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MARKE T EVALUATION STUDY : SOLAR Objective
DOMESTIC WAT ER HEATERS FOR DOD The objective of this project was to assess the i t ta r •
BARRA CKS kct potential (‘or solar domestic water  heat c ls  in

existing and propose d barracks by determining the
number of solar collectors which could he ecortomicall~
applied on the buildings , base d on various estIIII atcd1 INTR ODUCTION installed system life-cycle costs.

Approach
Background A rea l property inventory of exi st ing and plaiiiied

Like all e itclgs users , t he Federal government is barracks withiii the t)III1CJ States was performed to
laced with rap idly increaslllg ene~gv costs and , in some detenttiiiie the numbet of barracks where solar domest ic
locations . sltortage or curlaillnent of its energy sup- water heaters could be used. A solat domest ic hot
plies. rlttis . it is sea lcil ing ton a new and abundant water syst em was chose n and modeled and computer
natural energy source. Because of its abundance, wide- simulations of this syste m were used to deterlnine i t s
spread d istribotioit , and absence of recurring fuel cost , performance. A life-cycle cost analysts of ’ the system
solar energy nay be alt ideal source , was Pertot illed. and a market potential w as established

based on ecol)OIfliC viabil i ty .
TIle tec ilt l lca l le,is ibt lIt~ ot using solar eneigs

gathered b~ f lat-p late collcc tols for hot water  and
space bleating has been established both in theory and
practice . ARhougli t h e  design phase may be soniewhai ME THOD OF ANALY SIS
more cot it plex , the irtst al la tion phase requires little
more skill than is requited to install conventional Building Survey
systems . Thus , t he Inajor cotlsideration in solar system The ArIll~ . Air Force, and Nav~ (Marine Corps
applicatton is economtcs. property is included in Navy property ) maintain

The high initial cost of solar system components is com puterized real property InventorIes winch list

til e nlaior harrier to ecotiout ic use of large-scale solar buildings by category. These mventoi les include tIle

system application. Initial cost is high because at location, date acquired , number of square fee l ,  type

present . most so lar sys tem eolllponents are practically of construct ion, and in tile ease of ’ quai te rs . number

hand-built. The market demand for these systems has of men per building. I liese InvelltorlL’s s~erc used to
determine tile number of existing and planned bachelo rItot been large enough to encourage the capital expendi-

tures necessary to promote full application of automated enlisted and officer quai ters (BI’Q/BOQ) on DOl)

producti on teci tni qucs . witich would significantly insiall:t ttons where solar domestic water heaters could
be used. Fo Ilillit tile inventors to s t ruc tu re s  111(1stred uce t Ia’ ci ~t of solar ct nn ponen Is. .
attleitable to solar domestic water heating equipment.

Stnce so lar eneig> could phi> such an Important role only buildings of pernianent construction less t l ia it
in ~io~’idiug for I titure energy iteeds wit htn the tW itted 20 sear s  old wet e ci tosc it this iilsured s t l  uctti ra l
Slates , tile Federal I ite t gv Adlninistration (FEA) is adequacy and useful economic life , lit addition. only
developing a coi t iprehetlsive plan whtc lt  will provide a buildings having reasonabl y flat roots were chosen,
su hst atl t i,tl liii t iai solar component demand through t hus facilitating insta lla I ion of solar collect tug eq illI).
econoitiically Just i tied app iiczi ((oh s on Federally owned Ilterit . rri~ itt fitrnia 11011 gathered about ‘ac li s I t  till
buildings. ib is demand is expected to encourage tile was t lte nt imher of pet 51)115 housed . itt e IIIIII1heI of
ii se I .t u I utta ted pro duct toil tec ht n iq ues . tllcrchy squa re feet of roof area per person . t lie cap i  c~ IS of the
loss et it t g  tile l is t  ~ost of solar coit l ponet tts . existing hot water  he atet . and the e l ic igs s itu cc

presently used. This iitven tory was pert or tited by the
Si ti~ t’ t i t e  l)epJrInIt ’Iit of I)efense (1)01)) OW ns . . .  . V ‘

a ppi ox I t t t a I ely St )  P~ cciii ut the buiid illgs ci itt rolled I aci lit es Lngmecring Support Ageites (I I ~~ . \ (.~
Pertinent data itave been ex t rac ted  Ii ‘in t h e  I I Stb> the I’ edet ai gove rn neil t . It is tlte greatest single
report for use itt t his report .pot i’ t t t i a l  e se i t t i l i c t l l  use r of so lar s> stems. As .i f i rst

ste p in detel l l i i l l t l i z the ove ral l  EX)D mark et , t lte ~~~~ 
— - .

( . ,iv Stew ar t  So ar i),,mi’.ctii h i ’  IIe,.’i, , I,, 111)11mar ket polr’ t t t t , t I to t  solar domest ic hot water b eatin g
BuIl i luIgc . t ect i~iii. t t  Re port I I S S  K 1 2( 111 4 i t  S \r ni ’.

in I )( II) b.tiiti ’ lor e ii l is ted m d  bac helor off  tcer quarters i . t  ~~‘ i• ~~~~~~~ Su~~~~~ ~~~~~ P I S ‘i
( b . i t i Jck5 (  w as  e’s . i i it t i tc d . t 9 75 . m

