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MARKET EVALUATION STUDY: Since t h e  Department of Defense (DOD) owns ap-
SOLAR HEATING AND DOMESTIC HOT p o\ ln ia tCIv t5 f) percent of the buildings controlled by
WATER HEATING IN DOD BUILDINGS the Federal government , it is the g reatest single poten-

tia l government use r uf solar systems. As a first step in
determinin g the overal l DOD market , the market po-
tentia l for solar domestic hot water heating in DOD

1 INTRODUCTION bachelor enlisted and bachelor of ’ficer q uarters (bar-
racks ) was examined , since it appeared to provide a sig-
nificant trial for solar systems .3 Based on the results

Background and Problem Statement of that siud y. the program was expanded to include
Like all energy use rs , the l e f e t a l  gus ci imeri i s space heating in barracks and other DOD buildings.

faced v.1111 I .inidI~ increas ing CIICI gv cos ts  and, in sout le
locations , s hortage or c i r t a i l t ue m i t  of It s e nemgv supp lies. Objective
It is therefore sea l c l ing t~~ .i new and ,h’ ind,int natur -  T h e  object ive i f  hus project was to assess the market
al en ergy s ou r c e ~

) I i )  c r ue l  C\ ina\ he uca l due to i ts potential to t  solar space heating and solar domestic
abundance . w id~s pic.t0 distr ibut ion . .iuid absenc e of waler he a ters  in DOD buildings by deter m ining the
recurring fuel cost .  number of solar collectors which could be economically

installed in the buildings, based on several estimated
t h e  technical t ’e.lo h l tn \  of is ilig solar energy gat li . installed syste m l i fe .eve le costs ,

ered by f lit  ‘ ‘ i ’  ‘I .’cio rs for hot w a t e r  ,iiid sp ac e
heating has ohshed bot h in t h em v am id prac- Approach
t i c e . 1 A l ’  “shu t phase is somewhat more A real property inventory of DOD buildings within
compks rm plu ise requ i les l i t t le more the United States was performed to determine the total
skill II to tus ta l l  conventional sVs t ~’ t I t s .  flout area of buildings which could be potential candi —

bus ‘ utsm derj t ion in so la r svsten i .lpp l t c i -  dates for solar heating and solar domestic hot water
lion i’ ec o n omnm ie s . heating systems. l’hme h eating load and domestic hot

ss .ite r load for each selected building type was then de.
i’he high initial C ’ s  of s’ d i i  sys te m .:olllp t e n t s  is termin ed for  f’our different climatic regions. The por-

t he ni.i~oi h,nuer It e~~oui t i I] ic j t  iis~’ of .irge .sea le sofa iion of the load that could he satisfied by using solar
s t e m applicat ion. Initial cost i. lug ). 1y’ 5’ :~ u l ) ~ t em te r c v  w i ’  determined for each climatic region: then

soi.ir sv s t C t f l  components die , ‘~~ pract ic a l l y hand- the most economnical collector area per square foot of
built. Ilk’ market e r n in d  for these ss’ s t c ’ ’t t ’  . 5  not building area was found by pert ’orming a life-cyc le cost
f ee,i i r e ’  enoug h to elieuur . e ’  he c a p i l  ‘~spen d i u m e s  J nt a l\  sis for va nous solar system costs . The overall
utCC ess ,i i V I t)  pr mi te full .irp fi ’  a tioti it ii itom amed market potential was determined for each region and
pn di w’t omi m ec lmnn i te tme c , w hmie f ’  or ogi iheantlv educe \Ii ) f l ) 11L’d f i n  t ime entire United States.
t he cost of St fa r  c i  nmponen ts.

‘h apter  2 describes tile analysis methods used to ic-
Simice 5o 1n energy could he imp t i m  in .hHtun i ; tei’minc t i l i building in iv ento rv and building loads and

future energy nee ls of the I ‘ r iled Nt it e ’ ’ t he I edera ) to perform the solar sy s tem simulation and economic
l r u engv  Ad m in i s t r a t i o n  i i— I ’ \)  is c ’. ‘ I pnlg a c omt i -  evaluation. ( ‘hapt e r 3 describes the findings and shows
prehensive progra m 2 Inch wil l p o d e  a su bs tant ia l the tabulated esults. Chapter 4 gives the conclusions
initial so lar conipt inenit den iamid mh ro ug hi app l ica t io ns drawn f rom the results. Detailed descriptions of the
on l’cde ra l lv owne d buildings I h i s  le min and is c \pe cted building load determination and solar simulation tech-
to emico urage the use of .i i itomated p ro d uct i o ur  t ech- mmuqucs are provided in the appendices.
niques . t h r e r e r r v lowering the t h s t  ~‘oc; tI so la r eutit
pon cnts .

L SI . N\ u i i t t ng la iid . G. N. Wa tto mi . and I). C. Ilittic . tiarA ’!
J ,  ‘i. t)ut t ie anti 55 . 5 t iectuini ,in S t/a r I ‘) ‘rt.-t I h ernial , - ,

I ‘ 
I f ’sn.n S o t / i  Solar /) omestw Water Heaters in 1)0/) Bar.

I r o A r . I cet inica t Report L-I 02/Al )A0 3647 9 (U. S. Army (‘on.
2 Solar I .ui ’rc ; ,t tern iron,’ Hith /uru t : ’ i c  era in . Pol len ’ j u l  or t~~ lit ii I’ migineer ing Research L.a bora tory I (‘ER LI - l”ebruary

l ’~ij I ’ nr ’nr,;n ’ ’i I’I ; n ( I  t nt’ St o re (‘ up r r i ur , Jani u ,trr’ l~)7 7 )  t t~7 7 )
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2 METHOD OF ANALYSIS systems, Since actual measured heating and hot water
load data for the eight building types were not availa-
ble for this project. the Energy Utilization Index (EUI)5

Building Inventor y was used to predict these energy requirements. EUI is a
‘I’iie I .~t billions sq ft ( I  ft2 million m 2 ) of DOE) mam m al co m putatio n al method specifically designed to

buildings itt the United St. i tes of ’t ’c is great potential analy,.e t he hieatim ig and cooling energy requirements of
for solar e mm e rgy app lication. ‘l ine .‘\ n rnm ~’ , Air Force , and Army buildings. Appendix A provides a brief descrip-
Navy I Ma n im ie (‘orps property ms included in Navy prop- tion of the EUI method , which uses a variet y of physi-
a r ty)  maintain computcriied real pro perty inventory c,m l building data amid specific meteorological data to
data bases whic h list buildings by cam e g t ) r 5’ . loc:mtion. determine the monthly and annual building heating
date acquired . nu m ber of square fee l ,  t ype of construe’ loads. The pertinent data required for the EU! are:
tiomi , and, its the c isc of living quarters , number of per-
soils per building. Ana lysis of t h e  various building c i t e -  I . Mon thly heating degree days *6
gory codes showed more t h an 40 dii t ’ere mit building
categories~ of these . eight were chosen for their po- 2. Incident solar radiation per mnonth* ?

t emi t ia l  use of ’ solar energy (‘or combined space heat-
ing and hot water  Imeaiing. 3. Month ly average wind velocity *S

The building types selected , which represent more 4. Exterior walls , roof and floor composition and
than 50 percem m t of t h e  DOE) in ventory . .ire l’amnily area
hitiusing. bachelor enlisted quai tar’ , bac helor o f f i c e rs ’
quarters . adnsinistrat ive buildings . ira imung huildnnigs . 5.  Window amid glass area
operation buildings . conimllunht\ ’ support buildin gs . mmm d
recreationa l buildings , These t y p e ’ , of buildimigs are also (a. Number of doors amid windows
poti.’ m mtia l  solar users in civilian app licat io ns .4

‘7 . Undergroomid floor and wall comnposition
‘line Directom ’a t es of Real I’ro pcrty of the ..5tmrn iv .

.~ ir I-m ae , and N.ivy provided specialiied inven itori es S . Inside set-point temperature
for  buildings in each categor y whose perma mienm conn~
str uu c m ion was less than 20 years  ohd. l’his was don e to t) , Mach ia mmi cal ventilation rate
eli m inate buildings that night n t n he amenable to solar
heating equip m ent hsi.’cj ose of sit u ieto ra i inadequacy or 10. Occu pancy levels
a decr eased eeot it uniieallv uset ’uI l i fe , f l tese ) imnii, i imonm s
res t r mcte d the st uhs’ to appro~ inniar e lv 40 percent of I I .  lliuilei tu inace e l t i c n e n0
the tot a l DOE) building mis cii tory. Tire •\ r in ns ’ , \mr 1’ orce.
and \ j~~ ’ inventories reported ilne ar ea of each humId- I his imif i r n iarm o mi v . m s  supplied t’or each building type
ins c . m i e u t t rS - Ihiese areas sse re sumtm nt ie d to uib ma i n the st a monthml load ~ie Ic r nnmn: m mion per square foot of
1)01) total  ar ea for each selected building type . boihdmm ig cou ld ~t’ caL il.tted . Monthly building loads

s~ era n t’qUiI ed sr time solar ‘mmnuiat iun techni ques used
The I mi ned S t a t e s  was t h en sa g iulemi t ed in to tour in t h is s m udy.

general climati c solar insolation regions. whose btiiin.
t lari es were the st ,t t e lines as shown in I gore I . I hiese
regions were selected along average so l i n  radiation in- -

Icnsi iv  lines., One c i t y  was sele ct e d in each regiomi w )t t ise • L. SI W nndmng ianJ .tnd 1) , (‘ . tu t t le .  /:nt ’rCt ’ l)iili:ation
climm ia tic conditions wc i e t pica) of that region: the St 0 i n  I,md, ’ i ! ’t l i , , d ‘ ‘r Pri ’Ji t ’ t in .~ Bui lding 1- to ri,’ t ’  .me . I ec t m ni c at

and climnato log ical ilata were thcn obtained for  th at e m s  Report I’ - l i I~ 0. I RI , S t i r  t

11 , 11.1 ire t r I tie tour ch ina t ic regions m nmimc a te d In I’ igur e
Load Determination ‘( ‘Iun ii i t ’ ‘i t /as t I  tIre / ‘n/o il States (U. S . I)epartmc nl

The heatim i g load tnf each boildimi g w as :mnal yted to i t ’ (‘t inmn nerce . I
deter m ine the pert ormance of solar energy heating ‘ Clim atic ‘ti/as oh 1/mi ’ United States (U. S. Deparmn ment nt

— _________ 
( ‘ i rn,ncrtt ’ . 1 96 1)) ,

Solar t,’n ’ r c ’ r -  ( t t t t r n i f l t t ’ i t  Buildings l’r ogra rnn . /‘ ,tit ’ t ’  and Eneinei ’ring it ’i’at lit ’r Data . At - SI 1)8-8, Chapter 6 (l )epa rt ’
Imnp lr ’Pni ’n rat ion / ‘la,i i I lie Slim re C orpora t inn , Ja nuary 1977 ) . men t ni i he Sir I ‘ r u e, I 5 Jane I 967 ) .
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A ns pica ) huildimig im mea ch i c ,uIa gt 5’ gi~t ii p ss .is seIe~ ted fuel s.ired I s  usuiig a st rl.n s y ste m . I lie Off ice of the
on w hich to base the heat imig loads ’~m u , m ) v ’ us . \ ppe n id ix  ( ‘hii ef i t t  l’.uig it neei ’,’ 10(E) li fe— c y cle costing ( I C C  in—
B describes buildimigs s e lected fbesc buildi mmg’ are t s pi- 0 ruc i iomis~° were comm m bined with time building loads.
ca l of many structur es through out ihie 1)01) amid sl i i ihd c t in i re n n i t , n m al  sv sm emim e t f ic i e nci es .  solar insolation values .
ex hibit a reasom sab le average u t ’ lne, it  nng b i d  per untO and c i t l l ec t t t i  ,uie.is to derive a closed-form equation
area , t i  q 12)  tha t could he used to determine Use ecomnomic-

dlv opti m um collector areas for each building type in
Solar System Performance etc h ieg ioni.

