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THPACT OF BALANCE OF SYSTEM (BOS) COSTS ON PHOTOVOLTAIC POWER SYSTEMS

Gerald F. Hedn, James P, Cusick,
and William A. Poley

Natlonal Acroncutics and Space Administratbien

Lewle Reavarch Center
Cleveland, Ohia

AMISTRACT

The Depavement of Enerpgy has doveloped a pro-
gram to effect a larpe roductiop dn the price of
phatoveoltnie modulos, with gignificant propross
already achieved toynrd tha 1986 goal of 50¢/watt
(1975 dollars), Remoining elements of a P/V power
system (structure, battery storaga, regulation,
control, and wiring) are also signifieant cost
items, The costa of these remaining elements are
commonly referred to as Balance-of-System (BOS)
eosts. The 305 costs arve laess well defined aad
documented than module costs,

The Lewis Research Centar (LeRG) investigated
the BOS costs pssociated with twelve photoveltaic
experiments conducted by LeRC dn 1976/77 and with
two village power experdmonts that will be install-
ed in 1978, The corts were divided inko five cate-
gories and analyzed, A regression analysis wis
performed to determine covrelations of BOS costs
per peak watt, with power size [or these photovol-
taic systemg. The statistical relationship may bo
uged for flat-plate, DC systems ranging Frem 100 to
4000 peal watkts. A survey of suppliers was con-
ducted for comparison with the predicted BOS cost
relationship,

INTRODUCTION

A major objective of the Photovoltaic Tests
and Applications Project, managed by the NASA
Lewis Resenrch Center (LeRC) for the DOE, is to
identify and cooperatively test with gelected
users, applications judged to be cost-cEfective in
the near-term (prior te 1986}, These near-term
application experiments are structured to engage
active partielpation and iInterest of the privat-—
sector, It is oxpected that these experiments
will provide a {low of application-related infor-
mation to the technical community, and to the DOR
Photoveoltale Program participants and contractors.
Syatem costs are an Important part of this appli-
cation information.

Price poals per watt were establighed by DOE
in 1975 (1). At that gime, the wodule price for
Block I DOE purchases averaged about $21 per wact.
The future goal was for $.30 per watk by 19B6.
Thae average price per watt for DOE purchases in
1976 was §15.50 and in 1977 $10.96 {Blocks 11 and
III respectively), -

In the past, the cost of the modules domina=-
ted total coste for phetovoltaie systems, low-
aver, as module cost goals are realized in the
future, the coat of the other system components
will becoumo dominant unless tlwsc components also
expericnce larga cost reductions, The costs of
these other system components (balance of amystem
or B(S costs) must be examined to determine whot
codt roductions, i€ any, can be achicved, In
many cases, cogt reductions will be difficult to
achieve due to the relative maturity of the com-
ponent tec'nologles invelvaed,

This report documents che BOS gosts four
twelve LoRC photovoltaie application experiments
(Table 1) with various federal and state govern-
ment agencies during 1976 and 1977. 1In additdon,
BOS cost estimates axe given for two villuge power
systems that will be {nstalled in 1978, BLY coats
agbtained from a survey of manufacturevys are com-
pared with LaRC BOS costs. The LeRC data wore
weed to perform a vogression analyeis, The re-
gults of this analyeis are presented.

COST DATA COLLECTION

Tite procedure for cost data collection con-
gigted of defining BOS cost categories for a
photovoltaie syatem and then determining the
labur and materinl cost for cach category,

The BOS cost categaries Jnciude the following
elements (2):

o Array, Structure, and Site Preparacion

Module mounging Eramas
Frame supports and foundactions
Securdity and safety equipment

o Eleccrical

Wiring, 4nterconnects

Control ecircuits/instruments

Load management circuits

VYeltape regulation, power conditioning
Enclosure or buillding

o btorage

Battordes
Racks and venting ¢quipment
Enclogure or building

o Instnllation and Checkout




s
‘

o Other

Module teat and inspection
Syotom sizing oad Jesipn
Packaning and freipht preparation
Maintenance cquipment