7 
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Solar System Performance Evaluation ~the heat exchange r between the collector and
T he solar domestic hot water heating system shown storage tank was modeled in terms of its ef fective-

in FIgure I ~ as chosen as the ittost logical approach for ness ; an effectiveness of 0.8 was used,
retrof i t t ing ex isting barracks and for new barracks
tnsta llations. Solar energy fa lling on the collectors T h e storage tank was modeled as a cylinder with
heats t ile collector plates and thus the water circulat- a hcight-to.diameter ratio of ’ 2. It was assumed to be
ing througll the collector , T ue puiitps in the system insulated with the equivalent of 3 in. (7. 62 cm) of
operate whe rievet let ilperat ure of ’ the fluid leaving the fiberglass (tJ = . 12). The tank was assume d to he
co llector exceeds the temperature of ’ the water in the stratified (t itree layers). since the typical barracks
top of the storage tank. The heat (‘rum the collector delnand profile is assumed to have a low flow rate
fluid is transferred to a storage tank through a counter- (‘rum storage during solar collection hours; i.e., most
floW heat exchanger. An auxiliary heater is used to demand occurs during early morning and late evening.
maintain tile water in the auxiliary storage tank at The auxiliary heater was modeled as a st andard domes-
140°F (60°C) during periods of low solar insolation. tic hot water heating tank with the equivalent of I in.
In addition , to conserve hot water , a co ld water mixing (2.54 cm) of fiberglass (U = .37). Energy losses from
va lve was added to the system to lower the tank exit the tanks were based on thermal conductance from the
water temperature whenever the solar energy provides tanks to the surroundings. assuming that the tanks
water at a teut perature exceeding 140°F (60°C). A were located in the building.
computer simulation m odel of the system was
developed to study its performance at four selected To determine optimum system performance . com-
sites using actua l weather tapes. puter simulations were performed for various individual

system parameters fot the four regions of the United
Tile collector was modeled as a single cover , fiat- States (Figure 2). The regions were based on the

plate collector with a selective surface (absorptivity = amount of annual solar insolation (daily average )
.90, emissivity = .10) using the Hotte l- Whihlier-Bliss2 reac hing the surface. 5 The regions were de fined by
zero-capacitance steady-state equation. The collector state boundaries so military population data (available
thermal loss coefficient was computed using Klein’s 3 by state) from the survey could be used in the market
experimental ly derived equations which account for analysis. The sites chosen in each region for the simula-
the effects of the number of glass covers , collector tilt , tion were Los Angeles , CA; Charleston. SC; Columbia ,
collector plate elllissivity, wind speed , ambient temper- MO; and Madison , WI. Actua l weather tapes from these
ature , and collector fluid temperature. The angular sites were obtained. The results of these sitnulations
trans mittance of the cover was included in the model, provided the solar system performance parameters used
All simulation runs were performed assuming a single- in the economic analysis.
cover se lective surface collector. (Appendix A presents
results of simulation runs using different collector Load Determination
parameters .) Information on size of water heaters and their fuel

source is ava ilable only at base level. Even at this
(‘ol lector fluid was a 40 percent glycol and water level , however , consumption data were not available.

i tt ixture. The three types of solar radiation beam , Since time did not permit a base-by-base search for
diff ’use from sk y. arid dif’fuse reflected from the these data , DOD design criteria and commercially
ground were proportioned based on the American measured data from similar buildings were evaluated
Society of Heating, Refrigeration and Air Condi- to determine the hot water demand to be used. The
tioning Engineers (ASHRAE) 4 clear sky coefficient DOD method for hot water heating design (Appendtx
applied to radiation ofl a horizontal surface. B) estimates usage of 30 to 40 gal (0. 11 to 0.l~ m3 I

per day per person. The AS HRAE Handbook and
2 . .. Product Direct ory 6 and t he Piping ilalldbook 7 giveK. W . Bliss. I he Derivation ~ Seve ral Plate Efficiency

I act o rs Usefu l in the t)esi gn it l Iat’Platc S itar Heat (‘ollec- —-______________ —

t i rs .” Solar Energ v , Vol 3 , No. 4 t959 ) . 5 (’ limatic , t t l a &  of ti le United States (U. S. t)epart menr ut
3~~• 5 , Klein , ‘‘( ,mlc u lar j in of FIaI’Plate (‘otleetor t oss Commerce. June 968).

(‘ i’elt ’ ic t e nt s .” Inte rnatio riat Solar Energy Society Meeting 6 .’I S H R I F  Handbook and Product i) icf ionar v . 1973
t974 . ScO rns I 1973), pp 37. 11 - 3 7 . 1 7 .

4 //andhoo k of ! ‘u, Jantentals (American Soc iety of h e a t -  ‘S (‘t i c ker ‘nd R. King. I’iping h a n dbook . t i ( t h  c d(t lofl
ing. Retrigcr ~ t ion and Ai r (‘onditioning I ngineers . 1972 . Mc ;r;i~ ‘l(ill. 1967) , p 23 -18 .

S
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actua l c llt is ult lptiolt data (‘mar co llege dormitories of where the present worth of fuel costs over the 20-year
I 3 to 22 guI W. ((~ to 0.135 In’ I pet day per person of Iil’e e xceeds the installed cost of the solar SysIClil.
l40~ F (60 0( 1 water .  Market projections were made based on the econotttic

analysis.
Because it w as fcl ; that Illeasured data would he

~t ioie cons istent w t th  ac tua l  usage amid that dorriti ’
tories should reasonabl y :mppnox ilate barracks , t ire
so lar si ll i ula ti (mtt model was rut h with a consum ption 3 F I N D I N G S
iate of 20 gal (0 .(t7 ~ nt t I ic r  day PCI petson.