‘r ime performance of ’ a so) .n s5’ s te t l i  in t iee I In i ~ m ite
loads w,is determined bs usnig a nt t a t i ua h nm ne t h iod des e l- The net l i fe -cy c le  cost is defined as the differe nce
oped li~ (‘ERL. t hi , i i ec im uplites the per cein .ige of the ne t ss e en i  ca pital Cost s I ( ‘( ‘)  for solar system acquisitions
lo:id mmmci bs’ solar et i en g s for va r io0s  ~t lle~ i i i  ,n~’.ms . atn d ti me pres m m wor t h (PW (’~ I of fuel saved by using
This met ltod Nec ~ppendix ( ( i s  based omi the I r i tht a t  , t h e  solar s s te in . as sitown in Eq 2.
w ith proper nt mnmttaht ta t i o n I n  load si/ c .mnd l~ ea l so l: mr
iius o l, i tu n . t he pert ’ortu ;tnicc of a g iven ‘ , u l,iu s s t e r n  t i !  L(’(’ = C L ’ PWC 5 IEq 2]
zm given building m any lt~~.itioui 5’ ,ini Ire t e p ue se nt ted is a

unto er sa l perf ’ornnan ice curve , ’ Its des el p i u ret ut  rs .is In thus sn iudv, capital cost is assumed to include all
based on establishe d tce ) it it doiz v amid calcul an i rni m ue t hm ’ equipmtm e nt costs, installation Costs , a ’  .1 the present
ods amid provides suf ’f icme nt accurac y f u n  leis ib i l it ~ wort h cost of operatio mi and maimntenart~e. It is assumed
studies. rhie unuveis a l cu rve assun ut es use of a s it it z le . t hat these costs vary directl y with collector .~reas . as
glazed. se le cr ise-sur l , i c e . llat.p lat c . water co l lec to r .  s l i t nrv ni  in Eq 3.
( Time collector areas givem m iii tins report ‘are for t h i s
is pe ot collector.) i’igure 2 slu uss s the rniir ci s i )  curve ( ‘ ‘  ‘s ’ B..~ LEq 3J
for sp ice heating. w ltichi w as used to determ uine ti n e
antioU itt if load that cou ld be s a t is f ied  ft so la r energy’ . w here 13 the solar sy s tem cost per sq It of collector
Use of this curve ieq ni ies calculation t f  building
et ier gs loads an d compilation it ’ t ’ri~s i te  w eat hci data. .\ , the collector area
Usnt n g Iris mn t o rm nia t i on . tine c u ive  relates stu l ir s\’ s t e i t i

perfort nance to the col lector area , ‘Ibis c u rve I sh ttsvi i  ‘1’ = a l, icto r which reflects tine current DOD
in .\ pper id ix C.’ ) ~.iu i he represented Irs a geu re i m I equ. m. u tile value of money.

ion:
cni be determined osit ig Eq 4 .

p = al’ S + hl’~
2 I I’ .,] I ]

II + i)n n
sv lie rc’ ’ ,t mcI ft = L’ ’r ’LInI s = 

( .  
~ ~~ 41

p = percent load sj t  s t i ed  b~ sol:ir w hter e i = 1)01) time value of money

I’. = collector m c i  so lau insol ,it ion( n = faci l i t y h it ’e ( s e a r s ) .
building load,

FIne c.ipit al cost represents money spemi t for tIme solar
Economic Analysis sv s t e in i  which is its exce s s of costs associated with tIme

o mime n hind use d to dci im ue t h e  o mat i nial ~t I be t i l t  a te a en nu vemu t iom iai itea t inn it: I lie convem m t ional system is as-
tin e ,icli trum ldit i t . t  ty pe iii ea c ht regmom i ,o i , i lv t ic ’ i lls cot ii’ sume d i t t  he auxiliary to t h e  solar system.

p ines tI me ca pit .i l Costs inivo )s ’ ed in ‘ m l i i  ss stein ~mc qmi i ’
s imion and uru s t . i ! l , i t i r s~’ i t li the ~~~~~ s r i  ilt il the l’he unresen it svorth of fuel saved by the solar system

ms given in Eq 5.
ii. t u n i c . D, t i t O  ‘use , , and Ci. 55 . t l t tu r i . I,m ti ’r inz I ac t/ il.

itt .4 ,uu , ’s rnmi ’i i t  I let / i , , , l  for  .S t j l z r  Ih ’atln .i,’ anti I ‘it i/ m i ,’ ii t r unt
Bui l,ii,ii,’.c . t echnic,i t Ru’ ’  I .~) t  f S h ) ,.S(i 265S~ ( i  RI . S t i r
I S” t i int l t ) . it i t i t e . I, ,. SS .i)t tni . i t . llotstniuse r . and I) , t ev e n’
en, , Predicting tin ’ / -r i  tr ia ls  ‘ of S Oa r / r u n  t .Si ’S fi’Oi Si ‘ i t t  - - ——— - - —

iatio,m . Interi m Repo rt t “~.S , . \ t n  \ I I t 5 ) u ’0. t (  I RL . t , rni i i , t r ’, 
0 01/ I it t ’ ( ‘ i t / c  ( ‘t s f i r i 5  in c f r n , t t , , i p n , m (l)cpartmnent ot’ the

I)’! 7) ,  S r in i \  . ~~~~ 
t) 7 h i .

1(1
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Figure 2. Universal curv e for solar heating systems.

l’\V( ’ 5 = P0iQt ii jEc 1 s i mu = tine nunmber of years.

‘ li ne universa l curs e presented in thne sohar simulation
rv iterep m = the ium t t n t l t l s ’  per ’ u’ u u i  ‘ ‘I load nmi e i bs’ ~ ‘t, ii sect i o m u is descr ibed in Lq 7:

as giveti mu Lii 1
p03 = nmPrm + ~~~ ~Eq 71

D = tine cost il en ner st s Itt
where :i, ft = c i t r t sua nn  derived from the universal curve

n = t ime ~t t ic te n ic s ’  mi t  time cti t ive ti t iomm a l ime:mt imig
sy s t e t mn Pm = t h e  Y value determined oms a monthly basis

= tine mommt ht ly heatim ig load A c Qcm
i5fl5 Q IEq S~

M = a factor which reflects t Ime tv~ i m ll cost of i,m

fue l at a specific iti tlati ot i rate over tine f .m .  w h ere Q m = mmn om nth ly solar radiation energy on
ct hm t v  l i fe ,  t ine collector

\1 is gm senr mit lNI (n , 
QLm = mom nthly energy requirements

( I  4 i ) ~ 1 
~ 

(nJ 
“s r i  = time x value given omm a monthly basis

whme m e i = time mm ve nall mt ntl at imi i i  rate ot fuel l mm s er t m ni g  Eq 7 into Eq 5 yields Eq c) :
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‘t iE) 1~ lmm s ta l l ed solar system co m ponent costs
PWt’ 5 = — -  

~~ I aP s~~ + bP~ 0 ) Qt mum l i d  t ) l
m

2. l)OD time value u I  money
Suhst t int ing for P5 ~ 

t’n ommi Eq ~ amm O C - ( ‘ fro m I :q 3
i~Ids Eq 10: 3. Ut i,’se it cost of fuel

LC(’ = YB..\~ ~ A~Qi,.~ I Eq 10J 4. Projected fuel inflation rates

S. Effic iemicy of conventiona’ heating system.

~nMl~ 
.‘\_~ ~~~- This study was perfor m ed f o r  various values of solar

n — V t,m . . .t’tt sys te m mm c t i s t s . Time Federal Energy Administration
proposed im ns tallech solar sy sme ni m costs of Sc) , $1 5 . and

S . m v imm gs ate tm max ints i ,’.ec h w lme mn time slope iii time L(’(’ ~2)) per square foot were used. Th ese costs imnclude the
curse is iem . ‘1 Iris is obtaimmed by dif ’f ’ere mn tiat imng Eq 1(1 co l lec tors . puitips . pmp mmmg. h eat exchangers , storage , and
r~ mit respect to collector area and setting it equal to  ct m mm ii o i s . Atmmiti aI opera timng and maintenance cc)SIS are
icr. ’ . .is showmm On Eq 11: assumed to he offset by t ine reduced cost of maintain-

ing tIme convemition al heating system.

dL(’C aMD ‘
~~~ 

. -YB ‘
~~~~~

“ Qem - ~Lq Ill Time DOD t Im e value of ’ nmoney assumed in this study
in m was 10 pe rcent * (a comparison of data for a 6.5 percent

1)01) time value of mnnomney is included in Chapter 3);

2hMD 
~~
‘ em t h i s  a ss i imm me s t h at tIme money cou ld be invested at these

— ~~
““  ‘c = U rates  ani~I t hie re l ’ore requires solar systems to achieve

m m i
that mat e  u ’I return.

‘[lie imorinalized area wh ere t h is occurs is obtained by Wh etn tine cost data lmave been determined, it is
solving for .“t~ and is g ivenm b Eq 12 :  nm ec ess:mm ’~ to establish the life-cycle cost for the fuel

used by time conventio m nal system and for tine fuel saved

YB ‘tIE) ~~ 
hry using solar ennergy tot  a portion of the building load

‘~ u ni  based omm time es t i r t m am c d  solar sv st e t mi performance. Time
opitiniuit in = [E q I 2 j  prese rm i fuel cost used in this amnalysis was S3.50 per

ThMl) ‘~‘ ( —~ -~~ -— ) tuillionm Btus . which is comparable to approximately
rn QLm S. SU ,”ga llumnn of No . 2 fuel oil.