Material copte were decermined from purchise
orders for all parts and materials on the desisn
drawinpgs, Time cards ond interapeney apgroements
were usad to wveblmote direet labor houvs suppliced

by LeRC and user apencies, Labor costs were detor- daka %gf regregaion equation developed from the %“
mined by using an average lsbor-hour ront of $20/ ' r
hour for engincers and $15/hour for techndelans, ) X A=0,4119

Travel and shipment coests incurred for cach ipe BOS §/watt = 296 x (Peak Wattu)

ptallation wore omitted because these costs would

bios the vost of the experimenr in proportion to
the distance of the test pite frem LoRC, Other
copts excluded were profit on goveroment labor,
indirect or overhead cost mavkups, warrartdwa, in-
surance, taxes, site gequipltdion cests, npsares,
marketing and finishad drawings for the cuatomer,
Althouph legitimato for commercial systemp, these
costy wera not Incurred by the povernment,

DISCUSSION

The photoveltaic application experviments cob-
ducted by LeRC nve experimants Intended to verify
that photovoltale power systems will meet the
olectriecal onergy requirements of ¢ ronpe of appli-
eations In o cost-cflfentiv: mapner, The experi-
ment hardware included pome clements not normally
purchaged for vommercial systems, but these costs
have been exeluded hare, The 1B0S coat summaries
in Table 2 werve developed from the coategorles men-
tioned previcusly,

In addition to the BOS costs for the 12 ox-
periments, preliminary 305 egtimates for two
village power syatems that will be installed dur-
ing 1978 were algo obtalned nnd are shown in Table
2, ‘Thege two sygtems aret

&, Village Power System for Schuchull, Arizona.
This BOE sponsored project is being managzmed by
LeRC in cooperation with the Public Health
Service and the Papago Tribe of . *izona, The
systen will consist of a 3570 watt D,C, photo-
woltate power system and the electvieity will
he used to provide lighting, water pumping, .
refrigeration, laundry and sewing facilities
for the residents of Sehuchuli, Details of
this system are being reported at thig con-
ference in o paper by W, Bifane of LeRG. Tha
BOS cost in 1975 dollars 1s $13,08 per watt
($15.58 in 1978 dollars) for this syatem.

B, village Power Syatem [or Tangaye, Upper Velte
{West Africa}, This USAID spensored project
is being managed by LeRC in zooperatlon with
the USALID mission in Upper Volta, The gyakem
will consist of an 1800 watt D.C. phetovol-
tade power system nnd the alcetrieity will be
used to provide woter pumping and grain prind-
ing for the village, The BOS cost in 1975
dollars is $13,61 per watt ($16.21 4n 1978
dollars).

An asalysls of the Table 2 dota wan porformed
to devermine the depree of correlation for a power
function of the [omn

y® uxh * 0

vhere y  equalp diveet labor and materfnl BOS

cost per watt and  x equals the number of watlts
in the ingtallation,

R = -0,82 (Lincar Correlation Coefficient)

The BOS cost per watt, for D,G, flat-plate
photovoltaie pyntems up to four kilowatts, is new
larger than the cost per watt of the photevoltalc
moduleg, Sinee A.C. systems are more complicated,
the BO5 capt for A.C, aystems similar in size
{viz., up to say 10 kilowaces) will also be grost-
ep than the cost € the modules,

The BOS coats for cine two multikilowatt vil-
Iape power systems are nearly cqual ($13,61 per
watt for the Upper Volta aystem and §13,D8 per
witt For the Arizona System) deapite the Fact thai
one {s ncarly twive the peak power of the other,
Thore can be 1ittle doubt that the magnitude of
the BOS casts for multikilowatt aystems is signi~
ficant.

SURVEY OF BOS8 COSTS FROM THREE MANUFACTUAERS

To provide a bosls for comparison ¢f LeRC
BUS costr with commereinlly putchased aystems, a
survey wusg conducted of prices from three photo-
voltale supplicrs for typieal BOS eumponents. The
pricing of these components included macerial
eogts and gome labor for the assembly of voltage
regulatora, for the wiring and assenbly of modules
into arraye, and for other auch labor items that
could be accomplished in the vendor!s plant,
Labor for Fleld nesembly, instnllation, testing
and chackout wng not obtained during this sunvey.

