s o f H e a t T r a n s f e r A p p l i c a b l e t o t h e C i t r u s I n d u s t r y " , 
E . A . F a r b e r , T e c h n i c a l P a p e r No . 3 1 0 , F l o r i d a E n g i n e e r i n g a n d 
I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume X I X , No . 5 , May 1 9 6 5 . 
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" A l / i + H o r s e p o w e r C l o s e d C y c l e S o l a r H o t A i r E n g i n e " , E . A . F a r b e r , 
F . L . P r e s c o t t , T e c h n i c a l P r o g r e s s R e p o r t No . 1 4 , F l o r i d a E n g i n e e r i n g 
a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume X I X , No . 7 , J u l y 1 9 6 5 . 

" A 1 / 3 H o r s e p o w e r C l o s e d C y c l e S o l a r H o t A i r E n g i n e " , E . A . F a r b e r , 
F . L . P r e s c o t t , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t 
S t a t i o n , T e c h n i c a l P r o g r e s s R e p o r t No. 1 4 , Vo lume X I X , No. 7 , 
J u l y 1 9 6 5 . 

" D e t e r m i n a t i o n o f S o l a r H e a t G a i n T h r o u g h G l a s s B l o c k ( T h e o r e t i c a l ) " , 
E . A . F a r b e r , e t . a l . , A m e r i c a n S o c i e t y o f R e f r i g e r a t i o n and A i r 
C o n d i t i o n i n g E n g i n e e r s T r a n s a c t i o n s , 1 9 6 5 . 

" D e t e r m i n a t i o n o f S o l a r H e a t G a i n T h r o u g h G l a s s B l o c k ( E x p e r i m e n t a l ) " 
E . A . F a r b e r , e t . a l . , ASHRAE T r a n s a c t i o n s , 1 9 6 5 . 

" C l o s e d C y c l e H o t A i r E n g i n e s " , E . A . F a r b e r , F . L . P r e s c o t t , 
S o l a r E n e r g y , J o u r n a l o f t h e S o l a r S c i e n c e a n d E n g i n e e r i n g , 
V o l u m e I X , No . 4 , O c t o b e r - D e c e m b e r 1 9 6 5 . 

" T h e D i r e c t Use o f S o l a r E n e r g y t o O p e r a t e R e f r i g e r a t i o n a n d A i r 
C o n d i t i o n i n g S y s t e m s " , E . A . F a r b e r , P r o c e e d i n g s o f t h e 2nd T e c h n i c a l 
C o n g r e s s , C o l e g i o De I n g e n i e r o s , A r q u i t e c t o s Y A g r i m e n s o r e s De 
P u e r t o R i c o , J u l y 1 9 6 5 . 

" D e t e r m i n a t i o n o f S o l a r H e a t G a i n T h r o u g h G l a s s B l o c k ( T h e o r e t i c a l ) " , 
E . A . F a r b e r , e t . a l . , ASHRAE J o u r n a l , 1 9 6 5 . 

" D e t e r m i n a t i o n o f S o l a r H e a t G a i n T h r o u g h G l a s s B l o c k , ( E x p e r i m e n t a l ) 
E . A . F a r b e r , e t . a l . , ASHRAE J o u r n a l , 1 9 6 5 . 

" D e t e r m i n a t i o n o f S o l a r H e a t G a i n T h r o u g h G l a s s B l o c k , ( T h e o r e t i c a l ) " 
E . A . F a r b e r , e t . a l . , T e c h n i c a l P a p e r No . 3 2 8 , F l o r i d a E n g i n e e r i n g 
a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume X I X , No . 9 , S e p t e m b e r 1 9 6 5 . 

" D e t e r m i n a t i o n o f S o l a r H e a t G a i n T h r o u g h G l a s s B l o c k , ( E x p e r i m e n t a l ) 
E . A . F a r b e r , e t . a l . , T e c h n i c a l P a p e r No . 3 2 8 , F l o r i d a E n g i n e e r i n g 
a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume X I X , N o . 9 , S e p t e m b e r 1 9 6 5 . 

" F e a s i b i l i t y S t u d y t o E x p l o r e t h e E x p l o s i v e E f f e c t s o f L i q u i d 
P r o p e l l a n t s t o D e f i n e t h e M a t h e m a t i c a l B e h a v i o r o f P h y s i c a l P r o c e s s e s 
I n v o l v e d " , E . A . F a r b e r , e t . a l . , N a t i o n a l A e r o n a u t i c s a n d Space 
A d m i n i s t r a t i o n R e p o r t NAS10-12 5 5 , F e b r u a r y 1 9 6 5 . 

" T h e D i r e c t Use o f S o l a r E n e r g y t o O p e r a t e R e f r i g e r a t i o n a n d A i r 
C o n d i t i o n i n g S y s t e m s " , E . A . F a r b e r , T e c h n i c a l P r o g r e s s R e p o r t 
No . 1 5 , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , 
Vo lume X I X , No . 1 1 , N o v e m b e r 196 5 . 
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1956 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 19 6 6 . 

Book - " M a r k ' s M e c h a n i c a l E n g i n e e r s ' H a n d b o o k " , E . A . F a r b e r , 
c o n t r i b u t e d t h e s e c t i o n o n H o t A i r E n g i n e s , 7 t h E d i t i o n , 
M c G r a w - H i l l Book Comapny , New Y o r k , 19 6 6 . 

" O p e r a t i o n a n d P e r f o r m a n c e o f t h e U n i v e r s i t y o f F l o r i d a S o l a r 
A i r C o n d i t i o n i n g S y s t e m " , E . A . F a r b e r , e t . a l . , S o l a r E n e r g y , 
J o u r n a l o f S o l a r S c i e n c e a n d E n g i n e e r i n g , Vo lume X , No . 2 , 
A p r i l - J u n e 1 9 6 6 . 

" A B i b l i o g r a p h y o f A u t h o r a t a t i v e S o u r c e s D e f i n i n g t h e P h y s i c a l 
a n d C h e m i c a l P r o p e r t i e s o f F l u o r i n e a n d i t s O x i d i z i n g M i x t u r e s 
a n d C o m p o u n d s " , N a t i o n a l A e r o n a u t i c s a n d Space A d m i n i s t r a t i o n 
R e p o r t , P a r t I , E . A . F a r b e r , N A S 1 0 - 1 2 5 5 , A p r i l 1 9 6 5 . 

" A B i b l i o g r a p h y o f A u t h o r a t a t i v e S o u r c e s D e f i n i n g t h e P h y s i c a l 
a n d C h e m i c a l P r o p e r t i e s o f F l u o r i n e a n d i t s O x i d i z i n g M i x t u r e s 
a n d C o m p o u n d s " , E . A . F a r b e r , N a t i o n a l A e r o n a u t i c s and Space 
A d m i n i s t r a t i o n R e p o r t , P a r t I I ( C o n f i d e n t i a l ) , NAS10-12 5 5 , 
A p r i l 1 9 6 5 . 

" T h e r m o c o u p l e G r i d M e t h o d A p p l i e d t o S t u d y i n g L i q u i d M i x i n g " , 
E . A . F a r b e r , e t . a l . , N a t i o n a l A e r o n a u t i c s a n d Space A d m i n i s t r a t i o n 
R e p o r t , N A S 1 0 - 1 2 5 5 , M a r c h 1 9 6 6 . 

" A M a t h e m a t i c a l M o d e l f o r D e f i n i n g E x p l o s i v e Y i e l d a n d M i x i n g 
P r o b a b i l i t i e s o f L i q u i d P r o p e l l a n t s " , E . A . F a r b e r , P r o c e e d i n g s 
o f t h e T h i r d Space C o n g r e s s , Cocoa B e a c h , F L , M a r c h 1 9 6 6 . 

" A S y s t e m a t i c A p p r o a c h f o r t h e A n a l y t i c a l A n a l y s i s a n d P r e -
d i c t i o n o f t h e Y i e l d f r o m L i q u i d P r o p e l l a n t E x p l o s i o n s " , 
E . A . F a r b e r , J . H . D e e s e , P r o c e e d i n g s o f t h e T h i r d Space C o n g r e s s , 
Cocoa B e a c h , F l o r i d a , M a r c h 1 9 6 6 . 

" S t u d i e s a n d A n a l y s i s o f t h e M i x i n g Phenomena o f L i q u i d P r o p e l -
l a n t s L e a d i n g t o a Y i e l d - T i m e F u n c t i o n R e l a t i o n s h i p " , E . A . F a r b e r , 
R. San M a r t i n , P r o c e e d i n g s o f t h e New Y o r k Academy o f S c i e n c e s 
E x p l o s i v e s S y m p o s i u m , O c t o b e r 1 9 6 6 . 

" F i r e b a l l H y p o t h e s i s D e s c r i b i n g t h e R e a c t i o n F r o n t a n d Shock 
Wave B e h a v i o r i n L i q u i d P r o p e l l a n t E x p l o s i o n s " , E . A . F a r b e r , 
J . G i l b e r t , P r o c e e d i n g s o f t h e New Y o r k Academy o f S c i e n c e s 
E x p l o s i v e s S y m p o s i u m , O c t o b e r 1 9 6 6 . 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



203 

1956 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r 
B u r e a u , D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 19 6 7 . 

"A M a t h e m a t i c a l M o d e l f o r D e f i n i n g E x p l o s i v e Y i e l d and M i x i n g 
P r o b a b i l i t i e s o f L i q u i d P r o p e l l a n t s " , E . A . F a r b e r , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , T e c h n i c a l P a p e r 
No . 3 4 6 , Vo lume XX, No. 3 , M a r c h 1 9 6 6 . 

" A S y s t e m a t i c A p p r o a c h f o r t h e A n a l y t i c a l A n a l y s i s and P r e -
d i c t i o n o f t h e Y i e l d f r o m L i q u i d P r o p e l l a n t E x p l o s i o n " , 
E . A . F a r b e r , J . H . D e e s e , T e c h n i c a l P a p e r No. 3 4 7 , F l o r i d a 
E n g i n e e r i n g and I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume XX, No. 
3 , M a r c h 19 66 . 

" S t u d i e s a n d A n a l y s e s o f t h e M i x i n g Phenomena o f L i q u i d P r o -
p e l l a n t s L e a d i n g t o a Y i e l d - T i m e F u n c t i o n R e l a t i o n s h i p " , 
E . A . F a r b e r , R . L . San M a r t i n , T e c h n i c a l P a p e r No. 3 8 6 , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , Vo lume X X I , No . 
8 , A u g u s t 1 9 6 7 . 

" F i r e b a l l H y p o t h e s i s D e s c r i b i n g t h e R e a c t i o n F r o n t a n d Shock 
Wave B e h a v i o r i n L i q u i d P r o p e l l a n t E x p l o s i o n s " , E . A . F a r b e r , 
J . S . G i l b e r t , T e c h n i c a l P a p e r No . 3 8 7 , F l o r i d a E n g i n e e r i n g a n d 
I n d u s t r i a l E x p e r i m e n t S t a t i o n , V o l u m e X X I , No . 8 , A u g u s t 19 6 7 . 

" F i r e b a l l C o m p o s i t i o n a n d A t m o s p h e r i c C h e m i s t r y o f F u e l / O x y g e n -
F l u o r i n e P r o p e l l a n t s " , E . A . F a r b e r , e t . a l . , N a t i o n a l A e r o n a u t i c s 
a n d Space A d m i n i s t r a t i o n R e p o r t NAS 1 0 - 1 2 5 5 , J u l y 1 9 6 7 . 

" T h e r m o c o u p l e G r i d A n a l y s i s o f Two 2 5 , 0 0 0 L b . L o x / R p L i q u i d 
P r o p e l l a n t E x p l o s i o n E x p e r i m e n t s " , E . A . F a r b e r , T e c h n i c a l P a p e r 
No . 39 6 , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , 
Vo lume X X I , No . 1 1 , November 19 67 . 

