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Foreword


TheInternationalEnergyAgency(IEA),foundedin
1974,isanautonomousbodywithintheframework
oftheOrganisationforEconomicCo-operation
andDevelopment(OECD).TheIEAcarriesouta
comprehensiveprogrammeofenergyco-operation
amongits26membercountriesandwiththe
participationoftheEuropeanCommission.

TheIEAPhotovoltaicPowerSystemsProgramme
(IEAPVPS)isoneofthecollaborativeresearchand
developmentagreementswithintheIEAandwas
establishedin1993.Themissionoftheprogramme
isto“enhancetheinternationalcollaborationefforts
whichacceleratethedevelopmentanddeployment
ofphotovoltaicsolarenergyasasignificantand
sustainablerenewableenergyoption”.Theunderlying
assumptionisthatthemarketforphotovoltaic(PV)
systemsisintheprocessofexpandingfromthe
presentnichemarketsofremoteapplicationsand
consumerproducts,totheutilitymarket,through
building-integratedandotherdistributedand
centralizedPVgenerationsystems.

Inordertoachievethis,the19countriesparticipating
intheprogrammeandtheEuropeanCommission
haveundertakenavarietyofjointresearchprojects
inapplicationsofPVpowersystems.Theoverall
programmeisheadedbyanExecutiveCommittee,
comprisingonerepresentativefromeachcountry,
whichdesignatesdistinct‘Tasks’,whichmaybe
researchprojectsoractivityareas.Thisreporthas
beenpreparedunderTask1,whichfacilitatesthe
exchangeanddisseminationofinformationarising
fromtheoverallIEAPVPSProgramme.

TheIEAPVPSProgrammeispleasedtoherewith
presentthetentheditionoftheinternationalsurvey
reportonTrendsinPhotovoltaicApplications.As
inpreviousyears,astrongmarketgrowthcanalso
beobservedfor2004withafurthertrendtogrid-
connectedapplications.Forthefirsttime,theannual
shipmentofphotovoltaicmoduleshassurpassed
the1000MWlevel.Thisstronggrowthhasnot
beenwithouteffectalongthesupplychain:demand
andsupplyhavebecomeincreasinglyunbalanced
withcontinuingstronggrowthonthedemandside
andgrowingconstraintsinthesupplyofsiliconraw
material.Whilethisisgenerallyconsideredasa
temporaryphenomenon,itisneverthelesscreating
strongpressurefortheindustry.Investmentsintothe
supplychainareoccurringbutpriceincreaseshave
alsobeenaresult.InJapanontheotherhand,there
areindicationsoftheemergenceofaself-sustaining
grid-connectedmarket;thiswouldbeanimportant
milestoneforthismarketsegment.Information
collectedonpublicsupportprogrammesfor
photovoltaicsindicateanapparenttrendtoincreased
R,D&Dexpenditures,wherebyanumberofcountries
emphasisethelong-termaspectsandpotentialof
thetechnology.Followingthepositivefeedbackfrom
lastyear,thiseditionofthereportpresentsadditional
informationonthemarketsituationinnon-member
countries,therebyprovidingacomprehensiveand
uniqueglobaloverview.Withallthesenewfeatures,
ItrustthatthisneweditionofTrendsinPhotovoltaic
Applicationswillagainfindmanyinterestedreaders
andIwouldliketothankallexpertswhohave
contributedtothisnewedition.

 StefanNowak
 Chairman,IEAPVPSProgramme

ThisreporthasbeenpreparedbyIEAPVPSTask1onthebasisofNationalSurveyReportspreparedbyTask1participantsandtheirassistants.The
developmentoftheTrendsreporthasbeenfundedbytheIEAPVPSCommonFundandhasbeenapprovedbytheIEAPVPSExecutiveCommittee.
ToobtainadditionalcopiesofthisreportorinformationonotherIEAPVPSpublicationscontacttheIEAPVPSwebsiteatwww.iea-pvps.org.

September2005
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Introduction

Trendsreportscopeandobjective

AspartoftheworkoftheIEAPVPSprogramme,
annualsurveysofphotovoltaic(PV)power
applicationsandmarketsarecarriedoutinthe
participatingcountries1.Theobjectiveofthe
seriesofannualTrendsreportsistopresentand
interpretdevelopmentsinboththePVsystemsand
componentsbeingusedinthePVpowersystems
marketandthechangingapplicationsforthese
productswithinthatmarket.Thesetrendsare
analyzedinthecontextofthebusiness,policy
andnon-technicalenvironmentinthereporting
countries.

Thisreportisnotintendedtoserveasanintroduction
toPVtechnology.Itispreparedtoassistthose
responsiblefordevelopingthestrategiesof
businessesandpublicauthorities,andtoaidthe
developmentofmediumtermplansforelectricity
utilitiesandotherprovidersofenergyservices.Italso
providesguidancetogovernmentofficialsresponsible
forsettingenergypolicyandpreparingnational
energyplans.

ThescopeofthereportislimitedtoPVapplications
witharatedpowerof40Wormore.Mostnational
datasuppliedwereaccurateto±10%.Dataon
productionlevelsandsystempricesvarydepending
onthewillingnessoftherelevantnationalPVindustry
toprovidedataforthesurvey.

Thisreportpresentstheresultsofthe10th
internationalsurvey.ItprovidesanoverviewofPV
powersystemsapplications,marketsandproduction
inthereportingcountriesandelsewhereattheendof
2004andanalyzestrendsintheimplementationofPV
powersystemsbetween1992and2004.

Surveymethod

Keydataforthispublicationweredrawnmostlyfrom
nationalsurveyreportsandinformationsummaries,
whichweresuppliedbyrepresentativesfromeachof
theparticipatingcountries.Thesenationalreportscan
befoundonthewebsitewww.iea-pvps.org.Information
fromthecountriesoutsideIEAPVPSaredrawnfrom
avarietyofsourcesand,whileeveryattemptismade
toensuretheiraccuracy,confidenceinthesedatais
somewhatlowerthanappliestoIEAPVPSmembers.

Followingtechnicalreviewbythenational
representativesthereportwasapprovedbytheIEA
PVPSExecutiveCommittee.Alistofthenational
authorsisgivenattheendofthispublication.


Definitions,symbolsandabbreviations

StandardISOsymbolsandabbreviationsareused
throughoutthisreport.Theelectricalgenerationcapacity
ofPVmodulesisgiveninwatts(W).Thisrepresents
theratedpowerofaPVmoduleunderstandardtest
conditionsof1000W·m2irradiance,25°Ccelljunction
temperatureandsolarreferencespectrumAM1,5.
ThetermPVsystemincludesthemodules,inverters,
batteriesandallassociatedmountingandcontrol
componentsasappropriate.Currenciesareeither
presentedasthecurrentnationalcurrency(whereitis
consideredthatthereaderwillreceivemostbenefitfrom
thisinformation)oraseuros(EUR)and/orUSdollars
(USD)(wheredirectcomparisonsbetweencountries’
informationisofinterest).Careshouldbetakenwhen
comparingUSDfiguresinthisreportwiththosein
previousreportsbecauseofexchangeratemovements.
Theexchangeratesusedfortheconversionsinthis
reportaregivenattheendofthisreport.

1Australia(AUS),Austria(AUT),Canada(CAN),Denmark(DNK),France(FRA),Germany(DEU),Israel(ISR),Italy(ITA),Japan(JPN),Korea(KOR),
Mexico(MEX),theNetherlands(NLD),Norway(NOR),Portugal(PRT),Spain(ESP),Sweden(SWE),Switzerland(CHE),theUnitedKingdom(GBR),
theUnitedStatesofAmerica(USA)

PVsystematNTTDoCoMo
TohokuBuilding,Japan
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1 Implementationofphotovoltaicsystems

1.1 Applicationsforphotovoltaics

Therearefour2primaryapplicationsforPVpowersystems:

Off-griddomestic
systemsprovide
electricitytohouseholds
andvillagesthatarenot
connectedtotheutility
electricitynetwork(also
referredtoasthegrid).
Theyprovideelectricity
forlighting,refrigeration
andotherlowpower
loads,havebeeninstalled
worldwideandareoften

themostappropriatetechnologytomeetthe
energydemandsofoff-gridcommunities.Off-grid
domesticsystemsinthereportingcountriesare
typicallyaround1kWinsizeandgenerallyofferan
economicalternativetoextendingtheelectricity
distributionnetworkatdistancesofmorethan1or
2kmfromexistingpowerlines.

Off-grid
non-
domestic

installationswerethefirstcommercialapplication
forterrestrialPVsystems.Theyprovidepower
forawiderangeofapplications,suchas
telecommunication,waterpumping,vaccine
refrigerationandnavigationalaids.Theseare
applicationswheresmallamountsofelectricity
haveahighvalue,thusmakingPVcommercially
costcompetitivewithothersmallgenerating
sources.

Grid-connecteddistributedPVsystemsare
installedtoprovidepowertoagrid-connected
customerordirectlytotheelectricitynetwork
(specificallywherethatpartoftheelectricity
networkisconfiguredtosupplypowertoa
numberofcustomersratherthantoprovideabulk
transportfunction).
Suchsystemsmay
beonorintegrated
intothecustomer’s
premisesoftenon
thedemandside
oftheelectricity
meter,onpublic
andcommercial
buildings,orsimply
inthebuilt
environmentonmotorwaysoundbarriersetc.
Theymaybespecificallydesignedforsupportof
thedistributionelectricitynetwork.Sizeisnota
determiningfeature–whilea1MWPVsystemon
arooftopmaybelargebyPVstandards,thisisnot
thecaseforotherformsofdistributedgeneration.

Grid-connectedcentralizedsystemsperformthe
functionsofcentralizedpowerstations.Thepower
suppliedbysuchasystemisnotassociatedwith
aparticularelectricitycustomer,andthesystem
isnotlocatedtospecificallyperformfunctionson
theelectricitynetworkotherthanthesupplyofbulk
power.Typicallygroundmountedandfunctioning
independentlyofanynearbydevelopment.

2Definingsystemsisbecomingmoredifficultwhere,forexample,largeurbangrid-connectedplantsaremadeupofanumberofsmallerplants,and
mini-gridsinruralareasaredevelopedbyelectricutilities.
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1.2 Totalphotovoltaicpowerinstalled

AnotheryearofdramaticgrowthininstalledPV
capacitywasreportedbytheIEAPVPScountriesin
2004.Thecumulativetotalgrewbyover770MWin
theyear,tojustunder2,6GWbytheendof2004.
Thevastmajority(94%)ofthisgrowthincapacity
wasinstalledinGermany,JapanandtheUSAand
thereforecaremustbetakenwheninterpretingthe
results,asmostofthecommentsdirectlyreflect
thedevelopmentsintheseleadcountries.Figure1
illustratesthegrowthofinstalledcapacitysince1992
andthesplitofthiscapacitybetweenthetwoprimary
applicationsforPV.Particularlywiththerecentlevels
ofgrowthseeninIEAPVPSmembercountries,this
installedcapacityreportedrepresentsasignificant
proportionofworldwidePVcapacity

ThecumulativemarketinIEAPVPScountriesreached
anewhighgrowthrateof42%between2003and
2004,upfrom37%lastyear.Intermsofannual
salesthegrowthratewasevenmorespectacular

Table1–InstalledPVpowerinreportingIEAPVPScountriesasoftheendof2004

Figure1–Cumulativeinstalledgrid-connected
andoff-gridPVpowerinthereportingcountries
Years1992–2004

Country Cumulativeoff-grid
PVcapacity

(kW)

Cumulativegrid-
connectedPVcapacity

(kW)

Total
installed

PVpower


(kW)

Total
installed

percapita


(W/Capita)

PVpower
installed
in2004


(kW)

Grid-
connected
PVpower

installedin
2004(kW)

domestic non-
domestic

distributed centralized

AUS 15900 29640 5410 1350 52300 2,60 6670 780

AUT 2687 15340 1153 19180 2,37 2347 1833

CAN 5291 8081 476 36 13884 0,44 2054 107

CHE 2810 290 18440 1560 23100 3,12 2100 2000

DNK 65 190 2035 0 2290 0,43 400 360

DEU 26000 768000 794000 9,62 363000 360000

ESP 14000 23000 37000 0,87 10000 8460

FRA 12500 5800 8000 0 26300 0,44 5228 4183

GBR 193 585 7386 0 8164 0,14 2261 2197

ISR 653 210 9 14 886 0,13 353 3

ITA 5300 6700 12000 6700 30700 0,53 4700 4400

JPN 1136 83109 1044846 2900 1131991 8,87 272368 267016

KOR 461 4898 4533 0 9892 0,21 3454 3106

MEX 14169 4003 10 0 18182 0,17 1041 0

NLD 4769 41830 2480 49079 3,01 3162 3071

NOR 6438 375 75 0 6888 1,50 273 0

PRT 1657 569 417 0 2643 0,25 574 20

SWE 3070 602 194 0 3866 0,43 285 0

USA 77900 111700 153600 22000 365200 1,24 90000 62000

Estimated
total

170730 281021 2064201 79593 2595545 770270 719536

Notes:ISOcountrycodesareoutlinedinTable12.Somecountriesareexperiencingdifficultiesinestimatingand/orapportioningoff-griddomestic
andnon-domestic;insomemarketsthedistinctionbetweengrid-connecteddistributedandcentralizedisnolongerclear(egMWscaleplantinthe
urbanenvironment),andmini-gridsusingPVarealsoemerging,withotherproblemsofdefinition.Wheredefinitionhasnotbeenmadeinanational
reportthisisshowninthistable,howeverthetotalshavebeenestimatedusingthemostrecentlyavailableratiofromthenationalreportsappliedto
thecurrentnationaldata.
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Table2–CumulativeinstalledPVpowerinIEAPVPScountries:historicalperspective

risingfrom44%in2003to55%in2004.Amongst
thelargestmarkets,theannualrateofgrowthin
Germany(137%)indicatesthat,ifsustained,installed
capacityinthiscountrymaymeetthatofJapanby
theendofnextyear(ifJapan’sreportedgrowth
rateismaintainedat22%).Theseextraordinary
levelsofgrowthcontinuetobedrivenbymarket
supportmechanismsthatinitiallyfocusedongrid-

CumulativeinstalledPVpower(MW)