In order to make a direct comparison of LeR(
copts and manufacturers' BOS prices, a baseline
gyatem wus selected., Thia baseline was o two
kilowatt, D.C. system with battery storage for a
region such as Arizena. The estimated average
BOS cost per watt for this bascline Bystem using
the LeRC regreasion equation was $13. The range
wf BOB component prices obtained from manufactur-
ers wos $5,75 to $9.25 per watt. The manufactur—
erg' prices were then adjusted to add installation
related costs, which resulted in the range of
$8.63 to $13.88 per watt, These BOS cost compari-
gons, summarized in Table 3, indicate that the
BOS costs of LeRC experiments are in close agree-
ment with wanufacturers! prices. Thus, BOS toats
for present multikilowatc photoveltailc systems are
probably in the range from 9 to 14 dollars per
watt (1975 dollars).
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FRACTTONAL ALLQCATION OF DBO3 COSTS

An analys bz won made of the LeRC IOS cogty
to determine the average feavtion of total BOY
cogt {or each category,  These fractionn are
alown tn Table 4, No single category of W05
enat soena td dominato.

FUTURE COSTS FOR DOS

Future BOS voots will be afEeeted by o vart-
ety of factora; this makes Lt J1fficule to vsti-
mate pospible cont veductlonn,  For vzomple, 1f
module coay poals of &.50/watt ave achleved, the
battuery size van be traded (4F utdll requirved) -
againet the lower modulo cost, This tendeolf,
however, will Ineeeare the arvvay requivementn
and costa althongh the not eost for atavape may ho
somewhat eheaper, This is fomportant copsfderiong
the inereasing costs of leadwneid type batteries,
Thore will prabably bo some Improvement in the
vout of trepulatera os photovoltale manwfacturers
bepln to achieve economion of seale,. Wicing re-
quivamenty will probably not see an apprecinbla
reduction pince most of the wirieg Iy from the
arrvay to the eontrols and loady,

Without & reduction in the anount of materl-
ala, there is vot ouch chanee of o reduction in
vapt, Frame nud pupport materdols will probably
ba reduced aigniffcantly ns pucking Foctors and
coell effietonedes ave dncereased, Hovsover, 1L
1g possible to nae lighter woight materdals thao
are preaoently used wnd Castendng mathods con be
fmproved aipgnificantly.

Experience and reductions of watorial requive-
ments will lower tho BOS matervinl costs of future
syatems. Tt i not posaible te predict accurately
at thie time what that reduction will bo. BOS
laloer conty are open to conslderable speculation,
the labor vestes of future commercinl aynboms will
most probably be leas than the LeRC experiment
costs for Inbov, The manufacturer's survey dn-
cluded Ltems ahipped as assembled subsystems (o.g.,
vepulators, feomes, supparts) which reduce the
amount of Clold labor veguired. ZAurthor cconemles
may ho possible by (nereasing the amount of in-
factery ngsenbly of asystoms,

Thus, it would apoear that future costs for
lios components and labor wlll wost likely be lous
than present costa (dn constant dollars), but
miagy of the BOS elements ave ohtained from mature
industries. Wiring, fastencrs, batterlos, struc-
tural wateriols and othar BOS components ave glbe
tuined from indugtrles that bave nchioved most of
the popnible ceonomles of seale poasible through
rvenching the Limlts of mass production aconomics.
These ftems willi not experience lavge cost re-
ductlons In the Future,

SUMMARY AND CONCLUSTIONS

The 12 application eaperiments condunted by
the LeRC for the DOE and the 2 plinved villuge
power experdmonta wore used to eatimate the HOY
costs (oxcliling modules) for photoveltale aystems
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up te 4 kilowates in elze. A aucvey of throe man-
ufpeturers wan copducted to obtain 108 vost enti-

maten for a & kflowatt flagplate D.C, photoveltaic
power dystem,  Average DOS conts now excecd Diock

I1I module prives.

