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Notice 

'!be Federal Construction Council (Fa::) is a continuing 
activity of the Advisory Board on the Built Environment 
(ABBE) of the National Research Council (NOC) • 'ttle pur­

pose of the Fa:: is to pranote cooperation among federal 
construction agencies and between such agencies and other 
elements of the building community in'addressing technical 
issues of 11lltual concern. .1\s one of its activities, the 
FCC periodically publishes reports like this one that pre­
sent information on the current policies, practices, and 
procedures of fec:feral agencies regarding some aspect of 
building �echnology. 'Ihese reports are prepared by com­
mittees of g6vernment employees under the auspices of the 
Fa:. Since. �SE: conrnittees are not appointed by the � 
and their reports are not reviewed and approved in accor­
dance with usual me procedures, their reports are FU': 
publications rather than official NRC publications. 

For further information on the FCC program or FCC reports, 
please write to: 

Executive Secretary 
Federal Construction Council 
Advisory Board on the Built Environment 
2101 Constitution Avenue, N.W. 
washington, o.c. 20418 

;.---
- ___ _.____ 
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PREFACE 

Dur ing the pas t decade , federal  agenc ies have both 
ins tal led and funded the ins tal lat ion of  hundreds o f  
ac t ive and pass ive solar energy sys t ems to heat and coo l  
buildings and t o  heat water for dome s t ic use. As a 
resul t , the agenc ies have acqu i red cons iderable  dat a and 
experience concerning the per formance of such systems 
that  could be of value to des igners and users of future 
systems . Some of  this informat ion h as been published 
and some has not.  In order to provide federal agency 
personne l with an opportunity to become bet ter informed 
about the des ign and operat ion o f  so lar energy systems , 
the Federal Cons t ruct ion Counc i l  ( FCC) Program Committee 
asked the FCC Consul t ing Commit tee on Mechanical Eng i­
neer ing to  arrange a workshop on the subjec t .  

Th e  workshop was held a t  the Nat ional Bureau o f  Standards 
( NBS) on May 8, 1984 ,  as part  o f  the Federal Workshop 
Ser ies for 1984 of  the NBS Center for Bui lding Tech­
no logy . E l even presentations were made by represen­
tative s of ten feder al agenc ies . The speakers  were asked 
to prepare summaries of  their remarks and it  i s  these  
summar ies  that comprise th is repor t.  The speakers were 
given no prec ise spec ificat ions regarding summary format;  
therefore , the summaries vary in length and form. 
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LESSONS LEARNED FROM THE 
HUD SOLAR DE MONSTRATION PROGRAM 

David C .  Moore 
Deputy Direc tor , Building Technology Divis ion 

Department of Hous ing and Urban Deve lopment 
Washington , D . C .  

INTRODUCTION 

Under the authorizat ion of the Solar Heat ing and Coo l ing 
Demons trat ion Ac t of 1974 (P . L. 93-40 9 ) , the Department 
of  Hous ing and Urban Development (HUD) conduc ted a resi­
dential solar heat ing and cool ing demons t rat ion program 
as part o f  the national sol ar energy program from 1 9 7 5  
t o  19 82. The or iginal intent of  the program was to  he l p  
bring the nascent solar industry to the point that i t  
could economica lly serve the hous ing industry with 
e f fic ient and c os t-e ffect ive heat ing and cool ing 
equipment . 

The HUD program had four main e lements : demons trat ions 
of solar sys tems in res idences , the development of s tan­
dards for the industry , s tud ies of  market cons traints  
and ways to overcome them , and estab l ishment of a 
nat ional informat ion program on so lar heat ing and 
coo ling. Th is  d iscuss ion is  concerned only with the 
demonst rat ion act ivities and findings . 

DE MONSTRATI ON PROGRAM 

The demonstrat ion program had three obj ec t ives : to 
involve homebuilder s ear ly in working with solar energy , 
to obtain information on performance and market accep­
tance , and to  provide examp l e s  o f  solar ins tallations 
for the pub l ic to see . Proj ects  were se lected compe t i­
tively . In eight nat iona l solic i tations , HUD evaluated 
3 , 837 appl icat ions , awarded 943 grants  (inc lud ing some 
wh ich were for des ign-only projec t s ) , and watched 49 7 
proj ec ts  get bui l t . In al l ,  1 , 255  solar systems pro­
vided hot water , space heat ing , or space cool ing to  
1 0 , 098 dwe l l ing units . The firs t  awards , in  1 9 7 6, we re 
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primar i ly for ac tive spac e and water heat ing in s ing l e  
family units ; b y  1978, mos t  o f  the awards were for l arge 
water heat ing sys tems in mul t i fami ly units ; and in 1978 
and 1 9 79 ,  the final awards were for pass ive solar homes 
and pas s ive retrof it  ins tal lat ions in mul t i family 
bui ldings . 

DE MONSTRATION EXPERIENCE 

The program goal s  as s tated in P . L . 93-409 were "to 
provide for the demons tration with in a three-year per iod 
of  the prac t ical  use o f  solar heat ing technology and to 
provide for the development and demonstrat ion with in a 
five-year per iod of  the prac t ical  use o f  comb ined heat­
ing and c ool ing technology . " The demons trat ion projects  
showed tha t  these goals  were over ly ambit ious , given the 
s tate of the indus try and of the ar t of solar des ign and 
ins tal lation . Al though the program showed that ac t ive 
solar space heat ing was pos s ibl e ,  it was d i fficult to  
achieve and comparat ive ly expens ive . Pas sive sol ar 
space heat ing , on the othe r hand , proved to be prac t ical , 
at trac t ive , and economical . Surveys o f  owners of  the 
pas s ive solar homes a lmos t  invariably showed a cont inu­
ing sat is fac t ion with the homes . Sol ar domes t ic water 
heat ing also proved to be prac t ical  and , when compared 
wi th electric water heat ing , general ly ec onomically  
feas ib l e .  Solar space cool ing was extremely expens ive 
and d i f ficu l t  to keep operat ing ; in fac t , none of the 
demonstrat ion unit s worked satis fac tori ly . 

PROBLE MS AND THE REPAIR PROGRAM 

Sys tem prob lems deve loped early in the overall  program-­
origina l ly from poor instal lat ion , inadequate des ign , 
and , occas ional ly , inappropr iate equipment . In 1978 ,  
however,  a new type o f  prob lem ,  endemic to spec ific 
sys tem types , began to occ ur . Three separate groups o f  
problem sys tems we re ident i f ied : systems with wood 
components  that presented a fire hazard , l iquid space 
heating systems in wh ich corros ion deve loped on the 
non-solar or service s ide , and pas s ive homes with 
inadequate provis ions for c ontrol l ing overheating or 
night-t ime l osses . In all , 599  (48 percent ) of the 
ac t ive systems in the program were involved in the 
repair or removal program (and , it mus t  be noted , not 
al l of the 1 , 255  systems we re inspec ted ) . 
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FIRE HAZARD 

In 1 9 80 ,  a s tagnating f lat plate collec tor caused a roof  
fire in  a res idence in  Boulder , Colorado . Examinat ion 
of this inc ident led to  an intens ive review of al l proj­
ec t s  in  which wood material s were exposed to elevated 
temperatures and a determination that any such sys te m  
had to  be des igned and ins tal led so  that  the wood mate­
rials  were not  exposed to temperatures over 1 50°F for 
ext ended per iods . 

SERVICE-SIDE CORROSION 

The potential problem of s ol ar loop corros ion was 
recognized from the beginning , and mos t systems were 
de s igned to  control th is corrosion or to minimize it  
through adequate maintenance .  However,  without excep­
tion , the l iquid space heat ing sys tems in the HUD program 
devel oped serious c orros ion in the non-solar or service 
s ide . These systems had been designed us ing good 
hydronic heat ing system prac t ice but without the recogni­
tion of  the fac t that the pre senc e of solar s torage tanks 
vented to the atmosphere provided a c ont inual replace ment 
of  oxygen in the c irculat ing wa ter--something not po s­
s ible  in a sealed and pres surized hydronic loop . Th is 
add itional oxygen permit ted corros ion to devel op at  a l l  
the interfaces between diss imilar metals  typically found 
in hydronic systems . Repa ir s involved either replace­
ment of  a l l  non-cupr ic components or the c los ing and 
pre ssurizat ion of the systems . 

PASSIVE CONTROL 

Pas s ive systems that did not provide for contro l o f  
overheat ing in the summer or for night-t ime los ses in 
the winter were common in the ear l y  projec ts . Th is 
s i tuat ion , wh ile not a s ignificant hazard , was irritating 
to the involved homeowners . It is easy to correc t in 
des ign and , with s ome expense ,  after the home is built , 
but i t  need s cons iderat ion by the des igne r and builder . 

RECOMMENDATIONS 

Based on the experienc e ga ined dur ing the HUD 
demons trat ion program (and n ot re flec ting any change s 
made in the industry's capab i l ity s ince 1 9 82) , the 
fol lowing recommendations have been made : 
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1 .  Solar domestic hot water ( DHW) systems are prac t ical 
when we l l  instal led and careful ly maintained . They 
can be economically feasible when compared with 
electric DHW sys tems , but each ins tal lat ion shou ld 
be evaluated on the bas is o f  i t s  cos t , its  
per formance , and the comparison o f  its  value with 
convent ional DHW systems . 