" C o m b i n i n g t h e C o l l e c t o r and G e n e r a t o r o f a S o l a r R e f r i g e r a t i o n 
S y s t e m " , E . A . F a r b e r , e t . a l . , A m e r i c a n S o c i e t y o f M e c h a n i c a l 
E n g i n e e r s , 7 6 - W A / S 0 L - 4 , November 1 9 6 7 . 

1968 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 1 9 6 8 . 

" S o l a r E n e r g y , C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , The 
N u c l e u s , Q u a r t e r l y J o u r n a l o f t h e P a k i s t a n A t o m i c E n e r g y Com-
m i s s i o n , Vo lume 5 , N o s . 1 - 2 , J a n u a r y - J u n e 1 9 6 8 . 
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" E x p l o s i v e Y i e l d E s t i m a t e s f o r L i q u i d P r o p e l l a n t R o c k e t s B a s e d 
Upon a M a t h e m a t i c a l M o d e l " , E . A . F a r b e r , T e c h n i c a l p a p e r N o . 6 , 
F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , V o l u m e 
X X I I , No . 7 , J u l y 1 9 6 8 . 

" I n t e r p r e t a t i o n o f E x p l o s i v e Y i e l d V a l u e s o b t a i n e d f r o m L i q u i d 
R o c k e t P r o p e l l a n t E x p l o s i o n s " , E . A . F a r b e r , T e c h n i c a l P a p e r 
No . 7 , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , 
V o l u m e X X I I , No . 7 , J u l y 19 6 8 . 

Book - " H o t - A i r E n g i n e s " , E . A . F a r b e r , S e c t i o n c o n t r i b u t e d t o 
t h e 7 t h E d i t i o n o f t h e S t a n d a r d H a n d b o o k f o r M e c h a n i c a l E n g i n e e r s 
( E d i t o r s B a u m e i s t e r 8 M a r k s ) , M c G r a w - H i l l Book Company , 1 9 6 8 . 

" C h a r a c t e r i s t i c s o f L i q u i d R o c k e t P r o p e l l a n t E x p l o s i o n P h e n o m e n a " , 
2 p a p e r s p p . 6 5 4 - 6 6 5 , p p . 6 6 6 - 6 8 4 , E . A . F a r b e r , e t . a l . , 
P r e v e n t i o n o f a n d P r o t e c t i o n A g a i n s t A c c i d e n t a l E x p l o s i o n o f 
M u n i t i o n s , F u e l s a n d O t h e r H a z a r d o u s M i x t u r e s , A n n a l s o f t h e New 
Y o r k Academy o f S c i e n c e s , V o l u m e 1 5 2 , A r t . 1 , p a g e s 1 - 9 1 3 , 
O c t o b e r 1 9 6 8 . ( T h e p a p e r s w e r e p r e s e n t e d a t New Y o r k Academy 
o f S c i e n c e s M e e t i n g , O c t o b e r 1 0 - 1 3 , 1 9 6 6 ) . 

" P r e d i c t i o n o f E x p l o s i v e Y i e l d a n d O t h e r C h a r a c t e r i s t i c s o f 
L i q u i d P r o p e l l a n t R o c k e t E x p l o s i o n s " , E . A . F a r b e r , e t . a l . , 
N a t i o n a l A e r o n a u t i c s a n d Space A d m i n i s t r a t i o n R e p o r t , 3 68 p p , 
O c t o b e r 1 9 6 8 . ( T h i s r e p o r t h a s b e e n a c c l a i m e d b y t h e G e n e r a l 
E l e c t r i c Company as a " C l a s s i c R e f e r e n c e f o r t h e I n d u s t r y " ) . 

" S o l a r P o w e r " , E . A . F a r b e r , A m e r i c a n S o c i e t y o f M e c h a n i c a l 
E n g i n e e r s , P a p e r , D e c e m b e r 1 9 6 8 . 

1969 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h D e c e m b e r 1 9 6 9 . 

" C o m b i n i n g t h e C o l l e c t o r a n d G e n e r a t o r o f a S o l a r R e f r i g e r a t i o n 
S y s t e m " , E . A . F a r b e r , e t . a l . , T e c h n i c a l P a p e r N o . 4 2 6 , F l o r i d a 
E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , V o l u m e X X I I I , 
N o . 1 , J a n u a r y 1 9 6 9 . 

" F l u i d i c s - A New T o o l f o r C o n t r o l s " , E . A . F a r b e r , T e c h n i c a l 
P a p e r N o . 42 7 , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t 
S t a t i o n , V o l u m e X X I I I , No . 2 , F e b r u a r y 1 9 6 9 . 

" S o l a r E n e r g y - C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , 
T e c h n i c a l P a p e r N o . 4 3 9 , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , V o l u m e X X I I I , No . 7 , J u l y 1 9 6 9 . 

" P r e d i c t i o n o f E x p l o s i v e Y i e l d a n d O t h e r C h a r a c t e r i s t i c s o f 
L i q u i d P r o p e l l a n t R o c k e t E x p l o s i o n s " , E . A . F a r b e r , ( p a p e r 
p r e s e n t e d u p o n s p e c i a l i n v i t a t i o n a t t h e 1969 C r y o g e n i c E n g i n e e r -
i n g C o n f e r e n c e ) L o s A n g e l e s , C a l i f o r n i a , J u n e 1 9 6 9 . 
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" P r e d i c t i o n o f E x p l o s i v e Y i e l d a n d O t h e r C h a r a c t e r i s t i c s o f 
L i q u i d P r o p e l l a n t R o c k e t E x p l o s i o n s " , E . A . F a r b e r , P r o c e e d i n g s 
o f t h e E l e v e n t h E x p l o s i v e s S a f e t y S e m i n a r , A r m e d S e r v i c e s 
E x p l o s i v e s B o a r d , S e p t e m b e r 1 9 6 9 , p p . 5 7 3 - 6 1 2 . 

" S u p e r c h a r g e d a n d W a t e r I n j e c t e d S t e r l i n g E n g i n e " , E . A . F a r b e r , 
A m e r i c a n S o c i e t y o f M e c h a n i c a l E n g i n e e r s , P a p e r No . 6 9 - W A / S O L - 3 , 
November 1 9 6 9 . 

" C h a r a c t e r i s t i c s o f L i q u i d R o c k e t P r o p e l l a n t E x p l o s i o n P h e n o m e n a " , 
E . A . F a r b e r , P a r t V I I I , F l o r i d a E n g i n e e r i n g a n d I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , T e c h n i c a l P a p e r No . 4 4 8 , Vo lume X X I I I , 
No . 1 1 , November 196 9 . 

1970 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 197 0 . 

" S u p e r c h a r g e d a n d W a t e r I n j e c t e d S o l a r H o t A i r E n g i n e " , E . A . F a r b e r , 
P r o c e e d i n g s 1970 I n t e r n a t i o n a l S o l a r E n e r g y C o n f e r e n c e , M e l b o u r n e , 
A u s t r a l i a , M a r c h 1 9 7 0 . 

" D e s i g n a n d P e r f o r m a n c e o f a Compact S o l a r R e f r i g e r a t i o n S y s t e m " , 
E . A . F a r b e r , P r o c e e d i n g s 1970 I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y 
C o n f e r e n c e , M e l b o u r n e , A u s t r a l i a , M a r c h 1 9 7 0 . 

" V i b r a t i o n a n d N o i s e " , E . A . F a r b e r , T r a n s a c t i o n s o f t h e 1970 
C i t r u s E n g i n e e r i n g C o n f e r e n c e , A m e r i c a n S o c i e t y o f M e c h a n i c a l 
E n g i n e e r s , Vo lume X V I , M a r c h 197 0 . 

" S u n Power H a r n e s s e d t o Run E q u i p m e n t a t S o l a r E n e r g y L a b o r a t o r y " , 
M e c h a n i c a l E n g i n e e r i n g , A p r i l 197 0 . 

" P r e d i c t i o n o f E x p l o s i v e Y i e l d a n d O t h e r C h a r a c t e r i s t i c s o f 
L i q u i d P r o p e l l a n t R o c k e t E x p l o s i o n s " , E . A . F a r b e r , F i r s t W e s t e r n 
Space C o n g r e s s P r o c e e d i n g s , V a n d e n b e r g S c i e n t i f i c a n d T e c h n i c a l 
S o c i e t i e s C o u n c i l , O c t o b e r 1 9 7 0 . 

" A Compac t S o l a r R e f r i g e r a t i o n S y s t e m " , E . A . F a r b e r , P a p e r #70WA/ 
S D L - 4 , A m e r i c a n S o c i e t y o f M e c h a n i c a l E n g i n e e r s , A n n u a l M e e t i n g , 
December 19 7 0 . 

1 9 7 1 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , N a t i o n a l 
Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , D e p a r t m e n t 
o f Commerce , J a n u a r y t h r o u g h December 1 9 7 0 . 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



206 

" P r e d i c t i o n o f E x p l o s i v e Y i e l d and O t h e r C h a r a c t e r i s t i c s o f 
L i q u i d P r o p e l l a n t R o c k e t E x p l o s i o n s " , E . A . F a r b e r , D i r e c t o r y 
o f F i r e R e s e a r c h i n t h e U n i t e d S t a t e s , N a t i o n a l Academy o f S c i e n c e s . 

" S o l a r E n e r g y , i t s C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , 
P r o c e e d i n g s , I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y C o n f e r e n c e , 
May 1 9 7 1 . A l s o t o be p u b l i s h e d i n t h e I n t e r n a t i o n a l S o l a r E n e r g y 
S o c i e t y J o u r n a l . 

" P r e d i c t i o n o f E x p l o s i v e Y i e l d and O t h e r C h a r a c t e r i s t i c s o f 
L i q u i d P r o p e l l a n t R o c k e t E x p l o s i o n s " , E . A . F a r b e r , P r o c e e d i n g s , 
F i r s t W e s t e r n Space C o n g r e s s , V a n d e n b e r g , S c i e n t i f i c a n d 
T e c h n i c a l S o c i e t i e s , F e b r u a r y 1 9 7 1 . 

" C r i t i c a l Mass ( H y p o t h e s i s a n d V e r i f i c a t i o n ) o f L i q u i d R o c k e t 
P r o p e l l a n t s ' , E . A . F a r b e r , P r o c e e d i n g s , A rmed S e r v i c e s E x p l o s i v e s 
S a f e t y B o a r d A n n u a l M e e t i n g , S e p t e m b e r 1 9 7 1 P r o c e e d i n g s . 

" H i g h l i g h t s o f t h e 1 9 7 1 I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y M e e t i n g " , 
E . A . F a r b e r , ASME P a p e r # 7 1 - W A / S O L - 6 A n n u a l M e e t i n g o f ASME, 
D e c e m b e r 1 9 7 1 . 

" T h e U n i v e r s i t y o f F l o r i d a E l e c t r i c A u t o m o b i l e " , E . A . F a r b e r , 
H . R . A . S c h a e p e r , ASME P a p e r # 7 1 - W A / S 0 L - 4 A n n u a l M e e t i n g o f 
ASME, D e c e m b e r 1 9 7 1 . 

1972 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h D e c e m b e r 1 9 7 0 . 

" C r i t i c a l Mass ( H u p o t h e s i s and V e r i f i c a t i o n ) o f L i q u i d R o c k e t 
P r o p e l l a n t s " , E . A . F a r b e r , R e p o r t # 9 , C h a r a c t e r i s t i c s o f L i q u i d 
R o c k e t P r o p e l l a n t E x p l o s i o n Phenomena R e p o r t S e r i e s , U n i v e r s i t y 
o f F l o r i d a , 1 9 7 2 . 