Country 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

AUS 7,3 8,9 10,7 12,7 15,7 18,7 22,5 25,3 29,2 33,6 39,1 45,6 52,3

AUT 0,6 0,8 1,1 1,4 1,7 2,2 2,9 3,7 4,9 6,1 10,3 16,8 19,2

CAN 1,0 1,2 1,5 1,9 2,6 3,4 4,5 5,8 7,2 8,8 10,0 11,8 13,9

CHE 4,7 5,8 6,7 7,5 8,4 9,7 11,5 13,4 15,3 17,6 19,5 21,0 23,1

DNK 0,1 0,1 0,1 0,2 0,4 0,5 1,1 1,5 1,5 1,6 1,9 2,3

DEU 5,6 8,9 12,4 17,7 27,8 41,8 53,8 69,4 113,7 194,6 278 431 794,0

ESP 4,0 4,6 5,7 6,5 6,9 7,1 8,0 9,1 12,1 15,7 20,5 27,0 37,0

FIN 0,9 1,0 1,2 1,3 1,5 2,0 2,2 2,3 2,6 2,7 3,1 3,4

FRA 1,8 2,1 2,4 2,9 4,4 6,1 7,6 9,1 11,3 13,9 17,2 21,1 26,3

GBR 0,2 0,3 0,3 0,4 0,4 0,6 0,7 1,1 1,9 2,7 4,1 5,9 8,2

ISR 0,1 0,1 0,2 0,2 0,2 0,3 0,3 0,4 0,4 0,5 0,5 0,5 0,9

ITA 8,5 12,1 14,1 15,8 16,0 16,7 17,7 18,5 19,0 20,0 22,0 26,0 30,7

JPN 19,0 24,3 31,2 43,4 59,6 91,3 133,4 208,6 330,2 452,8 636,8 859,6 1132

KOR 1,5 1,6 1,7 1,8 2,1 2,5 3,0 3,5 4,0 4,8 5,4 6,4 9,9

MEX 5,4 7,1 8,8 9,2 10,0 11,0 12,0 12,9 13,9 15,0 16,2 17,1 18,2

NLD 1,3 1,6 2,0 2,4 3,3 4,0 6,5 9,2 12,8 20,5 26,3 45,9 49,1

NOR 3,8 4,1 4,4 4,7 4,9 5,2 5,4 5,7 6,0 6,2 6,4 6,6 6,9

PRT 0,2 0,2 0,3 0,3 0,4 0,5 0,6 0,9 1,1 1,3 1,7 2,1 2,6

SWE 0,8 1,0 1,3 1,6 1,8 2,1 2,4 2,6 2,8 3,0 3,3 3,6 3,9

USA 43,5 50,3 57,8 66,8 76,5 88,2 100,1 117,3 138,8 167,8 212,2 275,2 365,2

Total 110 136 164 199 245 314 396 520 729 989 1334 1829 2596

Notes:ISOcountrycodesareoutlinedinTable12.SourceofSpanishdata2000–2004:IDEA.Totalsreflectconservative‘bestestimates’based
onthelatestinformationmadeavailabletotheIEAPVPSProgrammefromtheindividualcountriesforpreviousyears,andareupdatedasrequired.
Finlandnolongerincludedintotal.

connecteddomesticapplicationsintheurbanor
suburbanenvironment.Theimpacts–bothpositive
andnegative–ofpoliticallydrivenmarketsupport
frameworksareclearlyhighlightedinTable3.Interms
ofinstalledcapacitypercapita,Germanynowleads
thewayat10Wpercapita,nowaheadofJapan,
SwitzerlandandtheNetherlandsat9W,3Wand
3Wpercapitarespectively.

PVpower(MW)installedincalendaryear

Country 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

AUS 2,0 3,0 3,0 3,8 2,8 3,9 4,4 5,5 6,5 6,7

AUT 0,3 0,3 0,5 0,7 0,8 1,2 1,2 4,2 6,5 2,4

DEU 5,3 10,1 14,0 12,0 15,6 44,3 80,9 83,4 153,0 363,0

ESP 0,8 0,4 0,2 0,9 1,1 3,0 3,6 4,8 6,5 10,0

FRA 0,5 1,5 1,7 1,5 1,5 2,2 2,6 3,3 3,9 5,2

JPN 12,2 16,2 31,7 42,1 75,2 121,6 122,6 184,0 222,8 272,4

NLD 0,4 0,9 0,7 2,5 2,7 3,6 7,7 5,8 19,6 3,2

USA 9,0 9,7 11,7 11,9 17,2 21,5 29,0 44,4 63,0 90,0

Notes:Countriesthatareexperiencing(orhaverecorded)annualmarketdemandof>5MW

Table3–Adecadeofannualmarketgrowthinselectedcountries
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Country Totalinstalledcapacity
(MW)

Annualsales

India 86MW Totalapprox1,7MW(2004)

China(inc.Tibet) 65to75MW 10to20MW(2004)
Includes1MWgrid-connectedplantinstalledbyShenzengovernment

Thailand Estimated24,9MW

SouthAfrica 12MW 0,9MWin2004

Indonesia ≈ 5–6MW(2003)(includes
some45000SHS)

Morocco 7MW(2003) 1MW(projected15MWby2010)

Zimbabwe 4MW(1999)

Kenya 3,2MW(1999) Atleast20000SHS(>0,5MW)

Nepal 3,1MW Orderof12000SHS(0,34MW)underDanida/ESAPSolarSupport
Programmein2004

Malaysia 3MW
Includes0,44MWBIPV,but

notindustrialapplication

MBIPVprogrammecommencesinJuly2005,targeting1MWofnew
buildingintegratedPVintheresidentialandcommercialsectors

Brazil 3MW >0,5MW(around20000SHS)

SriLanka Atleast2,9MW
(63000SHSunderESD&

RERED–seetext)

1MW(23300SHS)in2004

Philippines 1,6MW–includes1MW
solarfarminMindinao

Vietnam 1,1MW(April2005)

Laos 0,3MW(>90%SHSunder
WorldBankJICAand

privatecompaniesactions)

2000SHSperyearto2010,150000SHSby2020

Box1–PVApplicationsandmarketsinselectednon-PVPScountries

Foradetaileddescriptionofthenon-PVPScountrymarketsthereaderisdirectedtothewebsite.Insummary,
similartothevastmajorityofPVgenerationcapacityinstalledinthePVPScountries,mostPVinstalledin
otherpartsoftheworldatpresentisbeingdrivenfromthetop-down(i.e.subsidized),throughnationaltargets
and/orbilateralormultilateraldevelopmentprogrammes.KenyaremainstheonlynotablemarketwherePV
saleshaveemergedspontaneouslywithoutgovernmentorothersubsidies.

Fortheremoteorruralareasofdevelopingcountrieswhichaccountformuchofthemarketinnon-PVPS
countries,PVisoftenacosteffectiveenergyservicesolution.KeyapplicationsforsolarPVaresmallsolar
homesystems,‘SHS’,forhouseholds(typically20–100W),villagepowerstations(typically500-2500W),and
powerforhealthcentres,schoolsandwaterpumping.Powerfortelecommunicationssystemsisanimportant
PVapplicationinmanycountries,thoughdataonsuch‘commercially’installedcapacitiesarenotalways
reflectedinnationalstatistics.

VerifyingtotalmarketvolumeandannualsalesfiguresfornonIEAPVPScountriesisextremelydifficultdueto
thelargenumberofsmallsystemsinvolved.Thefollowinginformationarenotexhaustive.Theyareintendedto
giveanindicationofthescaleofkeyinternationalmarketsandanoverviewofmarketdriverstoallowtheIEA
PVPSdatatobeviewedinthecontextofglobalPVdevelopments.
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China
China’sinstalledPVpowercapacityhasmorethantrebledsince2001tobetween65and75MW,dueto
thelaunchin2002oftheSongDianDaoXiang(SDDX–theNationalTownshipElectrificationProgramme)
andthecontinuationoftheBrightnessprogramme.Chinaisnowthe5thlargestPVuserafterJapan,
Germany,USAandIndia.TheSDDXwillconcludein2005,havingcompletedelectrificationof662
townships(15,7MW),butwillbesupersededbytheSDDC(NationalVillageElectrificationProgramme),
whichwilldeliversolarpowerto10000villages(265MW)by2010andafurther18000villages(1700MW)
by2020TheRenewableEnergyLaw,whichcomesintoeffecton1January2006,isexpectedtosupport
PVviaafeed-intariff,preferentialtaxesandloans,andspecificencouragementofbuildingrelatedsolar.

India
MNES,aGovernmentMinistryinIndia,hasbeensupportingPVdisseminationanddevelopmentforover
adecade.Almost325000‘solarhomesystems’(includingsimplesolarlanterns)havebeeninstalledwith
grantsupportundertheSolarPVDemonstrationandUtilisationprogrammetodate,withsome16500
installedin2004.Anumberofgrid-interactivevillagepowersystems(totallingover2,8MWtodate,witha
further400kWunderconstruction)havealsobeensupportedwith66%fundingfromMNES.However,the
grid-interactiveplantsarenotyetcommerciallyviableandthisfundingstreamhasbeenclosedasof2004.

Laos
UndertheWorldBank/GEFsupportedSouthernProvincesRuralElectrification(SPRE1)project,theLao
MinistryofIndustryandHandicraftshasinstalledsome4500PVsolarhomesystems(SHS)since2002.
Deliveryisachievedviaprivatesectorprovincial-levelElectricitySupplyCompanies(PESCOs),whoestablish
anetworkofVillageElectricityManagers(VEMs)toinstallandmaintainsystemsandcollectpayments.
SPRE2isexpectedtocommenceshortly,extendingtheinitiativetoallprovinces,withaninitialobjectiveto
installafurther10000systemswithinthreeyears.Thelonger-termaimis150000SHSby2020.

Malaysia
Malaysiaispresentlyuniqueamongstnon-OECDcountriesinthatitsdomesticPVmarketdevelopment
prioritiesareclearlyfocusedonthegrid-connected,buildingintegratedsector.Thefiveyear25millionUSD
MalaysianBuildingIntegratedPV(MBIPV)projectofficiallycommencesinJuly2005withaviewtowards
reducingthecostandestablishingthenecessarymechanismstocreatesustainableopportunitiesforBIPV
intheMalaysianmarket.TheSuria1000projectwillseeanadditional1MWofBIPVinstalledby2010,andis
seenasaprecursortointegrationofBIPVwithinthe10thMalaysiaplan(from2011to2015).

SriLanka
TheprimarydriverofPVmarketdevelopmentinSriLankaiscurrentlytheRenewableEnergyforRural
EconomicDevelopment(RERED)Project.REREDaimstoexpandthecommercialprovisionanduseof
renewableenergy,particularlytoincreaseruralaccesstoelectricity,withafocusonimprovingthequality
oflifeandeconomicdevelopment.Theprojectwillprovidearound28millionUSDspecificallyforsolarPV
investments(alongsideotherREtechnologies,energyefficiencyanddemandsidemanagementmeasures).

Thailand
Thailand‘senergystrategyhasastrongenvironmentalfocusandaviewtowardsenergysecuritythrough
moreeffectiveuseofdomesticenergyresources.Incentivesandanobligationonpowerproducersare
expectedtodeliveranadditional214MWofPVby2011.Aseparateprojectisalreadyunderwaytoprovide
120Wsolarhomesystemsto300000householdsbytheendof2005.Thetwomeasureswouldtogether
putthenation-wideinstalledcapacityatover250MWby2011.
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Inlightofthesuccessofthemarketsupport
mechanismsinJapanandGermany,theproportion
ofthePVcapacityconnectedtoutilitygridscontinues
todominateasillustratedbyFigure2.However,Figure
3showsthatinoverhalfofthereportingcountries
thisisnotthecase.Suchoff-gridapplicationtypes
varydistinctlybetweenthesecountries.InSweden,
NorwayandFinland,themostcommonapplications
areforvacationcottages,whilstinPortugal,France
andMexicoachievingruralelectrificationisakey
objectiveofprojects.IntheUSA,Canada,Australia
andKorea,commercialapplicationsdominate,such
asfortelecommunicationapplications.

Figure3–Installedpowerinthereporting
countriesbyapplication(%)in2004

Figure2–Percentagesofgrid-connectedand
off-gridPVpowerinthereportingcountries
Years1992–2004

1.3 Marketframeworks,majorprojects,
demonstrationandfieldtest
programmes

Over93%ofcapacityinstalledin2004was
connectedtotheelectricitynetwork,andmost
projectsandprogrammesreportedinthissection
relatetogrid-connectedsystems.Thisemphasizes
thegenerallycostcompetitivenatureoftheoff-grid
market,inthatstateandutilitysupportmeasures
mainlytargetthegrid-connectedsector.Thereader
isdirectedtothenationalinformationandthecase
studiesontheIEAPVPSwebsiteforfurtherdetails
aboutspecificprojectsandprogrammes.

Australia(AUS)
Resultsofthereviewofthemainpolicymechanism
supportingelectricitygenerationfromrenewable
sources,theMandatoryRenewableEnergyTarget
(MRET)werepublishedinJanuary2004.Although
MRETdoesnotparticularlyfavourPV,thereview
recommendedcertainchangestotheprovisions
relatingtodeemedenergyoutputfromPVgenerators
thatshouldeffectivelyreducetheupfrontsystemcost
bytheorderof500AUD/kWforsystemsupto100kW.
TheFederalPVRebateProgramme(PVRP),which
providescapitalrebatesforhomeownersof4000
AUD/kWcappedat1kWcontinuedtounderpin
salesinthegrid-connectedresidentialsector.PVRP,
whichalsosupportssmallinstallations(upto2kW)
onpublicbuildingswasscheduledtoconcludein
2005,buthasbeenextendedto2007.PVRPrequires
systemsbeinstalledbyaccreditedPVprofessionals.
TheFederalRenewablesRemotePowerGeneration
Programme(RRPGP)continuedtobeastrongdriver
forPVdeployment,particularlyinQueenslandand
WesternAustralia.Theoff-griddieselreplacement
programmeprovidescapitalgrantsofupto50%of
hardwarecosts.FutureimpactofRRPGPisexpected
tobediminishedbytheremovalofexciseondiesel
fuelforstationaryapplications.
TheSouthAustraliangovernmentinitiatedaSolar
SchoolsprogrammeinMay2004.24schoolswere
equippedwith2kWsystemsin2004.Thestate
PremierannouncedintenttosupportPVonatleast
250schoolswithintenyears.TheNSWSolarin
Schoolsprojectcontinuedin2004,providing1kW
systemstosome30schoolsthroughoutthestate.