2. Pass ive so lar spac e heat ing ( and c ool ing through 
venti lat ion ) can be provided in mos t  new hous ing 
with care ful des ign and good energy-conserving 
construc t ion . In the HUD demons trat ion homes , 
owners in general were very pleased with the 
per for mance of their homes and with the savings in 
energy c osts . 

3 .  Ac t ive space heat ing and c ool ing systems are gener­
ally expens ive , require s ignificant maintenance 
efforts , and are subjec t  to  ser i ous prob lems o f  
ins tal lat ion quality control . Al though the HUD 
demons trations often were repaired to working c ond i­
t ion ,  the t otal cos t  of these systems generally 
proved to be uneconomic except in spec ial s i tua t i ons . 

ADDITIONAL DOCUMENTATION 

A Final Report of the Management Support Contrac tor for 
the Res ident ial Solar Heat ing Demons trat ion was prepared 
in June 1983 by BE&C Engineers ,  Inc . This five-volume 
document focuses on : Management Suppor t Act ivity 
(Report HUD-000-309 5 /PB-84-188507 ) , So lar Repair Program 
(Report  HUD-000-3096/PB-84-1885 1 5 ) , High-Temperature 
Exposure of Wood Struc tures (Report HUD-000-309 7 /PB-84-
188503 ) ,  Corros ion Problems ( Repor t HUD-000-3098/PB-84-
208214 ) ,  and Summary of Data Find ings (Report HUD-000-
30 99 /PB-84-208222) . These documents  are availab le from 
HUD USER ( PO Box 280 , Germantown ,  MD 20874--30 1 /25 1-
5 1 5 4 )  or the Nat ional Technical Informat ion Service . 
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PERFORMANCE OF HUD PASSIVE SOLAR DEMONSTRATION 
HOMES 

Will iam Freeborne 
Program Manager, Building Technology Divis ion 

Department of Housing and Urban Development 
Wash ington , D . C .  

INTRODUCTION 

Under the s olar demons trat ion program o f  the Depar tment 
of Hous ing and Urban Development (HUD ) ,  1 , 25 5  solar 
sys tems were cons truc ted , 266 o f  wh ich were passive 
solar sys tems . Each received a HUD grant averaging 
between $10 , 000 and $12, 000 . The last  grant was made in 
1979 .  Twe lve of the 266 systems were instrumented and 
reported on by the Nat ional Solar Data Ne twork (NSDN ) .  
The element s  of  a pas s ive solar sys tem are described 
be low as are the character i s t ics  and per formance of  11 
of  the 1 2  pas s ive sys tems for wh ich data are availab l e . 

PASSIVE SYSTE M ELEMENTS 

Al l true pas s ive sys tems should inc lude and can be 
rec ognized by five c learly def ined elements . These are :  
col lec tor , absorber ,  s torage , distribut ion , and control 
(or heat regulat ion devic e ) . 

Col lec tor re fers to  the glaz ing through wh ich s olar 
radiat ion enters the house (Figure 1). The pr imary 
col lec tor(s )  should face within 30 degrees of true--not 
magnet ic--s outh and should not be shaded throughou t the 
heating season during the peak solar collect ion pe riod 
between 9 a . m .  and 3 p . m. The area of the c ollec tor 
de termine s how much of the available direc t solar rad ia­
t ion the h ouse has the potential to collect . The pe rfor­
mance of  the collector can be  enhanced by d irec t ing add i­
tional sunligh t t owards it  fr om a re flec t ive surface . 

Abs orber re fers , in mos t pass ive solar sys tems , t o  the 
hard , darkened sur face of the s torage elements (Figure 
2) .  Th is surface--which could be that of a masonry 
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wal l , floor ,  or room divider or that of  a water 
c ontainer--s its in the direc t path of solar rad iat ion . 
It  intercept s  the sunlight , wh ich then degrades to  heat 
that is  absorbed by the sur face . 

Storage refers to  the mater ia l s  used in the cons truc t ion 
of the h ouse that are s pec i fical ly intended to hold the 
hea t produced by sun light (Figure 2) . These mater ials  
are sometimes c al led "ther mal mass"  and they are usual ly 
either masonry (concrete , c oncre te block , or br ick ) or 
water . The d i fference between the absor ber and s torage , 
al though they are often the same wal l  or floor , is tha t  
the abs or ber is an e xposed sur face whereas storage i s  
the mater ial below or beh ind that  sur face . 

Di s tribution refers to the me thod by wh ich s olar heat is  
c irculated from the c ol lec t ion and s torage point s t o  
d i f ferent areas of  the house (Figure 3) . A s tr ic t ly 
pas s ive des ign wi l l  use the three natural heat trans fer 
modes --c onduc t ion ,  convec t i on ,  and radiat ion-­
exc lus ively . Th is  type of dis tribut ion requires a house 
plan that encourages the formation of  natural convec t ive 
fl ows . The careful layout of inter ior spac es wi l l  a l l ow 
heat to circulate from the c ol lec t ion and s t orage po ints 
t o  where it  is  needed throughout the day and nigh t . It  
is , h owever ,  often des irabl e to give mechanical  ass is­
tance to dis tribut ion in the form o f  fans and blower s 
and to provide duc twork to carry heat fr om one area of 
the h ouse to another . 

Control or heat regulat ion device re fers to those 
elements that prevent under - or over-heat ing and hea t 
loss  (Figure 4 ) . Th is inc ludes moveable insulation that 
is placed over the ins ide of the col lec tor area on 
winter nigh ts to control heat loss . Conversely ,  
moveable insulat ion also  c an be used on summer days t o  
control overheat ing by keep ing s unligh t  out of the 
house . Control devices als o may inc lude elec tronic 
sens ing devices such as d i f ferential thermostats that  
signal a fan to turn on , oper able vents and damper s tha t 
a l l ow or restr ic t  heat flow ,  and roof overhangs or 
awnings tha t shade the c ol lec tor area dur ing summer 
months . 
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FIGURE 1 Col lec tor 

FIGURE 2 Ab sorber/Storage 
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FIGURE 3 Distribut ion 

FIGURE 4 Control (heat regulat ion device ) 
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RE SULTS 

Informat ion on the nature and per formance of the 1 1  
ins trumented pass ive sys tems for wh ich HUD provided 
grants is pr esented in Table 1. Some systems did no t 
per form wel l  for various reas ons (e. g. , insuffic ient 
storage , inadequate insulat ion , and i mproper 
or ientat ion ) . However , the sys tems were innovat ive 
pro totypes and failures were anticipated. In general ,  
the program results  indicated that over ly e laborate 
sys tems do not work , that c onservation ac tions mus t be 
taken before pass ive solar sys tems are instal led , and 
tha t  a pas s ive solar sys tem wi l l  add $3 ,000 to $5 , 000 to  
the cost o f  a house c ontaining be tween 2, 000 and 2 , 5 00 
square fee t .  

SOURCES O F  ADDI TIONAL INFORMATION 

More informat ion on the HUD program can be obtained fr om 
the fol lowing reports , a l l  of which are available from 
the Nat ional Technical  Informat ion Service , 5285 Por t  
Royal Road , Springfield , VA 22161 , (703 ) 487-4600. 

1 .  Vi tro Corp. Availabi lity  of Solar Energy Repor t s  
from the National Solar Data Program ,  
Solar/0020-83/43 , January 1983 

2. Comparative Report : Per formance o f  Passive Solar 
Space Heat ing Sys tems in the Nat ional Solar Data  
Network 
a. Sol ar /0022-79/39 , Ju ly 1979 , 1978-79 Heat ing 

Season 
b. Solar /0022-81 /39 , January 1981 , 1979-80 Heating 

Season 
c .  Solar /0022-82/39 , June 1 9 82, 1 9 80-81 Heat ing 

Season 
3. National Sol ar Data Program Performance Re su l t s , 

Volume IV,  Solar/0005-81 /82, 1979-80 and 1980-81 
Hea t ing Seasons 

4. Depar tment of Energy . New Energy-Conserving Pas s ive 
Solar Single-Family Homes , Cyc le 5 ,  Ca tegory 2, 
DE-81-02503 1 ,  January 1 9 81 

5 .  Franklin Research Corp. Proc eedings of the Pas s ive 
and Hybrid So lar Energy Update , Conf . -820940 , 
November 1982, 1981-82 Heating Season , p .  207 
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TABLE 1 Projec t Dat a  

Project Location 

John Byram ltaneae 

Hullco Ariaona 

Colorado Colorado 
Sunvorka 

Livina California 
Syeteu 

Werner, Iova 
et al 

Cill Harrop New York 

Environ- New Jeraey 
•nul 

leker Ohio 

Arno Kahn Minneaota 

ltodena Oreaon 

�� Mana not lnd1cated. 

Ploor 
Area 
(eq ft) 

800 

1675 

1056 

1792 

1671 

2 128 

123 1 

16SS 

1600 

1428 

1492 

Collector 
Area 

Type (eq ft) 

Sunepece 278 

Sunepece Nl! 