" S o l a r E n e r g y " C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , B u i l d i n g 
S y s t e m s D e s i g n , J u n e 1972 . ( 

" S o l a r E n e r g y " C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , P r o c e e d i n g s 
2 1 s t A n n u a l A i r C o n d i t i o n i n g C o n f e r e n c e , U n i v e r s i t y o f F l o r i d a , . 
F e b r u a r y 1 9 7 2 . 

" S o l a r E n e r g y U t i l i z a t i o n : A P l a n f o r A c t i o n " , p r e p a r e d f o r t h e 
O f f i c e o f S c i e n c e a n d T e c h n o l o g y , F e d e r a l C o u n c i l on S c i e n c e 
a n d T e c h n o l o g y , C o m m i t t e e o n E n e r g y RSD G o a l s , p r e p a r e d b y t h e 
S o l a r E n e r g y P a n e l ( E . A . F a r b e r , p a n e l m e m b e r ) , J u l y 1 9 7 2 . 

" S o l a r E n e r g y - The U n i v e r s i t y o f F l o r i d a S o l a r H o u s e " , E . A . F a r b e r , 
F l o r i d a M a g a z i n e , M a r c h 2 6 , 1 9 7 2 . 
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" T h e Sun : H e a t S o u r c e o f t h e P a s t . . . P o w e r S o u r c e o f t h e F u t u r e " , 
Doug W o r t h , F l o r i d a E n g i n e e r , O c t o b e r 1 9 7 2 . 

" T h e S o l a r E r a - The U n i v e r s i t y o f F l o r i d a ' E l e c t r i c ' 
H . R . A . S c h a e p e r a n d E . A . F a r b e r , M e c h a n i c a l E n g i n e e r i n g , 
November 1 9 7 2 . 

" E l e c t r o s t a t i c C h a r g e G e n e r a t i o n and A u t o - I g n i t i o n R e s u l t s o f 
L i q u i d R o c k e t P r o p e l l a n t E x p e r i m e n t s " , E . A . F a r b e r , e t . a l . , 
R e s e a r c h R e p o r t No . X , F l o r i d a E n g i n e e r i n g and I n d u s t r i a l 
E x p e r i m e n t S t a t i o n , C o l l e g e o f E n g i n e e r i n g , U n i v e r s i t y o f F l o r i d a , 
G a i n e s v i l l e , O c t o b e r 1 9 7 2 . 

" S o l a r E n e r g y C o n v e r s i o n R e s e a r c h and D e v e l o p m e n t a t t h e U n i v e r s i t y 
o f F l o r i d a S o l a r E n e r g y a n d E n e r g y C o n v e r s i o n L a b o r a t o r y " , 
E . A . F a r b e r , R e p r i n t f r o m t h e a r t i c l e i n B u i l d i n g S y s t e m s D e s i g n , 
J u n e 197 2 . 

" H y d r o g e n a n d O x y g e n S e n s o r D e v e l o p m e n t " , E . A . F a r b e r , e t . a l . , 
N a t i o n a l A e r o n a u t i c s a n d Space A d m i n i s t r a t i o n R e p o r t , O c t o b e r 
1 9 7 2 , 156 p p . 

" S o l a r E n e r g y : I t s C o n v e r s i o n a n d U t i l i z a t i o n " , P r o c e e d i n g s o f 
t h e 1 9 7 1 D u P o n t E n v i r o n m e n t a l E n g i n e e r i n g S e m i n a r , B u l l e t i n 
S e r i e s 1 3 7 , E n g i n e e r i n g a n d I n d u s t r i a l E x p e r i m e n t S t a t i o n , 
December 197 2 . 

1973 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h December 197 3 . 

" E n e r g y - R e s o u r c e s a n d U t i l i z a t i o n " , E . A . F a r b e r , P r o c e e d i n g s 
o f t h e 1973 C i t r u s E n g i n e e r i n g C o n f e r e n c e , M a r c h 1 9 7 3 . 

" N o n D e s t r u c t i v e S t r u c t u r a l I n t e g r i t y a n d F l a w D e t e r m i n a t i o n 
U s i n g I n f r a - R e d S c a n n i n g a n d P a t t e r n R e c o g n i t i o n T e c h n i q u e s " , 
E . A . F a r b e r , e t . a l . , N a t i o n a l A e r o n a u t i c s a n d Space A d m i n i s t r a t i o n 
R e p o r t , J a n u a r y 197 3 . 

" T h e A p p l i c a t i o n o f S o l a r E n e r g y t o Sewage D i g e s t i o n a n d L i q u i d 
Was te R e c y c l i n g " , E . A . F a r b e r , The I n s t i t u t e o f P l u m b i n g , 
A u s t r a l i a , M a r c h 197 3 . 

" S o l a r E n e r g y " , E . A . F a r b e r , P r o c e e d i n g s o f t h e A m e r i c a n M e d i c a l 
A s s o c i a t i o n C o n g r e s s on E n v i r o n m e n t a l H e a l t h , A p r i l 197 3 . 

" T h e U n i v e r s i t y o f F l o r i d a S o l a r E n e r g y L a b o r a t o r y " , E . A . F a r b e r , 
P r o c e e d i n g s o f t h e 197 3 I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y M e e t i n g , 
P a r i s , F r a n c e , J u l y 197 3 . 
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" T h e U n i v e r s i t y o f F l o r i d a S o l a r H o u s e " , E . A . F a r b e r , e t . a l . , 
P r o c e e d i n g s o f t h e 197 3 I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y 
M e e t i n g , P a r i s , F r a n c e , J u l y 197 3 . 

" T h e U n i v e r s i t y o f F l o r i d a S o l a r - E l e c t r i c C a r " , E . A . F a r b e r , 
e t . a l . , P r o c e e d i n g s o f t h e I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y 
M e e t i n g , P a r i s , F r a n c e , J u l y 197 3 . 

" T h e S o l a r H e a t i n g o f Sw imming P o o l s " , E . A . F a r b e r , e t . a l . , 
P r o c e e d i n g s o f t h e I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y M e e t i n g , 
P a r i s , F r a n c e , J u l y 1 9 7 3 . 

" S o l a r P o w e r e d V - 2 V a p o r E n g i n e " , E . A . F a r b e r , e t . a l . , P r o c e e d i n g s 
o f t h e I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y M e e t i n g , P a r i s , F r a n c e , 
J u l y 1 9 7 3 . 

" S o l a r E n e r g y - I t s C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , 
Space f o r M a n k i n d ' s B e n e f i t , N a t i o n a l A e r o n a u t i c s a n d Space 
A d m i n i s t r a t i o n , J a n u a r y 1 9 7 3 . 

" T h e E n e r g y C r i s i s - T a p p i n g t h e S u n " , E . A . F a r b e r , e t . a l . , 
O p t i c a l S p e c t r a , M a r c h 197 3 . 

" T h e A p p l i c a t i o n o f S o l a r E n e r g y t o Sewage D i g e s t i o n a n d L i q u i d 
W a s t e R e c y c l i n g " , E . A . F a r b e r , P r o c e e d i n g s , 3 r d C o n v e n c t i o n 
o f I n s t i t u t e o f P l u m b i n g , A u s t r a l i a , A d e l a i d e , M a r c h 197 3 . 

1974 

" S o l a r R a d i a t i o n D a t a " , E . A . F a r b e r , C l i m a t o l o g i c a l D a t a , 
N a t i o n a l Summary , P u b l i s h e d m o n t h l y b y t h e U . S . W e a t h e r B u r e a u , 
D e p a r t m e n t o f Commerce , J a n u a r y t h r o u g h D e c e m b e r 1 9 7 4 . 

" S m i t h o n i a n S c i e n c e I n f o r m a t i o n E x c h a n g e " , L i s t e d many o f o u r 
p r o j e c t s c a r r i e d o n a t t h e S o l a r E n e r g y a n d E n e r g y C o n v e r s i o n 
L a b o r a t o r y , U n i v e r s i t y o f F l o r i d a . 

Book - " T o p i c s i n E n e r g y a n d R e s o u r c e s " , E . A . F a r b e r , e t . a l . , 
S o l a r E n e r g y - I t s C o n v e r s i o n a n d U t i l i z a t i o n p p . 2 3 - 6 0 , 
P l e n u m P r e s s , New Y o r k a n d L o n d o n , 19 7 4 . 

Book - " E n e r g y , t h e E n v i r o n m e n t , a n d Human H e a l t h " , E . A . F a r b e r , 
e t . a l . , A m e r i c a n M e d i c a l A s s o c i a t i o n , C o n g r e s s o n E n v i r o n m e n t a l 
H e a l t h , P u b l i s h i n g S c i e n c e s G r o u p , I n c . A c t o n , M a s s . , 1 9 7 4 . 

" D e v e l o p m e n t a n d Use o f S o l a r D a t a f o r S o u t h F a c i n g S u r f a c e s i n 
N o r t h e r n L a t i t u d e s " , E . A . F a r b e r , e t . a l . , S y m p o s i u m P r o c e e d i n g s 
o f t h e 1974 A n n u a l ASHRAE M e e t i n g , M o n t r e a l , C a n a d a , 1 9 7 4 . 

Book - " S o l a r D a t a f o r S o u t h F a c i n g S u r f a c e s i n N o r t h e r n L a t i t u d e s " , 
1974 ASHRAE A p p l i c a t i o n s G u i d e , ASHRAE, New Y o r k , 1 9 7 4 . 
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" D e v e l o p m e n t a n d Use o f S o l a r D a t a f o r S o u t h F a c i n g S u r f a c e s i n 
N o r t h e r n L a t i t u d e s " , E . A . F a r b e r , e t . a l . , ASHRAE T r a n s a c t i o n s , 
P a r t I I , V o l u m e 8 0 , 1 9 7 4 . 

" S p a c e S h u t t l e T h e r m a l P r o t e c t i o n S y s t e m C o n d i t i o n A s s e s s m e n t 
b y T h e r m a l R a d i a t i o n A n a l y s i s T e c h n i q u e s " , E . A . F a r b e r , e t . a l . , 
NASA R e p o r t N A S - 1 0 - 8 0 5 1 , F e b r u a r y 1 9 7 4 . 

" A m m o n i a a n d O t h e r A b s o r p t i o n S y s t e m s Used i n S o l a r A p p l i c a t i o n s " , 
E . A . F a r b e r , NSF W o r k s h o p P r o c e e d i n g s , Los A n g e l e s , F e b r u a r y 1 9 7 4 . 

" S o l a r E n e r g y - I t s C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , 
DOMUS, M i l a n , I t a l y , May 1 9 7 4 . 

" T h e P r e s e n t S t a t u s o f t h e U t i l i z a t i o n o f S o l a r E n e r g y i n t h e 
U n i v e r s i t y o f F l o r i d a a n d t h e U n i t e d S t a t e s " , E . A . F a r b e r , 
P r o c e e d i n g s o f t h e 1974 C o n g r e s s o f t h e J a p a n I n d u s t r i a l P l a n n i n g 
A s s o c i a t i o n , T o k y o , 1 9 7 4 . 

" H e a t i n g i n S o l a r E n e r g y U t i l i z a t i o n " , E . A . F a r b e r , P r o c e e d i n g s 
o f 1974 C o n g r e s s , J I P A , T o k y o , 1 9 7 4 . 

" C o o l i n g i n S o l a r E n e r g y U t i l i z a t i o n " , E . A . F a r b e r , P r o c e d d i n g s 
o f 1974 C o n g r e s s , J I P A , T o k y o , 1 9 7 4 . 

" H o t W a t e r S u p p l y i n S o l a r E n e r g y U t i l i z a t i o n " , E . A . F a r b e r , 
P r o c e e d i n g s o f 1974 C o n g r e s s , J I P A , T o k y o , 1 9 7 4 . 

Book - " H a n d b o o k o f Homemade P o w e r " , p p . 2 0 5 - 2 2 2 , The M o t h e r 
E a r t h News , S p e c i a l E d i t i o n , A B a n t a m , B o o k , May 1 9 7 4 . 