Economic Analysis Building Invent o ry 9
( ist ni  guidelines provided by tile O ffice of the Investigation of four Army posts indicated that

ChIef of I- t i g i t ie ers 5 and coord lt iated wi t i~ the F IIA sufficient roof area is available f’or col lectors of a solar
ss ere used to determi n e t i te  l i fe- cyc le costs of providing domestic water heating systetn on most barracks.
so lar systel l t ’. in eac h region. based on the results of Possible exce ptions are high.rise buildings exceeding
t he si lltulatiot i study. The solar collector area that eight stories (Table I).
could be economicall y justified for each system cost
in each regiorl ss us ana lyzed using two methods most Observations at various DOD installations indicated
economical (least l ife-cycle co st) ,  and most fuel saved that the pitch of roofs on most DOD barracks facilities

• ( life-cycle system c osts equal fuel savings). A ppendix is small enough to facilitate solar collector mounting
C presents the equations uscd in the analysis. and will not create a serious problem in installation.

The economic anal ysis w as based on an expected Tab le 2 groups DOD barracks by occupancy. Titere
20-year system life and fuel ci ls IS equivalent to $2.50 is no rea lly predominant size among the large number
per miliion Btu ( S2.3 7 GJ) (approx imate ly S.35( ga !) . of barracks that can be used for standardized system
The fuel costs were based on N . 2 fuel oil prices , since design.
this cos t is relative ly stable throughout the country and
other competing t ’ue ls (w it ll the exception of ele ct ricity ) Table 3 shows the approximate num ber of person.
arc believed to seek and eventual ly reach tile energy- nel housed in barracks in each region. The distribution
equiva lent price of fuel oil. A 10 percent fuel esca lation shown in Table 2 was assumed to exist in each region.
rate was assumed through l9i~0 with a 4 percent
annual escalatiot t rate I t int 198 1 to 1996. To provide Solar System Simulation
a base (‘or the econoti~ie ait a l ysis. it was assumed that To determine solar system performance . the simula~the solar systems would he purchased and installed in tion program was run for a typical 1 00-man barracks
1976. -tI t he suggestion of the Federal Energy Admin- building with an annual load of 20 gal (0.075 m3 I of
istration. the DOE) time va lue of money assumed in (lie 140°F (60°(’) water per person per day. Full-year
analysis was 6.5 perc e itt. simulations were run fur each site usitlg a wide range

of collectot tilt angles. A lthough collector till angie
Because of the unavailability of operat ing and is not critical , the optimum angle for solar domestic

maintetl at lce (0 & \I costs  for so iar systems . tt was hot water heating ( most energy gained over the entire
assunted t itat the p t e sc t t t  value of the (ota l 0 & M Costs year) was found to be equivalent to the latitude of
would he included in t he various total systeti t cos ts t h e  installation location (Figure 3).
anal yzed . It was also assumed ihat installed total
sys tem Cost s  cou ld he computed on a square foot of Full-year simulations were then run usit tg a variety
so lar collector area basis: t i im s :issuit iptiorl should be of collector areas and diff ’erent storage volumes at the
valid (‘or t he s ite uf s~ stems cot iten i plated. Installed optimum tilt angle. For each collector area, the mt

~
,t t -

solar domesti c water heating s V S t e i t t  c o s t s  of S9/sq ft. tnuni total hot water storage volume was roughlY
$1 5 s q  ft . .itid ~21) sq fl ($97/ tn 2 . ~ 6 1/111 2 and equivalent to I day ’s usage.
$2 1  5/ rn 2 I were coi isidcr’d. Based on these assut liptiolls .
so lar dotl iestic ~ ,iter he .i t it t g is ec’onort tica lly just ified

9 Data in tt t rs  sec t i o n w ere es t rac led t r io Gary  Sh in .
I ‘l’phiin’ , , tomm ie, I on I rom ‘,~, a t ’  S ,ilo. Off ice ii) Solar 1) o,ne.cfic Rater I /e ater s  in IX) !)  1) uildingr . I ‘ hnm .it

tIle (ttt ’t ‘i t nn ’iiecrs . t ’ ,tl N ’t ( I U. 2 JIlt’1 1975. Report l ESA-R I - 1s(4 ( 1 , t -S ,5 , Se pte i n i ci  t 9 7 5
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Table I
Root Area Per Man for Barracks at Four Inst al lat ions ’

I 2 3 4 5 6 7 8 9

K imi ii area tier lu au

iii 
~~ 

t I  1w — I

1101) 478 239 159 119 (5 79 68 ~ ) 5.4
44 -13 12 2 .21 ( 14. 81 ( I I I )  18 81 (7.3 1 (6.3 1 ~~ (4 9 )

IJLQ 187 93 62 46 37 3! 26 23 20
( t 7 . 41  (8,6 ) (5.8) (4.3 1 ~3.4 ( ( 2 9 1  (2. 4 1 (2 , 1) ( t .9 )

°A re ,s  arc average s calculated from existing quarters at Fort Dix , ~~ .( , t ort Betvomr, S A ;  h urt Leonard
Wood , MO;and Fort Bliss . TX.

Table 2 Table 3
Barracks Distribution by Occupancy Barracks Occupancy by Region

No. Persons No. No. Persons No. Region’ No. Personnel
Housed Buildings Housed Buildings

• I 1(18.1(00

-25 505 151 -175 175 II 08 .000
26- 50 875 176 -200 90 III 98.000
5 1-75 200 20 1-250 225 IV 63 ,000

76-1 00 155 251-300 90
lOl- t25 125 301-400 125 Total 377,1)00

126-15 0 540 Ovcr 400 115
Sec l’igure 2.