Austria(AUT)
Aftertheboomthepreviousyear,2004markeda
turnaroundfortheAustrianPVmarket.Withthecap
innationwidePVsupportreachedinearly2003,
thenewlyinstalledcapacitydroppedfrom6,5MW
in2003to2,3MWin2004.Forthefirsttimesince
1990,aslumpinthedomesticPVmarketoccurred.
Withtheintroductionofthenationwidesupportfor
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electricityfromRES(GreenElectricityAct)in2003,
localandregionalPVsupportprogrammeshave
ceased.Onlyoneprovinceoutofninere-established
itsincentivesafterthehaltofthenationwidePV
support.
Despitethedifficultsituationinthedomestic
market,theAustrianPVindustry(especiallyinverter
manufacturersandproducersofcomponentsand
materials)significantlyexpandeditsbusinessin2004,
relyingalmostexclusivelyontheGermanmarket.
Amajortrendobservedinthepreviousyears–optimal
architecturalintegrationofBIPVinbuildings–also
continuedduring2004.Severalinstallationswith
innovativedesignaestheticallyintegratedinto
buildingshavebeenrealized.Oneoftheoutstanding
projectsrealizedin2004wasthefaçadeintegrated
PVinstallationatarefurbishedfurniturestore.Witha
coveredareaof480m2andaninstalledcapacityof
53kWthesystemisthelargestPVfaçadeinAustria
in2004.

Canada(CAN)
Canada’scommitmentin2004toratifyingtheKyoto
Protocolmadepossiblethefundingofclimate
changeprogrammesthathavebenefitedPV.There
hasbeena15%increaseinthetotalpublic(federal
andprovincialcombined)R&Danddemonstration
budget,withthisfundingfocusingontechnology
andinnovationwitha2025horizon.Therecontinues
tobenopublicfundingtostimulatethemarket
forincreaseduptakeofPVthroughdeployment
programmes.
TheNet-ZeroEnergyHome(NZEH)Coalition,a
partnershipbetweenthesolarindustry,home
developersandbuilders,geothermalandsolarenergy
industryassociations,localutilitiesanduniversity
researchcentreswaslaunchedinthespringof2004
withthegoalofhavingallnewhomeconstructionin
Canadaby2030meetanet-zeroelectricitystandard.
TheCoalitionhasproposeda1500NZEHearly-
adoptersprogrammeasafirststeptowardachieving
theirgoal.

Denmark(DNK)
AnationalPVstrategyincludingresearch,
developmentanddemonstrationwasdraftedand
finalizedearlyin2004.Thisisexpectedtoleadtoa
muchmoreconsistentandconcertedDanisheffort
inthefieldofPV,supportedbytheongoingDanish
participationintheEUsupportedprogrammePV-
ERA-NET,targetingcoordinationandoptimizationof
PVprogrammesinEurope.
Anambitiousnewprogrammeisbeinginvestigated,
SOL5000.Overaseventoeightyearperiodthe
programmeintendstobridgethegapbetweenthe
present40%investmentsubsidyandamarket
situationwithnoinvestmentsubsidy.Ifsuccessful

thiswillleadtothesituationinwhichPVrooftop
deploymentinDenmarkissupportedsolelybythe
net-meteringscheme.

France(FRA)
During2004ADEMEmaintaineditsinvestmentgrant
programmedesignedforBIPVsystemsthrough
mobilizingcomplementarypublicfundsfromthe
regionalcouncils.Privategrid-connectedPVsystems
arelimitedto5kWandprivateindividualsalsoreceive
informationonthebenefitsofanenergyefficiency
basedapproach.Formoreambitiousprojects,
ADEMEhasgivenprioritytosolutionsofarchitectural
qualitywithintegrationintothebuildingshell.
Publicsubsidiesin2004amountedonaverageto
57%ofthegrid-connectedinstalledcost.The2004
grantsfromADEMEandregionalcouncilsenabled
morethan4MWofgrid-connectedprojectstobe
implemented,twiceasmanyasin2003.Partnerships
forgedwiththelocalcommunitieshavefacilitatedthe
appearanceofnewqualityprojectsnamelyinregions
suchasRhône-Alpes,Provence–Alpes–Côte
d’Azur,Languedoc-RoussillonandPays-de-la-Loire
(includingtwogrid-connectedsystemsof100kW).

Germany(DEU)
Inrecentyears,Germanyhasexecutedsignificant
programmeswhichhavetriggeredremarkableresults
inPVmarketdevelopmentandtechnologyprogress.
In2004thefeed-inlawwasamendedandthetariffs
wereadjustedaccordingtochangesinsupporting
marketintroductionprogrammes(PVtariffswere
increased).
Followingcompletionofthe100000RooftopsSolar
ElectricityProgrammethecontinuedsupportofPV
systemsbysoftloanshasbeenmaintainedbyother
programmesoftheKfWPromotionalBank,andfrom
2005bythenewprogrammeSolarPowerProduction.
TheSunatSchoolprogrammeispartofafederally
runintroductionprogramme.Usingasimple
applicationprocessschoolsgetafixedgrantof
3000EURforeachPVsysteminstalled.Someof
theFederalStates(Länder)havedefinedtheirown
programmes,mainlytosupporttheapplicationof
renewableenergyandenergyconservation.The
FederalGermanEnvironmentalFoundation(DBU)
supportsdevelopmentanddemonstrationinthe
fieldsofrenewableenergysourcesandenergy
conservation.
Anumberofutilitieshavelaunchedinitiativestobuild
PVdemonstrationandpilotsystemsortoprovide
adviceandinformation.Inmanycasesfinancial
supportfortherationaluseofenergyandfor
renewableenergiesisprovided.
During2004atEspenhainnearLeipzigtheworld’s
thenlargestPVplantbecameoperational.Theplant
consistsof33500PVmodulesandhasaninstalled
powerof5MW.
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Israel(ISR)
TotalinstallationofPVinIsraelhasshowna
remarkablejumpinreportedinstallationsfor2004,
comparedtolowsteadyratesinthepastfew
years.Someofthisincreaseisduetogreaterpublic
awarenessfinallyleadingtoactualpurchases,
includingseveralprivately-fundedPVprojects
connectedtothepublicelectricitynetwork.
Twoprivately-financedgrid-connectedPVschool
projectswereinstalledin2004withthetwinpurposes
ofprovidinganeducationaltoolandcontributingto
environmentalprotection.
InHeraklion,Greece,severalEuropeanpartners
togetherwithanIsraelipartnerdevelopedtheEU
sponsoredSolarPoweredWaterDistillationSystem.
The4,8kWsystemdistillsoliveoilmillwastewater.

Italy(ITA)
TheNationalRooftopProgrammewascompleted
with1,8MWinstalledand10,3millionEURin
fundsprovidedbytheMinistryofEnvironmentand
LandProtection(MATT).Theprogrammeaimedto
improveprocedures,developpublicawarenessand
encouragethedevelopmentofsmallgrid-connected
systemsinstalledonbuildingstructures.
TheRegionalRooftopProgrammesaremanagedby
allthe19ItalianRegionsandthetwoAutonomous
Provinces.Theirpurposeistopromoteawide
diffusionofbuildingintegratedphotovoltaic
applicationsthroughoutItalyandtocreateastable
marketwiththeaimofencouraginglongterm
investmentplanningbyinterestedcompanies.
Since2001applicationshaveexceededexpectations
andadditionalresourceshavebeenmadeavailable
andtargetsrevised.Nevertheless,despitevery
highpublicdemand,theRegionalProgrammesare
experiencingratherslowgrowthduetoongoing
bureaucraticissues.Asaconsequence,attheendof
2004onlyabout8,5MWoutoftheanticipated
21MWhavesofarbeeninstalled.
Since1991theItalianDemonstrationProgrammehas
beenincreasinglyfocusedonmediumandlargesize
grid-connectedplants,forutilityapplications,ranging
from100kWto3,3MW.Theactivitiescurrently
underwayincludeanalysis,testing,long-term
performanceevaluationsaswellasoperationand
maintenanceprocedurescarriedoutbyENEAonits
ownplants.Performanceevaluationofphotovoltaic
componentsandplantsiscarriedoutbyCESI,in
ordertoassesslongtermbehaviourofPV
technologyindifferentclimaticconditionsandin
differentelectricconfigurations.AsfarasBIPV
systemsareconcerned,theactivitiesaremainly
focusedon25smallgrid-connectedpilotplants
andhavebeencarriedoutsince2000byENEAand
CESIinENEACentresandonpublicbuildingsof
municipalitiesanduniversitiesinsomeprominent
Italiancities.

Japan(JPN)
During2004theMinistryofEconomy,Tradeand
Industry(METI)compiledtheEnergySupplyand
DemandOutlookfor2030,includingaNewEnergy
advancedscenario.TheAgencyofNaturalResources
andEnergyofMETIannouncedtheVisionforNew
EnergyBusinesstodescribethefutureofthenew
energyindustrytowardtheyear2030.TheNew
EnergyandIndustrialTechnologyDevelopment
Organization(NEDO)developedaroadmap
fortechnologicaldevelopmentofPVsystems,
PVRoadmaptoward2030(PV2030).
Majorprogrammeandmarketmilestoneswere
reachedduringtheyear–cumulativeinstalled
capacityofPVsystemsexceeded1GW,and
applicationstotheResidentialPVSystem
DisseminationProgrammereachedthe60000level.
Underthisprogrammeinstallationofatotalof230
MWisexpected.UndertheFieldTestProjecton
NewPhotovoltaicPowerGenerationTechnology,the
numberofprojectstointroducePVsystemsforpublic
andindustrialfacilitiesincreasedto265,totalling
7,2MWofinstalledcapacity
Thenumberoflocalgovernmentsprovidingfinancial
supportfortheimplementationofresidentialPV
systemshasincreasedto350.Electricityutilitiesalso
supportedtheintroductionofPVthroughtheGreen
PowerFund.

Korea(KOR)
Since1993MOCIE(theMinistryofCommerce,
IndustryandEnergy)hasbeenimplementing,via
KEMCO,demonstrationsandfieldtestsofvarious
renewableenergytechnologies.Inaddition,the
governmenthasbeenencouragingandsupporting
localauthoritiestoimplementtheirowndemonstration
orfieldtestprojectsundertheframeworkoftheLocal
EnergyDevelopmentProgramme.Thisprogrammein
partaimstoraisepublicawarenessaboutrenewable
energytechnologiesandtodevelopindigenous
renewableenergysourcesforeachregion.Inboth
oftheseprogrammesPVtechnologyhasbeenatop
priority.
UndertheRenewableEnergyDemonstration
ProgrammeninePVprojectsinschoolsand
universitieswereinstalledin2004.TheLocalEnergy
DevelopmentProgramme,whichhastheobjective
toconstructsolarvillagesincorporatingphotovoltaic
powersystemsandsolarthermalsystems,sawtwo
localauthorities–GwangjuandDaegumetropolitan
cities–receivingfundingfor“GreenVillage”projects.
UndertheRenewableEnergyFieldTestProgramme
severalPVrooftopsystemshavebeentestedatthe
SolarEnergyFieldTestSiteatChosunUniversityin
Gwangjumetropolitancity.
In2004theRooftopProgramme(withatargetof
100000rooftopinstallationsby2012)saw310
systemsinstalled,eachwithacapacity1to3kW,and
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withabudgetof6,3billionKRW,comparedto21
systemsin2003.
Afeed-intariffprogrammehascommencedfor
PVsystemsover3kW,withafixedpriceof716,4
KRW/kWhguaranteedfor15years.

Mexico(MEX)
Distributedgenerationisattractingtheattentionof
thenationalutilityasanalternativetosupportthe
electricitynetworkinsomeareas,andcouldbecome
animportantapplicationinthenearfuture.PV
roofsareoneofthetechnologiesbeingconsidered.
ThefirstprivatelyownedPVgrid-connected
systemisunderdevelopmentandwillbeinstalled
onacommercialbuildinginMexicoCity,with
commissioningscheduledformid2005.
Ruralelectrificationisbackatthetopofthepriorities
ofthefederalgovernment,andagrowthincapacity
installedinthisareaisexpectedoverthecoming
years.Preliminarystudieslookingatalternativesand
implementationstrategieswillbereadymid2005.

TheNetherlands(NLD)
Inordertostimulatemeasuresfavorableforenergy
reductionandimplementationofrenewableenergy
thecentralgovernmentsupportsmunicipalitiesand
provincesthroughtheBANSframeworkagreement
[BestuursAkkoordNieuweStijl].Bytheendof2004
about200municipalitieshadindicatedtheirintentto
activelyparticipateintheprogramme.Sincetheactual
activitiesareexpectedin2005,theeffectofBANS
wasratherlimitedin2004.However,during2004a
numberofmunicipalitiesbegantoactivelyencourage
buildingcorporationsandprivatecitizenstoinvest
inPVinstallationsontheirroofs.Examplesarethe
municipalitiesofEindhovenandLeidenoffering
investmentsubsidiesof1to1,50EURperwatt.

Norway(NOR)
Presentlythereisnomarketintroductionprogramme
inNorway,andthefewdemonstrationprojectshave
beenmotivatedbyeducationalorprivateinterests
(researchandhighschoolsector,industryand
utilities).Themostexcitingbuildingintegratedproject
currentlybeingplannedistheuseoftransparent
doubleglassmodulesonthesouthernfaçadeofthe
newOperahouseofNorway,tobelocatedinthe
OsloHarbourarea.ThisispartoftheEUproject,
EcoCulture.

Portugal(PRT)
Despitethefactthattherearenotyetspecific
programmesorstrategiesdefinedforthe
developmentofPVinthecountry,afewprojectsand
initiativesillustratethedevelopmentofthePVmarket
in2004.
TheSolarEnergyinSchoolsprojectinthe
municipalityofMoura(Alentejo,southofPortugal)

sawtheimplementationofgrid-connectedPV
systemsinthreeschools,withinstalledpowerof15,
25and35kW.TheRenewableEnergyDemonstration
Platform,installednearLisbon(Sacavém)atLabelec
premises,comprisesthreedifferentgrid-connected
PVsystems:a1,4kWtwo-axistrackingsystem,
a1,4kWfixedsystemandahybridPV(0,5kW)/
Wind(0,9kW)system.Labelecisalaboratoryand
R&DservicescompanywithintheEDPGroup,the
largestPortugueseelectricityutility.ThePVplant
atBarcelinhosisanindependent4,8kWsystem
connectedtothelowvoltageelectricitynetwork,
notableforexposingtheexistenceofunduly
onerousadministrativerequirementsandthelackof
experienceoftheelectricitynetworkutilityindealing
withthistypeofsmallscaleproject.