" S o l a r E n e r g y " , E . A . F a r b e r , P r o c e e d i n g s o f S o l a r H e a t i n g a n d 
C o o l i n g a n d E n e r g y C o n s e r v a t i o n C o n f e r e n c e , E n v i r o n m e n t a l A c t i o n 
o f C o l o r a d o , D e n v e r , May 1 9 7 4 . 

" U n i v e r s i t y o f F l o r i d a S o l a r E n e r g y Lab a n d T e s t H o u s e " , B u i l d i n g 
S y s t e m s D e s i g n , J u n e / J t f l y 1 9 7 4 , p . 33 . 

" S o l a r E n e r g y I t s C o n v e r s i o n a n d U t i l i z a t i o n " , r e p r i n t e d i n N0AA 
M a g a z i n e , 19 7 4 . 

" S o l a r E n e r g y - I t s C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , 
P r o c e e d i n g s o f t h e A n n u a l M e e t i n g o f t h e N a t i o n a l A s s o c i a t i o n 
o f R e g u l a t o r y U t i l i t y C o m m i s s i o n e r s , New Y o r k C i t y , J u l y 1 9 7 4 . 

" F o r m u l a t i o n o f a D a t a Base f o r t h e A n a l y s i s , E v a l u a t i o n a n d 
S e l e c t i o n o f a Low T e m p e r a t u r e S o l a r A i r C o n d i t i o n i n g S y s t e m " , 
E . A . F a r b e r , e t . a l . , N a t i o n a l S c i e n c e F o u n d a t i o n R e p o r t , 
N S F / R A N N / S E / G I - 3 9 3 2 3 / F R / 7 4 / 2 , J u l y 1 9 7 4 . 

" G r u n d s a e t z l i c h e P r o b l e m e d e r Umwand lung u n d V e r w e n d u n g v o n 
S o n n e n e n e r g i e " , E . A . F a r b e r , E T Z , E l e c t r o t e c h n i s c h e Z e i t s c h r i f t , 
A u s g a b e A , 95 J a h r g a n g H e f t 1 2 , December 1 9 7 4 , s - 6 2 9 - 7 0 8 . 
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" S o n n e n e n e r g i e - V e r w i r k l i c h u n g u n d E r w a r t u n g " , E . A . F a r b e r , 
A n n u a l M e e t i n g P r o c e e d i n g s o f t h e V e r e i n S c h w e i z e r i s c h e r 
E l e k t r o t e c h n i k e r , L a u s a n n e , S w o t z e r l a n d , O c t o b e r 19 7 4 . 

" G r u n d s a e t z l i c h e P r o b l e m e d e r U m w a n d l u n g u n d V e r w e n d u n g v o n 
S o n n e n e n e r g i e " , E . A . F a r b e r , P r o c e e d i n g s o f t h e 5 8 , VDE-
H a u p t v e r s a m m l u n g , H a m b u r g , O c t o b e r 1 9 7 4 . 

" F o c u s i n g C o l l e c t o r s " , E . A . F a r b e r , W o r s k h o p P r o c e e d i n g s o n 
S o l a r C o l l e c t o r s f o r H e a t i n g a n d C o o l i n g o f B u i l d i n g s , 
NSF, N o v e m b e r 1 9 7 4 , New Y o r k C i t y . 

" F o r m u l a t i o n o f a D a t a Base f o r t h e A n a l y s i s a n d E v a l u a t i o n a n d 
S e l e c t i o n o f a Low T e m p e r a t u r e S o l a r P o w e r e d A i r C o n d i t i o n i n g 
S y s t e m " , E . A . F a r b e r , e t . a l . , ASME P a p e r # 7 4 - W A / S 0 L 6 , 
N o v e m b e r 1 9 7 4 . 

" A Case S t u d y : U t i l i z a t i o n o f S o l a r E n e r g y i n R e s i d e n t i a l 
D w e l l i n g s " , E . A . F a r b e r , e t . a l . , ASME P a p e r #74-WA/SOL 2 , 
N o v e m b e r 1 9 7 4 . 

" S o l a r C h a r a c t e r i s t i c s o f New A b s o r p t i v e C o a t i n g Used a s a 
S o l a r S e l e c t i v e C o a t i n g " , E . A . F a r b e r , e t . a l . , U . S . S e c t i o n 
M e e t i n g , I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y , F t . C o l l i n s , 
C o l o r a d o , A u g u s t 19 7 4 . 

" C o n s i d e r a t i o n s i n t h e E v a l u a t i o n a n d S e l e c t i o n o f a Low 
T e m p e r a t u r e S o l a r P o w e r e d A i r C o n d i t i o n i n g S y s t e m " , E . A . F a r b e r , 
e t . a l . , U . S . S e c t i o n M e e t i n g , I n t e r n a t i o n a l S o l a r E n e r g y S o c i e t y , 
F t . C o l l i n s , C o l o r a d o , A u g u s t 1 9 7 4 . 

" A Case S t u d y " U t i l i z a t i o n o f S o l a r E n e r g y i n R e s i d e n t i a l 
D w e l l i n g s " , E . A . F a r b e r , e t . a l . , U . S . S e c t i o n M e e t i n g , I n t e r -
n a t i o n a l S o l a r E n e r g y S o c i e t y , F t . C o l l i n s , C o l o r a d o , A u g u s t 
1 9 7 4 . 

" S o l a r E n e r g y - I t s C o n v e r s i o n a n d U t i l i z a t i o n " , E . A . F a r b e r , 
R e c o r d s o f t h e F e d e r a l E n e r g y A d m i n i s t r a t i o n H e a r i n g s , P r o j e c t 
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ABSTRACT 
The solar electric automobile under discussion here is part of the urban vehicle 

project of the Solar Energy and Energy Conversion Laboratory of the University of 
Florida, concerning itself with the generation of pollution free power for city trans-
portation. 

The test bed vehicle, a converted GM Corvair, which is driven through the city 
daily, has a novel transistorized field excitation system for variable speed control 
and regenerative braking to improve the overall power conversion efficiency. 

Performance data and experiences with this potential pollution free vehicle are 
presented. 
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1. Introduction 

A part of the University of 
Florida Solar Energy and Energy 
Conversion Laboratory's program 
to provide the forms of energy 
needed in our daily life by con-
verting solar energy includes the 
solar electric car. 

Providing the energy needed for 
transportation from solar energy, 
first of all uses our only energy in-
come and does not deplete our 
fixed resources which are classified 
as savings. Furthermore, the use 
and conversion of this energy is 
ppllution free since it does not put 
anything into the environment 
which is not already there. Solar 
energy falling upon the earth 
becomes heat whether it is used in 
this conversion or not. 

It is believed that this type of 
transportation, especially for 
urban traffic can solve many of 
today's serious problems, such as 
pollution. A network of solar bat-
tery charging stations like today's 
gasoline stations could replace 
run-down batteries in the travel-
ers' cars with charged ones. This 

exchange would not take more 
time or effort than filling a tank 
with gasoline. While the batteries 
are at the station they can be 
recharged by solar energy. A 
proper distribution of such facili-
ties could provide the travelers' 
needs on a nationwide basis. 

2. Electric Propulsion 
Electric propulsion is not new 

but today the picture for electric 
automobiles has very much 
changed. Recent developments in 
high current power transistors and 
silicone controlled rectifiers, com-
bined with a new generation of 
electro-chemical systems such as 
the lithium-sulphur battery, have 
brought the "electric" into focus 
again as an effective means to 
combat air pollution. 

I f the electric car is charged 
from conventionally produced 
electricity it will not eliminate 
pollution but first reduce it by 
more efficient processes of conver-
sion and secondly transfer it to less 
critical areas, such as moving it 

from the heart of cities to the 
countryside. I f solar energy is con-
verted to electricity to charge the 
electric cars' batteries then pollu-
tion can be eliminated. 

Surveys have shown that 99% of 
all trips and 80% of the total pas-
senger car mileage is for travels 
less than 160km in length. Our 
solar electric car can easily meet 
these requirements. Fig. 1 and Fig. 
2. 

An earlier article described the 
performance of the car with MiCd 
batteries which were not specifi-
cally designed for this use, (1), and 
the performance was much below 
the present. Some circuit changes 
in the controls have been made as 
well as specially designed Lead-
Acid batteries were obtained 
suited for this type of operation. 

To extend the range of operation 
without having the networks of 
battery charging stations as men-
tioned above, various attempts 
have been made by others. These 
modifications required extra bat-
teries or the addition of a combus-
tion generator plant. Several com-
panies 'who tried this shelved these 
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concepts because of weight, tech-
nical and economic limitations. 
(2). 

Our investigation has concen-
trated on totally pollution-free 
propulsion through the use of solar 
electric power. In order to evaluate 
urban electric car requirements, 
conversion efficiency, component 
reliability and traffic safety, com-
mensurate with cost, size, and 
weight, a production model GM 
Corvair was converted into the 
electric traction test-bed vehicle. 

3. Traction Motor and 
Transmission 
The traction motor replaces the 

original combustion engine and is 
directly coupled to the existing 
four-speed transmission without 
the use of a clutch. The motor is 6 
pole, separately excited, a DC 
machine rated at 48 volts and 400 
ampere, weighing 30kg. 

Traditionally, series motors have 
been used for propulsion work 
with good success, because of self-
regulating torque and speed char-
acteristics under varying road 
conditions. However, in order to 
recover the kinetic energy of the 
vehicle and make regenerative 
braking practical a separately ex-
cited DC motor is convenient. In 
heavy urban traffic the vehicle 
range can be extended by as much 
as 25%. (3). In addition, with solid 
state field control the following ad-
vantages have been obtained: 
1. Torque — speed characteristics 

of the Series DC motor through 
armature current feedback. 

2. Continuous speed control above 
the base speed by simple field 
weakening. 

3. High efficiency at reduced arma-
ture voltage since the full field 
excitation can be maintained. 

4. Lower fadeout speed of regener-
ative braking because field can 
be maintained independent of 
speed. 

5. The motor requires only two 
power terminals. 

6. Motor reversal obtainable by 
only a small DPDT field relay. 

7. Simple field excitation con-
trolled through a low power 
series transistor regulator. 
Dynamometer tests have shown 

that the motor efficiency reaches a 
maximum of 0.83 at 200 amperes 
and then gradually falls off to 0.70 
at 600 amperes. At this point the 
motor develops approximately 27 
horsepower at the driveshaft. 
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4. Propulsion Battery 
The propulsion battery, a lead 

acid type, consists of four units, 
each twelve volts. There are two 
units in the engine compartment 
and another two in the trunk. Each 
twelve volt battery, weighing 
60kg, has a capacity of 180 am-
pere-hours at the 20 hour rate. 
However, this capacity decreases 
appreciably; 90 A H at the one hour 
rate and to 56 A H if the battery is 
discharged at 150 A. Therefore, the 
total available propulsion energy is 
a strong function of the discharge 
current ranging from 39 WH/kg 
maximum, down to 21 WH/kg. 

5. Field Control Battery 
The field excitation battery is 

composed of 30 NiCad cells, pro-

viding 36 volts at 24 AH. This bat-
tery not only furnishes the power 
to the motor field, but also serves 
as the power source for an on 
board DC to AC transistor power 
inverter to produce 110 volts, 400 
cycles. This AC is used to energize 
the axial vane blower for forced air 
cooling of the propulsion motor. 
The same power inverter trans-
former produces twelve volts 
which, after rectification and fil-
tering, furnishes the DC for the 
regular 12 volt system of the car to 
operate headlights, horn, wind-
shield wipers, etc. 