Sunepace 424 

Hue vall 350 
SkyliahU 30 

Hue vall 6 direct 
aein 192 

Clereetory 81 

Direct aain 
(double vall) 277 

Direct aain lOS 
Clereetory 98 

Meu vall 344 
Direct aain 168 

Sune pace vi th 
tilted aladna 302 

SuDapace 
Direct aain 

Meu vell 
Clereetory 

440 
100 

llO 
37 

!!.Inetallation of curtain• hu not been verified, 

Abeorber /Storaae 

Block vall 

16 in. concrete floor 
Irick vall 

12 in. concrete vall 
4 in. concrete floor 

670 cu. ft. rock bin 

S2-SS aal druu 
4 in. concrete floor 

3343 aal in eteel 
tubee 

6 in. concrete floor 

1040 aal in tubee 
8 in. concrete elab 

6 in. concrete floor 
8 in. concrete valle 

SOOOO lb concrete 
block vall 

32 ther .. l rode 

12 in. concrete vall 
Floor elab 
Therul rode 

68000 lb eand-
fi lled concrete block 
vall 

18-SS aal water drUIII 
4 in, concrete floor 

.!:.Storaae capacity factor ia calculated by dividina the etoraae capacity, in ltu, by the product of 
the collector area, in eq. ft. tiMe the teapereture riaa, in r, in the etoreae Mdi ... 

�yete• efficiency ia calculated by dividina the a•ount of heat ueed to •et heatina neede by tht 
total available eolar heat • 

.!Solar fraction ia the percent•&• of the heatina loed in e buildina that ie eatbfied by the eolor 
ayatea. 
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Collector ltoraae Syatn lffi- Solar 
Area to Floor Factor! ciency.!!. FractiOQ! 

DiatributiOD Coetrol Mechaniaa Area letio (ltu/aq ft F) (Z) (Z) 

lediation lxhauot fan 0.35 36 II II 
Cevity to duct Curtain� 

Vindovo Shad eo II II 44 42 
Fe no Tree a 

bdiation Vent ins 0.38 43 58 76 
Treeo 
s- fence 

Convection leadvall 0.21 83 34 65 
bdiatioa OVerhana 

bdiation Inaulatina cur uino 0.16 100 34 62 
F- penelo 
OVerhana 

lediation Inoulatina curuino 0.13 lll 23 16 
OVerhana 

lediation Moveable quilt- 0.30 45 48 84 
type inoulation 

lediation Curtaino 0.37 30 III 34 
Operable vindovo 

Pan aaaiat !loveable 0.25 62 25 37 
inoulatina ohadeo 

Double Inoulatina curtaino 0.20 77 44 43 
envelope con- OVerhana 
vection loop Operable vindovo 

Convection Inoulatina abutter• 0.10 125 28 16 
bdiatioa OVerhan& 

1 1  
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THE EXPERIENCE OF THE NATIONAL AERONAUTICS 
AND SPACE ADMINI S TRATION WITH SOLAR 

ENERGY S YSTE MS 

Alan L. Farrow 
Facil ity Proj ec t Manager 

Fac i l i t ies Engineer ing Divis ion 
Nat ional Aeronaut ic s and Space Administrat ion 

Washington , D. C. 

The Nat ional Aeronaut ic s and Space Adminis trat ion (NASA) 
is  char tered to conduct space and aeronaut ical ac t iv i t ies 
for peaceful  purposes for the bene f i t  of  all mankind . 
With in th is context fal ls  expand ing man ' s  knowledge o f  
ear th , its  environment , the solar system ,  and the 
univer se. For many years , NASA has maintained a compre­
hens ive conservat ion program commit ted to the develop­
ment , demons trat ion , and use of  alternate energy sources 
pr imarily for the fol lowing obj ec t ives : 

1 .  To preserve NASA ' s  miss ion capab i l ity by reduc ing 
dependence on fos s i l  fue l s .  

2 .  To s t imulate growth of  a l ternate energy technologies . 
3. To promote awareness  of  saving convent ional fue l s .  
4 .  To a s s i s t  i n  the nat ional demonstrat ion of  al ternate 

energy sources . 

The NASA fac i l i t ies cons is t of  1 1  maj or f ield 
ins tallat ions located throughout  the cont inental United 
States as wel l  as numerous component fac i l i t ies and 
overseas tracking s tations . Comb ined , these fac i l i t ies  
represent over 33 mil l ion square feet  of  floor space. 

Dur ing the 1970s and ear l y  1980 s  NASA has sponsored or 
has j ointly  par t ic ipated in 29 l and-b ased solar thermal 
proj ects.  These represent a total col lector area o f  
approximately 66, 000 square feet a t  a total instal led 
cos t of  over $3. 5  mil l ion. Mos t o f  these were par t o f  
the Department of  Energy's (DOE ) Solar in Federal 
Buildings Demons trat ion Program or were jointly funde d  
by DOE and NASA. Eigh t  projec t s , however , were totally 
funded by NASA. 
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The NASA pub l icat ion , Solar Thermal (and Other 
Al ternate/Renewab le ) Projec t Experience briefly 
describes NASA ' s  exper iences  with 18 o f  the 29  projec ts 
ment ioned above as we l l  as its  exper iences in other 
al ternate energy ac tivit ies . Th is document is curren t l y  
not i n  s tock ; however , add i t ional copies are being 
printed and wi l l  be made ava ilab l e  soon . 

Figure 1 is an il lus trat ion from our publ ication.  I t  is 
a s chemat ic diagram o f  the solar syst em ins tal led at  an 
experimental house construc ted at the Langley Research 
Center in Virg inia . 

As part of  its  solar program , NASA col lected data on the 
per formance of buildings in wh ich solar systems were 
ins tal led . Figure 2 summar izes data on elect r ic power 
consumption before and after ins tal lat ion of a solar 
sys tem on a photo l ab a t  the Langley Research Center. 

Al though NASA is no longer ac t ive ly pursuing the des ign 
and ins tal l at ion of  convent ional solar col lect ion 
sys tems , primar ily because it has not found them t o  b e  
cos t-e ffec t ive in terms o f  NASA's payback cr iteria o f  5 

..... 
Tri 

FIGURE 1 .  Sys tem ins tal led at  the Langley Research House  
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years or leas , a number of  les sons have been learned . 
In general terms , they can b e  summarized as fol lows : 

1 .  Mos t sys tems are not cost-effec t ive but of fer an 
al ternate to fosai le fuel use. 

2. Explorat ion o f  solar thermal appl icat ions has often 
ident i f ied other convent ional conservat ion 
opportunities .  

3 .  An excel lent appl icat ion exists  when solar al lows 
high-heat-loss s team d i s t ribut ion systems to be shut 
down. 

4 .  Significant amounts  of nonrenewable energy can be  
saved by jud ic ious solar applications . 

5 .  S imple payback& provide a generally inadequate 
measure of sys tem cos t -e f fec t ivenes s.  Life-cyc l e  
costing appears t o  b e  a more real istic measure. 

6 .  Hands-on solar system exper ienc e at  al l leve l s  is 
required for proper appl icat ions . 

7 .  System performance canno t be  adequately veri f ied 
without appropr iate moni toring. 

8. Ins tantaneous collec tor effic iency is inadequate for 
per formance predict ion. Al l-day effic ienc ies should 
be used . 

9 .  Sys tem thermal l osses are frequently h igher than 
expected and greater a l l owance s  for losses shou ld be  
made. 

10 . Col lector support s truc tures tend to be overdes igned. 
11 . Ins tal lation requires s pec ial care.  
1 2. Systems work and they al l s ave energy.  
1 3. A good maintenance program is  es sent ial . 

NASA ' s  d i rect ion today is pr imar ily oriented toward 
development o f  space solar array systems and a 
cont inuat ion o f  our e ffor t s  to make photovoltaics a cost­
effec t ive al ternate energy source. 
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FIGURE 2 Example of electric power consumption data collected in the 
NASA solar program 
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NATIONAL BUREAU OF STANDARDS PERFORMANCE 
CRITERIA FOR SOLAR HEATING AND COOLING SYSTEMS 

Robert D .  Dikkers 
Re search Coordinator , Solar Technology 

Center for Build ing Technology 
Nat ional Bureau of S t andards , Gaithersburg , MD 

A maj or respons ibil ity of the National Bureau of  
Standards (NBS ) under the Nat iona l Solar Heat ing and 
Cool ing Demons trat ion Program (P . L .  9 3 -409 ) was the 
preparat ion of per formance c riter ia for solar heat ing 
and coo l ing sys tems in res idential buildings . The 
ini t ia l  performance c riteria document was pub l ished in 
January 1 9 7 5 . I t  was subsequently revised in November 
1978 and September 1982. A brief review of  the s igni fi­
cant revis ions made in  the var ious per for mance c ri teria 
areas (i . e . , thermal , mechanical , safety and health , 
durab i l ity/ re l iab i l ity , opera t i on and servic ing ) as  a 
resul t  of  solar research and demons trat ion activities 
during th is 7 -year period was presented . Progres s  made 
in the development of the American Soc iety for Heating , 
Re f rigerat ing and Air Cond i t ion ing Engineers and the 
American Soc iety for Tes ting and Mater ial s  standards for 
ac tive solar systems , component s ,  and materials was a l so 
dis cussed . These s tandards are re ferenced in the solar 
pe rformance criteria document s  prepared by NBS for 
re sidential buildings (Building Sc ienc e Serie s 147 , 
September 1982) and commerc ial buildings (Technical  Note 
1 1 8 7 , Apr i l  1984 ) . 