Sweden(SWE)
AspecialsubsidyforPVinpublicbuildingswas
announcedinApril2004.Amaximumof100million
SEKwasallocatedforthe36monthscheme,dueto
commencein2005,whichwouldincreasethecurrent
nationalinstalledcapacitybysome50%.
Anumberofgrid-connectedPVdemonstration
projectsarenowemerginginSweden.Manyofthe
majorPVprojectscompletedinthepastfewyears
havebeenlocatedinHammarbySjöstad,ahousing
areainStockholmthathasbeendevelopedwitha
strongenvironmentalprofile.Theprojects,whichhave
largelybeencommissionedbybuildingcompanies,
insomeinstancesincooperationwithelectricity
companies,haveprovidedimportantlessonsonPV
integrationbothwithinthebuildingenvelopeandthe
constructionprocess.Severalinnovativeprojects,
suchasNCCGrynnanandLysandeutilizePVon
facadesandrooftops,incorporatingmoduleswithin
balconyperimeterguards,semi-transparentwindows
andexternalshadedevices.

SchiestlHaus(mountainhut)at2154mabovesea
level,Austria,piccourtesyATB/TBBBecker
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Switzerland(CHE)
Attheoutsetof2004,atotalof35PVpilotand
demonstration(P+D)projectswerestillactive.Asa
resultoftheSwissgovernment’splanstocutback
expenditure,nonewfundingofP+Dprojectswas
possiblein2004,andbytheendoftheyearonly25
projectswerestillactive.Theimportantlinkbetween
researchanddevelopmentandthecommercial
deploymentofnewtechnologieshasnowbeencut
andwillundoubtedlyhaveanegativeeffectonthe
market.
Othermeansplayanimportantroleincontinuing
thedemonstrationandpromotionofPVtechnology,
inspiteofthecut-backsingovernmentfunding.
Thesolarstockexchanges,inwhichsolarpower
isproducedandsoldtopersonsandinstitutions
interestedinpurchasingcleanelectricity,are
provingtobeamainstayinthepromotionofPV
inSwitzerland.TheBernesepowerutilityBKWis
installingalarge-scalePVpowergenerationfacilityon
theroofofthenewStadedeSuissesoccerstadiumin
Berne.In2004,aninitial850kWwereinstalled.The
powerproducedissoldseparatelytocustomerswho
arewillingtopayahigherpriceforit.Theinstallation
willbeaugmentedtoproduceatotalof1300kWof
PVpowerascustomerdemandincreases.
ManyoftheP+Dprojectsstillrunningin2004
concernedbuildingintegrationaspects–thetesting
ofnewcomponentsfortheintegrationofPVsystems
inbuildingmaterials,combinedtraditionalflat-roof
waterproofingmembranesandflexibleamorphous
thin-filmsolarcells,combinationsofvarioustypes
ofthin-filmmoduleswiththermalinsulation,and
innovativemodulemountingsystems.
Intheareaofoff-gridsystems,anongoingprojectis
investigatingtheuseofacombinedPVandfuelcell
drivenenergysupplysystemforremotelocationswith
noconventionalelectricitysupply.
Ongoingmeasuringandmonitoringprojectsin2004
includedafacade-mounted,80kWPVinstallation
inWittikofennearBerne,testsmadeinZurichon
variousthin-filmmodulesandmeasurementsmade
ontherecentlyrefurbished100kWinstallationsalong
themotorwaynearChurandalongarailwaylinein
SouthernSwitzerland.

UnitedKingdom(GBR)
Therewasasignificantincreaseintheannual
installedPVgenerationcapacityin2004anditis
anticipatedthatfurtherinstallationsundertheMajor
DemonstrationProgrammewillfacilitateacontinued
healthyrateofgrid-connectedPVinstallation
during2005.Thecurrentprogrammeisdueto
endinMarch2006andwillbereplacedbyanew
programmewhichwillsupportPVaswellasother
renewableenergytechnologiessuitableforbuilding
integration.

UnitedStatesofAmerica(USA)
During2004themajorPVprogrammesandprojects
intheUSconsistedofthecontinuationofthose
startedinthe1995-1999timeframe.Theseincluded
thecompletionoftheSacramentoMunicipalUtility
District(SMUD)PioneerIIprogramme,inwhichthe
utilityofferedPVsystemsforsaletocustomersat
subsidizedprices(aslowas3,50USD/Winstalled).
Theprogrammeisessentiallycompletewithover
10MWinstalled(PioneerIandII).
ThereareanumberofinterestingStateprogrammes.
TheprogrammeinitiatedbytheStateofCalifornia
forresidentialandcommercialcustomerswhoinstall
grid-connectedPVsystemsoninvestor-owned
utilityelectricitynetworkssaw18,8MWinstalledin
2004.Californiaalsohasaprogrammeofrenewable
powerset-asidesadministeredbytheCalifornia
PublicUtilitiesCommission.Morethan14,2MW
wereinstalledbythefourkeyutilities:PacificGasand
Electric,SouthernCaliforniaEdison,SanDiegoGas
andElectric,andSouthernCaliforniaGasCompany.
ThetotalPVinstalledbyCaliforniawas38,5MW.
ArizonaandIllinoishaveactivePVprogrammes.New
Jerseyisimplementingoneofthemostaggressive
PVsupportprogrammesintheUS.Morethan
100millionUSDhavebeenappropriatedforthe
programme,andnearly2MWofPVwereinstalledin
2004.NewYorkandNorthCarolinaoffersubsidies
andtaxcreditsrespectively.

1.4 Budgetsformarketstimulation,
 R&Danddemonstration

Thepublicbudgetsformarketstimulation,research
anddevelopment,anddemonstrationandfieldtrials
in2004intheIEAPVPScountriesvarywidely–from
negligibletoseveralhundredmillionUSDbeing
reported.Inabouthalfthecasesthetotalbudget
showedanincreasefromthepreviousyear.Afew
countriesshowedadecrease,whichwassignificant
insomecases.Table3clearlyshowsthedramatic
effectonthemarketsthathaveyettoreachaself-
sustainingstatewhenmarketstimulationmeasures
arehalted,reducedorsubjecttopoliticaluncertainty.

Asreportedpreviously,anIEAreport3identifiedcost
reductionopportunitiesoveradecade(expressedas
apercentageofcurrentcosts)arisingfromR&D(up
toabout25%),manufacturingvolume(upto15%)
andothermanufacturingelements(upto
10%).Althoughthesituationvariesfromcountryto
country(seeTable4for2004budgets)andalthough
theboundariesofwhatconstitutes‘research’,
‘development’,‘demonstration/fieldtrials’and
‘marketstimulationmeasures’oftenvaryfromcountry
tocountry,someinterestinggeneraltrendscanbe

3RenewablesforPowerGeneration:StatusandProspects(IEA2003)
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observedfortheIEAPVPScountriesaswhole:
•overadecade,publicspendingonPVhasdoubled,

withrelativelysteadyincreasesfromyeartoyear;
•initiallythisspendingwaslargelyfocusedonRD&D;
•theamountspentonmarketstimulationincreased

attheexpenseofRD&D(inbothabsoluteand
relativeterms)until2001;

•2004sawthepreviouslysteadilyincreasingbudgets
formarketstimulationdecreaseforthefirsttimein
adecade;

•from2001RD&Dexpenditurehasbeensteadily
increasingagain,andalsoincreasingitsshareof
thetotalPVpublicexpenditure.

Inadditiontothepublicexpenditureoftheindividual
countriestheEuropeanCommissionoftheEU
supportsanumberofPVprojects.Thefollowing
commencedduring2004:CrystalClear(16million
EURover5years),HICONPV(2,7millionEURover
3years),BIPV-CIS(2,3millionEURover4years),
MOLYCELL(2,5millionEURover30months),PV-
MIPS(4,4millionEURover5years),SolarPlots
(1,8millionEURover2years),BITHINK(1,9millionEUR
over3years)andPV-ERA-NET(duration4years)
–sourceandfurtherinformationabouttheseand
ongoingprogrammes:http://europa.eu.int.

Table4–PublicbudgetsforR&D,demonstration/fieldtrialsandmarketstimulationin2004

Country R&D Demonstration/field
trials

Marketstimulation Total

EUR USD EUR USD EUR USD EUR USD

AUS 2,5M 3,1M 0 0 9,6M 11,9M 12,1M 15M

AUT Feed-intariffs

~7,6M
Feed-intariffs

~9,4M

CAN 4,9M 6M 1,1M 1,4M 0,12M 0,15M 6,2M 7,6M

CHE 9,8M 12,1M 1,0M 1,2M 1,0M 1,3M 11,8M 14,6M

DNK 3,4M 4,2M 0,7M 0,8M 0 0 4,1M 5M

DEU 24,5M 30,3M 0 0 250M
(EEG+soft

loans24,5M)

308,6M
(EEG+soft

loans30,2M)

274,5M 338,9M

FRA 7,6M 9,4M 0 0 18,9M 23,3M 26,5M 32,7M

GBR 4,6M 5,7M 8,3M 10,2M 0 0 12,9M 15,9M

ISR 0,16M 0,2M 0 0 0 0 0,16M 0,2M

ITA 4,8M 5,9M 0,2M 0,3M 23M 28,4M 28M 34,6M

JPN(METI) 49,0M 60,5M 83,3M 102,8M 39,4M 48,6M 171,7M 211,9M

KOR 5,6M 6,9M 12,2M 15M 4,5M 5,5M 22,3M 27,4M

MEX 0,7M 0,8M 0 0 0,3M 0,4M 1,0M 1,2M

NLD 12,7M 15,7M 0,15M 0,19M >1M >1,2M 13,9M 17,1M

NOR 0,6M 0,7M 0 0 0 0 0,6M 0,7M

PRT

SWE 2,5M 3,1M 0,11M 0,14M 0 0 2,6M 3,2M

USA 69,7M 86,0M 8,5M 10,5M 145,8M 180,0M 224,0M 276,5M

Notes:ISOcountrycodesareoutlinedinTable12.Portugal’sdatanotPVspecific.USAFY:Oct2004–Sept2005.
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2 ThePVindustry

Thissectionprovidesinformationontheindustry
involvedinproductionofPVmaterials,cells,modules
andsystemcomponentsduring2004.Theindustrymay
besubdividedintothefollowinggroupsrepresenting
differentstepsinthePVvaluechain:
•producersofupstreammaterials,i.e.feedstocksilicon,

ingot,blocks/bricksandwafers
•producersofsemi-finishedandfinishedPVproducts,

i.e.PVcellsandmodules
•producersofbalance-of-systemcomponentsforPV

systems,i.e.chargeregulators,inverters,storage
batteries,mountingstructures,appliancesetc.

AregionaloverviewispresentedinTable5,which
islikelytoaccountforabout90%ofworldwide
production.Ofthecountriesnotcoveredbythistable,
Indiahasasignificantmodulemanufacturingcapacity,
andtheproductiondevelopmentinChinaandTaiwan
appearstoberapid.

2.1 Feedstock,ingotsandwafers
(upstreamproducts)

IEAPVPSisnowreportingontheindustryfor
feedstockmaterialssincetheyplayakeyroleinthe
developmentofthecrystallinesiliconcellindustry.
Feedstockreferstothesiliconprimematerialcurrently
usedinabout90%ofPVcellsproduced.The
discussioninthissectionthereforedoesnotapplyto
thin-filmtechnologies.

In2004atighteningofsupplyofhighpurity,lowcost
feedstocksiliconforsolarphotovoltaiccellsstarted
tobecomeevident.Atthesametimedemandgrew
strongly,puttingfurtherpressureonthesupply/

demandbalance.Consequentlymostsuppliersofso-
calledsolarphotovoltaicgradesiliconfeedstockhave
ambitiousplanstoincreasecapacity.Atthesame
timeindustrywishestocutcoststhroughimproved
productionprocesses.

TheUnitedStatesdefendeditspositionasthemain
produceroffeedstockforsiliconPVcells,withatotal
outputof51005tonnesin2004.Ofthistotal,500
tonneswasscrap6siliconfromtheelectronicsindustry.
AmongsttheUSproducers,SolarGradeSilicon
LLC(SGS)iswhollyownedbytheNorwaybased
RenewableEnergyCorporation(REC),whereElkem,
worldleadingsupplierofmetallurgicalgradesilicon
andalsoNorwaybased,tooka23%ownership
positionlastyear,signallingawishtodiversify
itsactivities.SGSisplanningadrasticcapacity
expansioninyearstocome.

Othercompaniessupplyingfeedstocktotheindustry
aretheproducersofelectronicsgradesilicon–intotal
sixcompanieswithplantsintheUSA(4),Japan(3)and
Germany(1).GermancompanyWackeristhesecond
largestsupplierofelectronicsgradepolysilicontothe
PVandelectronicsindustriesandshipped
2800tonnestothePVindustryin2004.Thiswasan
increaseof800tonnesandthereareplanstoexpand
capacityby1500tonnesoverthenexttwoyears.
Tokuyama,theonlycompanyinJapanmanufacturing
feedstockforthePVindustry,contributedabout
1000tonnes.

Mucheffortisdedicatedtoreducingtheproduction
costofsolarPVgradefeedstocksilicon.SGSinthe
pastyearcommissioneda200t/yeardemonstration
fluidisedbedreactor,achievingsatisfactoryresults.

Box2–manufacturingsummaryinselectednon-PVPScountries
InrespectofmanufacturingdevelopmentsoutsideoftheIEAPVPScountries,thesignificantnewsin2004wasthedramaticincrease
inproductionfromChinaandTaiwan.ThereaderisdirectedtotheIEAPVPSwebsiteforamoredetaileddescriptionofmanufacturing
developmentsoutsideoftheIEAPVPScountries.
China’smonocrystallineingotandwaferproductionamountedtoabout57MWin2004,whiledomesticmulticrystallinethroughputwas
around10MW.ThelargestChinesecellandmodulemanufacturerincreaseditsmanufacturingcapacityfrom25MWattheendof2003to
apotential50MWofcellsand75MWofmodulesbytheendof2004,andreportedactualproductionfortheyearof35MWofbothcells
andmodules.ItisworthnotingthatthetotalmoduleproductioncapacityindicatedbythetenmainChinesePVplayersin2004wasover270
MW(267MWcrystallineSi,6MWa-Si),againstcellproductioncapacityofaround60MWandactualmoduleproductionestimatedtobe
about65MW.Indicationsarethatadditionalproductioncapacityofover100MWofcrystallinesiliconcellsandatleast240MWofmodules
isplannedfor2005.ThemajorityofChina’smodulemanufacturersarereliantonimportedwafersorcells.Somecompaniesmaystruggle
tosecureupstreamsiliconsuppliesoverthenextfewyears,tojustifytheplannedcapacityincreases.China’smainamorphoussiliconcell
manufacturersareexpectedtoaddsome23MWofadditionalproductioncapacityin2005.
IntermsofPVcells,TaiwanwasagainanimportantnonIEAPVPSproductioncountry,reportinganincreaseofover100%to35MWof
crystallinesilicon(bothsingleandmulti-crystal)outputalongside3–4MWofamorphoussilicon4production.ThisplacesTaiwansixthbehind
Japan,Germany,USA,SpainandChinaintheglobalcellproductionrankings.Crystallinesiliconcellproductioncapacityisexpectedto
increasebyafurther140%bytheendof2005.
Atapproximately30–37MW,India’smoduleoutputin2004waslargelyunchangedfrom2003.DatafromtheMinistryofNon-conventional
EnergySources(MNES)annualreportindicatethatthevastmajorityof2004productionwasexported.
AUScompany,hasestablisheda25MWpaperyearcellfacilitynearManila,Philippines,whichdelivereditsfirstproducttomarketinthe
secondhalfof2004.Theinitialcellsfromthenewproductionlinereportedlyachievedcloseto20%efficiency.