The results of the simulations run for each location value of money. rather than 6 .5 percent. The peaks
(Figure 4) also provided a universal curve which can be of these curves show the most economical co llector
used w ith reasonable accuracy at any location to deter- area (greatest dollar savings) per occupant at each sii~’
m ine the collector area required to satisfy a particular for each system cost. Points to the right of tile curve
percentage of hot water heating load. Appendix A produce greater fuel savings but lower actual dollar
presents the universal curve and a description of how savings . The intersections of the curves amid the zero
it was derived and can be used. sav ings axis show the collector areas that save the most

fuel while still recovering the capital irlvestment in 20
Economic Analysis years. These curves indicate that , given the assump f ions

Since the building inventory showed a large variance of this study. et ’nploying flat-plate collectors to utilize
in possib le sizes (‘or barracks solar systett i  application solar energy for a portion of domestic water heating
and the hot water Ileating load is linear in respect to requirements is economical ly feasible in all areas
population . the economic analysis used the performance studied. The proper mix of solar and conventional ,

data normalized to a per-man equivalent. The results however , m ust be used to optimize the svs te t l l  at a

of t ile economic analysis were plotted to show the particular location.
payhack period in years of various solar syste m sizes Market Analysis
(or eac h of the three solar system co sts.  Figures 5 . - -Markef pro~ectt o ns for solar hot water heatim ig in
ilirough 13 slrow dollar savings per barracks occupalil. 1)01) barracks we~e made fo r each region. l l i s ~ CV (’l ,

- . . in considering tI~e protect iOii5 , tile assumpi ro mis made
I Ilese figures were cotl so lldat ( i show the var ma - . . 

-

- in t he analysis must be kept clearly in mind :
111 1 11 Ill cs t t i i ia t ~’d s .ivlngs ilce ut ne over tIme 20 —year
sysl et ll l i fe as a function of collector a rea per occupant I . Solar hot ss ,,te, sys letIt c osts  vu~y linearly w it it
( 1’ igni i es 14 I i  rou gh 1 7 1. Figure I 8 shows similar collector area. (Tills assunlp t iou . thoUgll rIot valid ton
cu rves for Ofl C location. based (Sri a 10 percent ti rite very smal l Sy s tc i t l ’ 1. miti proves .is s~ s ICt It St /C mnc ’ t’;isC s
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2. The sy s l e I t u  c o s t s  used are present value costs , the load and tite estimate d dollar amsd fuel savlt i ~ s
includimig collectors , pumps. pipirtg. tanks , i itstalla tior i , possible if the potential market amount of collector
and annual 0 & M cost t h e y  sl itsuld the re fo re  miot he area we re l’uliy implemented.
constru ed as collectot co s ts  alone.

To determin e the total m arket potential for solar
3 . Sy st e in load used is 21) ~al (01) 7 5 nl3 ( o f hot hot water heaters in DOD barracks, the regional

water per day per mutt )T lte t t i a t k c t  p ri j ec t IlIm i s can he markets were sumnied (Table 8) . Figure 19 . which
sca led linearly ml f u ture  co lts u rll p li on Ir teasur enl e rl t s shows the estimated potential solar coll ecto r market
show the actual s~ s tcn i i  luia d to be d i t t e m e m i t  - I f ’or water heat ing in DOD barracks for various sy s t e t t i

c ost s , indt cat es that t bt e market potet i t mal  is ex t r e t l t l ,’l\
The optl ilt i l ihi col lec ltir j I t ’j (.i pc\ it  cu tv c ) ;mm id se ns itive to svs Ie l t t  c os t s . It must he rett let l lhered that

hrea k-evem i col l ec tot  area I id cil’t d l l i s s i l Ve n  1) 111111) t h e  miiark et potem it ials indicated on the tables and
were ta ken from I- ig unc ’ .  4 ihruiug hi 17 and applIed f ’igures are est i tm t alc s only , an d Il taf (I r rII figures 111051
to th e reg mom ta h populat io n data.  Tables 4 throug h 7 . he obtained (‘m m  individual barracks assess illemlts
w himch show t lt e resul ts ol this at t , i l ys i s  f’or eac lt regio n . using the p resent valu e of life-cycle costs o the partic-
also sh ow t h e  percen t of solai e ner gy used in satisf ’yrng ular syste rI~ size fur the actual barracks location.

Table 4
Market Potential foi Region 1’

Ss ste rn (o ’ .t  (S/sq ft) 9 15 21)
(S/rn 2 ) 97 16 1 2 15

Opt imum Area (sq ft/per son) 12 7 3
(m 2 /person) 1. 11 0.65 (( .28

Solar h’ ne rev (‘otutrib im nion ( 1 75 52 26

Savings S/pc rson 90 35 II)

Sav it rgs I f t i i r e (’ .  (u ’t /p c r ’ .o n)  3 1  9.1 4 .6

tt , irket Pot~nliat ( s q  it “. ( 1.30 t) .76 0.32
2 t 0~~) 1.2( 1 0.7 1 (( 3(1

I tor entire regIon 108 ,1)1)1) personne l)