Dur ing August 1983 , NBS held two workshops with s olar 
sys tem and control ler manufac turers to aid in identi fying 
research pr ior i t ies for improving the ef fect iveness  of 
state-of-the-art act ive solar energy sys tems . Workshop 
part ic ipants fel t  that the t raining of instal lers and 
de s igners was a high-priority  need b ut ind icated that 
such t raining should be conducted by the solar indus try .  
Ident ified a s  recommended research ac t ivities  that  should 
be supported by the federal government were : control s  
( con trol  s t rategies , accepted prac t ice s ) , material s 
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(durab il ity data , test and evaluation procedures) ,  
subsys tem/ c omponent per formance data , technology 
trans fer , and des ign tools ( NBS IR 84-2980 , December  
1984 ) . 

Department -of-Energy-s ponsored solar energy research 
be ing conduc ted at NBS during F Y  1984 was also  d iscussed . 
In regard to materials , s tud ie s  are being carried out 
to : ( 1 )  charac terize the degrada t ion mechanisms that  
occur in  polymeric cover materials  for solar  col lec tors 
and (2) evaluate the potential  o f  various inorganic com­
pounds for util izat ion as energy s torage media . Fo r com­
ponents , NBS is continuing research to develop rec om­
mended test  procedures for measuring the thermal perfor­
mance of pas s ive solar aperture and s torage components . 
In the systems area , experimental invest igat ions are 
underway to : ( 1 )  quant itat ive ly evaluate the thermal 
performance o f  solar domes t ic hot water systems with 
reduced flow rates through the collector array and (2) 
measure the thermal performance o f  various systems in 
the NBS Pas s ive Solar Tes t Fac i l ity . 

In concl us ion , it  was s ugges ted that the Federal Con­
struc t ion Guide Spec ificat ion ( FCGS) Sec t ion 13980 , 
Supplementary Solar Ho t Wa ter and Space Heating Sys tems , 
should be rev ised based on federal agency experience 
ga ined in the pas t several years . NBS had the lead rol e  
in preparing the original s pec ification pub l ished in 
September 198 1 .  
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LES SONS LEARNED FROM AN ON-S ITE EVALUATION OF 
NAVY SOLAR ENERGY SYSTEMS 

Edward R .  Durlak 
Princ ipal Inves t igator,  Solar Ther mal Sys tems 

Naval C ivil Engineer ing Laboratory 
Por t Hueneme , California 

INTRODUCTION 

The overal l purpose of reduced energy consumpt ion a t  
Navy shore fac i lities h a s  led to  the ins tal lat ion of  
many solar ther mal systems a t  Navy bases . As  solar 
des igns move from theory to  prac t ice , a knowledge o f  
re l iab i l ity , durabil ity , and maintainab il ity i s  desired 
to ach ieve maximum system performance . The Naval C iv i l  
Engineer ing Laboratory (NCEL) h a s  been designated a s  
lead l aboratory for invest igat ions of Navy solar energy 
systems . 

To obtain infor mat ion , NCEL init iated on-s ite evalua­
tions of sol ar systems ins tal led at  10 Navy bases . The 
evalua t ions included solar domes tic hot water sys tems 
ins tal led on about 900 family  hous ing units  and other 
buildings inc lud ing cafeter ias , enl is ted quar ters , and 
swimming pools. Evaluat ions included inspec t ions o f  a 
percentage of  b uildings at each base to determine 
overal l  system cond it ions , correc tness  of des ign , mate­
rial compatab i l i ty ,  common fai lure modes , and prevent ive 
maintenance procedures. Th is ef for t is being coordinated 
with similar work by the Army and Air Force to ach ieve a 
broader data base . The site  evaluat ions are conduc ted 
by an exper ienced team from the Navy and the Los Al amos 
Nat ional Laboratory. The les s ons learned from these  
s ite evaluat ions , part icul arly with regard to common 
failure modes , des ign error s , and other sys tem q uirks , 
are s ummarized below .  It  should be noted that not a l l  
systems suf fer from the maladies l is ted below ;  indeed , 
many sys tems are func tioning normal ly and the l ist  i s  
presented simply to identify common mis takes and 
failures and thereby improve future des igns . Preven­
tat ive maintenance wil l  be more effec t ive if the 
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maintenance person knows what par t of the system is  
l ike ly t o  require his attention .  

SUMMARY O F  S ITE EVALUATION RESULTS 

With respect t o  the overal l system: 

1. The mos t c ommon failure is the c ontr ol system-­
inc luding the s ensors, c ontr ol ler , and pump 
(normally in tha t  order of frequency ) .  

2.  The c ontractor should be required to prov ide an 
adequate  system operations manual ,  set of drawings , 
and maintenance guide . 

3 .  Occupants should be discouraged from tamper ing with 
the sys tem but should b e  enc ouraged to repor t 
prob lems . Post signs, d istr ibute brochures , e t c . , 
to enc ourage the pr oper response . 

4 .  Sys tems that use glyc ol i n  the solar l oop s eem more 
susceptible to leaks and sh ould be checked 
acc ordingly . The pH level o f  glycol systems sh ould 
be c hecked annual ly and the resul ts  marked 
conspicuously on or near system.  If  the pH level is  
below 6 . 5 ,  the glyc ol sh oul d  be replaced. There are 
gauges that aut omatically indicate glycol c harge. 
Provide taps to take samples . 

5 .  Labels should be used to identi fy a l l  heat transfer 
f l uids other than water . 

6 .  Al though excessive instrumentation is not 
encouraged , i f  budget permits , thermometer s should 
be instal led on either the c ollec tor out let  or the 
s torage tank or on both. On l arge systems th i s  i s  
an inc idental c o s t  and should be mandat ory. 

7. With respec t to air c olle ctor sys tems all leaks 
invariab ly reduce per formance and should be sealed.  
Ducts should be s uppor ted t o  prevent vibration ,  
which opens j oints. Wood should not b e  exposed t o  
the air fl ow from col lec t or s  s ince i t  dries and 
cracks the wood . Backdraft dampers should be 
checked t o  ensure t ha t  th ey are not instal led 
backwards . Rapid duct s ize t rans it ions should be 
avoided. Tag pointers should be installed on damper 
shafts.  

B. Sys �em freeze protect i on must be considered in cold 
reg1ons . See Mil itary Handb ook 1003/ 13 ( Naval 
Fac i l i t ies  Engineer ing Command , 198 1 )  for different 
methods ( pros and c ons) . Beware of  c irculating 
glycol below 320F and freez ing the water side of 
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the heat exchanger . Freeze protect ion sensor s and 
controls  mus t  respond to 40oF ,  not 32oF , to com­
pensate for nocturnal rad iat ion effec ts. 

9 .  Depending on the sys tem , it is usual ly all  right  to 
turn off  the backup energy source on sunny summer 
days . 

1 0 .  I n  areas where e lec trical thunderstorms are commom , 
the col lec tor array should be grounded to prevent 
damage to the control ler from static discharge . 

Wi th respect  to collectors  and mount ing hardware : 

1 .  The resul ts of  the inspec tions to date show the 
col lec tors  to be reasonab ly durable;  however , 
inspec tors should be trained to look for such 
things as cracking or d i scolorat ion of the cove r 
plate , corrosion of the outer box , integr i ty of the 
seal , visible leaks , condensat ion under the cover , 
and outgass ing on the c over. 

2. If  wood i s  used for mounting , i t  should be treated 
against  deteriorat ion . 

3 .  Mounts  mus t  be tied down secure ly . Lag bol t s  
should be checked t o  ensure that they are not just  
fas tened to the sheath ing material . 

4 .  The proposed locat ions o f  col lec tors  should be  
checked to ensure that  they wil l  not be in  the 
shade dur ing part of the year or in the future . 

5 .  All fas teners used out doors should be checked for 
corros ion .  

6. The tendency i s  t o  over design col lec tor mounts . 
Determine proper struc tural  s izing ; do not simp ly 
agree with what the contrac tor says . 

7.  The minimum c learance between the c ollectors  and 
the roof and any s ide wal l  should be 1 -1 / 2  inches 
unless  the col lectors  form part of the roof. 

With respec t to the control ler : 

1 .  The controller should b e  matched with appropr iate 
sensors , either 3 , 000 or 10 , 000 ohm.  

2. If a control prob lem is indicated , the prob lem may 
be in the sensors and they should be inspec ted 
be fore any other ac tion is taken ( s ee the sec t ion 
on sensors below) . 

3 .  In general , the solar loop cont rol s should be 
independent from the build ing Heating , Ventilating , 
and Air Condit ioning c ontrol s .  
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- - - -- -- - - - - - -------

4. The controller should be as simpl e  as poss ible  
consis tent with the j ob requirements . 

5. The us .e o f  control lers with digital temperature 
readouts should be considered; al though they cos t  
more than those without digital readouts  ( abou t 
twice as much ) ,  they e l iminate the need for separate 
ther mometers . 

With respect to  sensors :  

1 .  Sensor s must b e  l ocated proper ly a s  close to the 
col lec tor absorber plate  as pos s ible . Some 
col lec tors  have sensor s a t tached d irect ly to the 
absorber plate by screws or bol t s  and these  work 
best.  A location immed iate ly out side the hous ing on 
the col lec tor outlet pipe is acceptable . Tank 
sensor s must  be  at tached to the skin of  the tank 
under the insulat ion or on the so lar supply pipe 
immediately next to  the t ank . Ge t as c l ose to the 
tank bot tom as poss ible.  