Eq 12 can he substituted iimto Fq hO to deternmir m e tine Tine fuel cost differences asso ciated wit h tine con-
life cycle cost at time opti nn u mnm cm llector area. line v ,il mi e ver t i io nna l  55 stemm bui ldimn g loads and solar system con-
ohtained f’or time life-cycle cost represetm us mIme savim igs of t r i l u im i t u r i s  were determitmed , and fuel inflation rates
a solar energy system omm l y if it is n egat ive . i.e.. time (immc i udmmmg gemn eral inflation ) of hO percent and 8.5 per-
money s,ived over t h e facility life exc e e ds time addition- cent or tIme 20-vein system life were applied.
al nnntn tn e~ spent [on time solar equ ipmua emmt .

f igure .1 S h umws tIne l i fe cycle cost of solar s ste tnns
versus co llector area based on tine above f’or imuul ae . 3 FINDINGS
TIme lowest point on time c urve nepies u ’ t n t s  t Ir collec-
tor area winch n’ maxm nnn i , e s  t ime did lar s ir’ inags “t c ,~ 

. is

g iven : nm Eq 12 .  l ine cr t i ss tm v e m poi mmt represemnis t ime ccii . Building Inventory
he c tor  area w lmi c i m mna x inti i /er tine fuel savings ii len t E3ui ld imng inve mm tory data were obtained by state , and
dollar payhack. solar radiation and cl imnnatic data for building load

‘rIte f ollowing mm formation is required in order to  ~~~~~~~~~
“ ‘ 

- -- ( ,u’n ie r ,t t iy . the (ii mae mit Managetmmcnt and Uud~net also
mi sc I qs 10 and 12 to dcterm tmin e solar ryster i n ccommoimmtc ru’t l i im res ttie us e t n t  II) percent real rate of discount l’or the eval-
t _- as ih m l t iv uani ott tnt ’ z uv e r m nr i iu ’ m nt itmves tm nent proj ecms.
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COLLECTOR AREA

i OPTIMUM COLLECTOR AREA

Fi gure 3. Li fe cycle cost vs. collector area.

determi imatiomn were obtained fi rm’ four cm u ies  represe m i- Isec Tables 2, 3 . 4 . an d 5). The tables show the montim-
tat ive of eac lm cli m atic I eg it ti ( F  na un c I ). lv ine atimmg and domestic Imot wa te r  h eating load for

eac im lliluting type in tinousands of Btus per square f’oot

‘Flue area of ’ eac h butldini ui - _ ‘ . ime go rv tn t  each eg it ’ni if ’ building i t e m . Time hui ld immg s imormalized loads were
was determ mmined by suumumn ing in id tv i u f i n , i I  S u i t e  nnvcm1 t o r ~ t h memm n n tti l tip h i ed hs tine total area of buildings of thmat

ies (see l’ahle IL Time table sl u t s~s t hat .m na pr t ’ 5 i tum.m te l~ t s ’ pe. Table 6 sh ows time total  esti m ated loads h region
700 tnihliotn sq [II 6,i milh iotn ti ’a m i t  DOl) bui ldin gs 40 and huilditng ty pe.
percent nt tota l DOE) nn mvei l  m i S t  h ave been consido red
imm t i t is report . It rv . ts  not ~tossihie to determ m ’m ine e i t i mer ‘l’ lmese tables sh ow ommly average regiotaal figures
time actual mot i f  area iva u l m i u h e  f i r  ‘ i mm mu mmt imig a st i lan sys -  based on time particular structure that was analyzed and
t e m m i or the huildimmg o n iem i ta t t t ’ n ’  ‘ruin t lmese i tmv e tt t o r ies ,  do mmot represent actual building loads t’or all locations
It rr .is t hu ere t tm nc assutt m ed timat it a hui ldit mg did i t t  h ave m m  the neg to nn .
tIme pro per rot ,? area or or i entat iom n . portions of t ime solar
sv s n cmn could be m mn sta hl ed at gnimunu level. Economic Analysis

Sirmce time building invemmt ories did not immclude t ime
Load Determination numm uber of buildings, but rath er the total area of eacim

The mn ommti ml y buildin g imeating loads fo r the ei ght building ty pe ,  building loads were normalized to square
hnmilditng t y pes were dc term m n i t ied for time four solar b i n  if floor area. Similarly, t he opt inmum s’ mr collec-
m m ns tm l : m t t t m tm ” c h i m m m : i m m c  r’cg i, inis In n,’ time I t  1 nmn e t l mo i l ,  to n area was ca lculated on a per square f’oot of ’ building

‘ i sis for eac im regiomm . usimng Eqs hO and 12. Tables 7
‘rime mmm ont iily loads rs ’em e t h memi miormahi,.ed Ins d is id- t ln r ir t igim 10 give results ot’ t imese calcu Iat mons~ t hese ta —

rug t ime Im m acl by floor area of tIme co mm s m , f e red hni iidi mmg fi les represent optim num im collector area omil for time

13
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four c it ies studied. Timese collector , i me as sve re used as poteitt ial for tl mree system costs for one economic seen-
average s for t ime huildiumg us pcs studied [on eac h reg iotm an it i  (i.e., 10 percemn t DOD timmme value of mnoney and hO
to deterim aine tIme potential m arket.  perce m nt total f ’uei inflation rate). Tables IS through 20

shc mw time m m market p mu t emn t ial for variations of the DOD
The assu mm mp t iomms atmd factors used to calculate tim ese mimm i e value of money and total fuel inflation. The re-

tables were: gio mas of greatest m arket potential for solar syste m s
f luct n iaf e based tin imistal led systemmm cost. This is due

I .  lm ms mall ed solar s vs u e im i  ~‘ osts c a nt  be described mit t  .m til t h e  var i m mu.s iinsohatioim ammd buildimig load ratios whicim
bas is of square f’oot o f c t m l lec t t ’ t  - de ter  min ute time aitmount of fuel t h at camm be saved. Time

ta bles sh ow t h at ‘a sigmmific ant immarket potential for solar
2. Buildimmg I ,m m d s for eac im reg ion a ie  based oiu a s en . i mea t itug aimd tot ss .oet systeimms does Imot occur until tIme

age clim atic and solar data t ’rommi a s peci f ic c i t s  . . tn td are in stalled s y s t e n n u  costs dec lnme to less than S20/sq ft
use d as aim average for  the entire negu t i n n. (~ 21 5 inn 2 I. I able 21 slmows time total itnarket potential

liii t ine eigh t  hu i ldmm mg eane g im ries for eacim of the four
3. Bui ldummgs sel ected for  load de term n i i uat mu nm aft rep- cc i i i s i i t u i c  nmt mditm mi tn sc en i . I r t mis .

resentative amn d cain be expecte d to ex h ibit loads wI nch
are average for imn ost hu ildini g s of that is pc

4. Immi tial fuel costs  ire 53.50 pen NiBtu.
4 CONCLUSIONS

5. Total inflatiomi rates used in time stit i hs ss er e 10
percent and 8 .S percemmt.

T h e  hui ldinmg ty pes included iii timis study commsisted
Based omm a 10 percent DOE) c m st of imn omme antI .t t i f ’ ti~ 3 im m il hom n sq ft ( o I .5 nni lhiomm inn2 ). or 40 percent

fuel t nf latmo n rate of ~ . 5 ba en ce i im . I ,tb le 7 s l i n iws  thmat .u t n t  t ime DOE) hmiil d imng nm uv e m in u rv . The annual estimated
so lar collector area is mmcmi t ipt i tmmumim un ut i l  t ime imustaf  led s p a ce . h ie .m t t um g amid dom m ne stic hot water load for tlmese
syste m mm cimS? appnt mach t e s ~~~ ‘ s q ft - A s  tine ecummom imic is - bt nldimngs is 103 X lO~ Bius . wim ich is equivalent to
sumpt ions hecomn mc less st r immgem n t I I .i~des ‘

5/ , c)~ a mid 101 . S3i ut f  in illuon c uf S. St ) / ga l imeating oil.
t ime o ptimtnumi n col lector area i t ic n eas cs Ot t  time t in re c ’
s vst e r n r  costs , an d so lam system .i1rp lne : t t t o t i s  becotnme F:m m m ni iv h ousing, by virtue of its large area (3 19
feasible at imigher i t is t i l l e d  ss stcmt i c us ns , In ad~h i n i ,n t i  mmmu lh im ni sq f t  [23 .7 ntni hl io m n m u m 2 ] ) .  com nsumm ies mnore t h an
the tables also slmow ti mat solar s~ stei n c n , s t - c t t e c t n v c t i e s s  40 pe rceti t  n i t ’ tine esti nm iated DOD space-ineating and
is extremmm ei y s e t is i l i s e to r’ unnI t  tine t u ne value nil um iotme v donnnes t tc  hot sea t e r  load of time buildings studied in
and time predicted fuel i nn t i amio ni n .m t e~ . e u c hi rein u rn ,

‘[hue cost of installed sc ,il”an ’ sv s iemmt s i eq u im ed to pro. Fur tine I I- .“ t -recotmnm nen ded ecomnomm nic paranneters
duce cost-e ffeettve solar uti itati cmtu ss ,is deter t tm iu i t ’d in, (i.e.. iii pene ctm t time value of money and S .5 percen t
setting Eq II to zero anud st t le tnt g for B I umi st allc d sy~- total fue l mm f la t io r m rate 1. solar space heating and lmot
tern c r51 I Table It nztve s tine results n i t  thins ~,mlcuI , nu i tin, seater hmea t in tg is mmot ecomm tnmmica l in comparison to oil
Time installed solar h eating ss ~t ec n  I ’ n c c m tutm e s cost-e l fec .  heat i um mti l  total  installed solar system costs  become SI 4.
tive w lneim tine ~~~ te a c h es time va l ue sli mw mm iii time f it. sq it  ( ‘s I 50 mm 2 I. W tr enn installed system ml costs reach $9/
ble. These values are considerabl y lower than c urrcm nt sq f t . t ime potemmtial mmmarket becom es 172 mnilhion sq ft
c osts  ton installed so lar sS s t en mn s . ( 1 5 . 5  million in2 ) of solar collectors.