Potential I )o llar Savings (niillions) 9 .7 .4 .8 1 - I

l’i i t i ’ n t a l  I oil S~lvI ngs (mil lion barrels) 1 4  1. 1) (1 .5

t ( rc , i k - I- sc i i  Sri.i ( s q t t , pc r s o l l )  24 .5 4.5 6.5
(i ui -p i’r’ .innl ( 2 .2 8 1.35 11 .61

Sola r I- l(i’n~~5 ( ontrihuti i i in ‘~ ( 88 78 49

S.i’ .nn~ s ( I . i n l e t s / p s ’rsi nl(  I S _ _ s 13 .6 8 6

\1,okci  I’ inclIII , iI ( ‘ .q It x IU~ 2. 64 1. 67 (( 7 (1
S tO ~~ 2 4 5  .46 (((5

(( ii e0( TC t eglon 11(8 .1111(1 personnel)

Pot i ’ t i t t , ij  I iii’! S . (s l I rcs  ( m illion barrels) 1.7 I S  ( ( i )

‘I iglu res .~~i’ l 111 ,1 2o -~ elI tI le

— ~~. . ~~~~~ ‘1~~r ~~~~~~~~~~~
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Table 5
Market Potential for Region II’

Svsiei i t  ( ‘ost (5’ ‘i
~ 

I ’l l 9 IS 2 (1

) $ /mr I ~~(.. 
97 16 1 2 15

Op t imum Are a (sq (‘I/person) li 6 2.5

m2 /person 1.11 0.56 0.24

Solar I- nergy Contribution (3  I 71 44 19

Savings I S/person ) 80 26 5

Sav ings (barrels fuel /person) 12.4 7.7 4.0

\l . rr kct Potcttt ial (sq ( I  s 106 ) 1.3 tI.65 0.27

(rn2 
‘. lt)~ ) 1.2 0.6(1 0.25

(to y  i-flue region 108.000 personnel)

Potent ial Dollar Savings )mnillions) 8.6 2,8 0.5

Potentia l I”uel Savirtgs (million barrels) ) .3 0.8 0.4

Break-Even Area (sq tI/person ) 22.5 12. 5 5.0

(rn 2 /pcrson ) 2.00 1.16 0.46

Solar Energy (‘ontribut ion (~~) 86 72 36

Savings (barrels/perso n) t5.0 12.6 6.3

Markct Potential (sq ft x 106 ) 2.43 1.35 0.54

(~~ 2 x l0~) 2.26 1.25 0.50

(for enlire region I 08.(t))0 personne l)

Polentiat I” uel Savin gs Irnilhion barrels) 1.6 1.4 0.7

* t.igures based on a 20-year life.
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Table 6
Market Potent ial for Region lit ’

Svs t ~’ ri r (‘us! (S/sq It )  9 IS 20
(5/1112 ) 97 161 215

Oplimurml -Sru ’ .l ( s q tl/pers( ti ( 12 6 2
( it l / pv’rs t m( 1 .11 0.56 (1 .19

Solar I mter ~ 
(‘on tri li u i iorr I ’ . ( 67 42 16

SavIngs (S/ person ) 70 20 5

Savings t ,irri’Is i’umeI/ pe’ rson) 11 . 7 7.3 2.8

Ma rke l Po l en m ial sq It ‘. 11) 6 1 1.18 0 .59 (l .2t )
(m 2 l0~ ) 1.10 (1.56 0.19

(for ennire region 98.t)0O pers onnel)

Potential Dollar Savings (millions) 6.8 1.9 ( .5

Potential Fuel Savings (million barrels) 1.1 (1.7 (( .5

Break’Even Area (sq fl /person) 21.3 12 4
(m2 /person ) L98 1.11 (1.38

Solar I’ neruz v Contribution (‘( 84 67 29

Savings (barrels/pe rson) 14.7 11.7 5 . 1

‘ul,ir kct Potential (sq ft .~ 10 6 ) 2.09 1.18 0.39
(10

2 x l0~~) 1 .94 1.10 0.36
(for enlire region 98,000 personnel)

Potential Fuel Sav ings (ntillion barrels) 1.4 I.! 0.5

~l igures based on a 20-year life .

I
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Table 7
Market Potential for Region IV’

System ( s l ( S/s q ( t ( 9 IS 20
( S/m t l ( 97 16 1 2 15

Op iim num A rea )sq f t/person) 10.5 5 1.5
• (m 2/person) 0.98 ((.46 0.14

Sola r Energy Connrmbution I ;  ( 65 36 12

Savings (S /pe rson, 65 18 4

Savings )harre ls Fuel/person) 11.3 6.3 2. 1

Market Potential (sq ml x 10 6 ) 0.66 0.32 (( .10
(m2 x l0~) 0.61 0.30 0.09

)fo r entire region 63 ,000 personnel)

Potentia l Dollar Savings (millions) 4.1 1. 1 0.3

Potential f uel Savings (million barrels) ((.7 (.4 4 0 1 5

Break-Even ‘\ rea (sq fl/person) 22 10.5 3
tmn 2 /person) 2.04 0.98 0.28

Solar Energy Contribution ( %  85 65 23

Savings (barrel s/person) 14 .8 11.3 4 ,( (

Market Potential (sq ft x I 06 ) 1.39 (1.66 0.19
1m 2 x l0~) 1.29 0.61 u t

(for entire region 63 ,000 personnel)

Potential l”uel Savings (million barrels) 0.9 (( 7 (1,3

~l gu n- s based on a 20-year life.