2 . Sensor s should be  sealed with wa tert igh t  s il icone or 
a simil ar sealant . A hose c l amp can be  used to 
s ecure the sensor to the pipe be fore seal ing. The 
sensor and pipe mus t be  insulated so that the sensor 
reads pipe temperature and not ambient temperature . 

3. The 10 , 000 ohm sensor s appear to be more rel iab l e  
than the 3 , 000 ohm sensor s . 

4. An oh mmeter can be used to quickly check sensor s ;  a 
read ing o f  z ero or infin ity indicates a bad sensor 
( d isconnec ted from control ler ) .  

5.  Insta l l at ion of  two sensor probes , with one serving 
as a potential backup , should  be cons idered . 

6. In freeze protec t ion areas, two sensor s are the 
required minimum. They shoul d  b e  wired in paral l e l , 
and then connected to the control l er.  

7 .  Sensor wires should  be protec ted during ins tal l­
at ion . Sharp bends should be avoided. To prevent 
aborts , care should be taken when pul l ing wire 
through holes or over f l ashing and when stapl ing 
wire . Wire failure is the same as sensor failure . 

With respect to pumps : 

1 .  For smal l systems , correct flow rate general ly i s  
assured with currently available 1/35- to 1/ 12-hp 
pumps . For larger sys tems , col lector loop and 
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s torage loop flows should be checked to ensure that 
they are adequate and balanc ed . 

2.  In open loop systems , pumps with bronze or s tainless 
steel impel lers and body should be used . I f  a f lu id 
other than water is used , the c ompat ib il ity of the 
f luid to  the pump should be checked . 

3 .  Pump ins tallat ions should be checked for correc t 
flow d irect ion . 

4. Shutoff flanges are inexpens ive and , when ins tal led 
on either s ide of  the pump , al low easy replacement 
and troubleshoot ing . 

With respec t to pipes and valves : 

1. Valves should be tagged as norma l ly "open" or 
"c losed . "  Where there are many units , th is  al s o  
should b e  done i n  the operat ions manual kept i n  the 
maintenance shop . 

2.  Dielec tric unions shou ld be used if d i s s imilar 
meta l s  are pre sent to  prevent galvanic corros ion .  

3 .  I f  rubber tub ing is  used t o  c onnec t c ol lec tors , 
s i l icone rubber is bes t . Spr ing c lamps ( c ons tan t  
tens ion ) should b e  used rather than screw-type hose 
c l amps . Col lec tor out l e t  p ipe with sealing ring s or 
r idges ( ferrules ) works best  with rubber . Straigh t  
pipe is difficu l t  to seal . 

4. Long pipe runs require l oops or thermal expans ion 
j oint s . Al l col lec tor sys t ems should be ins t a l l e d 
us ing a reverse-return (Z flow) piping layout : 
About 12 c ollectors  in a row can be acc ommodated; 
when there are more than that , a f l ow balance should 
be done . 

Correct 
Reverse Return 
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5 .  A manual col lector drain valve should be prov ided 
at the low point . 

6 . Spec ial care mus t be exerc is ed when seal ing roof 
penetrations in order to  minimize future leaks . 

7 .  Pipe runs and j o ints should be insulated t o  R-3 or 
R-4 . Al though rubber elas tomer is mos t common ,  it  
does not  appear to with s tand ul traviolet radiat ion 
wel l .  Metal claddings , Polyviny l Chloride j acke t s , 
and "do-a l l " j ackets work wel l  outs ide. Uncladded 
e lastomer is  acceptable ins ide the building. I f  
pos s ible , insulation should be  ins tal led be fore 
as sembly of joints so it can be s l ipped over the 
piping without s l it t ing and glueing . 

8 .  Domestic  hot water sys tems need a t  leas t one 
pres sure relief valve , a ir vent , and temper ing 
valve . Air vents go a t  the high point and are 
per pendicular to the ground (not the col lec tor ) .  

9 .  High-temperature solder such as 95/5  tin/ antimony 
shou ld be used . 

10 . Al l pipes should be f lushed after as semb ly but 
be fore final hookup . 

1 1 . It  is  relatively inexpens ive to instal l thermal 
wel l s  or tes t ports  during cons truc t ion and then t o  
decide l ater i f  thermometers need to be  instal led. 
Appropr iate locations for wel l s  or ports  are in the 
col lec tor inlet and out let , in s torage tank , and in 
the hot water pipe lead ing to the load . 

12 .  Spr ing loaded or  swing check valves that do not 
require a pres sure dif ferent ial to s eal should be 
used . Ther moaiphon sys tems use thermally actua ted 
check valves . 

1 3 .  Soft seat valves should  be  used for d ivert ing 
flow. Hard seat valves are okay in mixing 
appl ications . 

Wi th res pec t to s torage tanks : 

1 .  Externally  located tanka should be wel l  insulated 
and protec ted from moi s ture . 

2 .  Al l tanka located in heated s paces (which is 
pre ferable ) need a t  leas t R-1 1  insulat ion and 
pressure relie f  valves.  For unheated spaces , 
insulat ion should be increased to R-20. 

3 .  Dis s imi lar metal connect ions should be avoided . 
Use dielec tric unions . 

4 . Convoluted pipe that runs in and out of  the tank 
should be avoided . 
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5.  In  f iberglass tanks , s tress  concentrat ions should b e  
avoided , especially at pipe attach points wh ich 
should be at the top o f  the tank. 

6 .  Tank supports  should be  thermally isolated from t ank . 
7.  Bur ied tanks are not prac t ical for use except in 

large systems because they de teriorate and are 
d i f ficul t to insulate. 

CONCLUS IONS 

On the bas is of the informat ion obtained dur ing the on­
s i te evaluat ions , a predes ign checklist  has been deve l­
oped to  high l ight l ikely trouble  s po t s  and to provide 
gu idance to those prepar ing a preventative maintenance 
program.  Some o f  the maj or conc lus ions drawn are tha t : 

1 .  So lar collectors appear to be in good condition with 
no maj or corros ion.  

2 .  A l ack o f  proper sys tem drawings , operations 
manuals , valve ident i ficat ions , etc. , is prevalent .  

3 .  Temperature s ensor locat ion and rel iab i l ity is  a 
s our ce o f  problems . 

4 .  A s imple  maintenance check (requir ing only 1 0  t o  20 
minutes per sys tem) would identi fy the maj or ity o f  
problems . 
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VETERANS ADMINISTRATION E XPERIENCE WITH 
SOLAR ENERGY SYSTEMS 

Kurt D .  Knight  
Chie f , Central Air Conditioning Divis ion 

Veterans Adminis trat ion 
Wash ington , DC 

INTRODUCTION 

The Ve terans Adminis tration ( VA) has an extens ive solar 
program .  It began in 1976  with a Wilmington , Delaware , 
proj ect that inc luded both s ol ar heat ing and cool ing . 
The lates t sys tem was put in operation only a few months 
ago . The VA now has 32 solar projects in operat ion at 
pr esent . They serve a var iety of  building types and are 
located acros s the country . 

The f irst  VA solar sys tem u t i l ized flat plate col lec tors  
to  provide building spac e heat ing and cool ing . Later 
systems were directed towards providing domestic hot  
wat er only . The bas ic sys tem des ign has  evolved 
produc ing what the VA bel ieves is an excel lent , troub le­
free , success fully operat ing sys tem . 

With regard to sys tem operat ion and monitor ing , the VA 
dec ided that  i t  was not a research organizat ion and , 
consequently , that it  would not attempt to monitor 
sys tems extens ively or to cons truct compl icated research 
proj ects . The VA therefor e provides ins trumentat ion 
adequate to determine the proper operat ion of a sys tem 
and s imple controls to ensure proper maintenance in the 
fie ld . Th is  approach has worked succes s fully  and , as a 
resul t , a maj or ity of  the VA systems have been operat ing 
pro perly for a number of years . 

DES IGN 

Th e  VA ' s  bas ic des ign philosophy and criter ia have 
evolved over the pas t e igh t years and are now presented 
in a VA document entitled Des ign Guidel ines for Solar 
As s is ted Dome s t ic Hot Water Heating S ystems . It pr ovides 
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guidel ines and identi fies limitat ions regard ing the 
scope and des ign of  VA solar sys tems . 

In general , the fol l owing parameters govern VA solar 
sys tem des ign :  

1.  Sys tem--Domes tic hot water preheat providing 
approximately 40 to 60 percent o f  total yearly 
dome s t ic hot water load . 

2. Co llec tor--A s ingle glazed , selec t ive s urface , flat  
plate , modular type co llec tor. 

3 .  Freeze Protect ion Sys tem--Ethylene glycol s torage 
sys tem with corros ion inh ib itors incorporat ing two 
heat exchange sur faces between the glycol loop and 
the building hot water . 

4 .  Storage Tanks--Sized approximately 1 t o  1 . 5  gallons 
per square feet of  collector panel .  R-28 insulat ion 
on outdoor tanks and R-14 insulation on indoor 
tanks. Tanks located indoors in a mechanical r oom 
are pre ferred . Tank mater ial is s teel with internal 
and external corros ion protection . 