6. Control Circuit 
Five solenoid power switches are 

used to control the armature volt-

age. Four of the switches are DPDT 
and one is an SPST. The purpose of 
this system is to connect the 
propulsion battery unit in different 
parallel and series combinations to 
produce three different armature 
voltages, namely, 12, 24, and 48 
volts. This allows the individual 
battery units to be discharged 
equally. Fig. 3. During charging, 
all batteries are placed in series. 
The power solenoids are activated 
by microswitches, controlled by a 
cam plate which is mechanically 
coupled to the accelerator linkage 
of the car. A diode switching, logic 
is part of the control circuit. It 
electrically interconnects the mi-
croswitches with the power so-
lenoids and the motor field circuit 
such that the field excitation relay 
is energized whenever the solenoid 
switches are. Fig. 4. 
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The field excitation voltage is a 
function of both the armature cur-
rent and the voltage derived from 
the potentiometer coupled to the 
accelerator linkage. Both signals 
are combined in a differential am-
plifier. The output of this amplifier 
controls the power transistor series 
regulator in the motor field circuit. 

The combination of three arma-
ture voltages and the variable field 
excitation in conjunction with the 
four-speed transmission provides 
great flexibility of speed control in 
dense urban traffic and on the open 
highway. During the regenerative 
braking the traction motor acts as 
a shunt generator with variable 
field control. Regeneration is 
maintained as low as four miles per 
hour. At this point the regular 
hydraulic brakes bring the car to a 
complete stop. 

7. Power Sources for Battery 
Charging 
Two sources of power are used 

for the vehicle at present, namely, 
solar energy and regular 110 volt 
AC. To produce solar electric pow-
er the conversion in the Solar 
Energy & Energy Conversion Lab-
oratory is first solar to mechanical 

•power and then mechanical to 
electrical since silicone solar cells 
are not yet economical for terres-
trial applications. (4). We use Ster-
ling cycle hot air engines in con-
junction with generators to pro-
duce electricity. Fig. 5. (5). The 
output from the various engines is 
from 145 watts to 1000 watts. Fig. 
6. The Sterling cycle engines use 
parabolic concentrating collectors 

to intercept the sunshine. (6). The 
solar radiation impinging on the 
surface of a five foot collector is 
about 1825 watts. From this 
amount the smaller hot air engine 
converts 145 watts into electricity. 
The simpler solar silicone cells 
would have produced about 160 
watts for the same amount of in-
cident radiation. However, the 
price of the solar cells would have 
been about 28 times that of the 
Sterling engine system. 

8. Discussion of Performance 
The solar electric car is driven in 

regular city traffic, 32km on the 
average every work day. The ac-
cumulative road distance on the 
present set of Conrex lead acid 
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batteries is 3,200km. Each test run 
is approximately 8km. The max-
imum speed is 97km per hour on a 
level road wi th a tire pressure of 3 
atmospheres. A t a speed of 40 k m 
per hour the car w i l l travel a dis-
tance of 88 km. 

Data have been collected on the 
efficiency of the solenoid speed 
controller. The measured electrical 
losses were 400 watts at 95 km/hr. 
and only 8 watts at 40 km/hr., 
yielding efficiencies of 98% to 
better than 99.7%. A t urban speeds 
the controller is therefore prac-
tically loss-less. In very congested 
traffic w i th many and long idling 
periods while wait ing for traffic 
light changes, the electric car con-
sumes no power at all. 

Road data shows that very little 
power is expended to propell a 
compact car. Our solar electric 
Corvair uses only 3 H P at 40 
km/hr. and 6 H P at 60 km/hr, 
common urban speeds for most 
cities. Wi th present day lead acid 
batteries it is possible to attain a 
range between 90 and 160 k m on 
one charge. 

Fig. 7 and Fig. 8 show actual 
current versus time plots under ac-
tual driving conditions. Fig. 7 
shows the battery switching in first 
gear and then second, third and 
fourth gear operation. Fig. 8 shows 
field excitation switching as wel l 
as regeneration. 

9. Closure 
The experience of the perfor-

mance of the solar electric car has 
demonstrated the usefulness of 
such means of transportation, 

-especially for urban traffic to 
provide low pollution or pollution-
free transportation without de-
pleting our fossil fuel resources. 
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ABSTRACT 
In connection with the University of Florida Solar House and right next to it are 

two above ground 21,000 liter swimming pools. 
One of these pools is used as reference and the other is being heated by solar 

energy. Both pools are instrumented with close to one hundred thermocouples each 
to determine temperature distributions and gradients on a continuous basis. 

The performance of the solarly heated pool is presented in this paper in reference 
to the identical unheated pool. In this manner the true effectiveness of tiie solar 
heating can be evaluated. 
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1. Introduction 
Many swimming pools have been 

built in the United States next to 
private homes for family recrea-
tion. Since the water in these pools 
drops to temperatures which make 
it uncomfortable for use, even in 
the southern part of the country, a 
good portion of these pools are 
provided with heaters. 

Since, however, the use of gas or 
oil for this purpose is very expen-
sive, (several hundred dollars per 

month in some cases) heaters in-
stalled for swimming pool heating 
are rarely used. 

In recent years there has been 
tremendous upswing in interest to 
use solar energy for the purpose of 
heating swimming pools. Since 
very little information is available 
to evaluate the effectiveness of 
solar heating of swimming pools, 
two identical small pools were set 
up next to the University of 
Florida Solar House, a project 

which has the objective to evaluate 
the feasibility of providing our 
daily energy needs and forms by 
converting solar energy, our only 
energy income, and do this without 
pollution or otherwise affecting the 
environment. 

To obtain a true evaluation, a 
comparison, it was necessary to use 
two identical pools — one un-
heated and the other heated — by 
various methods utilizing solar 
energy. 
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2. Swimming Pool Heating 
The University of Florida has an 

outdoor swimming pool, Olympic 
size, which is heated and kept at 
about 28 C all year around. This 
pool is used for swimming and life-
saving classes, for practice by the 
University of Florida Swim Team 
and for recreational swimming. A 
tremendous amount of energy is 
used every day during the heating 
season to keep this level of comfort. 
Steam from the University power 
plant is used for this purpose. 

Early studies were made on this 
swimming pool to see just what it 
takes to heat swimming pools. No 
absolute comparison was possible, 
however, since we could not say 
for certain what the pool tempera-
ture would have been, had it not 
been heated. 

For the above reasons it was 
decided to set up two identical 
pools, one unheated and used as 
standard, and the other a solarly 
heated swimming pool to obtain a 
true comparison of the effec-
tiveness of the heating by solar 
energy. Very little work has been 
done previously on solar swim-
ming pool heating and none with 
two pools next to each other for 
real comparison. 

Some work done by the Univer-
sity of Florida Solar Energy & 
Energy Conversion Laboratory on 
solarly heated sewage digesters 
can be considered related to this 
problem. (1). 

The pools were set up on a 
north-south line close together but 
still separated so as to prevent 
shading of one by the other. 

At the beginning both pools 
were compared with each other on 
an unheated basis to assure that 
they behave the same with respect 
to the environmental conditions. 
This established, the solar heating 
was started. A number of times 
during the actual testing the 
heating of the pools was switched 
from one to the other to ascertain 
that the effects measured are not 
characteristics of one pool as com-
pared to the other. I t was found 
that both pools behaved in the 
same manner under the same 
operatint conditions. 

3. Test Pool Arrangement 
As mentioned above, the two 

pools, each 4.6 m in diameter and 
1.25 m deep, were set up on a 
north-south line, separated just 
enough so that they will not affect 
each other. Fig. 1. 

In Fig. 1 it can be seen that the 
rear pool is heated by solar energy 
by having a sheet of transparent 
plastic floated on it. The front pool 
which is the south pool is not 
heated, but is has the capability of 
being heated by the flat plate solar 
collectors which are part of the 
house heating system Fig. 2. 

To heat a swimming pool by 
such collectors would be quite ex-
pensive but if a heating system like 
this is available for house heating 
then it can at times be used for 
swimming pool heating when the 
demand by the house does not 

require their total capacity. Rela-
tively little heat is needed from 
this system but it can be used to 
boost the pool temperature to the 
desired level. 

In Fig. 1 the instrumentation is 
also visible, consisting of many 
thermocouples which are led to a 
recorder which monitored them. 
Both pools have identical in-
strumentation. Behind the pools is 
the hot water storage tank for the 
house heating system and it will 
also drive the air-conditioning 
system of the house when it is in-
stalled. 

Fig. 2. Flat Plate Solar Collectors 
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4. Solar Energy Collection and 
Pool Heating 
A number of different methods 

of collecting the energy for pool 
heating have been tried, and they 
have been investigated both theo-
retically and experimentally. 

The simplest method used was to 
float a plastic sheet right on the 
water, then the use of two sheets 
(separated), bubble plastic, and 
the flat plate collectors were inves-
tigated. 

Other methods which were used 
earlier on sewage digesters are also 
applicable and can be used as 
guides since they essentially heated 
a large body of water of swimming 
pool dimensions. (1). 

Fig. 3 presents the average 
energy collected by the swimming 
pool throughout the year, and the 
average temperature gain of the 
unheated (or better, not heated by 
special methods) pool. The varia-
tion throughout the year is mostly 
due to the number of sunshine 
hours per day with the seasons, 
which is shown in Fig. 4. 

A small effect is the change in 
angle of the sun with the seasons. 
The sun is lower in the winter and 
higher in the sky during the 
summer. 

The energy absorbed by the 
water in the pool raises the tem-
perature of the water during the 
day but the losses reduce the rise 
rate during the day and the tem-
perature actually drops during the 
night. 

Fig. 3. Energy Collected by Unheated Pool 
(Average for One Year) 

5. Temperature Gain Per 24-
Hour Day 

As long as the heat gain or tem-
perature rise of the pool during the 
day is larger than the temperature 
drop during the night the water in 
the pool will register a net gain in 
temperature. As the temperature 
of the pool rises the heat losses 
increase and finally the tempera-
ture gain during the day will equal 
the temperature loss during the 
night. 

The actual average gain for the 
unheated pool at equilibrium con-
dition is slightly less than 2 C. 
Thus the temperature will at an 
average at equilibrium rise 2 
degrees during the day and then 
drop back again two degrees 
during the night. 

The solarly heated pool has the 
heat losses reduced by the various 
methods employed and thus finds 
an equilibrium temperature at a 

Fig. 4. Sunshine Hours per day or hours per day the sun is above the horizon (30°N 
Latitude) 
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higher level. Fig. 5 presents the 
average temperature gain during 
the 24-hour day. 

6. Average Pool Temperature 
Throughout the Year 
The theoretical analysis and ex-

perimental verification gives the 
results presented in Fig. 6. 

Shown is the average air tem-
perature which controls wi th its 
humidi ty the heat losses from the 
pool and the average temperature 
of the unheated pool throughout 
the year. Given also is the average 
temperature throughout the year 
of a pool heated by a single trans-
parent sheet of plastic floating on it 
and what can be done to the pool 
temperature i f the flat plate col-
lectors are used during the worst 
t ime of the year. 

J A ' S ' 0 ' N ' D 

Fig. 5. Average temperature gain of unheated swimming pool per day 

7. Discussion and Closure 
I f we take the temperature of the 

University pool as the desired 
comfort level, namely 28 C, it can 
be shown from Fig. 6 that this tem-
perature is reached in about the 
middle of May and lasts until about 
the first of October. This wi l l in -
dicate that the swimming season 
can be considered w i th this pool in 
Gainesville from about May to Oc-
tober. Dur ing this time, this tem-
perature may be exceeded at an 
average by as much as 4 C. 

A single sheet of plastic floating 
on the pool and only removed 
while the pool is used wi l l raise the 
average temperature of the pool 
slightly less than 6 C. This does not 
seem like much but it wi l l allow 
swimming in the pool at the 
desired comfort condition one 
month earlier and still allow 
swimming IV2 months later than 
the unheated pool would allow. 
Thus by this method the swimming 
season of this pool is extended by 
2V2 months. 