14
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Table 8
Total Market Potential’

Syslv’rn (‘os l ( S / s q l  t ( 9 15 20
(Sill l _ ( 97 161 2 15

() pI iu rIuiIm . .Sli’.l

Mark e t  Piitv ’rrli a l (sq II 1 (1 6 ) 4.4(1 2.32 0.89
Irs

2 s l0~~) 4 . 11 2 7 0.83
I b r  c nImr e nv ’gmulII 377 .001) pensomtnel )

Potentia l Dollar S.uvings (millions) 29 .2 9.6 2. 4

Polem it ial l’uel Savings (million barrels) 4.5 2.9 I .S

Break-Even Area

Market Potential (sq ft ~ 106 ) 8.55 4.76 1. 82
(m 2 x l0~ ) 7.94 4 .42 1 .69

(ton ent ire region 377 .t)00 personnel)

Potential Fuel Savings )ntilliuifl barrels ) 5.6 4 .7 2.4

routes base d imn a 20- ’, ear tile ,

4 CONCLU SI ONS roughly equivalent to I day ’s usage and the solan
collectors are tilted to the latitude of the location.

I . Solar domues lic hot water iteating systems using 
5. Although the market potential curve for so iar

flat-plate collectors are economically justifiable for 
domestic water heating in DOD barracks can provide

DOL) barracks. Individual ana lysis of the solar system preliminary planning guidance . individual bumldirlg

at a particular location is necessary , however , to obtain assessments are required to determine the optitl lutll

t h e  proper m i X  o f solar and conventional systems . thus econommc area of c ohhcu . tor s for a particular loca lmon

optimizing (lie economic savings . ô. The market potential (om solau doniieslic hot
water heaters is very sens itive to system costs.

2. ‘rhe universal curve for solar ho t  water heating
presented in A ppendix A is a good first approximation 7 . The so lat col lector r rtarket poter lOal f ot  lX)l)
of t he solar potential and is valid for all locations, barracks at a future s~ s te I l t  dulSI iii ~~ s~ ft ¶3 )7 ttt

Is appri)x imatel~ 4.4 m illion sq ft (400 t)00 111
2

3 Roofs on existing DOD barracks have sut ’ficient Ai~ lteat ion of t his collector ‘area could , oven a 20-ve at

space and in most inslances are  flat enough to easily 1,~~. save 4 .5 million barrels of fuel and an estin lated

‘acconllllodate solar col lectors for domestic hot water S2~
) million,

lieatitig l rP1~~’5 , , ‘ -
- 8. ihe grea l&’s l pot ential f i’t ~u l, i I utIII,a t mi ) n is il l

t he soutl lwest (Region I I. I mtmt nal solar d ,i t to ’s t mc hot

4 . Siil ,mr domestic hot  water svslel tt s provide great- water heater app l mc a t m o m ts will provIde t l t ~ Cat l t Cst
est sol, ir u t r l r/a t l r l mt  WIIeII the total  stor age volu m e is pay hack in t l t t s  region.
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5 RECOPAMENDAFIOISJS (b )v ’Ihiuld t i t ’i hIt ~ Imm;Ii IageIs i’aIi (ISi’ Iii l)L’ I t bo  I i i  .1

himm i i i i ~i’ , , isst ’ ss i imt ’ I l t t i t  lit ’ sui i _ i i  dul i l idsI ii l imO ‘,‘. . i IC m
hi eatm mm g pi i l e mmt ma l ul ‘acli barracks widen 111d m ~‘umil ruil

I . h’ hA should m l  iate plantiti mi g to provide a and report I iimdin igs t or consolidation al a cell I ral ptmr I
comrimon me t hud tim at G over ntmiieii i t ’acil it y mnamiagers
including those in DOD. cant use to assess their facili- 3. Several bar lacks throughout the Ilt rited States
tIes potential for solar energy utilization, should be selected for measurement of actual dontest mc

hot water usage to provide data on actual typical
2. 001) should initiate planning to provide a consumption and daily usage demand profile.

P~~SS uNt
ReLIEF

•, 1*1 PUI~~ 
COLD 4A1Fft SuPPt.v 55~ F

I~M P (I3~~C(

Figure I. I-lot water syste m simulation m odel for BEQ/BOQ.
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DOD BARRACKS**
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6o 0

2

- Dollør Savings — -

I I I • I I I • I I I
9 15

0 2 4 6 8 10 12 14 16 18 20

System Costs ( Dollars/sq f t )

*Low& curve represents market if dollar savings is paramount. Upper curve
indicates market if fuel savings is paramount.

** Based on estimated load of 20 gal (0 075m 2 ) of 140°F water per person per day ,

Figure 19 . Solar hol wa lel  heatmm ig systel ll cosis VS probable mar ket pene t natm oll
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APPENDIX A: ‘(lie s mnti u lati o mis weie nun using a si mig le-cove r f lat
1 lat e colIeL lot wi mli a sc’kci ye si i t  I ace - I lowc ’s ei  , usc

UNIVERSAL CURVE FOR HOT ol iIm ~ L um vc ’ e.i i t ie e\ l r .mnl dc’tI i t ’  m m u’ li md e t ’t l ie i L’’ lk’ eIoi
WATER HEATING tylli.’s . I able A I 5llii5~ t h e  ics i i l isof  iest ’.,i~ li ~‘cnIt imnmiet l

at (‘I’ RI. mit w h ic h si ’s-c i .il dm 1 tem t.’nii co llec iot ~Ic’.og~
.
~

were simulated hiiildintg oilier syste m pam a m n l et e m
com istant. T h e table prov ides a multiplier thai can be
used to find the required collector area should a

Derivation and Use different design be chosen.
I mc universal curve for hot waler heating (Figure .