EXPERIENCE AND DES IGN CONS IDERATIONS 

The VA has found that  the prob lems assoc iated with i t s  
systems general ly are due to  inadequate detail ing o f  the 
sys tem.  The bas ic des ign o f  the sys tem is adequate. 
The prob lems occur with ins tallation details o f  pi ping 
sys tems , mount ing systems , insulat ion , shad ing , air 
el iminat ion ,  and controls .  Many of  the prob lems are 
s imilar to  those that occur in a l l  heating sys tems ; 
however , in solar systems they become more important 
because of the low grade of heat  col lec ted . Smal l 
mis takes can make dramatic reductions in energy 
col lec ted. Solar sys tems are usually a supplemental 
sys tem; c onsequently , i f  they are not operat ing 
properly , they can be valved out o f  the hot water sys tem 
ins tead of  repaired . With troublesome systems , th is 
un fortunately is often the s olut ion of choice . Some o f  
the areas where proper det a i l ing i s  es s ential are 
identified below .  

General cons iderations inc lude the fol l owing : 

1 .  Col lector Az imuth--Opt imum az imuth is true South ; a 
+ 20 degree var iation is ins ignificant. Var iat ion 
to the wes t is  better than to the eas t . 
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2. Cover Plates--To prevent cover plate breakage , some 
collectors come with a protec t ive adhes ive paper . 
Remove th is paper when temperatures are moderate 
o therwise the glue wil l  be  frozen or me l ted and 
impos s ible  to remove . 

3 .  Inner Condensation--Be s ure the collectors have vent 
holes or weep holes to  allow condensed mois ture to 
escape and release the pressure . They mus t  be 
placed so tha t  they wil l not be b locked or collec t 
rainwater . 

With respec t to col lector mounting : 

1 .  Choose s truc tural mount ing elements based on the 
des ign l ive and dead l oads imposed ( inc lud ing 
contained fluid , piping , valves and accessories , 
seismic and wind loading up to  150 mph ) .  

2 .  Mounting col lec tors 1 8  inches o f f  the roo f wil l 
al low room for acc ess to the roof sur face for repair 
or replacement . 

3 .  Col lec tors should be mounted with adequate space for 
a ir c irculation to dispers e  mois ture buildup and 
growth of fungus under col lectors . 

4 .  Cons ider l ightning protec t ion for the collector s  and 
the sys tem. 

5 .  Fl ash ing should be galvanically compatible with 
collec tor cons truct ion . Th is inc ludes suppor t s  and 
fas teners . Proper dielectr ic insulation must  be  
used where incompat ib il ity exis ts . 

6 .  Room for expans ion and p ipe connect ions between 
modular collectors mus t  be provided ( 6  inches 
minimum) . 

7 .  Wherever poss ible , absorbers should be a l l owed to 
" float " to  compensate for expans ion across the 
ent ire array . 

8 .  Al l l ong runs of  piping should have proper expans ion 
connect ions be fore being at tached to the array . 

9 .  Provisions for avoiding h igh s tagnation temperatures 
should be  reviewed--cons ider ing espec ially whether 
l iquid mus t  be drained manual ly from collectors in 
summer . 

10 . Fl ow channel ing ( short c ircuiting ) is undes irable  i f  
it occurs  acros s the s torage tank with in one flow 
loop . In some sys tems , i f  the inlet and outlet  to  
the building heating loop are ins tal led on the same 
end of the s torage tank,  f low channel ing between the 
inlet  and outlet resul t s  in s ignificant bypass ing of 
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available s tored energy. The inlet and out let on 
any one flow loop should  be ins tal led at d iagonal 
locat ions acros s the tank to  improve flow distribu­
t ion. A horizontal  discharge pipe with many holes 
along its  length will  help greatly in assuring that 
flow channel ing cannot occur within a given loop . 

With respect to the piping sys tem :  

1 .  Care should be taken i n  the des ign and layout o f  the 
fluid transport sys tem to prevent exces s ive 
pressures that resul t  in flow res tric t ion .  

2.  Piping should be flushed before col lec tors are 
connec ted. Fluxes , metal  preparat ion chemicals , and 
loose b its of cons truc t ion debris can harm some 
fluids or c log col lectors . Where potab le water is 
c irculated through the col lec tor array and calc ifica­
t ion is  poss ible , prov is ion for flush ing with a 
decalent should be cons idered. F i l l  connec tions 
should be placed upstream of check valves so tha t  
air is  not trapped . 

3 .  Prov ide adequate expans ion j oints and loops in 
piping and at equipment to permi t free movement . 
Loops are preferab le to j oints .  Properly designed 
guides and anchors are es sential . 

4 .  Ga lvanized piping has been a prob lem when the 
temperature of  the fluid is  higher than about 
130oF .  
Ga lvanized piping should not b e  used in solar energy 
sys tems . 

5 . P iping should be arranged to  provide for air 
purging ; water veloc ities  in collectors are low and 
usually not suffic ient to  carry air to e l iminat ion 
devic es . Flow should always be in the direction o f  
natural air movement . 

6 . To maintain even tube f l ow d istribut ion , collector 
manifolding res istance should be low compared to  
tube resis tance . Keep manifold res is tance to about 
10 percent of tube res is tance . 

7 .  Pipe insulat ion located outs ide should be protec ted 
from water and the ultraviole t rays of  the sun. 
Pipe covers should be lapped and sealed to prevent 
leakage of  water at j o int s . 

8 .  Solar col lectors have been damaged by thermal shock 
when they were initially fil led. On a sunny day , an 
empty ( dry ) col lector can reach very high tempera­
tures . The absorber can be 4500F in a flat plate 
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col lec tor. The initial  start-up f luid enter ing the 
dry collec tors , hundreds of  degrees cooler than the 
absorbers , resul ts  in broken glaz ings , absorber 
warpage , and/or explod ing of evacuated tubes. To 
avoid th is d isas ter , the sys tem should be filled 
during the early morning hours before the sun has 
heated the col lec tors . 

With respec t to the pumping sys tem : 

1. The pumps are s imilar to those util ized in a 
s tandard hot water heat ing sys tem.  

2. Mechanical seals should be  suitable for 2250F or 
the maximum operat ing temperature , wh ichever i s  
larger . 

With respect to l iquid storage sys tems : 

1.  Liquid storage tanks should be l eak tes ted at 1 . 5 
t imes the des ign pressure . Automat ic re l ief va lves 
should be incorporated to protec t the tank agains t 
overpres surization .  

2 .  Water inlets t o  s torage tanks should be  des igned to 
minimize mixing in the t ank . Dimens ion all t ank 
connec t ions on drawings . 

3 .  Indicate and dimens ion the location o f  the tank 
temperature sensor . 

4 .  Tanks should b e  provided with means for emptying the 
l iquid . Those above grade or floor leve l should 
have a valve at the lowes t  po int , and buried tanks 
should have provis ion for pump or s iphon emptying . 

5.  Thermal s torage sys tem materials should be 
chemically compat ible  with one another to prevent 
corros ion and deterioration .  

6 .  Heat losses from thermal storage containers , which 
are usually placed in basement s  or equipment rooms , 
must be accounted for in determining the thermal 
loading o f  these spaces .  

With respec t t o  sys tem controls : 

1 .  Control s  should be kept as  s imple as pos s ible . Al l 
set point s  and differential  temperature settings 
should be eas ily adjus table . 

2.  For large buildings , the central  computerized energy 
management and control system c an and should be used 
to control the solar energy systems . 
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3. Collec tor loop control s mus t recognize solar input , 
col lector temperature , and s torage temperature. 
Control s  also mus t allow the col lector loop and the 
util izat ion loop to operate independently. 

4 .  Control s  mus t b e  "fai l  s a fe. " 
5 .  Co llec tor sensors should b e  mounted on the collec tor 

sur face , not in the piping . 
6 .  If a col lector array i s  partially shaded , the 

temperature sensor tha t  act ivates the p�p should be 
placed s o  that  exces s ive on/off  cyc l ing is  not 
induced. Th is  may occur if the sens or is in a 
minor ity of  the collector array that is  hot wh ile  
the res t remains shaded . Some cyc l ing is  inev i tab le  
during s tart-up or  shut-down. It  may be minimized 
by maintaining a large temperature difference in the 
control and securely fas tening the sensor on the 
col lector sur face . 

7 .  Normal operation of  the d i f ferential controller and 
over-temperature control s  can be subjec t to outs ide 
inter ference. 

8 .  Moni tor ing systems and c ontrol sys tems should not b e  
integrated . Control s  should be  kept separate. 

9 .  A s eparate control pane l should be  prov ided for the 
solar sys tem .  
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GENERAL SERVICES ADMINISTRATION ' S  
EXPERIENCES WITH 

SOLAR HEATING AND COOLING SYSTEMS 

Vijay K .  Gupta 
Mechanical Engineer , Pub l ic Buildings Serv ice 

General Services Adminis trat ion 
Washington , D . C .  

