PV Ener
Payback

by Justine Sanchez

Photveitaic techanckogy 1s a fantastic mirmck: of sclence that sifently converss simlight
Into streaming alectrons that can be'wsed o do work. While surdighl magically falis
froem the sky, 'V mod ks and thelr assoclated componenis do not—seach consumies
energy and resources dong every siep of the production process, from material
harvesting to manofacturing o #sembly and shipping

A common myth about MV echnology 15 that it bEkes mone energy 1o prodom
a I'V system than tha system will prodsce in is [detime. Thankfully, this B not the
mse. Rerent shadiks of encrgy payback time (EFET) estimate that & takes o 'Y sysiem
om0 thenes years o produce thi same amount of energy that it ook o manofcmm
i Given that a PY system will continoe o producs electricity for 3 e or mon,
a ¥ sysiom's Hietime prodocion will far oxooed the energy it took o produns it
Haro's 2n In-depth lock at the embodied energy slong the way.

Moduls Manufactunng Methods

A batteryless grid-ted 'Y systom has many pars-—modules and mounts, imveriens},
and wiring components (ncludimg condull, firings, elecricl boxes, wire, and
overcarrent profection). Eadh part of 8 PV sysiom ks energy o both produce and
transport (embod ied energy), bat of all of them, the modules require the most encrgy
o manufactine—about 93% of the entire system.

Single-orystal tmonoerystallinel FY colls are commaonly manufactured osing tha
Crochralskl {CF) method, whene 2 “seed™ sificon coysital s dipped inio purified
mohen sificon and slowly misad out of the pob As the seed crystal s ralsed, the
molion silican cools and solidifiss indo a single cylindrical crysinl arcand and benoath
the sood orystal. This process b referrad to as “pulling™ or “growing ™ an irgot. Thin
sllces—abowl 200 micrors. (008 inches} thick—are cul from the ingot and, with e
addition of an antrmeflection coatng and & wire grid o collect the eectrons, boonme
tndividual 'V celis. To create a module, several cells 2ne kdd out and joined together
glectrically. Finally, the module & given a prokcave backing, opped with a glass
covering, and then sealed and framed with extrsded alaminum.

Each sigp and material 1= In this manufactering prooss  mquims enorgy.
Marifying and mediing she silioon 1= 2 kot of hoat energy. There i alsoa falr amoond
of energy used o maks the alominum modoke frame, 25 well 2s ihe coatngs and
glam. Purlfying and growing the silicon crystal, along with the embodied energy
of an alumirmm frame, make op the bon’s share of encrgy involved in producing =
single-crystal 'V module

Multcrystalline 'V celis are generally made ising a casting, process, whera molen
sllicon s poard. Ino 3 square mold and left o sobidify. This process creates many
crysials within an Ingod

Tha ngot Iz sliced Inio thin sqoare walfiers o prodoce 'Y oells 0 the ame way
as the singlo-crystal process. Once the welis are created, the mamifacturing proceeds
as for moroerysiadling modules. You com spot 2 multicrysaliine Y modole by 1=
varied, glittering crysiaf surface, compared o very umiform-looking single-crystal
silicon oells.
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Mulbcrystallime 'Y miodules do
rogmire ks energy 1o prod ooz than (28
produced ronocrystalline MY modules
partly becamss the coaling prooess forthe
cast Ingot wses less energy. The onergy
payback fmes for muolticresalline FY
wysipms are about 15% less than for
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monacrysialline MY systems

String Kibbom Silicon. Anaother way
o prodoos a crystalline Y modole
Is 1o grow thin fbbons of silicon that
cn be cut ino Indvidoal cells. One
method hat prodoces these bypes of
s pulls wo pamlicd wies oot of
a val of molen silicon. As the wins
are pulled =p, o thin sheet of silicon
tha width: of a Anished cell stretches
snd hardens bebtween them, much Hke
spapy flim strotches botween the sldo
of a child’s bubble wand. Hocamss the
ribbsan sillcon sheot = =0 thin, it dos
noet need o be slioed as ingots do, but
s soctioned no cefl-slzed Jangths to
make Endividual 'V cells. Tha ribbon
siicon cefls ane formed i modeles
the same way as the monocrystalling
and muzlterystailire IV echnnlogles.