4Predominatelysmallmodules(lowpowerapplications<40W)forOEMconsumerproducts
5Currentlyabout12–14tonnesoffeedstocksiliconareconsumedforeachMWofcrystallinesiliconPVcells.
6Topandtailfromsinglecrystals,singlecrystalsfromabortedruns,crucibleresiduals(“potscrap”)andvariousothermaterialofminorquantities.
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TokuyamaisworkingonanewVapourtoLiquid
Depositiontechnology,andajointventurebetween
SolarWorldAGandDegussaAGorderedapilot
scalereactor,tobeinstalledduring2005,foranew
technologyfordecompositionofsilane.ElkemSolar
ofNorwayhasalsocommissionedapilotplantforPV
gradesiliconthroughthemetallurgicalpurificationroute.

Therearealsomanyresearchactivitiesunderway
investigatingpotentiallowcostroutestosolarPV
gradesilicon.InEuropealonethereareatleastthree
differenttechnologydevelopmentprojectsinaddition
tothosementionedabove.

Ingotandwaferproductionareusuallyintegrated
inthesameproductionfacilityandsincetheendof
the1990stherehasbeentheemergenceofseveral
powerfulplayersfocusingonthisvalue-chainstep.

Thesecompaniesmarketthewafersthemselvesrather
thanprocessingthemintocellsandmodules,asdone
bysomeoftheolder,verticallyintegratedcompanies.
ThreeEuropeancompanies,PVCrystalox170MW
(Germany,UK),ScanWafer130MW(Norway)and
DeutscheSolar120MW(Germany)arecompetingfor
thegloballeadershipofproductionofwafers.

Thetrendfrom2003ofaresurgenceofsinglecrystal
PVtechnologieshasbeensustainedforavarietyof
reasons,suchasefficiencyandtheavailabilityof

Table5–PVindustryproductionin2004byworldregion–IEAPVPScountries

Japan USA Europe Rest Total
Siliconfeedstock tonnes 1000 5100 2800 – 8900

Ingots sc-Si,tonnes 1071 1000 275 –
(9121)

mc-Si,tonnes 2400 500 3875 –
Wafers sc-Si,MW 150

181 352
–

860
mc-Si,MW 177 –

CellProduction Alltypes,MW 604 138 329 38 1109
CellProductionCapacity MW/year 650 171 425 49 1295

ModuleProduction sc-Si,MW 109 86 126 1 322
mc-Si,MW 396 30 86 1 513
a-Si,MW 25 14 2 – 41

Undefined,MW 60 – 198 9 267
Other,MW na 9 8 <1 17
TotalMW 590 139 420 11 1160

ModuleProductionCapacity MW/year 821 177 578 53 1629
Notes:Theapparentimbalancesintheupstreamsectionoftheproductionchainareduetofirstly,feedstockbeingheldbysomemanufacturersat
theendof2003andalsobeingsourcedfromelectronicsindustryscrapinnon-PVPScountries,andsecondly,waferproductioninthenon-PVPS
countriesplusrecyclingandunreportedcontractedsawingofwafers.Figuresforingotproductionaredifficulttocompileasin-houseuseisnot
reportedbysomecountriesinthesamemannerasexternalsales.Themc-SiingotfigurereportedhereforJapanhasbeensourcedindependently
anddiffersfromthefigurepresentedinthenationalreport.mc-SiincludesmodulesbasedonEFGandStringRibboncells.‘Undefined’means
theSitechnologytypewasnotclarified;‘other’referstotechnologiesotherthansiliconbased.‘Rest’referstoAustralia,Canada,Israel,Koreaand
Mexico.

Figure4–PVcellproduction(MW)
inthereportingcountriesbycountryin2004

Figure5–PVmoduleproductionandyearly
moduleproductioncapacityinthereporting
countries(MW)between1993and2004
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electronicsgradesiliconwafersofhighpurityfroma
numberofsources.

Therearealsosignificant,verticallyintegrated
companiesthathavein-houseproductionofingots
and/orwafersforfurtherprocessingintoPVcells.
NotablytheseincludeKyocera(Japan),BPSolar
(USA),ShellSolar(USA)andPhotowatt(France).
Othercompaniesareattemptingtocommercialize
newprocessesthatinvolvewaferproductionthrough
anon-ingotroute.RWESchott(USA/Germany)
withtheirsiliconribbon(“EFG”trademark)isthe
mostsignificantofthese,butEvergreenSolaris
alsomakingprogresswithitsproprietarystring
ribbontechnology.GeneralElectric(successorof
AstroPower)continuestore-use25MWsinglecrystal
wafersfromthesemiconductorindustry,whereas
Silicon-Film,AstroPower’sheraldedtechnology
seemstohavevanished.Asaconsequenceofthe
strongdemand,ingotandwaferproducerslargely
continuetoplancapacityincreases.

InsummaryJapan,theUSA,theUK,Germanyand
Norwayarethecountrieswithsignificantproduction
offeedstocksiliconandup-streammaterialsfor
crystallinesiliconcells.Incomparisonwithcelland
moduleproducerstherearerelativelyfewactorsin
thisstepofthevaluechain.OutsidetheIEAPVPS
countriessignificantsiliconcrystalpullingandwafer
manufacturingoccursinRussiaandtheUkraine.

2.2 Photovoltaiccellandmoduleproduction

PVcellandmoduleproductioncontinuestogrow
strongly.Thetotalphotovoltaiccellproductionvolume
inreportingcountriesfor2004wasreportedtobe
1109MW,upfrom686MWin2003,anincrease
of62%,withsignificantgrowthinJapan(65%)
andEurope(71%).Thereaderisdirectedtothe
individualnationalreports,availableonthewebsite

www.iea-pvps.org,foracomprehensivesummary
ofmanufacturersandproductionineachofthe
countries.

TheglobalproductiongrowthrateforPVcellshas
increasedsharplyfollowingtherateof32%achieved
thepreviousyear.Inrealitygrowthisevenstronger
sinceproductionisalsoincreasinginthenonIEA
PVPSmembercountries(seebox2).

Japanistheleadingproducerofcellsandmodules
accountingforabout55%and51%respectivelyof
theIEAPVPSmembercountryproductionin2004.In
Europe,thecorrespondingfigureswere30%and36%.
TheUnitedStatessawproductionofcellsandmodules
increase(by35%and96%respectively)from2003.

Thecellproductioncapacityincreasedsignificantly
inEuropeaswellasinJapanand,toalesserextent,
theUS.Theworldwidecapacitygainwas39%.
Thisisthesecondyearinwhichcapacityincrease
wassignificantlysmallerthanincreaseinoutput.The
utilisationofcapacityhasthusimprovedandnow
averagesabout86%,upfromlastyear.Notably,
severalofthemajorplayersnowreportthattheyare
makingaprofit.Moduleproductioncapacityjumped
byanimpressive70%–withcloseto300MWbeing
addedineachofJapanandEurope,andperhaps
reflectingthestrongmarketsignalsandpreviously
unrealizedinvestmentplans.

TheJapaneseproducersSharpandKyocera
maintaintheirlead.Withanumberoflargeandsmall
manufacturersGermanyremainsthesecondlargest
producerofcellsandmodules.Globally,besidewell-
establishedcompaniessuchasMitsubishiElectric,
ShellSolar,RWESchottandBPSolartherehasbeen
anemergenceofspecificcellormodulecompanies
e.g.Q-CellsinGermany.
In2004atleastthreequartersofthemodules
producedinthecountriescoveredbythissurvey

Figure6–ShareofPVcellproductioninthe
reportingcountriesbycompanyin2004(%)

Figure7–ShareofPVmoduleproductioninthe
reportingcountriesbycompanyin2004(%)
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werebasedoncrystallinesilicontechnologies,
asimilarresultcomparedwith2003and2002.
However,newtechnologiesnowshowthesame
growthrateascrystallinesilicon.

Thereareanumberofinterestingtechnologicaladvances
forbothcrystallinesiliconandthinfilmtechnologies.
Forexample,SunPowernowmarketsa20%efficiency
PVcellwhichtranslatesinto16,8%inmodules.While
themarketbreakthroughforthinfilmtechnologiesisyet
tobeseen,alltechnologiesremainonthemarketand
productioncapacitycontinuestoincrease.

CanadianSpheralSolarPower(adivisionofATS)
isplanningtointroducemodulesrelyingonmicro
sphericalsilicontechnologyin2005.Australia’s
OriginEnergyiscommercializingthe‘Slivercell’
PVtechnology.Itisalsoworthnotingthatthe
ribbontechnologiesatbothRWESchottSolarand
EvergreenSolararemakingsignificantprogress.

Thetrendfromlastyearregardingproductionof
PVcomponentsspecificallydesignedforbuilding
integrationhascontinued.Ontheend-usersidea
significantinitiativeistheGeneralElectricpartnership
withthebuildingindustrytointroduce“zeroenergy
homes”featuringenergyefficientappliances,heat
pumpsandPV.

Itseemslikelythatthefuturewillseeacontinued
consolidationoftheindustryproducingmainstream
crystallinesiliconphotovoltaiccells,butthemarket
mayalsoprovidefertilegroundforcompanies
marketingnicheproducts.Difficultiesinsupplying
lowcostsiliconfeedstocktosatisfythetraditionalPV
industrythrough2005mayalsoprovideagoodentry
pointforthin-filmtechnologies,sincebuyersmight
becomefocusedonavailabilityofalternativeproducts.

2.3 Balanceofsystemcomponent 
 manufacturersandsuppliers

Fromacostperspective,balanceofsystem(BOS)
componentsaccountforbetween20%(standard
grid-connectedsystem)and70%(off-gridinstallation)
ofthetotalsystemcosts.Accordinglytheproduction
ofBOSproductshasbecomeanimportantsector
oftheoverallPVindustry.Particularlywiththerapid
expansionoftheworldwidemarketforgrid-connected
PVsystems,invertersarecurrentlythefocusof
theinterest.ManufacturersofPVinvertersfor
gridconnectionfacedaboomin2004andmany
companiesmorethandoubledtheiroutputcompared
to2003.InEuropethelargemanufacturingcompanies
arelocatedinGermany,Austria,Switzerland,the
NetherlandsandDenmarkandproducealmost

exclusivelyfortheGermanmarket.Intotalaround30
to40companiesarecurrentlyactiveinthisfieldwith
GermanSMATechnologytheleadingplayer.

AlsoJapan,theUSAandCanadareportedextensive
activitiesinthisfield.Itislikelythatmorethan20
companiesareproducinggrid-connectedinverters
inthesecountries.TheleadingcompaniesareSharp
andXantrex.

Todaymostoftheproductsarededicatedtothe
residentialPVmarket,withtypicalsystemsizesfrom
2kWupto10kW.However,withtheincreasing
numberofMWscalesystemsbeinginstalledin
somecountries,invertershavebeendevelopedwith
capacitiesupto1MW.

InthefieldofbuildingintegratedPV(BIPV)increasing
attentionisbeingpaidbycompaniesspecializingin
façadeconstructionandroofing.Thesecompanies
arenowincreasinglycomplementingtheirproduct
rangebydevelopingnewandinnovativesystemsfor
PVintegration.

InadditiontobasicBOScomponentssuchas
inverters,chargecontrollers,supportstructuresor
storagebatteries,specializedequipmentforthePV
manufacturingindustryhasbecomeanimportant
business.Productsinthisfieldincludechemicaland
gassupplies,abrasivesandequipmentforcutting
wafers,pastesandinksforcells,encapsulation
materialsformodulesandspecializedmeasurement
equipmentforuseintheproductionprocess.

2.4 Systemprices

PricesforentirePVsystemsvarywidely(Table6)and
dependonavarietyoffactorsincludingsystemsize,
location,customertype,gridconnection,technical
specificationandtheextenttowhichend-userprices
reflecttherealcostsofallthecomponents.Formore
detailedinformation,thereaderisdirectedtoeach
country’snationalsurveyreport.

