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parameters monitored,
of dirt on performunce, somo modules wero washed

ENDURANCE TESTING OF FIRST GENERATION {BLOCIK 1)

COMMERCIAL SOLAR CELI. MODULES

I, Apagmoston and A, F, Forestlor]

Nullonal Aerontulics and Spnce Adminisiration
Lowls Tesonreh Contor
Clovolund, Ohio 4415

ABSTRAQT

Ona phase of tho Depaviment of Energy (DOE) Solar
Coll Pholovoltnie Program {8 to dovolop Jo.r-cost solar
cell arrays with n 20-yenry lifethimo, In order to help do-
termine Ulotimes of the first generation {Block 1) com-
moreinl solnr cell modules usod in theso arroys, o pro-
pram wos Injilated by DOE/NASA-Lowls Rosenrch Cen-
tor to exposo thoso modules to » rango of onvironments,
Accordingly, Block [ modutos from four momufncturers
woro fnstalled at eommovolal testing sites In Florida,
Puorto Rico, mnd Arvivonn nnd nt noncommoreial sitos in
Clovelnnd, Ohio, 'The conditinng endured by thoso mod-
ules encompuased hot aid dry, hot and humtd, tropical
raln forest, sen-ply, wrban industrinl and urbon elenn,
Exposures wore for poriods up to 1 year, “Tho effcet of
outdoor exposure on tha porformanco af e modules was
dotérminod uring ourrent-voltege curves, Short-cireult
ourront (Ise) and maximum powor {P_ .} wore the

mus
In ovder to detorming tho offect

poriodically and thelr paramotors wore recorded both
bofore and aftor washing, In all cnses, thero was n loss
of porformanco of the modules with onldoor oxposure,
‘The loss was dependent not anly on tho oxposure sito but
ulgo on tho modulo construction, Three typos of mod-
ules ave covorad with ailicono pottanis md one type has,
In addition, o glass cover, This lntter tygo of modula
had n Joss In Poax only one-tunrior to onc-sixth that
of Ui other modules in'a comparable poriod of timo,
For all modules, somo of tho porformance loss could be
recovored by washing, Except for glass-coverad mod-

ules, where tho loag In Pax could be complately re-

" covered each time, onch succoeding washing recovored

logs, Thus, tha silicon-covored modules showed n
pormanont loas in performance. Many modulos showed
odpe delaminations and/or dolamination under colls and

Intorconnects,  These did riot soom to soriously affeet

pawor ocutput, It {6 antiolpnted that these physienl
offeets will bo worse at longer oxposure imes, Rosults

from those cxposuro Lests Indlente that dolnmination
od ¢lirt refention nre Hkoly troublo spota tn solar cell
motlulas,

INTRODUCT'ION

Tho production of olectricliy from solnr enorgy
through the use of solir eells (photovoltnics) has in-.
eroascd Inrgoly beezuse of the uscfulness of solny aoll
systems to {lic sapnco program, To drjtormine whethor
solar cells could bo adapted to terveatrinl usa and cowd
ba a viabla sourco of ensvgy in‘the Mtuve, the Depart-
ment of Enorgy (DOE) vequired Information on the life-
ifmo of eammeoreinlly produced modules, To nssist tho
det Propulsion Loboratory (JPL) in the ovaluation of
these modulos, NASA-Lowis Resenrch Contor (LolRC)
condupted outdeor cndurance tests on modules commora
elnlly produged as o part of the 40 kW purchaso of {ivst
gonaration modules by the JPL Low Cost Silicon Solay
Array Projoot, Modules from four manufnelurers wore
used nnd these modulos nre denolod ns Bloek T modules,

Modules wore oxposed at 1 vaviety of tost sltos with
difforent environments for poviods up lo 1 yonr, At
some &itoa, modules wore romovéd poriodlerlly and tho
effect of the onvivonment wns datormined by the mon-
suramont of tho olectricnl charncteristies, Al othor
sites, the modules were loft undisturbed until the tests
wero torminated after which timo tho clectrion! charao-
toristics woro mensurad, Some modules from onch
slte woro washed and romeasured to determine the
offects of dirt and othor onvironmental fallout on pox-
formance,

This papor prosents tho results of tho testing dos-
aribed sbavo,

MODULE DESCRIPTION AND TEST SI'FLS

A doscription of tho construction of the modulos
from onch mnnulneturer 18 givon in the following tuble,
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Spectrolnb Aluminum backed; 2 in, dinmetor colls
completoly oneapsulated In silicono;

covercd with glass sheot ~1/8 fn, thick,

Sensor tech  Aluminum bneked; 2 In. diamoter colls

ocenipletely oncnpsulnted in silicono,

Solarox Fiberglass-opoxy composito Lacked;
3 In, dinmeter colls completely on-

capsulated [n silicone,

Solnr powor  Fibergines-cpoxy composito backod,
3 in, dinmetor cells complotoly en-

capsulnted in sllicono,

All monufncturers encipsulated the vells in Blllcbnc', the
Spectrolab module had, In addition, o glnss cover,