The ribbon technique red ures the energy and silicon copstal
wisio sssociatod with sawing tho wafors (korf loss) from =
cryslline Ingot, redocing the energy payback tme-oompamd
o monocrystlling by abowt 5% and muoltorysidlng. 'V by
approoimatoly 125,

Thin-film IV modules =e 2 deposition process, in which
different lyers of the 'Y @i are sprayed directly onto 2

Crystalline vs. Thin Film
Cell Thickness

Thiin-Flilm PY: 11
0.2 pm :mb':-'ﬁhtl:

" 1ia poo of the thicmess. maans
leezs rawr matenial end lezs enbodlod snorgy.
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enerqgy payback

Tha anangy embadied in & PY modulo incledes not ondy tha onangy to producs it
basic matsrials, but the enargy of the Manalacturing process as woll

sabstraie. Since thers are no ind ividual crystals io break, this
sub=traie an be flioxtbls and virhnlly any shape or stro. The
M colls ame comipletod afierall the layors of the semicomdisctor
material have boon applied to tho substmte by scribing the
anfire moduole nto ndividual cells with bses. Thin-film
modules neea transpanent condiacing axida (also applied asa
layer in tha deposition process] for elecirical conicts, irstead
of an unbendabie meg] grid as orysailing cells

Thsa thin-ilim daposition process ws ko anargy—and loss
gnergy-Intensiva silcon—than a crystaliing Py call.
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Ths Evargrean Solar manudsciuring procsss grows stringsibbon orysials @t the
thickness of tha findshed oo, sawing sHioon wasta and reducing ssmbodked snangy by as

musch as 35%.

The productien process for thin-film Y modoles uses
considorably less energy than crysoalline Y —thome s no
vat of molien silicon brewing, and there anm: oo Ingot o be
sawed, The most erergy-inknsive aspects of mannfacunng
& thin-Hlm 'V module aro wually the depoaition prooess, the
subwirate i, itha aluminum frame,. and tha glass or plastic
covering. Thae EFET for thin-film 'Y systems la abowl 57 less
than for crystaling I'V sysiems.

& single-crystal Ingot makes the meost officlent PV colls,
but masch of s raw materisl is wasted to saw karl, Wasis
Is recycigd bart must ba romaiiod, crystalized, and sawn
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Calculating Energy Payback
EFET & calculabed by dividing tho
emnergy needad o prodoce a IV sysiem
[“spaxcific energy™) by tho sysitem's
STOTEY genembon rai

EFET (Yearsd = Spocific Eneny (KWHI =

Mote that “specific energy” acoouns
naat orly far the direct anergy equined
o produce 'Y sysioms, but also he
embodied enorgy of the mw materials
=i In marmsfachisring all the pars of
tha Y systom.

A study conduocted by Croytallear,
a research and develapment project on
advanced indistrial orysailing sibcon
MY technology, ghvees K0 EMET valuwes
fior comgpliete roofiop, grid-ted sysioms.
Tha stody includes the EMBT for balance
of systeen [BOS) comporens [racks,
Imverters, win=, oic)] and asmumes 2
sysbemn effickency of 75% o acoount
far lnses from module mperature,
wiring, and Invertr Inefficiency. The
sfndy wses average solar data for
southem Europe, whikh 5 estimated a1
1,700 KWH/ m? por year. The LS. awerage is shightty highar
at LA KWH/m® per year, which means BT for L5
Insszllations is evian shorer.

The shady shows the F'ET for ssandard, sngle-crestalline
madule 'V sysioms &0 be o wame For Y sysioms. wsing
muisonysialline modukes prodoced by the cssng method, the
EFBT s caloubamed 22 1.7 yeam. PV sysiams with moduks pro-
diveed wing the ribbon mothod medoced the EFBT o 1.5 yoam

EPET valises for thin-film miodule-basad PV sysioms wem
reported in o 2004 atedy. While there am severd] types of thin-
film MV techrologies—the most comman are amarphous-
sllicon {a-51), dmium elludde (CdTa), copper mdlum
diselienide (CH, and copper mdiom galllom disclenido
(TS —the 2004 siody highlights the CdTe modules and
shows an EPBT of 1.0 years.