Onaverage,bothoff-gridandgrid-connectedsystems
showedaslightincreaseinpricesovertheprevious
year;withtwothirdsofthecountriesshowingprice
increasesandonethirddecreases.Thisisreflected
inFigures8and9.Acoupleofcountriesshowed
dramaticpriceincreasesforgrid-connectedsystems,
reflectingreportedsignificantrisesinPVmoduleprices.
However,in2004thistendedtobeanexception
ratherthanageneraltrend.Systempricesforoff-grid
applicationsineachcountrycontinuethetendency
tobehigherbyaboutafactoroftwothanthosefor
grid-connectedapplicationsasthelatterdonotrequire
storagebatteriesandassociatedequipment.Some
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Table6–Indicativeinstalledsystempricesinselectedcountriesin2004

Figure8–EvolutionofpriceofPVmodulesand
systemsinselectedreportingcountries

Figure9–EvolutionofpriceofPVmodules
andsystemsinselectedreportingcountries
accountingforinflationeffects

Country

Off-grid(perW) Grid-connected(perW)

<1kW >1kW <10kW >10kW

EUR USD EUR USD EUR USD EUR USD

AUS 10,7–14,3 13,2–17,6 7,1–17,8 8,8–22 6,0–10,7 7,4–13,2 6,0–7,1 7,4–8,8

AUT 15 18,5 10–13 12,3–16 5,5–8,5 6,8–10,5 5–8,5 6,2–10,5

CAN 11,5 14,2 8,4–9,1 10,4–11,2 5,6 6,9

CHE 10,4 12,9 9,2 11,3 5,8–5,9 7,2–7,3 4,9 6,0

DNK 9,5–12,2 11,7–15 20,3–27,1 25–33,4 4,5–9,5 5,5–11,7 5,4–13,5 6,7–16,7

DEU 5,3 6,5

FRA 15–20 18,5–24,7 15–20 18,5–24,7 4–12 4,9–14,8 5 6,2

GBR 7,9–14,7 9,8–18,2 7,7–13,3 9,5–16,4 7,4–16,8 9,1–20,7 7,0–15,9 8,7–19,6

ISR 7,1 8,8 5,6–7,1 6,9–8,8

ITA 12–15 14,8–18,5 12–14 14,8–17,3 5,5–8 6,8–9,9 5,3–7 6,5–8,6

JPN 5,0 6,2 5,7 7,0

KOR 15,6 19,2 14,2 17,5 8,5 10,5 8,1 10

MEX 9,7–13,0 12,0–16,0

NLD 10–50 12,3–61,7 4,5–6 5,6–7,4 4,5–4,7 5,6–5,8

NOR 7,8–13,2 9,6–16,3 9,6–13,2 11,9–16,3

PRT 7–15 8,6–18,5 7–11 8,6–13,6 6–8,5 7,4–10,5 5–6,2 6,2–7,7

SWE 9,9–11,0 12,2–13,6 4,4–6,1 5,4–7,5

USA 9,7–20,3 12–25 9,7–16,2 12–20 5,7–8,1 7–10 5,1–6,9 6,3–8,5

Notes:Additionalinformationaboutthesystemsandpricesreportedformostcountriescanbefoundinthevariousnationalsurveyreportsonthe
IEAPVPSwebsite.Moreexpensivegrid-connectedsystempricesareassociatedwithroofintegratedslatesortiles,orone-offbuildingintegrated
designs.ISOcountrycodesareoutlinedinTable12.
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Co
un

tr
y

Cu
rr

en
cy 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 Typicalorbest

prices

EURUSD

AUS AUD 7 8 8 8 8 8 7 7 10 6,0 7,4

AUT EUR 4,5 3,1–3,2 3,6–3,7 3,6 4,4

CAN CAD 11,09 10,7 9,41 7,14 6,18 5,53 3,5 4,3

CHE CHF 7,5

DNK DKK 40 40 33 21–45 30–50 4,1 5,0

DEU EUR 5,98 5,93 5,42 4,91 4,50 4,14 3,73 3,63 3,58 3,53 3,04 2,5–9,7 3,0–9,6 3,0 3,7

ESP EUR 2,6–4,25

GBR GBP 4,1 4,1 3,9 2,3–3,7 3,4 4,2

ISR NIS 22,5–
28,4

13–27,3 2,4 2,9

ITA EUR 4,65 4,13 4,13 4,25 3,9 3,1-3,9 2,9–3,6 2,9 3,6

JPN JPY 966 950 927 764 646 656 670 600 548 484 463 446 439 3,3 4,1

KOR KRW 9400 9400 8200 8500 9200 7500 7100 7200 7200 7000 6500 4,6 5,7

MEX MXP 65 68–80 4,9 6,0

NLD EUR 9,5 7 7,5 6 5 4,75 4,73 4,73 4,62 4,5 3,5–4,5 3,5 4,3

NOR NOK 55–100

PRT EUR 4 3,5 3,5 3,5–4 3,5 4,3

SWE SEK 26–70 26–70 2,8 3,5

USA USD 4,25 4,25 4,00 3,75 4,00 4,15 4,00 3,50 3,75 3,50 3,25 3,0–5,0 3,25 2,7 3,3

Notes:Currentprices.ISOcountrycodesareoutlinedinTable12.ISOcurrencycodesareoutlinedinTable12.Figuresgenerallyreferto‘typical‘
moduleprices;wherethereisawiderangeinthefigurespresentedforagivencountry,thelowervaluegenerallyrepresentsthelowestprice
achieved&reported(oftenforalargeorder)whereasasignificantlyhigherfigurecanrefertospecialproducts,rooftilesetc.Detailsarecontainedin
theindividualnationalreports.

Table7–Indicativemodulepricesinnationalcurrenciesperwattinreportingcountries

uniquebuildingintegratedprojectsprovideanexception
tothissituation.

In2004systempricesintheoff-gridsectorupto1kW
variedfromaround9USDto25USDperwatt.The
largerangeofreportedpricesisafunctionofcountry
andprojectspecificfactors.Asystempriceofabout
13USDperwattappearstobecommon.Off-grid
systemsgreaterthan1kWtendtoshowsimilar
variationandslightlylowerprices.

Theinstalledpriceofgrid-connectedsystemsin2004
alsovaried,bothwithinandbetweencountries,as
showninTable6.Thelowerreportedpriceswere
typicallyaround5,5USDto6,5USDperwatt.The
coststructureofthesystempricecontinuestovary
widelybetweencountries(andbetweenprojects).
Modulescontinuetomakeuparound50%–70%of
thereportedgrid-connectedsystempricesinmostbut
notallcases.Largegrid-connectedinstallationscan
havelowerorhighersystemprices,dependingonthe
economiesofscaleachievedorthedegreeofbuilding
integration,installationdifficultyandinnovation.
Asforeshadowedbythereportedincreaseinsystem
pricesin2004,modulepricesalsoshowedan
increase–mostlyrangingfromlittlechangetoover

60%increasecomparedto2003prices.Amongst
thekeymarkets,indicativepricesformodulesin
bothJapanandtheUSchangedbylessthan
10%;inGermanya30%increaseforlowestpriced
modulesmustbeviewedagainstabackgroundof
anunusuallylowpricethatwasavailableduring2003
andreported.

Itistoosimplisticandconvenienttoexplainthe
2004modulepriceincreasessolelyintermsofthe
tighteningofsiliconfeedstocksupplydiscussed
earlier.Thesituationvariesfromcountrytocountry
andfromproducertoproducerhoweverthereare
anumberoffactorsthatcouldbeimplicatedinthe
priceincreases.Historicallytherehasbeenagood
balancebetweeninstalledcapacityinagivenyearand
supplyinthepreviousyear(forexampleproduction
incalendaryear2001wasclosetotheamount
installedin2002,productionin2002wasclosetothe
amountinstalledin2003)–howeverthegapbetween
amountinstalledin2004andproductionin2003
haswidenedconsiderably(mainlyduetothemarket
surgeexperiencedinGermany)andthisexceptional
rateofgrowthmayhavehadimplicationsforthe
managementofstock.
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2.5 Economicbenefits

TheeconomicimpactofPVbusinesshasbeen
measuredinsomeofthereportingcountriesduring
2004bothasanetvaluethatincludestheeffectof
importsandexports,andaslabourplacecreation.
Thenetbusinessvaluemeasureisexpectedtoshow
someinterestingtrendsovertime,asproductionshifts
internationallytomeetdemand.Forspecificcountry
detailsreferenceshouldbemadetotheindividual
countryreports.

Mostcountriesreportagenerallypositivetrade
balanceinPVequipment,althoughmanyhave
struggledtolocateaccuratedata,particularly
onimports.Inmostcountriestheproportionof
netexportsissmallincomparisontotheoverall
marketsize,atapproximately10%–20%oftotal
marketturnover.TheexceptiontothisisNorway,
whichisamajormanufacturerofwafersforfurther
developmentelsewhere.Forthosecountrieswithlittle
ornoequipmentmanufacturingcapability,suchas
Denmark,theproportionisreduced.

Inemploymentterms,manycountriesreported
significantincreasesinpersonsdirectlyemployedin
PVrelatedindustries,researchanddevelopmentand
installationsupport.Totaldirectemploymentinthe
sectorinthereportingcountriesmaynowexceed
50000persons,withrapidgrowthindicatedin
GermanyandtheUSA.Manyofthenewerjobsin
thesectorareassociatedwiththeinstallationand
marketingofPVproducts,ratherthannecessarily
relatedtothemanufactureofmodulesand
components.Thisispartlyduetothecontinuedtrend
forthemostlabourintensiveactivitiesinthesupply
chaintomovetolowcostbaseeconomieswhich
areoftennotIEAPVPSmembers–atrendcommon
acrossallmanufacturingsectors.Forexamplea
newmodulemanufacturingfacilityopenedinThe
Philippinesinlate2004toservicetheJapaneseand
South-EastAsianmarkets.

InEurope,thedominantpositionofthesupported
marketinGermanyhascontinuedtoprovide
employmentinAustriaandTheNetherlands,even
thoughtheirdomesticmarketshavedecreased
followingthewithdrawalofsupportmechanisms.
Thereisevidencethatthelevelofexposureofmarkets
topoliticalorpolicychangeissuchthatthishas
restrictedtheappetiteforinvestment.Thishasthe
impactinrestrictingsupplyandmaythereforebeyet
anothersignificantfactorinthereportedlevelingoffin
thepricedecreasesnotedinpreviousyears.

Further,thePVindustryhasbecomeincreasingly
globalinnature,withmanyplayersnowcompeting
inanumberofsectionsoftheproductionchain.With
increasingexpectationsofreturnstostakeholders,
areasofthebusinessexperiencingtightmarginsneed
tobeoffsetbyprofitablebusiness,especiallywithin
somesupportprogrammeswherecompetitionmaybe
minimal,themarketisbuoyantand/orcustomersare
notfacingrealcosts.Also,asreportedpreviouslyand
aswithanyindustry,competition(eitherwithinorfrom
outsideacountry)canexertanoticeabledownward
pressureonprices,andsecondly,supplymonopolies
arefreetochargetheirlocalmarketshigherprices
(untilfacedwithcompetitivepressure)inorderto
achieveprofits.

In2004,andsimilartothepreviousyear,module
pricesof3,5USDto4,5USDperwattappear
achievableinthemajorityofcountries,andnearlyall
ofthemajormarkets,withindicationsthatthelowest
achievedpricesofmodulesaresomewhathigherthan
in2003.Table7showsthechangeinmodule(current)
pricesinsomeofthereportingcountriesfromyear
toyear,andFigures8and9showtheevolutionof
moduleprices,incurrentpricesandaccountingfor
inflationrespectively,inselectedcountries.

Theoften-quotedtechnologylearningcurvessuggest
acostdecreaseof15%to20%foreachdoubling
ofmarketsize.WithrespecttoPV,theglobalmarket
hasdoubledfourtimesoverthepreviousdecade.
Consequently,expectationsoftherealcostof
modulessuggestadecreasetoaround3,7USDper
watt–onlyslightlylowerthanthepricecurrentlybeing
reported–and,correspondingly,grid-connected
systemstoabout6,7USDperwattinstalled.

Inasensethepricereductionsachieved,notonly
formodulesbutalsoforthebalance-of-system
components,indicatesthatthepoliciesofpublic
subsidieshavebeensuccessful.However,thisdoes
notimplythatthepolicieshavealwaysbeenoptimal.
Themassiveinjectionsofsupporthaveclearly
createdperiodswithmoreordersinthebooksof
manufacturersthantheycouldfillinatimelymanner,
andthisisverylikelythereasonthatthePVprices
didnotdiminishduringsomeoftheseperiods
withahighinfluxofmoney.Also,inadditiontothe
issuesraisedearlier,theindustrymayevenhave
seenanopportunitytorecoveritsowndevelopment
expendituresatafasterpacethananticipatedormay
havebeenlimitedbythetimeneededtoresolvethe
technologyperfectionissues.Thelatterissueinvolves
thehesitationofaresponsibleindustrytoselltoo
manyunitsofatechnologynotyetfullydeveloped,
whetherforreasonsofwarranteeobligationsorfor
reasonsofnotloosinggoodreputationforreliable
products.
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3 Policyandregulatoryframeworkfordeployment


Local,nationalandinternationalpolicies,aswellas
availabilityofsuitablestandardsandcodesandthe
perceptionofthegeneralpublicandutilities,govern
therateofdeploymentofPVsystems.

PublicinterestinpromotingPVdevelopmenthas
occurredinwaves.Twomainpublicsupportperiods
haveoccurreduntilnow:thefirstduringtheearly
1980sandasecondonestartinginthelate1990s.
ThemotivationsforsupportforPVR&D,forindustry
developmentandfordemonstrationprojectshave
includedthebeliefthatthisparticularrenewable
energytechnologywouldbedesirableforsocieties
inthelong-term.Thereasonsgivenforthisstance
includeconcernsovertheenvironmentalsideeffects
ofconventionalenergyproductionanduse,and
concernsoverenergysupplysecurity,whetherdueto
politicalinstabilityinsupplyregions,physicaldepletion
ofenergyresourcessuchasoiloruraniumand,more
recently,theintegrityoflocalelectricitynetworks.

Thefirstsupportperiodfollowedsteepprice
increasesforcrudeoilandwaslargelydirectedat
providingdemonstrationprojectsforgrid-connected
PV.Aremoteareanichemarketforstand-alone
PVsystemswasalreadyinexistence,with
occasionalsupportfromnationalandinternational
aidprogrammesforhelpingdevelopingcountries.
However,supportwasinsignificantrelativetothe
supportgiventoruralelectrificationprogrammes
baseduponelectricitynetworkextensions.

Theseprogrammeswereparticularlyhelpfulin
directingthemanufacturers‘attentiontoanumberof
problemsmanifestingthemselvesatalllevels(cells,
modules,inverters,supportsystems).Hencethe
injectionofpublicmoneycanbesaidtohavespurred
theindustrialefforttosolvetheseproblemsandto
pavethewayforthenextgenerationofsystemsbeing
putintooperationduringthelast10to12years.

Thesecondsupportperiodhasbeencharacterized
byamuchlargerinjectionoffunds,andwiththe
intentionofinvolvingtheusersofthesystemsdirectly.
Theymaystillbecalleddemonstrationprogrammes,
butincasessuchasJapanorGermany,thefunds
madeavailabletoassistprivateinvestorsarebetter
describedasmarketcreationsubsidies.Theexplicit
(oratleastimplied)purposeofthismassivesupport
hasbeentopushpricereductions,byforcing
themanufacturerstoinstalladditionalproduction
capacityinordertomeetasomewhatartificial
demand.Therationalethatthismayreduceprices
–andtheunderlyingreasonforthepreviously
describedtechnologylearningcurve–isthatdue

torapidtechnologyprogress,eachnewgeneration
ofproductionequipmenthasreducedcostand
improvedperformanceandpresumablyincreased
qualityanddurability.Anindicationofthistrendmay
beseeninFigure9,showingthatpricereduction
comesin‘jumps’fromoneplateautoalowerone,
consistentwiththeexplanationintermsofnew
productiontechnologybeingintroducedatintervals.
Thedevelopmenthasbeenrapidanditshouldnot
besurprisingthatproductioncapacityinperiods
hasbeensubstantialyhigherthantheactualPV
production,atleastinsomecountries.Thisisnota
PV-specificphenomenon.