Market Potential l ’ mi r all ecomiu mnic scetn armo s commsidered , f’amm n m ly hous-
Time mmn arket potetm ima l for solar imeat i t ig sv st c tm n mmii i- itm g provides time largest siimgle mrmarket potential tot

i/ . at i imr u was deter m ined for eac h region bs m i tmi l t i plyimig smdar space ineatimng and d i mmime s tic imot water heating. At
t he opti mntm tmm co l le ctt t r  areas by tim e reg ional area ( 1 mm tIme neeo immit iemn ded econoimmic paramne ters. t imis market
square fee t  )~~ t time hui ildimng type being considered. Ta. potential hecomimes 1 1 2  imnillion sq ft at 5m m/ sq ft (10 .2
hies I 2 timrot mgh 1 4 show tiu c se n ms ui ivtt y ml tIme man arket million m 2 at 5t 17/ m 2 I,

4
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Table I
Building Area for Each

Inso laiion/Climalolog ical Region (Sq Ft X 106 )

Region

Buildismg Type I II III I V To tal

) ‘~i n i i i tv  lltiusing 78.0 85.3 78.6 77 .4 3 19 .3

Baetictor Uti tis ted Quanner ’ (ISLQI .t4 .S 34 .0 28.9 25.3 123 .0

Bachelor Officers ’ Quarters tt iOQ) 5.2 7.4 4.5 4.1 21 .2

Adm inistration Building t 4 .3 13 .5 20.3 24 . t 72.2

Training 4 .0 6. (i 6.6 9.8 26.4

Operationa l 11.5 13 .8 t 2.7 14.4 52.4

Com munity Support 1.9 2.l 2. 1 2.4 8.5

Recreationa l 16.1 t6. 4 13.2 15.2 60.9

Total 165.8 178.5 166 ,9 172. 7 683.9

(S t Cttnve rsm ot r I .tc t ti t sq ft = .09 m tm

Tab le
Region I (Los Angeles . CA )

Estimated Heating Load per Bui lding
(kBt u /Sq Ft)

Month
iildg. ‘rype Sep Oct Nov Dec Jan Feb Mar Apr May Total

Adnninistrat k n 2. 77 4 ,3 11 0 ,02 16.2 8 0 4 ?  16.35 16 .10 10. 75 7 .56 10 1.54

Bl- ; Q 3.22 3. 77 5.21 7 ,112 7.97 7.01 7.30 5.84 4.81 49.19

BOO 1.83 2.41 4 ( 1 1 5 .91 6.91 5.90 6.19 4.66 3.56 41.38

Operations 2.66 4 . 15 111 .09 15. 77 18.77 15. 83 15. 57 10.38 7 .29 100.11

Training 2.56 4.Ot 9 3 5  15.27 8.14 t 5.31 15.08 10.02 7 .03 96.77

J’amily h ousing 2.11 2. 57 5 1)3 8.62 111 .71) 8.50 9M1 6.19 4.28 57.01

Support ii ,l0 0. 1( 1 O u t  im 24 0.46 0.12 0.10 0.10 0.10 0.63

Recreation 1.62 2 iii 3.94 6.33 7 .68 6.36 5.88 4.22 2.80 40.85

iS t  ( ‘ t t f l s ,’rs it i n t ’ as ’ mn i n s ,  I sq I’m = .09 in ’

I kBtu = 1 1 ( 5 5 3 ’  W i1

I S  

-- 
-
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Tab le 3
Region II (Charleston , SC)

Estimated Heating Load per Building
(kBt u/Sq Ft)

Month
Bldg. Type Sep Oct Nov Dec Jan Feb Mat Apr May Total

Administration 0 7 4  4 , S i i  17 .3) 27 , 14 27 .95 23.7 1 18.72 4 .31 i) ,24 124. 11

Bt .Q 2. 57 4 .37  7,93 t 1.69 i t  ,9 i 10.77 9,1)2 4 .27 2.87 65.70

BOQ I 37 3.11th 6.79 111.65 I 0 .87 9.71 7.92 2 .90 1 .37 54.58

Ope r a mt n n nn s t t  24 4 34 t 6 . 77 26 ,29 2 7 .09 2 3. 04 18.20 4.15 0 .24 120.36

training Ii 15 4 ( ‘ I  6.26 25. 4 in 2(’ .24 22. 37 17.68 4 .01 0.25 116.71

l amn ’mly h ousing 2 , 11 3 . 1)5 t i i .ii4 1(1 .37 16,57 13.89 11.34 2.93 2.11 72.41

Support 11 .10 (( . 10 0 .7 1 2,114 2.1)9 1.51 1.11 0.10 0.10 7.76

Recreation 0.95 2,19 6 , 96 i i i ,t)9 11 . 3(1 .29 7 .32 2.25 0.95 52.20

(S I  ( o nive r s tn ’ n  t . icn t i t s  I s,~ nr = 09 ni’
t kt itu — I 0 5 S  I . liii i

Table 4
Region Ill (Columb ia , MO)

Estimated Heating Load per Bui lding
(k Btu /Sq Ft )

Monttml
Bldg. type ~~~~ Sep Oct \os l)ec Jan Feb Mar Apr May Tota l

.‘~t ltf l i t i i5 t i. l ( Inltt 3 S i  4 57 i5 ,(iS 61 Oil 58.02 46 .35  4 1 .13  2 iLt  7 8.32 278.75

BI 0 t b)) 7 2 2  15 .22  i .99 23.Sl i  19 .2 1 18.82 9 .66 5 ,33 123.61

BOO 7 2 1  ~~~~ (4 .24 20 .02 22. 60 18 .23 17.84 8.57 4.06 113.84

( i p e r . i l i ’ n r m ’ . 3 3 5  I4 .t4  34 55 49 ,56 56 .49 44.97 4 ( 1 ,1(3 19.62 8.06 268.81

I r .im nm mic 3 27 1 3 .72 33 ,4 9 48 .12 s4 t)~ 4 3 .6 ) )  38.74 19 .1)8 7 .82 262.81

I . i m m m i t ’ n il~ u smmre 2 II S lOu 2 1.36 31 (69 i 4 6 5  27 .64 25.67 12 ,2 8 4.80 167 .76

5/ u pp ’o i i )  ( 1 .56 3 , 5 1  6 S4 S .2 2 6 .62 4 .34 1.54 (1.10 31. 86

Ree re . mtm o n 2 i ( 5  5 ~~4 t 4  7 .t 2 2 .24 25 . MS 2 3 . im3 16 ,43 s, o3 3.44 12 1.37

“ i  ( onve rsm ,mn i o n u s  I sq n~ . 119 mu ’
I k l t tu  = 1 ) 5 5  J - i i ) tm )
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Table 5
Region IV (Madison. WI )

Estimated Heating Load per Building
(kBtu fSq Ft)

Month
Bldg. Ty pe Sep Oct Nov Dec Jan Feb Mae Apr May Total

Admin istration 12 .1)6 28 .2)) 54.t)5 75.38 83.33 74 . 17 64 .30 38. 16 20.43 450.08

BEt) 6. 16 ( 2 . 3 7  22. 90 29.66 34. 81 30 .65 26.67 17. 29 9.72 190 .23

BOQ 4 . 98 11 .33 21.93 28.7)) 33.87 29 .7mm 25 .71 16.31) 8.63 18115

Operations 11.71 27 .34 52.5 5 73. 75 81.65 72.51 62.70 37. 1)6 19.84 439.14

irain ing I t  .36 26.49 5 1 .12  72. 12 ‘19 , 97 7)1.86 6110 35. 97 19.26 428.25

Fam ily Itousing 6 .62 16.97 32 .98 44.72 5 i . i)9 4 3 .97 38.60 23.25 11.32 269.52

Support 11.37 1 .88 7.33 11.96 13.34 11.25 9.25 4.03 0.65 60 .06

Recreation 4 .87 10.94 2 1 ,8ii 34 .19 37.74 32.69 27.86 15.18 7.40 192.67

(SI (‘cinversio n I ,ictnmr s 1 sq ft = .09 m’
I khltu = 1 .055 3 x l0 ’i

Table 6
Total Estimated Heating Load by Building Category

Btu X 10i2

Region

Building Type I II III IV Total

I” ami ly Housing 4 4 6.1 13.2 20 .8 44 .5

III 1) 1 . 7 2.2 3.6 4 .8 1 2 .3

IsOt) 0 .2 i) .4 0.5 (1.7 1.8

Admni nis mram ion (.5 1.7 5.7 10.3 19 .2

‘l’ra ining (t .4 0.7 1.7 4 .2 7.0

Operation.s 1.2 1.7 3.4 (m .3 12. 6

Support 0.1 0.1

Recreatio nal 0.6 11.9 I . m 2.9 6.0

Final 1 1 .)) 13.7 29 .7 5(1.1 11)3.5

(SI (‘onversion t a t  n iT:  1 sq I’m = it’) m m ’ 1
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Table 7
Optimum Collector Area Per Square Foot of Building Area

Region I II 
___________ 

Ill IV

Bti thltng Iype ‘I I 2(1 ‘1 IS 21) 9 IS 21) 9 IS 20

5, h i i )m i m )s ) I u i l I , , i i  U ‘ m a )  = I) I f ’  i t  .( /‘I 01,18

Ill 0 1 ) 1 8 3 (( .1 28 0 ) 3 1  (( .286

I0)() ml . 142 ( .1) 98 11.249 t) .254

( ) pe r , t n m i i s  lt .25 (l (1 .169 (1.463 (t .598 —

l ra in m mmg 1 .242 ( 1 .163 . 0.449 — - 0.580 —

I .il mmm b h ousing (1 .133 0 .113 0.282 - — (1.354 —

Support ( t I l l 7 0.025 — — 0.028 — —

Reereati omm 11 .1 18 11,118 2 11.234 — 0.246 — —

‘(fine Value t o %liines = I l l  , I mmcl Inf lat ion Raic = 8. 5 ’

S lime :itues obta ined were mtee ,m n vt ’ . mn~f im ’.t t (no, t h a t  tIm e solar ss stein , was not cost efl’ect ivc.

SI ( imi~er su t i m n I .t .’ n m n  I sq ft = .0’) mit ’ )

Tab le S
Optimum Co llector Area Per Square Foot of Building Area

Region I II III IV

Building Type 9 IS 2( 1 9 IS 20 9 15 20 9 IS 20

•‘t~ t m n r u n m s t r , m n m t i m m  ‘~ 4 1 4  0. 2 ) 3  u u 4 ~ m u  ~~~ I t  0$’) * 0.805 (1 .380 0.026 1.000 0.206

tIl l) II 292 iLl  S it I t  i i 32  II i )4  i n  lbS ( .55 7 1) 263 1)018 (1.913 0.095

130Q ( t .2 2o t I l t ’  ‘ .025 2~~)u 11 .0 5 (1  l ) 4 t 8  (1.197 n) .0 t 4  0.810 0.085 —

Operations u ,  Ii )  44 1 4 4 t  1 t . l1~~b t i .’78  11 .367 (1 .025 1 .000 0.199 —

Fra m ing t i . 355 i m ,t ’) in . 04 2 i.4 2 m  1) 083 0.754 0.356 0.024 1 .000 0.193 —

I .inmiib Housing it .25 I l I t ’ ) ” )t .295 0 055 (1 .474 0.224 0.0 ( 5 1 .000 0.118 -

Support 1 . 03 1 1 ) 0 1 2  11 . 02$ 0.0)19 .006 . 0.089 0.009 -

it e s i e , i t t o m m  1 ) 1 8 8  I i  )i’) 7 t i  0 2 1 i) .2 14 t i .t ( 4 2 0.392 0.185 (1.013 0.784 0.082 —

I o t t , ’ ~‘,itue ot ’ \ l,uru’~ = I)) ’  . I ut-I t nt la m mtmmi Ka le = (Ii

• I he va t o es  ,,t itaine d were negative. m mitt eat ing t h a t  t Ime M ‘I;m r syst~ nm was not cost effective.