I f the flat plate collectors of the 
solar house heating system are 
used as part ial boosters, their total 
capacity not needed, the tempera-
ture of the pool could be kept at 
the comfort level all year around. 
This dual use of the flat plate 
collectors gives something extra 
which normally, when they are in-
stalled for the heating system, is 
not expected of them. 

This above discussion presented 
the overall behavior of the solarly 
heated swimming pool w i th rela-
tively simple means of heating. 

— P l a s t i c Cover and C o l l e c t o r s 

—Q— P l a s t i c Cover 

Unheated Poo l 

• O - Amb ien t A i r Tempera tu re 

I T I ' c ' „ ' M I , 
Fig. 6. Temperature Variation of Unheated and Solarly Heated Swimming Pools 
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In addition to the above, double 
plastic covers, bubble plastics, etc. 
were investigated and the detailed 
behavior of the pool studied. The 
temperature distributions in both 
the heated pool and the unheated 
pool were determined theoretically 
and checked experimentally, when 
the circulating filter pump was 
running and when it was not, and 
the pool was heated by free con-
vection currents and cooled by 
them. The detail is interesting from 
an academic point of view for a 
better understanding of what actu-
ally takes place in the pool during 
a typical 24-hour period for a per-
fect day, a cloudy and rainy day. 

This detail, however, is of little 
interest or value to the family who 
wants to extend the swimming 
season of their own swimming 
pool. 

The actual average -pools are 
deeper than the ones used for this 
study, but, at the same time, their 
losses are smaller on a relative size 
comparison since they are better 
insulated by being in the ground or 
having a thicker wall if above 
ground. 

In closing it might be said that 
the study on solarly heated sewage 
digesters as well as this study on 
solarly heated swimming pools has 
demonstrated that the application 
of solar energy for heating the 
pools will be able to appreciably 
extend the swimming season by 
relatively simple and inexpensive 
means. 

I f the house has a solar heating 
system, the flat plate collectors can 
be used to give a year around 
swimming season by using them as 
partial boosters. I f desirable such 

heaters could naturally be added 
just for the purpose of providing 
the topping for the pool. 
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ABSTRACT 
This paper describes a self starting, fractional horsepower vapor engine coupled 

to flat plate solar absorbers so that operation is possible at relatively low tempera-
tures with refrigerants as the operating fluids. 

The engine consists of a V-2 arrangement of two double acting cylinders which 
exhaust into a chamber which surrounds the whole engine and is connected to the 
condenser which can be air or water cooled. A small pump returns the condensed 
liquid to the flat plate solar collectors which generate the vapor for the engine. 

The design of the engine makes it self starting as soon as vapor is supplied to it. 
Every piston movement constitutes a power stroke, and about Va horsepower is 
produced with trichloromonofluoromethane (R-ll) for operating temperatures of 
72 C and 27 C at about 500 rpm. 
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1. Introduction 
In connection with the solar 

energy to mechanical power con-
version project of the University of 
Florida Solar Energy and Energy 
Conversion Laboratory many en-
gines have been built and evalu-
ated. Most of them require concen-
tration of solar energy to obtain 
the temperatures needed for 
operation. 

Among them are steam engines, 
both single and double acting, 
which utilize a 2 x 2.5 m cylin-
drical parabola for concentration 
of the solar energy upon a glass 
covered vapor generating tube at 
the focal line. This unit has to 
follow the sun and is driven either 

by an electric synchronous motor 
or by a clockwork controlled heavy 
weight. This system needs setting 
in the morning, but then operates 
all day without attention. 

Another group of engines used in 
this conversion of solar energy to 
mechanical power are hot air en-
gines. The solar energy is concen-
trated with 1.5 m diameter parabol-
ic mirrors onto the hot end of the 
displacer of closed cycle engines or 
the heater of open cycle engines to 
provide the temperatures needed 
for operation. (1, 2, 3). 

The above methods work, but 
they can utilize only the direct ra-
diation from the sun and not the 
diffuse portion, thus cannot work 
on cloudy days. These engines are 

not self starting since all of them 
were only one cylinder types. Mul-
ticylinder arrangements can over-
come this problem, but at the cost 
of size and complexity. 

The present engine was designed 
to operate at temperatures which 
can be produced with flat plate 
solar collectors, utilizing such 
fluids as Freons with the desired 
physical characteristics in low 
temperature vapor systems. Fur-
thermore, the present engine, the 
subject of this paper, has two 
double acting cylinders, set in a V 
arrangement and is, therefore, self 
starting and every movement is a 
power stroke. The engine is de-
scribed more in the following 
pages. 
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2. Low Temperature Solar 
Power System 
The low temperature solar pow-

er system consists of flat plate 
collectors which convert solar en-
ergy into heat, producing tempera-
tures up to 100 C and can, if the 
right fluid is used, produce vapor. 
The vapor is then allowed to flow 
to an engine, the V-2 vapor engine 
in this case, where this energy is 
converted into mechanical power. 
From there, the vapor moves to a 
condenser where it is changed back 
to liquid. A small liquid circulating 
pump brings the liquid back to the 
flat plate solar collectors or vapor 
generators. (6, 10). 

Fig. 1 presents a schematic 
sketch of the system the detail of 
which is given below. 

The total system is basically not 
different from other vapor systems 
such as steam power plants, except 
that the operation occurs at low 
temperatures, temperatures which 
can be obtained with flat plate 
solar collectors. A number of fluids 
can be used in this system. Tri -
chloromonofluoromethane ( R - l l ) 
seemed to be most readily avail-
able and best suited for this pur-
pose. 

A detailed description of the 
main components of this system is 
given below with main emphasis 
upon the V-2 solar vapor engine. 

V-2 Vapor Eng ine 

C o n d e n s e r 

Fig. 1. Schematic Sketch of Low Temperature Solar Power System 

3. The Flat Plate Solar 
Collectors and Vapor 
Generators 
Rather than using an optimized 

design of the flat plate solar 
collectors for this system, some 
which were available in the labo-
ratory were used. These same solar 
collectors are now used for heating 
the University of Florida Solar 
House and they were used earlier 
to operate the 5 ton solar air-con-
ditioning system of the University 
of Florida Solar Energy and En-
ergy Conversion Laboratory. 
Three of the units shown in Fig. 2 
were used for the work described 
here. 

Because of the design of these 
flat plate collectors a small vapor 
accumulator is necessary to allow 
the vapor to separate from the liq-
uid before feeding it into the en-
gine. Absorbers designed like one 
of units used with the compact 
solar refrigerator or ice machine, 
which is intended to generate 

Fig. 2. Flat Plate Solar Collectors 
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vapor, eliminate the need for this 
part. (7, 8, 9, 10). 

The flat plate solar collectors 
have a collecting area of 2.8 m 2 

each and have an average col-
lecting efficiency for the day of 
over 50 percent. 

4 . The V-2 Solar Vapor Engine 
The self starting V - 2 vapor en-

gine consists of two cylinders, each 
having an inside diameter of 51 
mm. The two cylinders are ori -
ented at 90 degrees to each other. 
Fig. 3 and Fig. 4. The piston in each 
cylinder has a stroke of 39 mm. 
Slide valves control the vapor flow 
in and out of the cylinders admit -
ting vapor for 90 degrees of the 
f lywheel rotation and exhausting it 
for 140 degrees. 

The 25 cm tall, 35 cm wide and 
23 cm deep engine is mounted in 
housing, 40 cm in diameter and 25 
cm deep. Fig. 5. 

The vapor is fed to the engine 
through the housing. The vapor 
after it has produced work is ex-
hausted into the housing sur-
rounding the engine. I n this 
manner any leaks which may be 
present are not critical since the 
housing catches all vapors ex-
hausted and escaping. From the 
housing the vapor flows to the con-
denser. 

The total displacement of the en-
gine for one revolution is 305 cc. 

The engine is speed controlled 
by a centrifugal f lywheel governor 
which regulates the vapor flow to 
the engine and can be adjusted to 
give the speed desired for opera-
tion. 

5 . Condenser 
The condenser used in connec-

tion wi th this engine is a cylinder 
76 cm in diameter and 61 cm long. 
I t has an inlet and an outlet for 
cooling water. I n this cylindrical 
container are 7 coils of 2.5 cm di-
ameter pipe giving a total length of 
13.5 m. In this pipe the vapor is 
condensed. 

A n air condenser could be de-
signed, but since water was readily 
available it is used for cooling. 

6. Pump 
The pump is a Cole-Palmer 

Model 7004-92 gear pump which 
has a flow rate capacity of 4.5 liters 
per minute at engine speed and 

Fig. 3. V-2 Solar Vapor Engine (Back) 

Fig. 4. V-2 Solar Vapor Engine (Front) 
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Fig. 5. V-2 Solar Vapor Engine in Housing 

Fig. 6. Low Temperature Solar Power System Cycle (T-S) 

Fig. 7. R-11 Solar Power System Cycle on P-H Plane 

produces a pressure rise of 4 atmo-
spheres. 

7. Discussion and Performance 
Evaluation 
Having discussed the compo-

nents of the system to allow the 
generation of mechanical power 
from solar energy with flat plate 
solar collectors, the operating 
characteristics will now be pre-
sented. Again, the main emphasis 
is on the literature on a number of 
occasions. 

The operating conditions and an 
ideal system T-S diagram is shown 
in Fig. 6. The processes through the 
various components of the system 
are shown. 1-2 indicates the ex-
pansion of vapor through the en-
gine which converts some of the 
energy into mechanical work. 2-3 
indicates the state changes which 
occur in the fluid when it is 
moving through the condenser. 3-4 
is an indication of the pump action, 
raising the pressure to that of the 
solar vapor generators. 4-1 com-
pletes the cycle of the system and 
presents the changes which occur 
in the flat plate solar collectors and 
vapor generators. 

This same cycle is presented for 
a specific fluid, R-11 or dichloro-
monofluoromethane, in Fig. 7 on 
the P - H plane. Conservative 
operating conditions were selected 
which can readily be obtained by 
such systems. 72 C vapor is deliv-
ered by the flat plate solar col-
lectors and 28 C liquid by the wa-
ter cooled condenser. The pressures 
corresponding to these tempera-
tures are moderate, not requiring 
special designs. 

The conditions inside the engine 
cylinders, on one side of the piston 
are indicated in Fig. 8. Values of 
pressure and volume are given. 
The cycle is idealized and the 
corners are not rounded as they are 
in the real case. (12) 

Finally, Fig. 9 presents the actu-
al performance of the engine with 
supply pressures held constant at 
2.36, 2.70, 3.04 and 3.40 atmo-
spheres, pressures which corre-
spond to R-11 sat. temperatures of 
51, 56, 60 and 65 C respectively. 

The curves are typical of engine 
performance. Maximum speed is 
reached at no load and as the load 
is increased the speed drops. I f the 
power output is plotted against 
revolutions per minute (rpm) a 
maximum power point is shown on 
each curve. 
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Curves for temperatures and 
pressures higher than those pre-
sented here could be given, but 
they cannot as easily be reached 
dependably over a considerable 
part of the day. 

From the discussion and the per-
formance data shown, it is seen 
that flat plate solar collectors and 
vapor generators can drive vapor 
engines when the proper working 
fluids are employed. The use of flat 
plate solar absorbers utilizes both 
the direct and the diffuse portion 
of solar radiation and thus, allows 
operation on less than perfect days. 

Furthermore, the combination of 
two cylinders in a compact V ar-
rangement makes this engine self 
starting which is a distinct advan-
tage- when intermittent clouds 
cover the sky. 

V o l u m e , c c 
Fig. 8. P-V Diagram of the V-2 Vapor Cycle Engine Using R-11 
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ABSTRACT 
The University of Florida Solar House, which is a thoroughly instrumented test 

house to investigate heating systems, air-conditioning systems, hot water systems, 
air quality in the house under actual lived in conditions, has now been partially con-
verted into a solar house. This allows a true comparison of solar and other systems. 