Fuiure EPBT Projechona
In 1975, EPET for most Y modides was esiimaied at 3 years.
Taday, it only bkes an averago of thme veors or les far TV
systams i produce the energy eguirod to offset whad it ook o
mansfaciue the systems, and E'ET contimes o decross: sach
YEREL.

¥ manufacturers oo always secking o reduco
mianufacturdng costs, throogh reducing the amount of sifcon
refpuired, improving I'V ooll eficiency; experimenting - with
mw makerials, and by wilzing new prodocion methods.
Miost cost-rodoction stmtegies will aboe educo energy
pavback tme In their EP'ET me=smarch on the Crystallear
project. authors Erik Alsema and Mariska do Wild-Schalten
estimie “that developments onderway 10 redicce coats will
2l resalt In o mdection of the energy payback tme of a IV
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PV Energy Payback
by Technology
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Filbvbzn St Mona Thin-Film*®
TLE% 122% L b1
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Siln = Tl Mic-duie Madls ‘Wiring: v
fesimicct L Aafwr Fecdudics Sasembis Frama & Mrawvin

Noimc & nargy povimch frre of FY oresme 0 2300, oo
emriwT Rarcps, sredisbon 1700 K e, s ocescy THR. "200L sy as
Thars Fibey 105Ted erepmesd o DTS fogeher, ool separstieg wins pAmessmiy sred revsrier.

S e o oo o o e Somier T oF Gewrareenl oo o Ceeliew S
Fot ot Tartwedogpe-- iy Rroron of Ceeng o e dosoriures e 00

insmHxtion (in sowthern Europe) from 1.5 02 yoars prosonily,
o wall bebow ona year.”™ With higher avemage peak sun-hours
In ghe Unbied Sales, future EPFHT for mod sles mstalled hore
witll be even Jowar.

“Vanations in Energy Payback

Avatlable sunlight FI'BT calcubdions are heav iy nflsenoed
by how much sanlizht a PV systiem will reoctve The more
sundight meoeived, the mom KWH the TY sysiem will
produce—and ihe fasier the I'V sysiem will offset the enorgy
It tock to manofactare it The 2006 siudy meporied EFEHT of
e io fwn years based on an average of 4.7 poak sum-hours
recebvied In sowthem Eoropee [ you Dva In s sunnier dimaies,
them the onorgy payback time will be s For example, a
sysizm inatalled In Grand Junction, Colordo, which averages
56 peak sun-hours daily, can oot s EPET by mone than 235
mnder @ smuthern Ewopean st However, the convemsa s
trua a3 well. If you lve In s chowdier climase, the 17V sysiem’s
EFET will be looger. The current overall worldwtde averaga
EFHT of one o thee vears (rmther than ome o two yoars for
soathen Eurcpe) sccounts for dowdier lomations across the
il

"V System Performance & Mainienanoe. While I'V installiors
and sysiom ownemns do mot heve muoch conbrol over the
manisfaciuring process af 17 modulss or tha peak sin-hours
mvalbshle, they can Influence the enargy payback itmes of iheir
systems with good system dasign and maintenanos
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energy pavback