(SI I ‘ ,m ns e rsm ,m m t  I” acto r 1 sq ft = .09 tim ’ 1
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Table 9
Optimumn Collector Area Per Square Foot of building Area

Region I II III IV

Bui ld ing lype 9 IS 20 9 IS 20 9 15 20 9 15 20

“,dnmtni st ~, i t tmmmm 0 .165 II L1I ml i(m (1 .701 (1.206 ( .01)

BIt )  ( ( .25 7 I i  ii ’) ’  ( 1 .26$ 11 .485 (1.14 3 11.7 12

BOO 11,19’) I)  it 7 l  It  21 ( 5 (1 .364 0.11) 7 1 (1.638

Opera . totis 1 ) 3  
~2 (1.126 11.353 0.66 7 (1.199 1.00 —

Tra ining 11 ,339  (( . 122  tm .342 lt .bStu 1) 193 1.00

h~amil}’ Housing ( .2 13 0 . 1 (3 4 11 . 237 11 .4 1 3 l L t 2 t  . t).880 —

Support ( ( 1(27 ( 1 1 ) 1 ( 4  (1 .1 ( 1 1  ( ( ( 169  0.070 — —‘
Recreation 11 .166 I) li bt l  ((.171 ( .34 2 11.10(1 0 .612 — —

Time Value of Money = 6 .5 . . l’ucl Intlai ion Rate = 5 .5’

5The values obtained were negative. indicating itiat t h e  “t.mr s~ s t e m ni us is  mm o m ‘ s n  e l t ee tmv e ,

(SI Conversion Factor: I sq ft = Ii’) mmm ’ I

Table 10
Optimum (‘oll ector Area Per Square Foo of Building Area

Region I , , , ii 
- ‘ 

III IV

Bui ld inglype 4 (5 20 ‘i is 21) 1 15 20 9 (5 20

‘~dmnini’itrat ion 11,4 5/4 11 . 37 ’ )  11 .211 (1 ( 5 5 / 3  ( t , 3n5 / )  111 0 ,5  ( 9 5 2  11,6 24 t 3~~’ 1. 1)1) 1 .00 (1 ,1187

HFQ Ii )4 (  11 ,21 1 t m .t 4 t  1 1 4 ’ ’  1 1 2 2 ) 1  ( ( 14 7  1 ,655 1 ) 4 3 2  (1 ,24 )  1.0)) 0.565 03140

BOQ ( 1 ,26 4 (1 1 8)) 110 ’ )  ( ( 3 2 7  ( .168 1 1 ( 1 16 114’14 (1.324 (1 ,183 1.00 (1 ,5111 (1.036

Ope ra t it im ms 1 1 4 ( 1  II .~i 7  l( , t ’ m 2  0 5 6 3  11.290 ( ( ( * 2  (9 2 0  1.603 (1 .340 1. 1111 1. 00 0.084

Training (1 . 45 ( 1  (( 3)16 1 , 186 0.544 0 . 28( 1 11 .1)61) (1.891 0.585 (1.329 1 .00 1.00 (( .0)12

Family Housing 0 .304 Ii , 86 0.08 7 (t ,377 11 .194 (1 .042 0 .561 (1.368 0.207 1.00 (1.699 )t . t (511

Suppori ( ( ( 1 3 5/ (1 31 23 ( ( I I I  (( .1(52 (( .1 18 (L054 11.117 (LOSS 1 1311 t4

Recreation 11 ,22 1) m( .1 5(1 11,09 1 0 .273 t t ,t41 0.030 0,464 (1 .3(14 0.17 1 (.00 (1,485 0.035

tinie Value of M ’nev = 6.5’ ’ . I’u el Infl ation Rate = 1(1 ’ :

•‘rhe values obtained were mm t ’g.it ive , indicat ing that tIme s t ilt syst e lmi  lots not ,‘ ,ist cffeciivi’,

(SI (‘onversioli I iii, it: I sq It ( 9  mm ’ I

19
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Table II
Solar System Cost Required for Maximum Dollar Savings *

Time Value of Money!
Fuel Inflation Rate Region I Region II Region III Region V

lou ; !8 ,5 ’; $ 14 .20 $10.90 SI 1.70 Sl O.40

1 0 : / t o ’ ; .  5 2 t  .4 11 $ 16.50 $1 7 .711 $15.70

(t ,5’ /8 . 5 ’ 51 ,5 ,40 $1 4 ,2 11 St 5.20 $13.60

6.5 ’ ‘ / lO ’ ’ 52 7 .511 $2 1 ,4 11  $23,110 $20.40

‘Based on ctm1lc~ n i t  area t hat optimimi ,.cs Use “t sola r energy (t i m heating and domestic hot
water heating.

Table 12 Table 13
Potentia l Market * S9/S q Ft Potential Market *_Sl 5/Sq Ft

Sq Ft i O~ Sq Ft X 106

Reg ion Region
Building Type I II III IV Total Building Type I II lit IV Total

I’amui y Iltiu’,itni! 19 .6 2~ .2 3 7 ,3 87 ,4 169,5 I’atniil y Ilousing 7.6 4 .9 17.5 9.1 39.1

BIt )  1 ( 1 .1 1 1 .3 16 .1 23.1  60 .5 BLQ 5.2 2.2 7 .6 2.4 17 .4

HOt) 1 2  1. ’) 1 .9 3.3 8.3 BOO 0.6 0.4 0.9 0.3 2.2

Adnmi nistraiion 5. ) 6 . 2 6 .3 47.5 75.9 Administration 3.0 1.2 7.7 5.0 16.9

ream ing l .~ 2. 5 5 , 11 18.1 27.1 Training 0.8 0.5 2.4 1.9 5.6

1) pe r at i m n s 4.6 6 .1 9 . ’) 27 .6 48 .2 Operations 2. 4 1.2 4.6 2.9 11.1

Suppitr m (( .1 11 ,1 0.2 1 1 ,2 0.6 Support — — — — —

Reerea i ion a l 3,11 3 .5 5.2  11 . 9 23.6 Recreational 1 .5 0.7 2.4 1.2 5,8

‘total 4t m I I  56 .8 91 .9 219 .1 4 1 3,8 ‘l’ otat 12. 1 11.1  43. 1 22.8 98.1

9)01) l mmmm c ~‘ j Iue of \ Ilmni’s = h i t ’ . ~I)O1) Tim e Value of Money = 1O’~

I ‘ ‘ ta t  ( mmcl Inflat ion = I i )  ‘I’ ,,iat Fuel Inflation = l0’3

SI Conv ermio n I .i t i m  I sq n = 119 m ’ I (SI Conversion Factor: I sq ft = .09 m’)
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Table 14 Table 16
Potential Market * _ S20/Sq Ft Potential Market *_Sl S/Sq Ft

Sq Ft X 106 Sq Ft X 106
Region Region

Building Type I II III IV Total Building ‘type I II III IV Total

I anmi il~ llousimig 1. 1 1.2 I . i , nnn l ’, Housing 14 .5 16.6 28.9 54.1 114 .0

BI t) U 0 .5 (1,6 RI (3 8.1 7.5 12.5 14 .3 42.3

BUr) 0. 1 0 .1 0.2 10) 0 (( .9 1.2 1.5 2.1 5,7

A dmmmin istr a ti t i mm (1 .6 (1 .5 1 . 1  .‘ \ d i t t m t n m s n r a n i o m i  4 .7 4.1 12.6 29 .4 50.8

‘Frainimig 0.2 11 .2 11 , 4 l r: t imnmig 1.2 1.7 3.9 11 .2 18.0

Operations (1 ,5 ( I l  11 .5/ Uperatiomm s 3.6 4 .t.l 7.6 17.1 32.3

Support Support ((314 0.1 . (1,1 (1. 2

Re,’rcat iom ma l ( ( 4  (1 .2 (l Im Reere .,t iommjl 2 4 2.3 4 .0 7.4 16 .1

Total t. ~ 3,0 4 9  ‘I’ota l 35 4 37 .5 7 1 .11 135.7 279 .5

9)01) lime Value ,if Mtitii’v = Ill 1)O1) I lone \‘ .t tue oh M im ic ’,’

Total Fuel Inflation = tO ’ Tomat I’uel Inilaiion = Ii)’ .

(S I Conve rsion Factor: I ~~ It = .1) 9 in’) St ( ,t n lvcnsmlm mt  l ’ actor: 1 sq ft = . 09 m ’ I

Table IS Table 17
Potential Market * - S9 /Sq Ft Potential Market *_ S2OISq Ft

Sq Ft X 10 6 Sq Ft ‘c l0~
Region Region

BuildingType I II III IV Total Building Type I II Ill IV Total

I ’ a t nm n i s  l lm ’ us tnm e 2 5 . 7 31 .2 44 ‘ I  I l4 ,~ 214 .2 Fam rmily ll tm mmsing 6 . 5/ 3.6 16.3 3.8 30.5

III m ,i I I . ’) t 4 . ’~ 19 .11 3 11 ,2 75.6 BI’ Q 4 .9 1.6 7.0 1, 11 (4 .5

BO O 1 ,4 2. 4 2.2 4 .4 1 1 1 ,4 110(3 ( 1 .6 0.3 0.8 0.1 1.8

Ad mt n is i rati , i mi 6. ’~ 7 9  t I 1 ~u ’ 9 6 2  Ad mt mimii stration 2 .8 0 .9 7.1 2. 1 12.9

F r ai t m in g 1 . 5/ 3.2 5 9 23 . 6 34 .6 Training 0. 7 (( .4 2.2 0.8 4 .1

Opera mi tm mm s 5. 4 5/ I 2. 7 
~6,1 6 ! 9 Operations 2.2 0.9 4 .3 1.2 8.6

Suppo rt ( 1 . 1 11 ,1 t n ,2 0.3 0.7 Support 0.0

Recreational 3.5 4 .5/ 6 . 1 1 5. 6 29 ,7 Recreati Ona l 1.5 0.5 2.5 t) .5 4 , 7

Tota l 5/ 4 . 7 ‘2 6 11 (4  4 2 5 /6 .7 523.4 It i t a l  19 .5 8.2 40 .0 9.5 77. 1