The sltes of the tests are listod below along with »
goneral doseription of tha loerl exposuro copditions;

1, Desart Sunshing Exposure Tosts, Inc, (DSET),
Phoenix, Arizonn, Hot and Wy, desert conditions,

2, Caribbean Testing, Inc., Caguas, Puecrio Rico,
Tropical, rain forest conditions,

3, Solar Testing Servied, Ine,, Pompano Boach,
Florida, Hot anc humlid, sub-tropical conditions,

4, Sub-Tropieal Testing Sorviee, Minmi, Florlda,
Hot and humid, sub-tropieal caonditions,

6, Soutﬁ Floridn Tosting Sarvice, Miami, Florida,
Hot snd humid, sub-tropical, sea niy ntmosphoere,

G, Cloveland Alr Pollution Control Center (CATPCC),
Cleveland, Ohio, A very heavy industrinl environment,

7. NASA-Lowis Resenrch Center, Cleveland, Ohlo,
Ordinary eliean urban epvironment (commercial business
and residentfal arens in provailing upwind airection),

EXPERIMENTAL PROCEDURE

The effeots of outdnor exposure on the modules was
determined by the measurement of moximum power
Poaxe This parametor could be obtained by the record-
Ing of the current-voltage (I-V) curve of the module,
The short-ecircuit current and open-clrcuit voltage were

also rocorded,

The -V curves were recorded at LoRC using a
xenon flash simulator set for alr mass one (AM1) con-
ditfons and 28% C. The procedure used was as recom-
mended in (1), I-V curves were obtrined before the
modules wore installed nt each site and when they ware
returned to LeRC, For thosa modules that werc ona
washing schedule, the I-V curves were recorded before
and again after they were washed and dried,

The washing wna dono using an Aleonox-"I'ido solu-
tion and Ught hand serubbing until the sorub cloth
appeared elean, Howover, thero was no hard rubbing
of the medule surfaee, The modulos were well rinsed
with tap water and then dried, ‘The return sehedule and
washing dcheduio for theso modules which did not havo
continuous exposure (Clevelund sites) wns detormined
primarily by loeal weather conditions,

The modules on test in Florldn and Puerto Rieo
wore exposed continuously for one yoar nnd thon return-
ed to LoRC, -V traces wero recorded and npaln somo
maodules were washed nnd Poax redetermined,
Madules were exposed In Arlzunn for a total of 161 days
bofore roturn to LeRiC,

"Tho reproductbllity of tho mensurements of Pp,,..
done on tho snmo day {8 2%, For those done on sub-
soquent days, or by different persons, tho reproduci-
bility can be oven highor, Wa have thus assumed that
Poax difforences less than 22% nre not signifieant,

RESULTS AND DISCUSSION

Modules which are exposed without any intermedinte
washing were found to accunulato dirt, This ean e
mod{[icd by the effect ol preeipitation (snow or rain),
or condensulion nnd run-off, Fipgure 1 shows the effect
of dirt fnllout on the performance of modules exposed
at tho two Cloveland sites, Severnl results ave Imme-
diately evident, TFirst, glnss-covered modules (Spec-
trolab) had tho smallest loss In P, .. and this loss
was tho same at both sites. Sccond, for the remnining
madules, the loesos were very much greater at the
Cloveland Alr Pollutfon Control Center (CAPCC). The
industrial pollution at this site brought out differences
in performance loss among the three siliconc-only
madules but Himited data prectude a ranking, The LeRC
data are averages of measurements on two modules of
ench brand and the CAPCC data are for one module of
each brand,

In figure 2, the data fromi the modules exposed In
Arlzonn, Puerto Rice, and Florida have been super-
poscd on the lines and ranges which encompaased the
data from Cleveland, Obviously, the data are more
simllar to those from tho LeRC than CAPCC and again
the resulis for the glass-covered modules are Inde-
poendent of site, The Florida data are averages of
measurements from seven modules of each type and
those from Arizona and Puerto Rico, of two. A com-
parigon of the Florida and Pusrto Rico data shows that
the latter site causes more loss in the parformance of
moedules, Theoa modules nlso ghowed evidence of
moesy growth in many cnses,
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In ordor {o delormine how much of the porformanon
losis could bo recovered, somo maitules wore washed,
ay in Bome enses reoxposod, Losses {hat roman aftey
wishing onn be elthor due to o darkening of the poltant
ov covroston of cantuets and fnlorcounects o just an
uabiltty o remove all of the divt, Flgures 3 and 4 show
tho results of washing on modules exposed at tho Clevo~
land gites, Tor the ginss-covorod modules, woahing
rostored thom complotely, within experimental orroy,
Tho silicone-covored modules suller n pormanent loss
which neroases and then appears fo reach o stoady
sinle, Compnrison of the two figures Indlentos agnin
it CAPEC 18 o much harsher slto beeause of &omuch
hoavier and snore chomiealiy renetive fallout lending to
more ptrmunent damago,