- . . To illustrate use of the table . ml a collector ~ ith the
A I f .  which was developed f ron r i com puter simulation . . . . — -

- sa me selective surface is used but is f i t ted  with two
of the system sh own in I’ igure I. can he used to

- . , glass covets , t he co llector area de let mined front theest imate the solar colle ctor area required to satm sf ~ a - . . . -uminversa l curv e would be multip lied by 0.9~ . If a single
given percentage of hot water heating load for ans -

- . . . - 
- cover . rmonse lec lmve collector is chosen (ahso rpimvm iy

location, TIme s it im ulation was accomp lished for tout . . .  . .

- . - - , and enlissivity 0.96) . the area would be multiolned
geographi eiclmmiiat ic locations . Los Angeles . ( A; by I ~5
Charleston , S(’ ; ( oluntt hia . MO; and Madison . WI .
Tile data points showmi on the eutv e were generated It can be seen that the curve fits the data points
using computer simnulaiions of tile system at a storage remarkably well (i.e.. + 5 percent dil’ference on the
volume equivalem it to I day ’s usage - since this storage vertical scale ). The data points are shown in a legemid
vo lume was foumsd no opti mize use of solar energy for so close r approximations of the solar utilization can
hot water heating purposes. be made depending on the user ’s locat ion.

I I I

Storage Volume: 20 Gol/Perso n (0.075m fPerson)
Annual Load= 5.142 x I0~ Btu/Person (5.42 x 0’ KJ/Person)

1.0 — -

E
~~~~08- 

-

-~~~~~~~ 
£

0 0(fr __ i £
-

£

-

/ I 
~—Mad iscrm ,Wis .

7’ I o—Chorleston,S,C.
02 — 

I o—Columbia ,Mo, -

/ v- Los Angeles, Cot.

I I I I I I
0 05 10 15 2.0 as 30 35

Total Rodiation ~ Collector
AmuoI Load

F igur e ‘~ I V t i i s t ’ t s;m I c u r s e  for li ii wat e t  lncanmn g wi th  s~i l,i t eti c’tg~
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Table Al A ntr ua Load = M .h7 / I 0~ h3t u - pet 5 )11

(‘ollector Factors (9 . 1 5  ~ lO~ ki ~Ct si lt )

Selective Selective Selective 3. The solar radiation incident on ti lted collect on

Collector Collector Collecto r surface is determined by tire following equatmom i :

.Sli~iit 1t t i i i t i  (‘OS (0 1 7 0 - ) X IIRAI)
ol Plate ( ( 9 6  0.94 (( .90 0c R.A D = 

~ ((3 7)
.- ~Eq A l j

I tIii ’st l\

on Plate 11.96 i 3 (i (1.1 ( 1 where .

0CRA[) = radiationu on tilted sui fac e (13 1 u sq I t )
One (;Iass ( iisi ’r • I .55 1. 119 I FIRAD = horizontal radiation ( l3t ii sq ft

= latitude in degrees
~1wo t ,tuss ( ovfrs  1.09 0.97 0.93

0c = optimum tilt angle in deg rees
* A selective collector W a’. u’.ed in develop ing the curve. (equiva lent to location latitude)
•tTran smittanee uI cacti et a ’ .’ . cover was 0.09. COS (39° 7

0 390 )O C RAD
Examp le X 380 langleys X 3.6 X 3o5 days

The following information ‘and examp le exp lains cos (39 ° 7° ) 
-

the use of the universal curve. Topeka, KS, was the
location used in the example. 0~ RAD 5.~ 4 X I0~ Btu/sq fn
I. Basic Data Required: (6.62 X I ~ 6 kJ m i2

Locatiom u chosen = Topeka . KS 4 . The percent of load supplied by solar energy cal t

be determined using Ihe universal cur ve  (Figure

Mean daily horizontal A l ) .
radian ion (available from
National Weather Service) = 380 langleys a. Assumim ig a collector area of 12 sq f t  ( I  . 11 ni 2 I

per person
Hot watet  comisumptiotu (per
person per day) = 30 gal(0. I I mu 3 ) Tota l Radiation on Collector 

— 
O CRAD X sq fl

Am inual Load 
— 

Annual toad
Emiterin g cold water
temperature = 45°F (7 °C’) 5 . 54 X l0~ ~ 12 sq ft

= = . .~05 ILq .-\.~j
5 .07 X 106

I cav in g w ,ule r te m perature = 140 0 1: (60°C)

Frotu the curve , .X08 cou tesp ot ids 10 45 pelcet rl if
Op I mniu ti n collect or ti lt angle

- - the load supplied h’1 solar e t ieu  ~v
I equmvalemi l to loca t n i i tm .

latitude = ~~~~
° b, As s uru iu t t g  a col lector area 01 18 sq f I l l  .0’ 111 2

per person
I a t n mude = 39°

S54 X I 0~ X IS sq ft 
—

I I .m nigle ~ l c i t r ve r s u i i l t  10 5 07  X 10 6 —

Itt ii si) I t )  = 3 .~~ ltiui sq f t
(40 . 5 kJ ru 2 ) l r ~i itt t ire curve. 1 .2 1  c i t t e s p o r u d s  to Is percent of

the load.
2 I i ,j4 ( .iL tu l , u t  ( i t t

c. lii piurv ide a eel 1, 111 percentage of the load wi t h
\tu t uuu , m t Load 313 gu I  ‘ I) ga l x ( 14 1) 1 so l,tt e t t c rg% . the equation cani be w ink ed as

4.1 I I ~ 3o5 ~~ fo l lows 

rn -’- - ’  ‘~~~~~~ -- 
. — —,-— - -—. -