Think Globally...
Tha localan of & FY modds manscheing Qoify
ancthar eneyy paybect tctor. An Incraasing raembar of
modidios coms Boem Ching ard m which incroasss
the embodied anargy duo to Shipping. S0 |ust e you
may boy focai foods or goods for anvircnmantal and
eocial res=ons, you may a0 wantb o corskdar '.ﬂ
ooy poduced Y moduies snd oomponETs.
uUs PY Module Manufachurers
Dl Nambsers Faclity
Manulaciuror PCall Typalh Location
EF Solar Nt spocifiod m
EPYW Bolar | EFVAD (thin Mim 250 T"‘"""
ES-1B0-5L {rihan)
ES-150-5L jrinbon)
Ewvergraan E=-196-5L {rishond ‘Mariborn,
Salar EE-A-300-fa2 Iribbon) | Macsochasatts
: EE-4.305 a2 Iribbon)
EE.A.210-faZ [ribbcnt
GEEmergy | Mat spatfin Detawiars
ASE 300 {ribbor)
ASE ZT0 iobon) | mln
S ‘-"Eﬂn;'““ Mamqinle,
SAFT 170 mufn
Mqﬁm Tannassds
ETW L'SA Epoiy}
E5W UISA (poly}
130W LISA ipoly) n:";‘:“'““‘
1700 LISA [poly) mum‘“‘“&
shamp ITEW US4 jmano) 3
1760 LISA ipoly) c:lulm
158W LIGA ipoivi = "“""
216N LIS A Tnaly g
TR IS
SWIEE (manal :
SolarWorid SWTES {mono) CE .
| - =swnTE imono) SI—
PULES {thin Nim 3-S5
United PWL Y24 {trin Titm a-5i) '“"“"”""“"H"W
Balar PWLI36 {thin Tiim -51] &H“MIF:
PYL 144 {thin Titm a-51)
Em:-mmm availabda m o

G 518 aralysis medures or elimiretss [V armay shad ing
and atmes for high system efficiency. See “Chooss the Righi
He” In HP11G) And sdequately sized wins will redece
voliage drop and thus Inorease power pobpat over undersined
wirrg. Providing adeguaie airflow armand medules @ edom
volisge koss due o incm=ing ol Emperature will inooess
power potput. Pinally, carefully maiching the 2rmay size io the
Inverier and foml emperature condigons will holp squecen
the las avatlsble energy ouat of & system,
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energy payback

Electricity

derived from coal and natural gas

will never be able to outweigh the energy
and continual resources required to produce it.

Systems also requine pertod ke mainienance. Trim growing
trees or shrubs that mey stan o shade tho army. Koeping

maodnles dist- and debnis-free will hefp keep performanca
al = paak. A quick sysiemn owiput check can confirm that
all = in good working arder. [For bps on maximizing 'V
sysiom performancs, see - Mumg LUp the Powser™ inthis lssue. )
KEceping your I'V systom In optimal working order will
minimizz 'V system energy pavback time, decrmass tha 1=e
of foest] fuels and sssoctated C0h prododtion, and reduce tha
maney you will need o spend on witlity power or backup
genarator fuel

Corwenticnal Power ws. PV

Electricity derived from coal and natural gas will newver
ba abla tn mustwelgh the energy and continual rescurces
required b produce 1t Additionally. thers are the associaled
anyvironmental impacts of global warming and alr, water,
and soll priluticn doe o the emissbans from fossi-fued based
power planis, and the envirenmenial Empacts of minlng,
drilling, and trensporting coal and natural gas.

Linlike conwenbanal anergy sowres, 'Y sysiors produm
clkan electridity for decades ofior achleving thelr onergy
payback In ithree or fewer years—this 1s truly the magic of Y
lechnology.

Access

Justine Sanchar (slirs. snchonenopaeser.oom, 1= 3 NARCER:
corifad P inctilor, Homa Povor tochnicl odidos, and Eobr Enongy
Inlecmahoref Fstuchor. osbeg Tvas, woris, and Isschess fiom an
arHjrd Pypowaned homa in Paoni@, Coforads. Har rmedlkonysiaing 7V
masdiees iy e Bk thar embadied arengy eigh marihs e

RanLaoes;

Ablxmng, Emic b Morsks do Wid-Schotion, 26-37 Movemibar 2007
“Aeduchon of Emacnmantal mgacts in Oryslafing Elkcon Probovolaic

Tachnoogy—a Analv=is of Orvng Fooces and | Opporiunbos ™
Maiorais Forsoerch Sooighy. Fall 2007 moabrg, Sempasiom A, Boston

"Py Payoaok, " Ean Erapp-& Theresa Jewies, HRSD

Tranis to Erk Almomg, Karl Knopp, and projoct CrestoiTioor
Iweara ipcrysiaickear. indad for Bl help and rosowces. ﬂ.