For several years , the General Services Administrat ion 
( GSA) has been des igning , ins ta l l ing , and put t ing into  
operat ion solar heat ing and c ool ing systems in federal 
bu i ld ings . One example is the solar sys tem in Federal  
Bu ilding ( FB )  103 in St.  Louis , Missour i .  It  was 
des igned in 1978  and put into operation in 1980 at  an 
approximate cost of $1  mil l ion . The sys tem is a General 
Electric evacuated-tube solar col lec tor with an area of  
20 , 000 square feet . The sys tem was expected to prov ide 
500 tons of refrigerat ion and reheat for computer rooms . 
However , numerous problems inc luding h igh maintenance , 
breaking o f  evacuated tubes , and mal func tioning or 
improper ly des igned controls have been encountered s ince 
opera tion began. The sys tem does not meet expec tat ions ; 
it has provided a maximum o f  125 tons of  cool ing c ompared 
to the expec ted 500 tons. Another problem is  that  a t  
nigh t  and on c loudy days the absorber temperature drops 
and causes the sys tem to requ ire s team from other 
sources . Because of such prob l ems , th is solar sys tem is 
be ing redes igned to provide dome s t ic hot water for a 
cafe teria instead of  heat for absorpt ion cool ing . 

Another example is the sys tem in the federal building at 
Carbondale , I l l inois . Th is sys tem features an 
Owens- I l l inois  "Sun Pack" solar col lec tor with an area 
o f  5 , 200 square feet and a s torage capac ity o f  25 , 000 
gal lons . Th is  sys tem was des igned to provide both 
hea ting and cooling . Like the s ys tem in FB 103 , th is 
sys tem has exper ienced numerous problems that have 
required excess ive maintenance . The sys tem requires 
operating technic ians with h igher than ord inary ski l l s  
because of  i t s  sophist icated control s .  In addit ion , 
many collector tubes have been broken . The Carbondale 
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FB is using approximately 21 5 , 000 Btu of  energy per 
square foot per year , whereas it  was des igned for 5 5 , 0 00 
Btu per square foot.  Hos t o f  th is energy inefficiency 
is  attr ibuted to the s olar sys tem. The sys tem does not 
prov ide enough hot water for the abs orber ; there fore , 
the s tandby e lectr ic boiler has to be operated to 
generate high-temperature hot water for the absorpt ion 
machine . GSA ' s Regional Energy Conservation Branch is 
at tempting to retrofit  the system. 

The s olar energy sys tem on the Federal Building in 
Saginaw ,  Michigan , has exper ienced problems and 
ineffic ienc ies s imilar to those o f  the Carbondale FB 
sys tem. The Saginaw sys tem ,  however , has not 
exper ienced excess ive 'solar col lector tube breakage . 

The GSA has ins talled solar sys tems on many other 
federal buildings and the per formance of a l l  has been 
marginal . It should be noted that  the problems 
encountered by the GSA are s imilar to those reported by 
other Federal agenc ies and the pr ivate  sector . 
Nevertheles s , dur ing the pas t decade many lessons have 
been learned that  affect future appl icat ions . Th i s  
inc ludes the following : 

1 . Present solar cool ing sys tems are not cos t­
e f fective , require h igh maintenance , and are 
unrel iab le .  

2. Simple sys tems such as domes tic hot water sys tems 
are func t ional and , i f  designed and operated 
proper ly , are cost-e ffec t ive in certain locations . 

3 .  Solar sys tems require a s pec ial ized operat ing s t a f f  
and should be ins tal led only i n  areas where 
qual i f ied technic ians are availab le . 

4 .  Present technology requires h igh levels  o f  exper t i s e  
in design and operat ion and a l s o  the exerc ise of  
human judgment . 

5 .  Ac tive solar systems shoul d be researched extens ively 
be fore more appl icat ions are made . In conclus ion , 
present  active solar sys tems are not cost-e ffec t ive 
for cool ing and s pace heating . There fore , futur e 
planning should concentrate on s tate-o f-the-ar t 
pas s ive sys tems and hybr id systems to conserve 
energy . For further in format ion , contac t Vijay 
Gupta , Technical Direc t ives Branch , Design Manage­
ment Div is ion , Office o f  Des ign and Cons truction , 
Pub l ic Buildings Service , on FTS 566-0628 . 
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THE DEPARTMENT OF ENERGY ' S  SOLAR IN 
FEDERAL BUILDINGS PROGRAM 

Morr is Skalka 
Branch Ch ie f ,  System Development Bran�h 

Ac t ive Solar Heat ing and Cooling 
Depar tment of  Energy , Wash ington , D . C .  

The Solar i n  Federal Buildings Program ( SFBP ) is  a mul t i­
year program that was legis lated in 19 79  to s t imulate 
the growth and improve the e f fic iency o f  the solar 
indus try by providing funds to federal agenc ies for the 
des i gn ,  acquisition , construc t ion , and ins tallat ion o f  
commer c ia l ly applicable ac t ive solar hot water , heat ing , 
coo l ing , and process  heat sys tems and pass ive systems in 
new and exis t ing federal buildings . The program was 
intended to place the federal government ,  the larges t 
energy consumer in the United States , in the forefron t  
in implement ing energy conservation measures and in 
promot ing use of solar and other renewable energy 
res ources . To date , the program has progressed through 
planning and organizat ion ,  proposal submiss ion and 
evaluat ion , site  select ion , des ign , and des ign review 
for all  7 3 1  proj ec ts included in the program.  In 
add i t ion ,  cons truc t ion and acceptance tes t ing are over 
7 5  percent complete , and the monitor ing and repor t ing 
phase is now under way . The Depar tment of  Energy ( DOE ) 
has overall management control of  the program and has 
con trac ted wi th Energy Technology Engineer ing Center 
(ETEC)  to  provide the technical management .  

Th e  budget for the projec t is  approximately $30 mi l l ion . 
The amount allocated for each s ite var ies wi th the sys tem 
complexity . There are many small  sys tems to allow a 
l arge number of solar proj ec t s  to be funded .  The fo l low­
ing is  a l is t  o f  the number o f  so lar energy sys tems 
ins tal led , categor ized by sys tem type : 
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Hot Water , Act ive 
Heating , Active 
Cooling , Act ive 
Heat ing and Hot Water , Act ive 
Heat ing , Cool ing and Ho t 

Water , Act ive 
Proces s Heat , Act ive 
Pass ive or Hybr id 
Heating and Cool ing , Ac t ive 

659 
1 1  

1 
25  

2 
10 
18 

5 
73 1 

Wi th mos t o f  the des ign and cons truction work completed , 
the program is now entering the mul tiyear monitor ing and 
repor ting process. The obj e c t ive of the per formance 
monitor ing and analys is phase is to provide the fact s  on 
which to base per formance pred ictions , confidence , and 
warranties for a mature solar thermal indus try .  This  
monitor ing and analys is program is des igned to evaluate 
accurate ly the field per formance of representative 
des igns of ac t ive solar domestic  hot water , heating , 
cool ing , and indus tr ial process heat  systems . Informa­
tion on thermal per formance , reliab i l ity  and maint enance ,  
and fuel cost savings will  provide a real istic base for 
the solar energy technical community to improve i t s  
produc ts , upgrade i t s  sys tem des ign methodologies , and 
supply solar thermal sys tems that per form as predic ted . 

At l eas t 12  act ive solar s i tes wi ll  be instrumented for 
complete and accurate data record ing. The data from 
these s ites will be thorough ly reviewed and analyzed and 
made available to those engaged in research and deve lop­
ment and des ign analys is me thodologies.  Ten other s ites 
wil l  be ins trumented to a l imited extent and the data 
from all the s ites wil l  be s tudied to detect major per­
formance failures. In add i t ion ,  several pass ive/hybr id 
proj ects  will be instrumented and monitored . 

Sol ar technical media , con ference papers , and other 
pub l ication veh icles will  be used to disseminate inter­
mediate resul ts.  Repor ting dur ing th is monitor ing phase 
wil l  inform the solar communi ty o f  ongoing activities in 
the SFBP and will  communicate significant progress in a 
time ly manner. 

At the conclus ion of the monitor ing and per formance 
phase , detailed reports  wi l l  be is sued to ful ly document 
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the resul t s  obtained in the program. In addition ,  
reports  from th is program wi l l  supplement several 
documents now in common use in the solar community , such 
as design guidelines , to make them more use ful to 
des igners and ins tallers . 
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U . S. POSTAL SERVICE ' S  PASSIVE SOLAR 
BUILD ING DES IGNS 

Robert A. Paetzold 
General Engineer 

u.s. Postal Serv ice , Wash ington , D . C. 

In early 198 1 the Postal Service init iated a program to 
des ign and cons truct pass ive solar buildings . The pr o­
gram emphas ized pas s ive solar des igns in small  build ings 
ranging in s ize from 5 , 000 to 25 , 000 square feet . 

Qua l i fication as a pas s ive solar proj ect requires a 
s ign i ficant solar energy contr ibut ion to the building 
systems . At leas t two of the fol lowing three cr iter ion 
mus t be met :  

1 .  Pass ive solar gains wil l  prov ide or reduce the 
building heating energy requirements  by a minimum of  
3 5  percent. 

2. Pas s ive solar cool ing will  provide or reduce 
building cool ing energy requirements by a minimum of  
15  percent. 

3 .  Natural l ight ing will provide or reduce building 
ligh t ing energy requirements by a minimum of 10 
percent . 