A t the present time solar energy supplies the hot water, heats the house, heats one 
of the swimming pools, recycles part of the l iquid waste, and supplies some electric-
ity for radio, TV, lights, and small appliances. In the near future air-conditioning 
and cooking wil l be added. 
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1. Introduction 
Approximately two years ago 

the conversion of the University of 
Florida Test House into a solar 
house was started. This was done 
step by step as time and funds per-
mitted. 

The reasons for utilizing this 
house were many and among the 
most important ones were that in-
formation existed over the last 16 
years as to how different conven-
tional systems performed in sup-
plying the hot water, heating, air-
conditioning, the energy for 
cooking and other activities while 
monitoring the air quality in the 
house. 

All the data in this thoroughly 
instrumented house was taken 
while a married student couple 
lived in this house with all the 
modern conveniences provided. 

In the early stages of the project, 
walls, windows, and insulation in 
the house were changed to evalu-
ate their performance and later the 
systems serving the house were 
evaluated i.e.; oil, gas and electric-
ity were used at different times, to 
provide the energy to water heat-
ers, air-conditioners, heat pumps, 
cooking systems, etc. Over-head or 
attic air distribution systems with 
different diffuser outlets were 
compared with under floor dis-
tribution systems. 

These years of data and experi-

ence, under actual lived in condi-
tions, give a wealth of information 
and a firm basis for absolute com-
parisons of different systems 
serving the same house under the 
same conditions. 

2. The Solar House 
The house is a conventional, typ-

ical block construction dwelling 
similar to many found in Florida 
and elsewhere. It has three bed-
rooms, two baths, kitchen, living 
and dining rooms, utility and 
laundry rooms, and a carport with 
closed in storage space. The 
laundry room, besides holding the 
washing machine and dryer, is 
used for all the instrumentation 
monitoring the many activities and 
systems of the house. 

Figure 1 shows a SW view of the 
house which is oriented E to W. 
The road approaching the house 
comes from the E so the solar 
equipment is not seen until one 
walks around the house. 

All the solar energy equipment 
which is installed in the solar 
house was developed and evalu-
ated in the University of Florida 
Solar Energy Conversion Labora-
tory. 

The first unit which was added 
to the house was the solar water 
heater. The collector was put on 

the roof with the hot water tank 
behind it. The first visitors to the 
solar house were disappointed that 
they did not see the solar equip-
ment, and it was too hazardous to 
take them up on the roof. For edu-
cational reasons it was decided to 
place the rest of the solar energy 
conversion equipment next to the 
house in the open, rather than to 
incorporate it in it, so that visitors 
can walk around the equipment, 
touch and photograph it and, in 
general, get a good idea what such 
equipment is like. 

Further, two swimming pools 
were added, one heated by solar 
energy and the other as standard 
for comparison; a house heating 
system with a large storage tank, 
above ground rather than buried 
with plans to use the solar waste 
recycling system; a small solar 
energy to electricity conversion 
unit; and a solar-electric car which 
is part of the over-all system. In 
the near future solar air-condi-
tioning, refrigeration and cooking 
will be added. 

3. The Solar Water Heater 
The solar heater is shown in Fig-

ure 2. It consists of a 5.2 m2 solar 
collector and a 380 liter well 
insulated hot water storage tank. 
(See references 1, 2, 3, 4, 5, 6) 
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The solar absorber is a gal-
vanized sheet metal box having 2.5 
cm of Styrofoam insulation inside 
in the back. In front of the insula-
tion is a copper sheet with two 
parallel circuits of sinusoidally ar-
ranged tubes soldered onto it. Both 
sheet and tubes are painted with a 
good absorbing paint. The box is 
covered by glass having good solar 
energy transmitting properties. 

The hot water delivered by this 
unit flows by free convection to the 
hot water storage tank which is 
well insulated to reduce heat 
losses. 

4. The Solarly Heated 
Swimming Pool 
To truly evaluate the effec-

tiveness of heating the swimming 
pool by solar energy, two identical 
pools were installed, 4.6 m in di-
ameter and 1.2 m deep. One was 
heated by various methods uti-
lizing solar energy and the other 
was used as standard for compari-
son. Figure 3. 

Both pools were well in-
strumented with many ther-
mocouples in each. One pool, the 
unheated one, was left to itself. The 
other was heated by solar energy 
in a number of ways. The simplest 
method was to float a transparent 
sheet of plastic on its surface. Two 
sheets of the air-mattress design do 
a better job, or bubble sheet can be 
a reasonably good collector and a 
good inhibitor to heat losses. The 
solar absorbers of the house 
heating system described below' 
were also used at times to heat one 
of the pools. The latter system is 
economical only as a combination 
between house and pool heating. 

The simple plastic sheet could 
keep the average pool temperature 
11 degrees above the average air 
temperature and 6 degrees C above 
the unheated pool temperature. 
Utilizing the house heating ab-
sorbers, the pool temperature 
could be kept about 22 degrees C 
above the average ambient air 
temperature. 

5. The Solar House Heating 
System 
The solar house heating system 

is basically a hot water system 
which was selected over the air 
heating system, since the former is 
easier to use as the front end of a 
solar air-conditioning system. Ten 
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solar absorbers, similar to the one 
used for the solar hot water 
system, comprising 33 m2 of ab-
sorbing surface provide hot water 
which is stored in a 11,400 liter 
tank with 10 cm insulation around 
it. Figures 3 and 4. 

Water from the storage tank is 
circulated by a small pump 
through the baseboard heating 
system in the house as required to 
keep the temperature of the house 
at the desired value. 43 m of base-
board heaters can deliver 15,000 K 
Cal per hour with supply water of 
56 C, which is the design load for 
the house to meet the maximum 
heat requirement under extreme 
conditions in Gainesville, Florida. 
With the water hotter, more heat 
can be delivered and cycling con-
trols the actual amount of heat de-
livered. 

The baseboard heaters are 
shown in Figure 5. The flow rate 
through the solar absorbers can be 
controlled, so as to deliver water at 
the desired temperature, storing it 
in the upper part of the storage 
tank. The delivery to the house is 
thermostatically controlled. 

The storage tank is larger than 
actually needed, but was used to 
allow long time storage to carry 
the house through bad weather 
conditions. 11,400 K Cal can be de-
livered to the house for only 1 C 
water temperature drop in the 
storage tank. 

6. Liquid Waste Solar Recycling 
Plant 
Since fresh water is becoming 

more and more difficult to obtain 
and is also getting more expensive, 
a small liquid waste solar recycling 
plant has been added to the house. 
This solar distillation unit, Figure 
6, has a liquid holding tray area of 
2.2 m2 and can produce up to about 
11 liters of fresh water on a good 
day. This unit is also designed to 
collect rain water which, in Gaines-
ville, just about doubles the out-
put. (7) 

This plant is not able to handle 
all the liquid waste of the house, 
but one could be built any desired 
size depending upon the recycling 
requirements. 

7. Solar-Electric Conversion 
Unit 
Most of the energy today in a 

house is used for water heating, 
house heating, and air condi-
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Fig. 5. Baseboard Heating Units 

Fig. 6. Liquid Waste Solar Recycling Plant 

tioning. The real need for electric-
ity is only a small fraction of the 
total energy requirement. I t is re-
ally only needed for radio, TV , 
lights, and some small appliances. 
Figure 7 shows the small unit used 
to convert solar energy, by means 
of solar cells, into DC electricity 
and store it in N iCd batteries. The 
energy from the batteries is then 
converted as needed by a D C to 
AC solid state converter to operate 
lights, radios, T V and small appl i -
ances. The cost of this unit is cer-
tainly not competitive at this time, 
but it demonstrates the feasibility 
of providing electricity. 

8 . Solar Air Conditioning, 
Cooking, and Refrigeration 
When the solar house heating 

system was designed, it was done 
so that the solar absorbers and the 
storage system can be used to drive 
a specially designed air -condi-
tioning system during the cooling 
season. The hot water is used in the 
winter for heating the house and in 
the summer for air conditioning. A 
number of systems have been 
designed in the University of 
Florida Solar Energy & Energy 
Conversion Laboratory which can 
be used in this manner. (See refer-
ences 8, 9, 10, 11) The systems op-
erate w i th as low as 50 C water. 

The air distribution system to be 
used wi th the solar air-condi-
tioning system is already in the 
house, so only the absorption 
system has to be added. I t is being 
designed so as to fit the needs of 
the house. I t is planned to add air 
conditioning as the next step. 

After the air conditioning is in-
corporated into the solar house, a 
concentrator from the Solar En -
ergy Laboratory w i l l be moved to 
the house to provide oil at very 
high temperature which wi l l be 
stored in a tank. This oil wi l l then, 
as needed, be circulated around 
burners of a stove and in an oven 
so as to allow cooking very simi-
larly as wi th an electric stove. The 
electric elements are replaced by 
coils of copper tubing. 

Such an experimental system 
was operated a number of years 
ago in our Solar Energy and 
Energy Conversion Laboratory. A t 
that time, the hot oil was used to 
operate a refrigerator in which the 
gas flame was replaced by a hot oil 
bath. A better and more effective 
solar refrigerator has, however, 
been developed since. 
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Fig. 7. Solar-Electric Conversion Unit 

9. The Solar-Electic Car 
The solar electric car of the Lab-

oratory is not part of the solar 
house as such but can be consid-
ered as part of a system providing 
the energy requirements for a fam-
ily, both in the house and the nec-
essary transportation. All this is 
from solar energy directly and 
pollution free. 

For this purpose solar energy is 
converted at the present time, into 
mechanical work by a hot air en-
gine which in turn drives an au-
tomobile generator which can 
charge the batteries of the electric 
car. This type of conversion from 
solar energy to electricity is much 
less expensive than the use of solid 
state conversion. (12) 

A network of "filling stations" 
each having such converison 
systems and using them to charge 
up banks of batteries could, instead 
of filling the gas tank of a car with 
gasoline, exchange run down bat-
teries for charged ones to provide 
the needs of the traveler. 

10. Discussion and Summary 
Much more information could 

have been given if space limita-
tions had not prevented this. (13) 

The solar house has now gone 
through almost two years of being 
provided by solarly heated water, 
by a solarly heated swimming pool, 
being heated by solar energy, 
having some of its liquid wastes 
recycled and having some electric-
ity provided on an experimental 
and demonstration basis. Some of 
the different systems are reported 
upon separately in other papers 
presented at this conference. 

The water heating system per-
formed satisfactorily, providing 
the hot water requirements for the 
household. The heating system, 
even though it was not operated all 
the time at optimum condition, 
showed that it could provide the 
heating requirements for the 
house. Originally it was operated 
manually and later automated. The 
heating system was also operated 
differently to study its charac-
teristics; such as heating all the 
water in the storage tank to an 
achievable temperature or only 
heating a portion to a much higher 
temperature. The latter was neces-
sary when peak requirements were 
necessary to be met in the early 
morning hours during extrme cold 
snaps. 

No difficulty was observed with 
the recycling plant or the solar to 
electricity conversion unit. 

The air-conditioning system is 

under study now as well as the 
solar cooking system. The units 
which have previously been de-
signed and evaluated in the Uni-
versity of Florida Solar Energy 
and Energy Conversion Laborato-
ry are being redesigned and modi-
fied to fit the requirements of the 
house. When time and funds 
permit, they will be incorporated 
into the operation of the house. 

The solar-electric car, which is 
driven by a staff member to work 
every day to gain operating data 
and experience of such transpor-
tation under urban traffic condi-
tions, rounds out the problem of 
providing the energy needs for a 
family from solar energy. 

This is the first time that the 
University of Florida Solar House 
has been written up, and to the 
best of our knowledge, this house 
incorporates more uses of solar 
energy than any other in existence. 
It is mainly intended as a demon-
stration unit to show how solar 
energy, our only income of energy 
and the only pollution free energy 
source, can be used to satisfy our 
present energy requirements and 
needs. 