~~~~~
-- - - - -
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I
~eli’ . I t ine pelcenntagc load desired mn tin s exaimip le TM 5.5 1 0.5 .ill iss a designer sommi e Icewa~ inn huim

~ percent wa s chosen. Find the corresponding water syste m design . If a large r storage tank is used, t h e
pii l mit omi the ra diat io im ordinate and solve f’or t he heating capacity can he reduced , ami d vice versa . l.q B3
,iue.i (called ‘‘f ’ in t h is example). can be solved for eIther the revised heating or storage

capacities if a change is required for the other corn-

5 5 4  ~ I0~ S X ~:f~ 
— 4 )  

ponent.
~~~~~~ X 10 6 —

Storage Capacity (gal) X .75 + hieat ingCa pacity (gal hn )
Z=7 .4 sq ft(0.69 mn 2 ) = D X N  IE9 B3I

Tlitms . 7 .4 sq ft  (0.69 un 2 ) of collector area per person Because t he capacity of tire water heater and st i tagc
will provide 30 percent of t h e  load, tank can v a r y ,  t h ere appear to be no standard hot

water heaters or tam iks emp loyed in bachelor housming.
TM 5-810-5 can be used, however , to estimate t Ine

APPENDIX B: capacities of the hot water heater.

DEMAND/CONSUMPTION METHOD*
APPENDIX C:
ECONOMIC ANALYSIS EQUATIONS

Tahle B I def ’ines t ite’ variables used in calculating
wale n de Ilialld ai;d ~ onsUrn pIn ott

Table HI An interest rate of 6 .5 percent was used to evaluate
Definition of Variables tire time value of money. The future fuel savings , based

on present fuel oil costs of $ .5 0 — M It t u  (S:.3 i) ( ;J) I
Type of Building -‘ B C D - - -esca lated 10 percent for each of the f i rst  4 yeat s  and

Bl’ Q w i r e’.’. 4 ))  i0 . lS  14 7 5 7 1 4 percent for the rem aining e a r s , were discoum rted I

Itt (3 w i / i t i c s ’ .  3(1 10 .1 11 14 6 5.00 their present value usimrg Eq Cl
HOQ 4 (1 01  S i ~ 4 I D O))

g.iIIi n’. (m 3 1 per person per las al t40°l’ (60°C). I’ = 5 I I.q (‘I
In d ura muon i l  .1’. er.u~ c ttca I ing period, hours /day. (I i)

= duration ot pc.ik toad, Iu t i t s  it . -

I) peak load fa ctor.  Where
N = nutrut er it peop le.

P = present value
Water heater eap a c i ls  is calculated according to S fuel savim ngs . dol lars

,.~ X N mr number of s e a r s
Heating (‘apacity (gal . h r  I = -- 

B 
— 

~Eq B II I = ~~~~~ rate.

Storage ea pacr ls  us calcul ated by The cost of fuel was estimat ed for each of t h e  20 ye. irs
1’476 I 99(r ) f r o t t i  Fq (‘2

Storage Capa c itY (ga l)

(B (‘) ~ n = (
~~n I (R~,

) (I’i.i (~ I
hlea ln t tg ( .u) :1c1t5 

~ 
—; jL q B21(. 7. X ( I  Where

— - (‘ = cost of fuel itt year it
I lie 1) 75 (le t ii is used because only Th perce’lil if t im e - -Rn = fuel esc. ilat lu rate in eat en.
wa te r  in I Inc storag e tank is assun tied li i be hot enough
b r  sat is f , uc torv  use . TIne f uel s.u vi lu its were cont phI ed for e ac hr ear h .i s e f

on t h e  pen cent I of load tha I could he s.it usfue 3 h~ sr I at

‘1 t i m  i ’I u,nhi ung , I ‘.1 5 1 0 6  i t )e patm n lcnl  i tIlt’ .‘Srnrus - e t re ui i \  t unes the ftm el c isl for each i’ l l  as de le rn ;t nnned
Mis 19 12 i in lq (‘ 2. 1 iie’.e figure s were then t sum iimiied to rle tet -

3ts 
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m i m e t ine present value ot fuel sa vi n gs through the life (‘urves were a lso generated fo r due net sa vut ugs
of t h e s y s l c t t t .  versus collector area per person (based on 20 gal

10,75 m 3 ] per day load) for each oh tine three system
costs. Tire peaks of these curves indicate tine collector

Figures 5 through IS show tIne results of thnis area that is the ntioSt economically optununn (i.e., the
cer rur n uc a ria lys rs Figures 5 thirruugh 13 show tIne greatest net dollar s avu r ug s over a 20-year life). Points
hreak -eve n n poinits and paybac k period in years for a to the righ t of the curve produce greaten fuel sa vutu g s
V ar iety i t collector areas at diff~ remn t geogra ph ical hut lower aenual dollar savings. Tire poin ts where tIne
locations. I lue horizontal hires intd ica le the installed curves cross tine /ctu savnngs line a t e tine collection
sy s le l tu costs for three dif ferent system life-cycle areas that would result in re c ov er s of the capital

~osIs , costs al tine end r i  the 20-year payback period.

37 
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