Theimpactofmarketsupportmeasureshasbeen
dramaticbyanymeasure.Sincethefirstissueof
theTrendsinPhotovoltaicApplicationsreportwas
publishedin1992,theinstalledcapacityintheIEA
PVPScountrieshasgrownbyafactorof23and
nowat2,6GWrepresentsalevelthatwasdifficult
toforeseeeventenyearsago.Yet,asoutlined,
therationalebehindmostmarketmechanismsis
thatalevelofsupportisnecessarytobuildthe
capacityoftheindustrytoapointwheresuchtariff
orcapitalsupportisnolongernecessary–the
volumeofproductswilldrivethepricedowntoa
levelthatwillresultinaselfsustainingindustry.It
hasbeendemonstratedthattheinstalledcostsof
grid-connectedandoff-gridsystemshavereduced
overtheperiod,inlinewithexpectations.Many
off-gridmarketshavebeenoperatingwithoutpublic
supportforanumberofyears.Howeverwithregard
togrid-connecteddomesticsystems,evidenceofany
marketselfsustainabilityisonlyrecentlyemerging
(fromJapan).

Thelevelofsupportprovidedhasprovedcritical
inmaintainingthemomentum.InAustriaand
TheNetherlands,afewmonthsoffranticactivity
havebeenfollowedbyavirtualstandstillasthe
mechanismschangedorreachedtheirpredetermined
targetlevel(egTable3).WhilstintheUK,aless
generousgrantbasedschemehasbeenstruggling
toreachitsmodesttargetlevel.Additionally,
uncertaintiesinthecontinuedlevelofpoliticalsupport
continuetoholdinvestorsback,actingagainst
thedownwardpricepressureofmarketvolumeas
manufacturersstrivetokeepmarginshighenoughto
recoupinvestmentsasquicklyaspossiblebeforethe
politicians,andtheirpolicies,moveon.

However,therearemorepromisingsignsofalong
term–butmodest–marketfutureemergingforPVin
off-gridapplications.Thehighlevelofactivityfostered
bysupportedmarketshasdriveninnovationin
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Table8–Keymarketsupportmeasures:someobservationsandconclusions

Enhancedfeed-in
tariffs

Directcapital
subsidies

Greenelectricity
schemes

Renewableportfolio
standards

Targetaudience Grid-connected
PVcustomerswith
businesscashflow
requirementseg
housingdevelopers,
investors,commercial
entities.

PVcustomerswith
limitedaccesstocapital
eghouseholds,small
businesses,public
organizations.

Residentialand
commercialelectricity
customers.

Liableparties,typically
theelectricityretailing
businesses.

Implementation Typicallyadministered
bytheelectricity
industrybillingentity.

Requiresconsiderable
publicadministrative
supporttohandle
applications,approvals
anddisbursements.

Commercial
businessoperation
oftheelectricity
utility;somepublic
administrativesupport
foraccreditationof
projects.

Publicadministrative
supportviaaregulatory
body.

Economic
andpolitical
considerations

Methodofinternalizing
theexternalities
associatedwith
traditionalenergy
supply

Up-frontcapitalcost
isseenasthemain
economicbarrier
tothedeployment
ofPV.Canbeused
forbothoff-gridand
grid-connectedsupport
programmes.

The‘goodpublicpolicy’
aspectofgovernment
involvementinselective,
customer-driven,
electricitybusiness
commercialactivities
raisessomeinteresting
questions.Utility
projectsmaybetter
realizethenetwork
benefitsofPV.

Canbeseenas
adistortioninthe
functioningofthe
electricitymarket,
especiallyifoverly
prescriptive.

Therearevaryingpoliticalperceptionsregarding
theuseofpublicfundsorfundsgeneratedbythe
electricityindustry.

Potential
effectiveness

Functionofthesizeof
theenhancement.

Canbeveryeffective
asasimplebut
bluntapproachto
deployment–butnot
necessarilycost-
effective.

Becomingcommonplaceandwellunderstood
withregardtorenewablesingeneral.

Problems Lesspredictablewhere
specificresults,such
aslimitedcapacity
installedorratesof
deploymentarebeing
sought.Canresultin
overheatedmarketson
theonehandifrates
aretoohigh,butalso
tonegligibleimpactsif
ratesaretoolow.

Oftenseenastoo
simplisticandnot
encouragingbroader
considerationof
customerenergyusage
orwillingnesstopayfor
PV.Alsocriticizedfor
inflatingsystemprices
andsubsidizingmore
affluentconsumers.

Lesspredictable
wherespecificresults
arebeingsought.
UnlessPVspecific,
usuallycharacterized
byabroad,least-cost
approachfavouring
hydro,windand
biomass.

Thegeneral
requirementfor
renewableenergy
maysimplyencourage
thelowestdirectcost
renewableenergy
options(andnotPV)
forconsiderationbythe
liableparties.

Solutions Clearlytargetthis
approachonspecific,
limitedmarket
segments.

Explorewillingnessto
payandsocialequity
issues.Clearlyreduce
subsidyrateovera
periodoftime.

Encourage/create
demandforPVspecific
electricity.

Consideraportfolio
approachtotheRPS,
oratleastPVspecific
measures.

Notes:Inpractice,supportmeasurescaninvolveacombinationoftheabove,andwillusuallyfunctionmoreeffectivelywhenthisisthecase.
Fundingissuesaresignificantandarecriticaltothesuccessofanymechanism.PVfundingneedstobestableovertime,separatefrompolitical
interference,transparentandclearlytargeted.

productdesigntosuchanextentthatitisincreasingly
beingtransferredintonewapplication-focused
modules.Thishasbeenparticularlyevidentwithutility
andmonitoringusesinwhichthehighcostofaninitial
installationcanbemeasuredagainstthedisturbance,
delayandcostofatraditionalgridconnection.As
mentioned,thisisamarketthatisalreadysustainable,
butatascalethatishardlynoticedintherushforthe
nextgigawattofgrid-connectedPVcapacity.

3.1 Newinitiativesinphotovoltaic
 powersystems

Table9highlightsthekeyinitiativesreportedinthe
participatingcountriesduring2004.Themainfiscal
instrumentsbeingusedtosupportorpromotePV
intheIEAPVPScountriescontinuetobethedirect
capitalsubsidiesand,increasinglyofinterest,the
enhancedfeed-intariffs.Muchlesswidespread
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arereducedinterestratesonloans,taxcredits,
accelerateddepreciation,and‘PVelectricity’
marketingschemes.

Asnotedelsewhereinthisreport,itwouldappearthat
thereisamovetoreducethesignificanceofmarket
stimulationsubsidiesinmanycountries,maybein
thehopethattheindustrycansurviveincompetition
withalternativeelectricitygeneratingsystemswithout
marketinterventions,andinsomecasesreflecting
alonger-termR&Dfocusaspartofclimatechange
policies.Thisapproachmaynotnecessarilyimpact
negativelyonmarketgrowth,asfearedbymany,as
PVsystemsareseenbysomecustomersashaving

anenvironmentallypositivevalueandthusavalueas
astatussymbol,makingthesecustomerswillingto
payanextraamountforaPVsystem.Anindication
ofthisbehaviourcanbeseeninsomecountries,but
similarindicationsarefadingawayincountriesthat
previouslymadesimilarclaims.However,thecost
reductionhasnotyetreachedamagnitudethatallows
manycustomerstoinstallPVsystemspurelyasstatus
symbols;withtheelectricityproductioncostinsome
locationsanorderofmagnitudehigherthanother
environmentallyfriendlyoptions(e.g.energyefficiency
measures,greenelectricitypurchases).Theadded
valuesofPVareacritical–andstilllargelyunexplored
–aspectofgrid-connectedPVmarkets.

Table9–Initiativesandperceptions

Newinitiativesandpromotionalactivities

AUS ThePVRebateProgrammewillnowbeextendeduntil
2007,butwithlowerlevelsofgrantsupportthanwere
originallyoffered.Installationsarenowpredominately
grid-connectedsystemsandtheschemeisnowbeing
promotedtohousingdevelopers.Althoughoriginally
conceivedasaprogrammetodisplaceremotediesel
generation,adevelopmentintheRenewableRemote
PowerGenerationProgrammenowallowstheinstallation
ofgrid-connectedsystemsonthefringeofexisting
networks,wherethesemeetcertaincriteria.ASolarCities
programmehasbeenconceivedtodemonstratehigh
penetrationofPVandenergyconservationmeasures
from2006onwards.

Utilitieswithdieselgridscontinuetostronglysupport
theintegrationofPVintotheirsystems,althoughthe
recentdecisiontoreducefuelexcisedutyfromstationary
dieselplantwillreducethefinancialincentive.Other
utilitiesareengagedwiththeclimatechangedebate,and
activelyexploringinvestmentoptions.Knowledgeand
understandingofPVisnowwidespreadatlocalauthority
level,withalargegrowthinon-streetapplicationsbuilding
familiarity.Changesinbuildingcodesareencouraging
somehousingdeveloperstoexplorePVasacompliance
option,andthegeneralpublicisgainingconfidencethat
PVisanoptionfortoday,ratherthanonlyforthefuture.

AUT Astherehasbeennoextensiontothe15MWcap
allocatedtofeed-intariffsupport(whichwasreached
inMarch2003),theonlynewinitiateshavebeencapital
supportgrantsfundedbyProvinces.UpperAustria,
withagrantlevelofupto65%,hashadareasonable
uptake,butsimilarmeasuresinViennaandLowerAustria
withlowergrantlevels(upto40%)havereceivedno
applicationsin2004.

UtilityandpublicperceptionsofPVareexcellent,but
enthusiasmhasonlyextendedtoinvestmentwhen
substantialfinancialsupportisavailable.Forutilities,the
connectionofsmallembeddedgenerationisroutine,
andelectricitynetworkmanagementisnotreportedas
givinghighlevelsofconcern.Anetmeteringofferingfrom
aspecializedelectricityoff-takecompanyhasattracted
interestincombinationwithUpperAustria’scapitalgrant
support.

CAN BothFederalandProvincialfundingforR&Dand
demonstrationcontinuestoincreasestrongly,andis
increasinglyaimedattechnologyandinnovationwitha
medium(2025)timehorizon.Therecontinuestobeno
marketsupportmechanisms,buttheNetZeroHome
Coalition-agroupingofcorporateandnotforprofit
organizations–haslaunchedanewhomestandard
andisdevelopingitsstrategytoencouragewidescale
adoption.

Withlittlegrid-connectedcapacity,mostutilitieshave
noknowledgeorconfidenceinPVconnections
–applicationsaretreatedasoneoffinstallations.Public
perceptionsarelimitedbythelowlevelandvisibilityof
projects,exceptforsomeremotecommercialoff-grid
applications.

CHE WithnoFederalpromotionalorfundingschemesand
onlylimitedactivitiesbyCantons,themarketforPVis
sustainedbyindustryactivitiesandprivatehouseholds.
WhilstpublicfundedR&Dhasbeenreduced,commercial
investmentinPVcomponentsformarketsoutsideof
Switzerlandhaspaiddividends.

Agrowingnumberofutilitieshaveexperienceofgrid
connectionofPV.UtilitiesoperatingwithintheSolar
Power“greenmarket”(Basle,Geneva,BerneandZurich)
havebeensuccessfulparticipantsandhavefundednew
capacityintheirareas.AmajorsportsstadiuminBerne
witha850kWpPVsystemisbeingcommissionedand
willhelpraisetheprofiletothegeneralpublic
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Table9–continued

DEU AnincreaseinthetariffpayableundertheEnergySources
ActtorooftopPVgenerationhascompensatedforthe
endoftheprevioussoftloanprogramme.Anumberof
Federalstateshaveimplementedtheirowngrant&loan
structures,andthenew“SolarProductionProgramme”
issettocommencein2005.

Connectionstotheelectricitynetworkareseenas
routine,andmanyutilitiesparticipateinthePVmarket.
PublicknowledgeandperceptionofPVishigh,mainlyas
aresultofthehighnumbersofdistributedgrid-connected
systemsinstalled.

DNK AnewnationalstrategyforPVRD&Dandarevisionofthe
EnergyPolicyshouldleadtoastrongerleadandbetter
coordinationofactions.ASOL5000initiative–which
maytarget5MWover5–7years–isinpreparationbut
requiresnewconceptsforfinancingstructurestobe
developed.

TheoversubscriptionoftheSOL1000projecthas
demonstratedthepublicinterestinthesector,andthe
potentialintroductionofDIYkitscouldhaveasignificant
impact–withnoincentivesbeyondnetmetering.
Utilitiesstillconsiderthesectorasoneforstronggrowth,
particularlyformodestscalehomesystemsofafew
hundredwatts.

FRA ThesystemofcapitalgrantsmadebyADEMEand
theregionalcouncilsallowedasubstantialgrowthof
grid-connectedapplications.Emphasisisplacedonthe
developmentofbuildingintegratedproducts.NewPV
productsdevelopedbytheconstructionindustryandthe
PVindustryhaveemerged.

TheelectricityutilityEDFcontinuestobeactiveinthe
developmentofpubliclyfundedoff-gridsystems,the
developmentofthinfilmandstandardsforPV.Anew
frameworklawonenergywillbeprogressedduring2005
thatwillconcentrateonenergyefficiencyandrenewable
energy.However,itremainstobeseenastohowhigha
profilePVwillhaveintheactionsthatfollow,asbio-
energyandsolarthermalareexpectedtobethefocusof
theagenda.

GBR TheongoingMajorDemonstrationProgrammesupported
continuedgrowthintheUKPVindustryduring2004.
ThecurrentprogrammewillcontinueuntilMarch2006
oruntilthecurrentfundinghasbeenallocated,with
installationscontinuinguntilMarch2007.Thescheme
istobesupersededbyanewbuildingintegrated
renewablesprogrammewhichwillcontinuetoprovide
supportforPV.Aconsultationonthenewschemeis
takingplaceduring2005.

AllUKDistributionNetworkOperators(DNOs)have
experienceofPVsystems.Duetothelow-levelof
PVpenetrationintheUK,theDNOsdonotseesolar
electricityasabusinesspriorityatthistime.Nevertheless,
thereisageneralinterestinPVissues,particularlybythe
DNOsinthesouthofthecountrywherePVsystemsare
morecommon,andallDNOsarekeepingawatching
brieftoseehowthesectordevelops.

ISR TherecentlypublishedEnergyMasterPlansetsthe
directionforenergypolicyoverthenext20years.
Inparticular,itexaminestheprospectofmandatory
implementationofPV(inasimilarmannertosolarhot
waterheating,wherethehouseholduptakeis80%)and
supportstheimplementationofcentralizedsolarplants.
ThePublicUtilityAuthorityisclose(May2005)tofinalizing
thedetailsofanactionthatwillpayrenewableenergy
premiums.