Hybr id sys tems comb ining pas s ive solar elements wi th 
ac tive elements such as fans and pumps to distribute the 
energy are permit ted to increase energy trans fer or to  
control the pas s ive solar elements.  For cos t control , 
the di fferential cost for the pass ive des igned buildings , 
compared to s tandard energy effic ient des igns , is  l imited 
to $5 per square foot. Currently , the Postal Service has 
completed 12 pas s ive solar buildings , 12 more build ings 
are under cons truct ion , and another 10 buildings are in 
des ign . 
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Pas s ive so lar des ign features are inc luded in new maj or 
fac i l i t ie s  when an economic analysis  indicates that the 
features are l i fe-cyc le cos t-e ffective . The cons truc t ion 
of the Santa Ana , Cali fornia , General Mail Fac i l ity , a 
340 , 000 square foot major ma il process ing fac il i ty ,  i s  
near ly complete with occupancy scheduled for June 1984 . 
The fac il ity has office dayl ight ing through an atr ium 
and a 200 , 000 square foot single s tory workroom feature s 
skyl ights for daylight ing. The skylights serve a dual 
purpose by provid ing both dayl ight ing and a means for 
smoke and heat vent ilat ion for f ire c ontrol . The work­
room has a high intens ity d ischarge light ing system with 
high pressure sod ium lamps c ontro lled by photocells  and 
a d immer system to provide automatic control of the 
i l luminat ion leve l .  Dayl igh t ing and other energy e f fi­
c iency elements  of  the Santa Ana des ign are calculated 
to provide a savings of  55 percent compared to the 
des ign of s imilar buildings in 1975 . 
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SOLAR SYSTEMS 
CONSTRUCTED BY THE INDIAN HEALTH SERVICE 

Wil l iam E. Duncan 
Mechanical Engineer 

U . S . Pub l ic Heal th Serv ice 
Washington , D. C .  

The Indian Heal th Service ( IHS ) has funded the 
ins tallation of solar sys tems on hos pitals located in 
Ada , Oklahoma ; Whiteriver , Ar izona ; and Acoma-Laguna and 
Santa Fe , New Mexico . The hospitals contain from 40 to  
70 beds . The collector areas vary from 10 , 000 to 30 , 000 
square feet . Al l the systems feature fixed , flat bed 
col lec tors except the one at Wh iter iver , wh ich has sun 
tracking parabolic troughs . 

Each is an act ive sys tem with the col lector s  ins tal l ed 
on the roo f or a h i l l s ide nearby (Whiter iver ) . Each 
sys tem is compr ised of three s tages . Stage one 
c irculates glycol-water through the collectors  and a 
heat exchanger . Stage two p icks up heat a t  the 
exchanger and de livers it  to  the storage tanks . Stage 
three takes the hot water from the tanks and de l iver s it 
to the terminal units . 

These sys tems are not very e ffic ient because o f  heat 
los s in the l ines and tank , the large amounts  of  water 
that  mus t  be pumped ,  and the fact  that the s tored wa ter 
does  not reach a usable temperature unt i l  midday . A 
higher e ffic iency could be a ttained by repiping , us ing 
var iab l e  volume pumps , and , as it becomes available , 
pas s ing the hottes t water through one or more of  the 
terminal units.  The terminal uni t s  are for building 
heat , dome s t ic water , and ab sorption air condition ing . 
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CORPS OF ENGINEERS EXPERIENCE WITH SOLAR 
ENERGY SYSTEMS 

Edward K. Zulkofske 
Mechanical Engineer , Office of the Ch ie f of Engineers 

Depar tment of the Army 
Wash ington , D . C. 

BACKGROUND 

In the mid-1970s  Congress began includ ing in the yearly 
mi l i t ary cons truct ion author izat ion and appropr iat ion 
ac t s  a requirement that s tud ies be conduc ted to 
determine the potential for savings from use o f  solar 
energy in mil itary buildings . The acts  also provided 
extra funds for ins tallat i on of solar heating and 
cool ing sys tems . The Army d id not then have a guide 
spec i ficat ion or design manual for solar sys tems but it 
proceeded anyway and bui l t  approximately 50 percent of  
al l the sys tems ever ins talled at Army ins tallat ions 
be fore such documents were published . 

In 1 9 7 8  Congress firmed up the solar requirement.  It  
directed that solar feas ibil ity s tudies be conduc ted as 
par t o f  the des ign o f  all  mil i tary buildings and that 
solar sys tems be instal led whenever they were found to 
be "cos t-e f fec t ive. " Congress  ind icated that for a 
sys tem to  be cons idered cos t-e f fect ive , "inves tment cos t 
dif ferent ial mus t be recovered over the expec ted 
building l i fe . " The Depar tment of De fense (DOD) 
developed a spec ial procedure for making l i fe-cycle cost  
(LCC ) analyses for solar projects that re flected the 
Congress ional intent . The procedure was s pec ial in that 
it ignored operating and ma intenance cos ts and i t  pro­
vided for escalat ion of energy savings . With that 
ac t ion , the DOD solar program was formally initiated . 

In 1980 Congress changed the rules for determining the 
cos t-e ffect iveness of  a pr ojec t . It d irected that DOD 
begin us ing the new LCC analysis  procedure that the 
Na t ional Bureau of  Standards ( NBS)  had recently devel­
oped for the Depar tment of  Energy ( Nat ional Bureau of 
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Standards Handbook 13 5 ) . At this point , the Army solar 
energy program virtual ly ended s ince active solar sys tems 
wer e almos t never found to be cos t -effect ive by the NBS 
LCC procedure . The Army is s ti l l  required to s tudy 
solar appl icat ions for al l buildings but finds few 
proj ec ts  each year to be cos t-e ffect ive. 

Wi th ac t ive sys tems found not to be cos t -effect ive , the 
Army currently is pursuing pass ive solar energy 
appl icat ions and its major thrus t is in the family 
hous ing program.  Dur ing the pas t 3 years , pass ive solar 
sys tems were found to be cos t -e f fec tive for 5 17 family 
hous ing units , al l of which have been built or are under 
cons truc t ion ( 232 at Fort Drum,  26 at the P icat inny 
Arsenal , 1 1 5  at For t Lewis , and 144 at For t Irwin ) .  
This year ' s  pass ive solar sys tems were found to b e  cos t ­
e ffec t ive for 6 5 2  fami ly hous ing uni ts and these are 
currently being des igned ( 208 at the Aberdeen Prov ing 
Ground , 244 at For t Stewar t ,  and 200 at Fort Polk ) .  

THE CURRENT S ITUAT ION 

In h ind s ight , it is evident that 1980 was a pivotal 
year in the use o f  ac t ive solar sys tems in the Army. 
Firs t ,  as mentioned above , a f ter the NBS procedure began 
to be used to make LCC analyses , few sys tems were found 
to be cos t-e ffect ive. Sec ond , users of act ive solar 
systems began exper iencing and repor t ing numerous pr ob­
lems . As a result , act ive solar programs in general , 
and the Army program in par t icular , entered a new phase , 
a technology refinement phase. 

The Army , through its  Cons truction Engineer ing Research 
Laboratory ( CERL) and its Fac i l i ty Engineers Suppor t 
Agency ( FESA) , under took a research effort to correc t 
Army solar prob lems and to f ind ways to make ac tive 
solar sys tems cos t-e f fect ive. Congress repeatedly 
prodded the Army and other mi l itary departments to find 
ways of improving and applying solar technology . 

Among the research proj ects under taken by the Army were 
the fol lowing : 

1 .  A survey of act ive sol ar systems (by the Los Al amos 
Nat ional Laboratory ) .  
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2. Development o f  a solar feas ib ility ( computer ) 
program (now called SOLFEAS ) to  be used in the early 
s tages o f des ign to determine i f  a par t icular solar 
appl ication is cos t-e ffect ive (by CERL) . 

3 .  Analys is o f  the resul t s  o f  the survey o f  sys tems t o  
identi fy les sons learned and common de fic ienc ies and 
to es tabl ish a data base for follow-on work . 

4 .  On the bas is o f  exper iences and lessons learned , 
development o f  a s tandard des ign for a rel iable  
solar sys tem for future use , a l ist  o f  appropr iate 
mat er ials to ensure reasonabl e  l i fetimes for future 
systems , acceptance tes t ing procedures ( inc lud ing 
appropriate instrumentat ion packages ) ,  and s pec i f ic 
operat ing and maintenance procedures and schedules . 

NEXT YEAR (OR AS SOON AS POSSIBLE ) 

Us ing the results  o f  the research projects  mentioned 
above , the Army wil l revis e  its solar des ign ( technical ) 
manual , solar guide s pec i fica t ions , and ins truc t ional 
courses for des igners , mainta iners and ins pec tors  o f  
solar sys tems . When the revised manual and s peci fica­
tions are availab le the Army expec ts to be ab le to build 
cos t-e ffect ive act ive solar sys tems through use o f  a 
pr oven des ign employing rel iab le components and 
mater ials that meet or exceed des ign expectations . 
Thus , the Army wil l no longer permit unsucces s ful , 
unproven , and untes ted sys tems or mater ials to be used . 
I t  ant icipates s ome complain t s  and protes ts  from bidders 
and manufac turers whose produc t s  or des igns no longer 
meet Army requirement s  but expects  to  succes s fully 
de fend its  r equirements through the use o f  compe t i t ive 
bidding documents and spec i f icat ions that can be me t by 
three or more suppl iers . 
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