‘1)011 Time Value of %lt m ne ) = 6 .5 ’ . ‘1)01) l ime Value of Money = 6.5’7

rittal I ucl Inflation = ill . F lat I uei Inflation = I1 ( ’

(SI  (‘onvers ion I , o t u m r . I sq I t  It i) 1mm ’) (SI Conversion l ’ act or ;  1 sq 1.1 .09 m tm
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Table 18 Table 20
Potential Market *_ S9/Sq Ft Potential Market* _ .SI5/Sq Ft

Sq Ft X 10 6 Sq Ft X 106

Region
Region

Building I’y pe I II III  IV Total
Buildin g type I II III IV Total

I am ily Housing i t l , 4 9.6 22 .2 27 .4 69 .6 I a u mt mly llousimig 2.7 9.5 12.2

BIt) 6.4 4 .4 9 .6 7.2 27 .6 131 (3 3.2 4.1 - 7.3

HOQ 0.7 0.7 1.1 1.0 3.5 BOO (( .4 0.5 - 0.9

Admu iemistration 5 .7 2. 4 9.7 14 It 3 (1 ,7 Admm ,tnistrat mon 1.9 - 4 .2 — 6.1

Fra inin~ 1 .0 1.0 3. 11 5.7 10.7 Iramning 0 .5 -. 1.3 — 1.8

Operatiom is 23) 2 .5 5.9 8.6 19 .7 Operations 1.5 — 2.5 — 4 .0

Support (1.1 0.1 0.2 Support — — — — —
Recreational 1 .9 1 .5 3.1 3. 7 1(1.0 Recreationa l 1 .0 — 1.3 — 2.3

Total 27 .11 2 1.7 54 .~ 68 .6 172.0 
Total 11.2 — 23.4 — 34 .6

‘1)01) Time Value of Msmtne ~ = Ill

‘total Fuel Inflation = s ,~ 
‘ ‘1)01) I’im mie Value ml ’ $l t mmi ,”, = 6.5”

(S t ( ‘~mnversio n I . m ~ I t :  I sq ft = .09 tim ’ I ‘tota l l’uel lnt ’tatt,in = 8 .5 ’ .

(St (‘onversion l’ac ior: I sq ft = ((9 in ’)

Table 19
Potential Market *_ S9/ Sq Ft

Sq FiX 106
Region Table 21

Building Type I II I I I  IV Total Market Potentia l for Solar Heating and Hot Water
Sq F t X  106

I’ , ,m nn i t s Il, ,usm nmz 16.6 21 1 ,2 32 ,~ 68 .1 i5 ~ ,4
Time Value of Money 10% 10 % 6.5% 6.5%

BI t )  .5. ’) ‘1 . !  14 . 1 I 5 / I t  5 1 1 ,0 Total Fuel Inflation 10% 8.5% 10 % 8.5%

BOO 1.11 I .5 1.6 2,6 6 ,7 Insialled S’, s ie mi m Cost

• \ , t i i l l n i s t r , I I n , , I i  c 2 4 .5 (4 . 1 24 . 1 45 , 1 9/Sq Ii 413 172 525 320

I r a i m m t m i s  1 ,4 2. 1 4 . 3 9 .8 17.6 S I 5/ Sq I i  98 279 34

Uper.,t ionms 43 )  4 5.5 14.4 5 1 . 8 520/Sq Ii 5 - . 77

Support (
~,i (1, 1 (( .2 ( 1 ,4

I SI Conversion I actt i r :  I sq ft .09 m’)
Recreational 2 ’  2 ~ 4 9 .3 19 .3

m l,, ! 311 , 9 4~ I 79 . 7 146 .5 3 11.2

‘1)01) lime V,,tue it ~I ’ mime~ = 6.5

I mt .t i I uct Intlat itin =

iSI (‘, t ms , ’ns ,,mn I a v t t im I sq I’ m = It’) m’ 1

‘ .5
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APP EN D I X  A : The total monthl y heat ing load, QHTOTAL , is then
ENE RGY UTILI ZATION determined by usimig Eq ..\l
INDEX (EUI) METHOD

Q’ 1 IOIAL = QUt ~v + QUINt QURAI ) + [Eq A l)

EL I  is a mna mt ual comu putat iom ia l method s pecm t ’icall y QU I. LOOR QUINT
designed mo am ial yie the heating an d coolit ig emm e rg y re-
qutreinents of Ac II1\ buildings . ftc m ethod use s a va n - \‘ .m lues for se parate equatiom is for each factor in Eq
ely of p l m~ smc. , l I’umlding dat a and speci fi c mneteorolo g- ..\ I ate ohiained f r o m building data , weather data , and
ca l data to detert nlmle the m not it iml and at m m m ual building tables amid c u rves  presented in the I’ UI method,

heating loads . ‘l i me p e r t immet t t  data m equired to use I (mis
iiiei!t~id dl, ’ The heating load I’rom conductive heat transfe r

through the building envelope . QIi t 7cv . is pri m aril y a
I . \ l i t m m t l c k  lm caim n g ,t eg ree ,la~ t ’uncl ion ot ( I )  the envelope :m t ea . (2) the condu ctam ice

of envelope mima tcria ls . I 3) Ihc tt side te m perature , amid
2. Incident ‘, mmIaF rad m a lm om i per t uont lt  (4 )  t h e  outside lempcralure .

~ \ l t t tm i l c l s  average s~ m d  ~e l icm i~ ‘l ime bu ilding envelope is defined as the total area of
all buildimig surfaces (wa l ls , root ’s , w indows , floors, and

4 . Exterior s~,m lls amid rool coi mmpositio! . .mnd ai,’ ,m d imors ) ss imic lm are exposed to the outside air,

5 . Window amid gl.mss area [he c m t ! t d m m c t a t l c c  of ermve lope materials , or the build-
ing equivaient . .value . is the weigh ted average thermal

6. \ i m c t m h c m ’ ol doors am td wm u i mss C, cc , l uc i .mi m c ,’ to ;  time exposed building envelope area.
This value is dc tc rnuined as fol lows:

7. Underground floor and wail com upositiom i
I. Time areas of each su r lace type are calculated.

S . Floor areas
2 . Each su it  ace is multi p lied b~’ its I_ J~value from

“I . Inside sct- po imit Iempcratmirc .\Sl lR..\ E i,mblcs , ’’
UI. Mechat imea l ventilation r, ite 3. l’hc products ni tile structural er.ve lope areas and

~‘~s : ml uc .mc c su int t mic d am id divided 1w time total  emive lope
() cccc p. tmt c ~ Iev ~Is area to obtattl the building envelope and equ~va lemit U—

\ a l oe .
I 2. Bu tl er I u n l a c e  c i t  ic i e i m cs

Each muon t i m ly lm e a t i n mz load ms determi mied by using
I hue I I I method , dcvc lopcd f romm i  ~‘ \ t c n smve  co in— lhtc num mih em of h eal ing deg ice t l .mys (HDDs) per month.

puter s itt iulations . ,Ims, m e g mc ~ . m t cs t he total  heating load ‘ l’hms limad is lhiet adjusted t’or buildings of dif ’fcr emit
t u b  l iv e mt i d iv md ua l I t i .m , ! ,t iI)t ll ,III,’ t I t s , v’q I m l v .Ik’ l)t t..~’ j l tucs 1w using a correlation factor pro-

vided i i i  the I; I I  meth od which is based on envelope
QII I N V  = building envelope Ic e j i c t i c  loam] load 5/ , i r m j tmo i l s  with envelope equivalent conductances.

In addmlim, t l , corre c t iomi Ion varia lions in envelope areas
2 . QII INI infi ltration ( mc .m t mm lg Imm a d is muade 1w usi img time r .m l m i m of the building envelope area

lit the 1 1  I clc,mc Iciec s l ic  huildit ig envelope area. Fimial-
3. QIl~~,~~ ~t t l ~ r i , m d t , m im .n hea t ~.m m i m l y. I ite envelope heatim ig load is adjusted h~ using a cor—

nel at ms tm i f’.mct~ m based on inside set.point temperatures.
4 . QliI [~j~~~ heat~t m g load due tm .) undergtm)umid

f loors and walls 
I t  1.5//k it /Ia ,mti/m,,,,~ ol I-’undarne’nta ls (American Society

m m ?  I feaming , Ret r ige ra m im ig . and \ mr Conditioning Engineers .
5. Ql l~s~ = iiltern4l Ii ’ : mt cai n . 1 ) 7 2 v
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‘I lie i m if l h t i .m t i o mi load, Qh I~~ . ms a function of time ai r of the buildit ig can therefore be considered by adj ust—
ehamitre male , outs i de wea t hc e t  ,‘oii d u i m m. i cs . .mmi d time im is ide tm g the window area.
set - poi mmm lemt ipe m a lure.

‘rime hmea t i m i g load due to floors and underground
Im i f ’arnil ht um us mti g. t he mi mt ’i i tm a t i om i  is do m n i m mzmi ed ssa ils . QIl i I m)OR . is a function of the area and li—va lues

t im:m t mm lv b~ w in d s’,’ I t m ,  i’~ . m ic I t a c t m m i s  such as doom ope im- of t h ese eom npomie nls amid the difference between inside
mtm gs . l’urn ,mce e~ l c .muus c . and i t a t l u , m m m c l i  m u m pm .’ I .i t iOn.  sd — po int  and average ground temperature.
‘I’ime h.mit , mcLs .ui m mi a dim utccu ’ . i la t iomi  h u u id m img s a t , ’ ass ucimei l
to be p i e - , . :mni,e d . mmtd i i le !c i iure im .is c mio int ’il m i a t i mmmi  i ii,’ h e a l  t low through floors and underground walls
i _ t I e .  lmcs t ca ,I . iit ei m .mc t imaI se m i t mla t mo mm a le s :mie 115C c tm ms ii~ :mte d :ms a si,’:md~ ~s l:m t c co nduction team transfer .
t ime ,‘:mlc olaii om is . II the hum ld i t e ~ do lot use out ’.ctk’ s v c t i i  ti me l emm i pe l a tume  di f ference being lime d i f fe ren c e
aim ami d ate c ot p c v ’ ss : im i i c1 l . st , i m t da r u l  m n i m l t i a t m o m m  ra te s between ci t s m de sm.’t . pomnl amid average gm’oumid tc m m i p e m d—
.m ie mis ed. I lu support ,mnd c e c m e a i m o m m , i I  b u m l , l c i c g s a i , ’ .ms lure.
sutmie d to he pa rt m : mIl ~ p m e ss ui mie d. hiul door ii pemm i mm gs
result imi au equivalem it mt l t l I l m ai iomi  hOc of 1.25 cmi Ii ’ ‘ 1 mi s i m ea tm i m g im ad v’omm i potieml t is adjusted by using a
mmiim i .1335 mu 3 ,’ mum ) pet u mpem i mmig. c m mnl e lat ioi t  he tweemi F1l)Ds amid the number of hours

ihe huildimig is in the heating mode. The heat flow is
‘rhe v .mcc.u tmo n ot i i i t i l t : . c t c Itl lme :i tu m lg loads due to ca icc m l a me d lou each m onth that the building s tay’  in

c li m atic el ec ts  and inside sei’po int te t i i pera i t m c ’es i s :ic~ lice heating mmmdc using equations ami d curves presented
coum ite d for 1w a cor re la t i m m ic  i’,’ t w e c c m  im ifu i t rz m t ima n heat- in the ELI m ethod. Secon dary effects such as the ci ’-
rig loads and mii ont lml v F1l)D~ ‘Ibis ,‘onre l, icc om i  i s  mio l f ’c,’i ml c bm ai imt e s imi building equivalent U.value and in—

a ltered isv see o mc d :m i c t l e c t s  suc h as s~ l:u gain amid f l ltra l iom i ra t e s  0mm the duration of heating mode are as-
hui idit mg mti:ms ~. .\cz: mmtm . t ime [II m e t h o d  all mss m c i  c ii i’  suitied I m  be itm i mio r .
recl m , i mt has,’d omi t im e inside sct .p i I Ic i t te m peratur e i i

t ime hui ldim mg being cuinsider ed. [lie imilernal heat ge m me ratmo n . QH15 1 . in a building is
a funct iot i  of the ies ci of occupancy. lighting, and