The rosullant change in Pyax for the washod
modulea from Florldn, Puorto Rico, nnd Arizonn nre
-compnred in figure § to the datn from Clevolund sites

at tha termination of the tests, The data nre supor-
posed on the curvas (rom fgures & and 4, Tho gless-
covared modules aglin show vosults Indepondent of sito,
"The data for nll brands of modutes exposed in Avlzonn
and Florlde nppéar simihre to the dotn ebiained ol LoRC
within the oxperimental error, This is somewhat sun-
prising since tho {usolution at both of thesg elfes s
Wighor than In Clavelund, This result would [ndicate
fnctors besides {nsolatlon aro rlse hmporiant in outdoor
oxposure testing, Environmontnl factors such ns divk
faltout, ineluding chomlenlly netive partfevlntes, em bo
vory damaging, ospecially in combination with humldity,

Visunl obsorvatlons on tho mwodules indieatod de-
Inminutions on Sclar Power and Solarex modules, In
soveral enses, the deluminntions wore extensive, Iow-
ovor, this did not scem to affect tha maximum pawer of
the wodules, Glasa-covered modules were subjoot to
cover cracking which ocgurroed on soveral modulos duo
{o handling, Agpuin, thig did not seem Lo nffect output,
1t is roasonable to nssume, howovor, thnt contimdng
exposuro of these oracked wmodules to more humid on-
viromnents would eventually enuse deterioration in per-
formande, '

SUMMARY OF RESULTE

Endurance tosting of Block T mbdu’les at salectad
gltes hog indiented thaty

i. For siliconc-covercd modules made by Solarex,
Solny Poway and Sensor Tecl:

n, Gutdoor exposure cduges n similar docrense in
performanco for theso brands, o

b, The dogradatlon is site dopendent with tho

Cloveland Alr Pollution Control Center erusing tho most
dopradation boenuse of heavy indusivinl pollulion,
Tuartio Iieo was next beenude of the tropleal rain-lovest
conditlons of Ita elimate,

a, Tho dogradation I8 apparently nol dependeni on
tnsolatlon nlono,

1, Washing doos ol remove all of the dopradation,
The povnmsent loss in maxinron powey regches o stendy
value aiter several hundred dnys exposura,

8, For glnsa-covered, silicono poited modules
mitde by Spoctrelnly;

#, Quidaar axposuro is much lage dunaplog than
for tha ather modules teated bagnuse of loss divt altvie-
tion nnd rotentlon,

b, Washing tho modulos recovores the porformanen
loBs completoly,

3. Tha offcet of loenl condilfons 18 most dnmnging
whore some type of chomlenl internetion can occur with
the medule surface as with chemionlly notive partiou-
1ulos mud modst mossy growth compared ‘o dry dosapt
sand nnd flold soll. :

REFERENCE

1, tVTorrestrinl Photovoltnio Measuramenis Pro-
eadures, 't NASA TM-73708, Juno 1877,

This work was porformed for the U, 5. Department
of Energy tnder Intoragency Agrooment B(19-20)~1022,
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CHANGE IN MAXIMUM POWER OF BLOCK T MODULES
EXPOSED AT CLEVELAND SITES
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CHANGE IN MAXIMUM POWER OF BLOCK | MODULES
AFTER EXPOSURE AND WASHING
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Figure 3,

CHANGE IN MAXIMUM POWER OF BLOCK | MODULES
AFTER EXPOSURE AND WASHING
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CHANGE IN MAXIMUM POWER OF BLOCK T MODULES
AFTER EXPOSURE AND WASHING
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. Abstract

One phaso of the Department of Enorgy (HOE) Solar Cell Photovollale Program {8 to develop low-cost solar
cell nrrays with « 20-year lifctimo, In ovdor to holp determine Hfetimes of the (irst genoration (Llock 1)
commarcial solar cell motlules used in these nrrays, o prograin was initinted by DOE/NASA- Lowls Researeh
Conter to oxpose theso modules to n range of envivenments, Accordingly, Block I modules [rom four munu-
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and thofr parnmetm‘s were recordod both before nnd affor washing, [In all cases, there wis a loss of por-
formnnco of the modules with ottdoor exposuro, ‘The loss wns dependent not only on the exposure stlo but
also on {he module construction, 'Iiree types of modules are covered with silfeono pottants and one type
hus, In addition, a glass cover. This latter type of module had # loss In P enly one-quarier {o one-
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completely recoverad cich time, onch succceding washing recovered less, ‘Thus, the silicone-covered
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Indicate thit delaminntion and dirt rotention are Ukely trouble apols in solar cell micdules,
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