Although Tt ip tot possible to predlet DOS
vortn acemrately for 1986, {r fa known that the
DOS materials are ovbtoined from relatively matuye
induatries, IF 1986 photoveltale tochnelopy cats
siota of Incremental dmprovements In present afli=
con techuology, 1t de not likely that BOS costr
could be deereased by move than 50 percent, if
that waeh, With o 50 poreent veduetlon, the BOS
toaty will be bowwesn 54 aid §7/watt In 1980,

Stpnifieant effores will be needed to reduce
BOS vocts of futwre photovoltale systems, Other-
wige, the achlevenent of tho 1980 goal of §.50/
watt for modules will be accompanted by o BOS cout
that may he an ovder of magnitude greatoer thom the
module ront,

No majbr concluaions can be made fyom the
data in this report for luvge photovoltaie power
ayatoms,  lowover, larger systema wlll vequive
genled bat gimilar BOS coppononty .,

Without the beneflit of knowing tho nature of
1986 photaveltate technslogy, 1t wotlld be pratui-
tous to expect that BOS costs will be similar in
magnitude ta the $,50/wiatt cost of the modulen,

TABLY 1
Experiment

Locat fon Uger

Public Health
Sorvice

Papago Refrig-
erator

S11 Nakya, AZ

Longe Pine Water
Cooley

Lone Pine, €A Owens Yulloy
Intoragency
Conmittea

Foreut Towers U.8, Foroat
Sorvice

Antelope Peak,
Lasson Natfon=
al Forost CA.;
Pllot Peak,
Mumag Natienal
Forest, CA.

Inseet Survoy
Trap (eharged
grid)

Ingect Survey
Trap {black
Lighe)

Arizonn Duat

Storm Warning
Sign

Remoto Metovo-

logical Station

(RAMOS)

College Stn=-
tion, TX

Collegn Stn-
tion, TX

Interatatg 10
Lbetwoen
Phoenix &
Tuceon, A%

Stratford
Shanly, NY

U.8, Department
of Agriculture

U.8, Department
of Agriculturn

Ardzona Depart-
ment of Trang-
portatien

Natdional Woenther
Servilee
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Expariment Locatlon Usoz Expori- Array Power 505 Materi~ BOS $/watt
ment {watts) al & Labor
Remoto Matero- Clines Corners, Nntional Wonther Cont ($)
logical Bcatiun  NM Servica
{RAMOS) Upper 1800 24408 13,61
Volta
" Southpoint, NI " viliage
Powar
" Loggorhend Kay, "
FL TABLE 3
" Point Retreat, " COMPARISON OF LeRC BOS COSTS
AK WITH MANUFACTURERS' PHRICES
" Halfwny Rock, Mg M Item BOS §fwatk
Manufacturers' Suggested 5,75 to 9.25
TABLE 2 Pricens for BOS Compo~-
BOS COSTS FOR LoRG EXPRRIMENTS nents _
Manufacturer's Prices B,63 to 13,88
Experi= Array Power DBOS Materi- BOS $/watt ' '
mgnt fwitts) al & Labor Plug TLabor for Assembly
v Cost () ond Installatien at
LeRC Lobor Rates
(2]
gﬂg:&gar- 330.0 : 4123 12.49 Estimate from LeRC Re- $13.00
;tor gression Equation
Lone Pine  446.0 13894 a1.15 TABLE &
gggfzr ALLOCATION OF LERC BOS COSTS
. Category Average Fraction of
F;;gz:s 294.,0 13369 45 .47 Total BOS Cost
Insecct 23.2 2186 137.33 Array, Structure and 18
Survey Site Preparation
’g:ﬁgrged Electrical .33
grid) Storage W20
o
Igﬂisgy 162,4 3767 23.20 Installation and Chack=- .20
Trap out
ﬁéz‘;‘)" Other 09
Avizona 116.0 5689 49,04 Total 1,00
Dust ) ’
ggz:‘:ﬂg REFERENCES
sign

1, Throughout this report, "wakt" 18 used to
mean ''peak watt", and costs are in 1975
RAMOS (NY) 110.4 377 28.78 - dollars unless noted.

RAMOS (W) . 73.6 3151 42,81 2. Shipping is not included, nor are leads that
RAMOS (HI) 73.6 3151 42.81 would be powsred by the systems.

RAMOS (FL) 73.6 3151 42,81

RAMOS (AK) 147.2 6209 42,18

RAMOS (ME) 110.4 3177 28.78

3570.6 46696 13.08 ORIGINAL PAGE 1S
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