Stm lai radmatto n he_m t ~r.utn . QUR.~i) . t hrough the \ \ lc i ’  equi pmet it t m pcc a t i on  . as sse il as the num ber of hours
Jm mss ’, ol the hum ld m migde p ,’iids utci c i c i c e  pr im uats s ,mn iables dm un im ig wi m ic h ti m e bumiding is km Ihe heating mode.
( I )  t ime mot. ul urea of ss i t u l i mws . ( 2 )  t Im e incident sola r l ime sci med ule s of m cc t ipam icv . highti img, amid equipment
ra diation asa ila bie per i o , . i t c m t m  ..m d ( 31  the solar .mti g le w imich def ine t ime load fac iors f ’or the diff ’erent hours of ’
Radiation g:mimi l imc ong h s s c t t t t mws is ,.t m ns ideted to he t ime day arc com is idered when calculatimig the amount of
direcl h y propu .mrt u ot i , u i 1m m t O i l  w it id u mss .mr,’ .ms l t mc mde r t t  i n te i ’na l heal generatiomi occurring dtining Ihe heating
si m l,m r raduitioti on ,i b lu rt / t i n t _ mi  p l.m mie sa nte ’  g me at l~ h~ cno~he . ‘[hits gain is ad justed for  1w usimig a correlation
location . ,imi d dep ccc m is o t t  I . i c i t i j j c , t im e i t t  C . ) ) . C I , \ , l’  I ) e?s v c , ’ii t ime mitomi th iv healing degree days and the in-
homm abt ,ve s,’ ,m leve l .  sst ’ ,m !ll ,’ c amid .itniosp lienie ~~~~~~~~~ ten t i : t i heat tz: m mil
lion ,mmml ii ions , l ime 1 1  ‘I cne t bmo d pres~’ i mt s  tab les s v lc tchm
pro vide t ime a ’ v ’ r:mg ~’ ,Iaii~ imi c i d eu t i  rad i . m t iom m ( in iamtg Ic~ lime int ermial c _ mu m varies , depending on the level of
per d.ms 1 m m each 111011 tim l’~ lmm,,t  I to !) . m) n ,amicv itt the Em w ily residences and bite occu pants ’

‘ l’ hme solar a c m ~ i,’ va c m ,’ s w i t it la t i tude mmmii t i m c m e  of c i  .mp p li:iit~ e ,m mid lighting u sage habits. The internal gain
s e a r . tli,’u, ’ t o r ~ , s d_m r ra i ! i .m t i i ln  t h n m l : I c z l :  w m m u t l t m w s  i s_ms  tt i t ime h a c i :mc k ’ . is d uieci i v  related to time level of oc ct i—
deteitn imied s~ sc, m s m im , an d dii ,‘ c c t m t  ct m m v c s  ,~~ U5,~ I pancy s ince occu pancy vanm at bom is change the occupant
,tC peci t Im t l g m l i i  t ime mim i lb lsec i mi  c m mn st t le r , ’d. Time m unl ~ load as well as equ ipmuemmt and lighting loads. At occu-
oi lier factor t lc , m i  s i gnm i m ca n t i s  m i t e c i s  solar . m . ic , mt io t i  pu~~ lev el s less than full capacity, t he usage per o cc tm —
it c. m m c ac T i  is building .uiid cI , iss I c c e m m t , m t i o m i . Tim ,’ im iet h id  pant chamiges . since some lightimig amid equipm uent loads

us des ci  pet : 1w :m ss lmu ml it ig ,, mc even cl, mss dms t r i ) u t t o r !  are m mm depetidemmt of sccm l pa ti cv levels. Ti) adjust for
,irimu t i d the hui idtmt g: gl.ms s d isi r ihu lmott  arid o r m et i la t iom i ihese v , mi i ; mt io mis . an occu pancy correction taclor Is used.
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APPENDI X B: Community Support
BUILD I NG P HYSICAL DESCRI PTION Time community support building selected is a recent-

ly huill ( 1973) commissary. This rectangular-shaped
building hi_ ms a length amid width of 450 and 200 ft (135
ami d 60 in). respective l y, accounting for its 90,000 sq ft

Administration Building (8100 imi 2 ) of floor area. The total exterior wall area is
The ad m i n is b rat iomm buildimig selected for :m na li sic 24 .600 sq ft ( 2 2 1 4  in2 I of which 24 percent (5952 sq

was a two-bat ta l ion h ead quarter s aiim] c lassro ot mi i) lmlid’ f I  j5 36 mu 2 1) is cotiipnised of window or glass door
ing. Tins burldimig is a citanm iel-s imaped . m t ie -s umr stru c- area. ‘rime lot _ m i  equivalent envelope U-value for this
tune, w ith a ground floor arc: m of ’ 14 ,14 11 sq f t  I 2~’ .~~ building is 0.21 Btu/ ° F-hr—sq ft .
mn I and a base m ent floor ,mr ea u I ’ 300(1 sq f~I (27(1 m it 2 ).
The length amid width are l~ h amid 5(1 ft ( 5 2 . 5/ amid 24 Recreation Building
mu) . respectivel y. ‘l’he to la l ex le rmor sva il j m’ea is 7 5 /5 4  sq T u e recreation huiidimug selected f ’or analysis was an
ft (706. ’m in2 I. of w htcim 7 pe mcem ’mt ( 55 4 sq It j 4 t .s .13 enlisted men’s club th at was constructed in I~ 5S , This
mu 2 J )  is comm i prised of single-glai.ed w i m m ulu m is and gl: mss one-story structure has a tolal floor area of approxi-
doors. This buildimig was constructed iii 1 )74 and h a s  a mna te ly 25 .607 sq ft (26 75 in2 ). The length and width
tota lequiva lent envelope t. -v .milL’ of 0 .2 I i3tu~~F-i ir-sq it. of th u s building are 25o and 145 f’t (76.8 and 44 .4 mit).

respectivel y. The total exterior wall area is 11 ,940 sq
Famil y Housing ft (1075 in2) of which 12 percent (I 485 sq f t  1134

The fa m ily housing huildingsekcted ivas a omme - story. u i 2 ] )  is composed of windows. The total equivalent
single-family house . Its total floor a mea is 15 7 3 sq ft emivelope U-value f’or this building is 0.24 Btu/ °F-hr-
(141. 5 mu 2 ). and its lemsgth and width are 50 and 41 ft sq ft.
I S and 12 .3 nil. me sp eci i vel ~ . Time total e’sIer ior sva hl

area is I 767 sq ft ( I S ’ )  in of which I 7 perc e mmf ( 303 Operations , Classrooms
sq f t  [27 ,2 mu ) )  is glass area. ‘ Ib is  t uuldim ig was con- TIme operatiomis amid c lassrooms buildings were modi-
structed in 1957 amid li_ ms’ ’.u tot _ mi equivalent envelope fled versions of the admuinistration builditig described
U-value of 0.25/ Btu/ ° l- .hn-sq ft .  prev imuu s iv. in analyzing time operations building. the

occ upamucy level was increased to I .5 times that of the
Bachelor Enlisted Quarters adtt i imiisbratioit huildimig. In bite classroo m analysis , the

Time bachelor em il isted quarter s se leeied for :m tt : m ivsis occupancy level wa s iticreased to 2.0 times that of the
was _m f ot ur-muio dt ile . t h ire e-s b or barracks. [his str mlc tt m re admimii ’ml rabio mm building.
has a to fa l floor area of 24 ,762 sq it I 2205.6 nm ): i ts
length amid width arc 2 16 and 4h Ii (65 amid 14 ii), Bachelor Officers Quarters
res peclively. The total exter ior  wall area is 1 1 .345/ sq ‘Fite bachelor of f i cers quarters analyzed was a modi-
ft  1102 1 m2 I. of whtch II p c m i  (1199 sq f t  1 11 15/ f led version of die bach elor enlisted quarters previous-
mit 2 Ii is comnp nised ot smmig ie-gha ied w indows. l’lmis iv described. Imi ana lyzimig the bachelor officers quarters.
htii ldmng svas constructed in 1973 , ami d has a total t he mmccl ipa mmc y level was decreased to one-third of the
equivahet it emive lope U-value of 11 .213 lIt i t ’  F-hr-sq II. occupanc y level of bachelor enlisted quarters.
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APPE NDI X C: Flue (‘1~ui atic .‘tt l as of 1/me (in lied States al um ,omm ~USE OF U N I V E R S A L  C U R V E S  ‘ . uu i i s  ta bulated su i tm i t iar ues mi t  radiation data for specific
s i t es , \ hmm ’,, ’ detailed s um muin ari es are frequently available
f ro t t i  Nt) ,\. .~. local weather services , or state agencies.