In closing, it might be said again 
that not all the conversion methods 
are economically competitive at 
the present time, but the ones 
which are should be used as soon 
as possible wherever they fit in to 
prevent the wasteful and indis-
criminate use our energy re-
sources. Such waste is unwise and 
a loss to future generations. 
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ABSTRACT 
The Solar Energy and Energy Conversion Laboratory of the University o f 

Florida is one of the largest of its kind. It is the home of the Solar Calorimeter, and 
among its activities are the determination of solar properties of materials, solar 
water heating, solar swimming pool heating, house heating, air conditioning and re-
frigeration, solar cooking and baking, solar distillation, high temperature applica-
tions — solar furnaces, solar power generation both mechanical and electrical, solar 
sewage treatment and l iquid waste recycling, solar-electric transportation, etc. 

The laboratory has a solar house where many of the devices developed in the lab-
oratory are being used and their performance observed. It also has a solar-electric 
car which is driven by a staff member daily to obtain in use performance informa-
tion. 
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1. Introduction 

Since our civi l ization is bui l t 
upon energy resources which have 
to be classified as savings (fossil 
fuels are stored solar energy), and 
these resources are l imited, i t was 
decided about two decades ago to 
establish at the University of 
Florida a Solar Energy and Energy 
Conversion Laboratory. Its mission 
was to study the feasibility of 
providing our energy needs by 
conversion of solar energy, our 
only energy income. This source is 
readily available, wel l distr ibuted 
and does not add anything to the 
environment when converted into 
other forms. 

The Solar Energy and Energy 

Conversion Laboratory of the Uni-
versity of Florida is one of the 
largest laboratories of this kind. I t 
has pioneered in almost al l phases 
of solar energy uti l ization and is 
the home of the Solar Calorimeter 
which provides almost all the in-
formation on solar characteristics 
of fenestrations published in the 
Handbook of the American Society 
of Heating, Refrigerating and A i r 
Conditioning Engineers, which is 
used by architects and engineers. 

The objective is to provide the 
forms of energy which are needed 
for our daily l ife by the conversion 
of solar energy in the simplest 
manner, using the fewest possible 
steps along the most direct route. 
The activities of the laboratory 
cover: the determination of solar 

properties of materials, solar water 
heating, solar swimming pool 
heating, house heating, air condi-
t ioning and refrigeration, solar 
cooking and baking, solar dist i l la-
tion, high temperature applications 
— solar furnaces, solar power gen-
eration both mechanical and elec-
trical, solar sewage treatment, l iq -
uid waste recycling, solar-electric 
transportation, etc. 

The laboratory has a Solar 
House where many of the devices 
developed in the laboratory are 
being used and their performance 
is observed. I t also has a Solar-
Electric car which is driven by a 
staff member daily to obtain in use 
performance information. 

In the fol lowing some of the 
larger projects are discussed. 
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2. Solar Properties of Materials 
The solar laboratory has exten-

sive facilities to study the solar 
properties of materials, the most 
flexible instrument being the Solar 
Calorimeter, Fig. 1, which is essen-
tially a well instrumented black 
cavity which allows the mounting 
of materials to be studied as 
shown. Extensive instrumentation 
allows the measurement of income 
energy of high, and low wave 
length radiation, convection and 
conduction, and delicate heat bal-
ances provided by hundreds of 
thermocouples. The instrument 
can be oriented in any desired 
position with respect to the sun, 
simulating walls and inclined or 
flat roofs, or it can be made to 
follow the sun. 

A small weather station and an 
instrument building go with this 
instrument. It is possible to simu-
late winter conditions by use of a 
refrigeration system and summer 
conditions by means of electric 
heaters or ambient conditions if 
desired. Utilizing the real sunshine 
rather than artificial sources has 
been found of considerable value 
since simulations did not seem to 
be too reliable. 

Materials such as glasses (plain, 
tinted, coated, laminated, multi-
layered), plastics (transparent and 
translucent), glass brick, Venetian 
blinds (som§ of them water 
cooled), drapery materials, sun 
screens of all kinds, etc. have been 
investigated. (See references 2, 3, 
4, 5). 

Actual air movement blowers on 
the instrument can simulate wind 
conditions for the tests. 

Photospectrometers, hot and 
cold boxes, etc. are also available. 

The solar radiation is monitored 
continuously and this laboratory is 
the only inland station in Florida 
with a solar irradiation record of 
more than two decades. 

In addition to the determination 
of solar properties, the laboratory 
has exposure test facilities to eval-
uate the weathering properties of 
materials. This is often done before 
studying the materials in detail. 
Two 1.5 m diameter solar furnaces 
are used for high temperature 
work. 

Once the true properties of ma-
terials are known the best can be 
selected for the conversion of solar 
energy into the required forms. 

3. Solar Refrigeration and Air 
Conditioning 
One of the real needs is the 

ability to preserve food. This can 

Fig. 2. Five Ton Solar Air Conditioner 
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be done by solar refrigeration 
which is ideally matched to the 
energy supply. Cooling is needed 
most when the sun shines hottest. 
Solar energy can be used to drive 
an engine and then a compressor to 
provide compression refrigeration, 
or the heat from solar energy can 
be used in an absorption refriger-
ation system. These and a few 
other systems have been developed 
in the laboratory. 

Steam jet refrigeration was also 
tried at one time, and oil heated by 
the sun was used to replace the gas 
flame of a gas refrigerator. These 
methods worked but were not con-
sidered the best since they 
required concentration and thus 
could not utilize the diffuse portion 
of the solar energy and would not 
work on cloudy days. 

For this reason the emphasis was 
put on flat plate solar collectors 
providing the energy to operate 
absorption refrigeration and air -
conditioning systems. 

Flat plate solar absorbers heat 
water which is the energy source 
for absorption refrigeration or a i r -
conditioning systems. I n an am-
monia -water system the heat 

u drives the ammonia from solution. 
The ammonia is then condensed 
and the l iquid expanded. This 
makes it very cold and able to ab-
sorb heat, thus providing the 
cooling. The warmed vapor is 
reabsorbed in the water and circu-
lated back to start its cycle over 
again. 

The above process can be carried 
out intermittently or continuously. 

Fig. 2 shows a 5 ton air-condi-
tioning system, Fig. 3 a small solar 
ice machine which can produce as 
much as 36 kg of ice on a good day. 
(2,7,8). 

Storage can be provided in the 
form of hot water, ammonia or ice. 
The latter has the advantage that it 
can be moved to different locations 
and therefore service other than 
just the immediate area. 

The ice machine as a 1.3 x 1.3 m 
solar collector which serves at the 
same time as the ammonia genera-
tor, not requiring solar water heat-
ers. Its conversion is slightly better 
since no heat is lost in heat 
exchangers. 

A water driven air-conditioning 
system is the easiest to combine 
with a solar heating system per-
mitt ing double use of many parts. 

4. Solar Power Generation 
A rather extensive program in 

the laboratory deals wi th power 
generation. Many engines of dif-

* -
Fig. 3. Compact Solar Refrigerator 

Fig. 4. Closed Cycle Hot Air Engine 
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Fig. 6. Solarly Heated Sewage Digesters 

ferent designs and operating on 
different principles have been de-
signed and evaluated. Some of 
them do not have moving parts.' 
However, at this time it seems that 
the vapor and hot air engines have 
the most promise. 

A number of fractional horse-
power vapor engines and hot air 
engines have been built and used 
to pump water, drive machinery, 
or drive electric generators to 
charge batteries for night use or 
for transportation in the solar-
electric car. 

The closed cycle hot air engine 
shown in Fig. 4 can develop about 

horsepower, the limitation not 
being the engine but the concen-
trating mirror which is about 1.5 m 
in diameter. A larger mirror would 
allow the engine to put out more 
power. These engines only need a 
source of heat and therefore can be 
operated with wood, coal, gas or 
oil, if nighttime operation is 
required. 

In the closed cycle hot air engine 
the enclosed air is alternately 
heated and cooled When brought in 
contact with the hot and then the 
cool walls. When the air is hot the 
pressure is high and the power 
piston is pushed down; when the 
air is cool the flywheel returns the 
power piston against low pressure. 
A plunger moves the air back and 
forth between the hot and cool 
walls. (2,9,10). 

In the closed cycle engine the 
speed of the engine is controlled by 
how fast the air can be heated and 
cooled. To separate the speed of the 
engine from the heat transfer char-
acteristics open cycle engines were 
designed. Fig. 5 pictures one of 
those engines. 

In the open cycle hot air engine 
the air is taken in and compressed. 
I t is then moved through a heater 
where it reaches high tempera-
tures. From the heater it flows 
through the engine where it is ex-
panded, doing work, and then ex-
hausted to the atmosphere. The en-
gine and the compressor are cou-
pled together. By this method the 
engine speed and the heat transfer 
characteristics are independent. 

The above tjvo engines require 
concentration of solar energy and 
thus need rather good days for 
operating. Vapor engines have 
been designed and built which use 
flat plate absorbers to generate 
vapor at relatively low tempera-
tures and use it in vapor cycles. 
The V-2 vapor engine is described 
in detail in another paper pre-
sented at this conference. 

5. Sewage Treatment and 
Liquid Waste Recycling 

Among other applications of 
solar energy is sewage treatment. 
It was found that solar energy can 
be used to keep the sewage di-
gester temperature up to provide 
more efficient bacterial activity. In 
this manner the sewage handling 
capacity of digesters can be consid-
erably increased. Fig. 6 pictures 
solarly heated sewage digesters 
which were used in the study. 

With fresh water becoming 
scarce, liquid waste recycling was 
studied and a small solar distilla-
tion unit was installed at the Uni-
versity of Florida Solar House to 
demonstrate the feasibility of this 
process. The 2.1 m2 unit is able to 
produce up to 11 liters of fresh 
water on a good day. I t further-
more can collect rain water which, 
in Gainesville, doubles the output. 
The liquid waste recycling unit 
consists of a tray holding part of 
the effluents from the house. The 
sun shining into this pan vaporizes 
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the water and the steam condenses 
on the cool glass cover, runs down 
and is collected in troughs and fi-
nally in storage bottles. (2,11). 

6. The University of Florida 
Solar House 
Many of the devices developed 

in the Solar Energy Laboratory 
have been and are installed in the 
Solar House, Fig. 7, and observed 
under actual operating ccpnditions. 
A married graduate student couple 
lives in the house which is present-
ly supplied with water heated by 
the sun, has a solar heating system, 
a solarly heated swimming pool, a 
small liquid waste recycling plant 
and a small solar energy to 110 volt 
AC conversion unit which allows 
the operation of lights, radio, TV 
and small appliances. Air condi-
tioning and a solar cooking unit 
will be added in the near future. 
(2). 

Fig. 7. The University of Florida Solar House 

7. The Solar Electric Car 
Fig. 8 pictures the University of 

Florida Solar-Electric car which is 
dri'ven every day td work by a staff, 
member and is evaluated under 
actual urban traffic conditions. The 
batteries can be charged by solar 
energy with a hot air engine-elec-
tric generator system. (2,12). 

8. Closure 
• Much more research and devel-
opment work carried out in our 
laboratory could be cited but space 
does not permit this. It has been 
shown that all forms of energy 
required in pur daily life can be 
provided by the conversion of solar 
energy and some of the methods 
are more competitive with conven-
tional methods today than others. 
The references will give more de-
tail on this. 

As time goes on and the conven-
tional fuel sources become more 
expensive, the economics of solar 
energy will become more and more 
favorable. For this reason it is 
believed, by the writer, that we 
will move from a fossil fuel society 
to an interim nuclear society and 
ultimately by necessity to a solar 
society. Then we will truly derive 
our needs from our energy income. 
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