F igures (‘I amid ( .2  s h m i m s s  : m i u m s c i s a l  c u m v c s  for cul l_ m i
Imol is alet ’ imea timi g and hm i u hdmmm g ! ue, m t i n S ,  I tie \ . m \ i~ of N u c e lu a u s m l,i c data for a particular Site are usually
t ime curve is time solar s~ stei n pet t n u u c . i i c c e  l t a c , l i im , ’ ic i  . tz mvet t  in mdnmis of lioricotital radiation densities . These
The \ ‘ axis , p is t b . ’ f r j c i m ,c t m 01 Q1 suippi icd N’ iii,- miumim bers mi m t is t be eim rr ec ted for the tilt angle of the col—
solar collector 55 s ic i t i ,  I sc i t  time universal :t irvc pem - hect o r au a\ , ‘111cC t Ime ti lt angle of ’ lim e collector plate
mits deteimimit ia t iot i  of ’ iii,’ pe icc umiage 0 the l i d  s’, i m m, ’ h m grcads ; m l t , ’,’ t s  ti m e attm u tm i n t iii ’ solar radiation striking
c_ mit he mulct by .u t m s se lected mi C a 01 ~ t llc~ t i r s , I Ii,’ g~’u ti m,’ s c i t t a c e iii time Plate.
ei’a l cquatiot i for these c u r v e s  is

I ) c mcc iii’ co lluic t om t i l t  amigle is known . mlii’ ra dialiun
p :iI’ It 2 1~ ~~ 

h i s  le i csmt ~ on I i ’  t i l ted collector s urfa c e cam s be de—
te i mi m ined I nut im ot i tuimi lal  rad u a l iomi  data. I” uun t uima te ly

ssi t , ’ c e  p pe rcen t  ml h m ,t,I ‘.m t i s t i cu l It , ~m ! ld i  c c c c m es there us aim p t c c l m L m . co i lecior till amm gle (measured f’roumm
im t c mi mimt . t l  I t m m ~ ea , bi l\ pe ml s y s l e t i m .  For h eating sys —

— ‘ ‘ e m i t ’ , Ir is m i p l inmumim tilt amigle , i’ , .  is roughly the lad-I., — um ctde iii t a d i a t u t m i t  ~n ieccs c c q : l u c c i u i c n t s
t t mJu ’ plus 1(3 d ec rees:  f i r  d t i t ie sl i c hot water  systemu ’m s.

— ‘ ‘ . ml is appi c \ m l i i a t e l \  time s_ mimi c as the latitude. TheseI~ is Jet itted .mS t ime rat i o 01 m i mm m mi a i  or i t um ,mmi hmI ~’ uuc i demi t 
‘ —ang les enable collectiom i of t h e  greatest amount ofradiation omu time coll ectom array Ii) ti me am utiu al or cc icc t i ck ’  

‘ ‘ 
‘ . —so lar euic m e\ in eac h application. Vatuatm ons of ± ~‘etmer gy requirements of the st i m l , l mt i u i s ’ t i mms is cc v i i i  l~s

1’ (‘ ‘ 
‘ it ’g iec s .11 c c l  pci f urmima m m ce only slightly. In all eases .

t he m p t m r l m u c c t  at i t itut hi a mmg le is due sou th: again , slight

P 
~~ 

(I ‘ ‘ Ics m , m t m o mi s  Ii mi t i  due south I 10 degrees) do not sig-
Qi, I . 

tm i l i c ’ _ mt m t is  cc duce  ss s tet mu performance .

w here ,.\~ ci m llec i tc .ilt,’.i %V lme n t h e  m i p l imitumm i tilt am ugle has been determ it immed .
t u e  ammm itu a l radiatiom i flux , lc; lsmiv , Q~’ , out time opti m ally

amimmua l iii i t iuuuc t ’ r  u mt c ide im i ,tl.ii m u _ m u on t i l ted  sur face can he e sti m n :mt e d f’romt i  l’q (‘3’
th us d e t t s c t ~

= K I l mm II q (’31
Q~. = autism_mI a i m5 ) flm m l u t i i t\ ‘Ii c e , l i i i u t ’ t c i C lmis

wh ere K = .i c c i  c cc i  iou I ,i~ toi w i mmc hm depends on blue
lit apply time umim ’ .’em s_m I cU rs e s  tm2q ui l ’es au utmdec . c ,c1le ~ t m c c  ti lt

stan ding of lime t e n n i s  1)~ am id Qi
uI~ = t h e  ai m umm ia l m i imiom i t imly radia l iomm flux demi—

Q ’ at iitu’_m l t i c ms m m m ti m l y ni l i m i t  ~~l _ mi i . m t lm . i m t ’ i i  s i t S Oit a homizontal sorl’ace I Riu’sq ft or
f lux !.‘i s u t s  , 11 m m ’ ;  is the sol,i; f ] i ) \  du’ i i s m t ’  iii die fi lm ed J fl .’ ).
c m m l i e c t t t r  arra y in liii s~ It u c u i m i m t h m or ( t o  so u
( l .m t m .’Ic~~s i m m r i t h  or l.urcg ler . ‘ I t  I I mr sti l : m ’ s v s i e m i t s  using im ciumt m a i solar radiation data

(i l i c i m e s t uc  1mm Water ) ,  the correction factor , K. is given
,‘\vcr, mge so lar r :m d iat i ot i  data I to ’ nm ; m im s si t e s  in the appi’o xi i ruai ,’is’ 15)

I ‘ui itc ,l St ,ut , ’ s i r e publusimed cmi lime \a  non_ mi Oceanic
cos (m ’ L 

‘
~ ‘.j mtd \ i  nimu.p i m e c  te ‘sd r mmm m s i  c .i i ii! I \( ) A \  I ( // nt//i K = — I Eq c’~1I ~f j s  ~j i / i c  I m I ’ .J ~ (u f ’ s 5/:n ,e the m . i t l i ; i t i o m i c ,m l. eos(i m L ~~7)

t ie s provided mn t itese nips iii’ e ms e t i  iii l i i i  m eans ,
where u’ 1 = time lat it t ide in degreest ime a mm mum,m i .m ti l cit m i t i l i k  s’ a lmm ,’s are u N ta m ed Nv mi m i—

t i l l’, t i m. ’ Isv time t iumuber m t m l :m s ’ s in time s e a m or tuo mitim . v, t ime m pt m tutu tim a mu gie I romi u time ii orizomi tal in
leg r c is

Jim,,,;!! It/as m l f / i t  1 t c m ( m ’ ,I S i c ! ,  i i i  s I IC I_ mrTmn, ’ni ,t  i q 1 3 is alt e i i ih i imic ahl y derived equaliot i based on
‘ i r i t c c t , ~r, c . I ((m S time m u ’sm i h ts  o)~ sim nul al ioum s ludies amid is va lid only for

. ._.—.—~~~~ — ‘. ‘— — ‘ i ._ —“ ‘— ~~.— —— ‘—5—-,—
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umear- o pt i mm iu mi m collector tilt .itig ics amid anutual solar where Qt = anuiual energy consumption in Btu (J)
radiation data. I) = amin o_m i i iob wa t em demiuaimd imi gal (~)

l it ! solar l m e atimmg app hicatio m is in ss lmici i i i t o uithm l r.m~ = d emm sm lv ol w :mber = g ,33 lb/gal (1.00 kg/Q)
diatiuri tigt ires must he used . t in , corr ect ion fac to r  t i _ m s
muot be ex p iessc d iii c l i m sed t ’orm n. lit t imis case , K unust (‘p = specific imeat of water I Btu (1 bm °F
he determined from Fable ( I . which gives ti m o im b i mi s (4 S~ 5 kJ 1k g ° K)

values 01 t his correction factor for four differem ut
~um = tem perature of hot water supply in °F (°(‘ )

latitudes . 1_mile (‘I Is valid im t l l \  f o r  opbimi uui im ,‘ t Ileci, ’r
tilt amm gles . I m = t en m per at m mre of supply water in ° F (°C).

2. Q~ 
anmmu al ami d u m ionth i ls etm e c es r c q iu c ie l t i e t t t s . ,S’i,Iar I/e a t ing .Su’stc ’ ,n~‘ m m  mus mu i g mime umuiversal cu uve , ilie t i n t  e~ re qu i re u m uem il s Simice time lemmgt i m u t  t ime healing season varies signifi-

are defined as t i re total  t i rc i  tim _ mI e ut e c e ui the fom u i  iii camit ly Nv site . b ite umuiversal curve for solar heating sys—
hiu)t is .iber rei lul ut ed N ’i time I’ im l , l mcm i . ’  d iun est Ic h o t  is ; m t ~ t e m m us (iiquid or _ m i r) must be used on a month ly basis;
en bm e . mt r t iu . ’  s ’, s i e c i t  m r space ii e .ui tm umr s) stein. t i t us ue q ui ie s obtaiuuing the muuonthly energy demand for

hue _ mt ing.‘lime t~ pe m m t  d.ui.m required to det i n ic lu mie  Qi . m i m d mite
suu ul,es i m f  th .mt dat .m depcumm .1 oh mime t~ p e t  ‘I s’u s tem he. [lie best s t i u tc e ~cf th is informuuation is measured data
imig cunsidi-re d. ~v ui t ~~e s ,i l.ur L tm i i / ! ) s) c t t  i cc ’  p i t  cc liii time building to he heated or for similar or identicalt lmcrmimai energ\ mmm lime mmii ni fi m mt is . m t e i  (o r i m u mt ; mmu

but ld ium gs at time s m i tue location. These data may only be
t ime c isc of hum air s u ui a i  ime , iu m ; t m. ’  s\ st ,’ i m c s ) .  co ns t u m i ipb i t m im

m s .ii iable in ter m s of time amount of fuel oil used per
or ei l e r g s re q l ur eum i e n bc iii . m i c s  ~~~ le rnis ui , , l l i t t is  m m f

t i i u m uit l l  or t ime _ miuiu um ml of gas consumed in heating theoil. cubic let - I of ’ gas su pp lied tm .m boiler , or g;m hio m is of
ht umld it ig iii huilditugs. If so . t u e  f ue l consumption datahot w a t c i  used mumust hi’ cmmn s , ’ i iej  to 1 i ’ .’ c cuc , m l emm erg\
titli st he ad iusted to account for the efficiency of thein the turin oI hut is _ mien I or him ! , m mc if ’ .1 (mitt air sv s i e i c i
boiler or f ’urtmace su pplying the heat to the space. Ifus used), [1mb usually i cq i l i c es  ac c u i l i t t mt rg  t imI  iii’ e lf  i-
m easured load data for the building being considered

cue ncs of i’ m tiii’t’ rsui m l  equ i pruic rut .ms uu’ehi _ m ,s t lie .mppu i1 ir i
are mint ava ilable , they must he estimated. Typically,ate c , mt u i e r s iu ’ i l  t a c i t m r s . T u e  to llowin g pa la sc  .tp it s  de-
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nped fur ,h,’ sieii p i u t p m s t ’ s ,ur id hue t here fore  ot ten i f l u O t ’ 

,Iun “5 78 .78 .78
c lose ly i’ i , m ’ed i t p e r k  d e m iua umd t im _ mum t o  .Is~’ c . mee imot J u l 5’ 5 m m  ,8tt Kb
ss ,ut ,’ c i t u i i s m u r i m p i i m i m ,  ~~iu et t a iu mtu a h i t iut ss,i te i det uia nul is ‘it ill .93 .96
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