Whilstthestateutility,IEC,haslimitedrecentexperience
ofPVandisrecommendingnetmeteringforall
grid-connectedtariffs,thestandardsandcodesfor
connectionarenotfullydeveloped(theoneformal
applicationtook8monthstoprogress).Publicawareness
ofPVishighbutitisnormallyassociatedwithoff-grid
applications.

ITA Thepassingoflegislation(decreelaw387/03)implements
therelevantEuropeanDirectivethatenablesarangeof
promotionalactivities,someofwhichsomearededicated
supportmeasuresforPV.Howeverthespecificlegislation
thatwouldhavefixedtariffs,dueinAugust2004,hasyet
tobeissued(May2005).

Boththestateandlocalutilitieshavestronglysupported
theimplementationofPVthroughjointlyworkingwith
researchinstitutestoovercomeconnectionbarriers.
Publicenthusiasmiswidespreadandleadingtoan
unprecedentedlevelofinterestintheexpectedfeed-in
tariffs.

JPN Nonewpromotionalactivitieswerestartedin2004,but
widerdisseminationprojectsthatfocusontheabilityof
townplanningandtechnologytotackleclimatechange
havebeenestablished.Thereisacontinuedfocuson
measurestoencouragetheuptakeofPVinpublic,
commercialandindustrialfacilities,wherethelevelof
marketpenetrationissignificantlylowerthaninthe
domesticsector.

PVissupportedstronglybybothutilitycompanies
andthegeneralpublic.Utilitiesroutinelyinvestintheir
ownPVprojects.Thegeneroussubsidyprogrammes
availablehavemeantthatfamiliaritywiththetechnologyis
widespread,andconnectiontothenetworkroutine.

KOR TosupplementexistingprogrammestheGovernment
allocatedaseparatebudgetforaresidentialrooftop
programmein2004.Itisintendedthatthiswillprovide
thefirststepina100000rooftopprogrammetobe
implementedby2012.

Utilitiesandthegeneralpublichavehadlimitedexposure
toPV,althoughtheimpactofpublicitysurrounding
Governmentprogrammesisstartingtoraiseawareness.
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Table9–continued

MEX WhilsttherearenospecificprogrammesaimedatPV,
ruralelectrificationhasrisenonthepoliticalagenda.
Anewprogrammeisunderdevelopmentandduefor
implementationin2005.

Therehasbeensomeinterestfromthenationalutilityin
grid-connectedPVasawayofmanagingpeak(summer
cooling)loads.Mostapplicationsareforremoteoff-grid
domesticandprofessionalapplications.

NLD Withtheendingofdirectinvestmentsupport,the
feed-intariffandtaxincentivesremainedtheonlysupport
measureandhaveprovedunsuccessfulinmaintaining
thelevelofgrowthseenin2003.However,ascheme
supportsmunicipalauthorities’effortstopromote
sustainablecommunities.Someauthoritieshavealready
startedsupportingPVbycapitalgrants,butthelevelsof
supportarearoundhalfthoseseenin2003.

Themajorityofutilitiesdiscontinuedfinancialsupportfor
PVassoonastherelevantlegislationexpired,although
one(Eneco)areusingtheircontinuedparticipationin
themarketasaproductdifferentiator.Whilstpublic
perceptionofthetechnologyishigh,theevidenceof
marketcollapsefollowingthewithdrawalofsubsidy
hasreinforcedtheviewthatPVisforthefuture–andis
currentlyunviable.Thereisastrongexpectationthatnew
incentivesmaybeforthcoming,andmanyinvestorsmay
bepostponingprojectsinanticipation.

NOR Apartfromageneralinvestmentsubsidyofupto25%
availabletoarangeofrenewableenergytechnologies,
therearenospecificsupportmeasures.Highprofile
projects–suchasthenewoperahouseinOslo–are
seenasone-offdemonstrationsofnationalenvironmental
consciousness.

Someutilitieshavemadeselectiveinvestmentsinremote
areasandareincreasinglyexposedtomeasuressuchas
greenhousegasemissiontradingandthegridconnection
ofothervariablegeneration,suchaswindpower.The
majorityofpublicperceptionregardingPViscenteredon
theiruseinvacationcottages.

PRT Despitealargelevelofinterestandapplicationsmadeto
participateinthegenerousPVfeed-intariffsoffered,no
applicationshadbeendeterminedduring2004.When
combinedwithincreasedcapitalsupportmeasuresalso
available,itisprobablethat2005willseeasubstantial
increaseininstalledcapacity

Utilitiesaregenerallyawareandcapableofundertaking
gridconnections,butbureaucraticdelaysandalackof
effectiveconnectionstandardscontinuetofrustrate.New
climatechangelegislationenactedin2004islikelyto
provideadditionalpolicysupport.

SWE In2004anewmarketdeploymentinitiativewas
announcedthatispartofaschemetosubsidize
refurbishmentsforincreasedenergyefficiencyinbuildings
usedforpublicactivities,suchasschools,librariesand
communitycentres.Theprogrammewillprovideupto
70%ofthecapitalcosts,buthasanoverallprogramme
capforPVinvestmentsof100MSEK.

UtilitiesaregenerallypositiveregardingPV,withsome
demonstrationprojectspartlyfundedbytheirinvestments
togainexperienceandtostudythepotentialfor
businessimpact.Publicperceptionsarecloudedbythe
misconceptionthatPVisunsuitablefortheSwedish
climate,apartfromvacationcottagesinremotelocations.

USA Stategovernmentsandutilitiesofmanytypescontinue
todevelopandsupportPVthroughawiderangeof
incentives,programmesandinitiatives.Therangeand
diversityofthoseinCaliforniaremainthemostfar-
reaching,butnoneoftheStateshaveanymajorinitiatives
thatarenewin2004.Programmesrangefromfunds
forPVresearch,taxrebates,portfoliostandards,green
pricingstructuresandgrantprogrammes.

Thederegulationofthestatemonopoliesforelectricity
supplyisprogressing,withafewenactingthelegislation
thatpositivelysupportsrenewableenergyprojects.More
than20statesnowhaverenewableportfoliostandardsin
place.Politicalinterestinrenewableenergyisfocusedon
securityofsupplyissues.PublicinterestinPVisgrowing
basedonconsumerinterestinenergysecurityand
environmentalbenefits.

3.2 Indirectpolicyissues
andtheireffectonthePVmarket

Manygovernmentsareturningtheirattentionto
longer-termapproachestoclimatechangeissues
andarenowincreasinglyrelyingontheapproach
commonlyreferredtoasthe‘renewableportfolio
standard’(RPS)toincreaserenewableenergy
deploymentintheircountries–often,butnotsolely,
asamandatedmechanismforpursuinggreenhouse
gasemissionreductions.However,intheabsenceof
anationalstrategyforPVoratleastsomeconcrete
targetsforinstalledcapacityofPV,theRPSisunlikely
tohaveapositiveimpactonPVdeploymentandmay
evenhaveunforeseennegativeimplications

(Table8).Otherreportedmeasurestopromote
renewablesincludedisclosureonelectricitybills,
tradablecertificates,andbrandingandlabels,
althoughtheirapplicationisnotwidespread.

Thereareanumberof‘greenpower’schemesoffered
byelectricitybusinesses,inwhichcustomerscan
purchasegreenelectricity.Inprinciple,theserelyon
partofthecustomerbasegivingsomeenvironmental
orothervaluetorenewableenergy–andpaying
apremiumfortheprivilege.Thesealsorelyonthe
customerbasehavingtrustinthesupplyoftheir
greenelectricityand,ideally,anunderstandingof
whatmakesuptheirelectricitysupply.Electricity
businessesalsohaveanopportunitytomaximize
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•Photovoltaicmodulesafetyqualification,
requirementsforconstruction&testing
(IEC61730-1/2)

•Characteristicsoftheutilityinterfaceforphotovoltaic
(PV)systems(IEC61727Ed.2.0)

•Photovoltaic(PV)standalonesystems–Design
verification(IEC62124Ed.1.0)

•Balance-of-systemcomponentsforphotovoltaic
systems–Designqualificationnaturalenvironments
(IEC62093Ed.1.0)

•Recommendationsforsmallrenewableenergyand
hybridsystemsforruralelectrification–Part2:From
requirementstoarangeofelectrificationsystems
(IEC/TS62257-2)

•Part3:Projectdevelopmentandmanagement
(IEC/TS62257-3)

FurthertopicsthatarecurrentlyontopofTC82’slist
ofprojectsincludeperformance(powerandenergy
rating)ofPVmodules,thetraceabilityofPVreference
devicesandespeciallyBOScomponentssuchas
invertersandchargecontrollers.Finally,concentrating
PVmoduleshavegainedincreasedattentionanda
dedicatedstandardforthistypeofPViscurrently
beingdeveloped.

OntheEuropeanleveltheCLC/TC82ofthe
EuropeanCommitteeforElectrotechnical
Standardization(CENELEC)aimstosupportthe
marketdevelopmentbyharmonizationofstandards.
InthiscontextCLC/TC82closelycooperateswith
itscounterpart,theIECTC82aswellasthenational
committees.InareaswherethereisspecialEuropean
concern,CLC/TC82isalsodevelopingown
standards.Currentlytheseactivitiesfocusonsolar
cellsandwafers–whereaGermanworkinggroup
isdraftingastandardforspecifications–andgrid
interconnectionofPVsystems.

IntheUSAstandardizationcurrentlyfocuseson
safetyandinterconnectionissuesofgrid-connected
PVsystems.IntheframeworkoftheUSDOESolar
Programmealargeportionofthestandards,codes
andtheUSAcertificationactivitieswassupported,
includingrecentnewdevelopmentssuchasthe
2005editionoftheNationalElectricalCodeandthe
progressoftheIEEE1547seriesofinterconnection
standards.USrepresentativesalsoactivelyparticipate
intheIECTC82.

InJapan,theJapaneseStandardsAssociation
publishedfiveJapaneseIndustrialStandards
(JIS)relatedtovariousissuessuchasdesignand
installationguidelinesforPVmodules–mostofthem
consistentwiththeIECdocuments.Furtherprojects
focusonperformanceandsafetyissuesofsystems
andcomponents.


networkbenefitsandpromoteotherbenefitswhen
theysupportorinvestinprojectsthatwillformpart
oftheirgreenpowerscheme.PVfitswellwiththis
approachbecausefirstly,customersoftenseek‘solar
energy’(comparedwithelectricityfrombiomassor
hydroplants,forexample)andsecondly,inthebuilt
environmentthepromotionofsomeofPV’sadded
valuescansmooththepathwaytodeployment.
Howevergreenpowerschemes(especiallyin
theirinfancy)areoftencharacterizedbythesame
problemsforPVseeninthegovernment-drivenRPS
approaches.

Manyutilitiesarenowofferingnetmetering(where
feed-intariffsdonotapply).Avoidingthecostsof
electricitynetworkextensionsinremoteareasand
reducingtheeffectsofdemandpeaksinhotweather
aremorefirmlyontheagendaforelectricitynetwork
regulations.Securityofsupplyissuesareagain
attractingincreasedattentioninsomecountries.

3.3 Standardsandcodes

Formorethan20yearstheTechnicalCommittee(TC)
82oftheInternationalElectrotechnicalCommission
(IEC,www.iec.ch)hasbeenthemainpromoter
forworldwidestandardizationinthefieldofPV.
Establishedin1981,TC82hasbeenpreparing
internationalstandardsfor“systemsofphotovoltaic
conversionofsolarenergyintoelectricalenergyand
foralltheelementsintheentirephotovoltaicenergy
system”.Asoftheendof2004,28IECInternational
StandardsandfourTechnicalSpecificationshadbeen
publishedcoveringacomprehensiverangeofissues.

WiththeworldwideexpansionofthePVmarket,the
numberofcountriesparticipatingintheworkofTC82
hasalsobeenconstantlyincreasinginrecentyears.
Currently24countriesareactiveparticipantsanda
further12haveobserverstatus.

Themainworkonnewandrevisedstandardsis
carriedoutwithinsixindividualworkinggroups(WG)
consistingofexpertsdealingwithissuesrangingfrom
GlossarytoBalance-of-systemcomponents.Further
cross-cuttingissuessuchasRuralElectrification
orBatteriesarehandledbyaJointWorking&
CoordinationGroup(JWCG)ofexpertsfromdifferent
TCs.Conformityassessmentandcertification
schemesaretreatedwithintheframeworkofthe
IECEE(WorldwideSystemforConformityTestingand
CertificationofElectricalEquipment).

2004wasaveryactiveyearforTC82withthe
publicationofsevenneworrevisedInternational
StandardsorTechnicalSpecifications(TS):
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Asalreadymentioned,gridinterconnectionisthe
focusofthestandardizationactivitiesinmanyof
thePVPScountries,suchasAustralia,theUSA
andvariousEuropeancountries;howeverthisissue
remainscontroversial.Themostseriousproblem
seemstobethatuntiltodaygridconnectionismostly
addressedbynationaldocumentsandthereisstilla
longwaytogotoachieveharmonizedinterconnection
requirementsandrules.However,somecountries
haveestablishedspecificguidelinesandrequirements
whichallowasmoothandeasygridconnection
ofPVsystems.Neverthelessinmanyplacesthe
broaddeploymentofgrid-connectedPVisoften
constrainedbyinappropriateregulations,whichcan
causeanunreasonableincreaseofsystemcostsdue
toadditionalequipmentrequirements,longdelaysor
bureaucraticbarriers.

Inthefieldofcertificationandconformityassessment
abroadrangeofactivitieshasbeenreportede.g.
fromtheUSA,wherebothhardwareandpractitioner
certificationprogrammesarebeingdeveloped,and
theJapaneseJETlaboratorieswhicharecurrently

runningacertificationprogrammeforPVmodules
andinvertersforgrid-connectedsystems.Further
initiativesoncertification,accreditation,trainingand
qualityschemesarementionedbyvariousother
PVPScountries.

PVGAP,thePVGlobalApprovalProgramme
aimsatpromotinggloballyacceptedstandards,
testinglaboratoriesandreferencemanualsforPV
manufacturerswithafocusondevelopingcountries.
BasedontheIECEEcertificationschemea“PV
QualityMark”forPVcomponentsanda“PVQuality
Seal”forPVsystemsarelicensedtomanufacturersif
theirproductqualifiesaccordingtotherequirements.
Sofarfivecompanieshavereceivedapprovalto
displaythelabel.Furthermore,PVGAPisalso
developingabroadrangeof“PVRecommended
Specifications”(PVRS)inareaswhereanIEC
standarddoesnotexist.Since2003thereisanofficial
(categoryA)liaisonbetweenPVGAPandTC82
oftheIEC,whichhasbeeninitiatedtopromotethe
globaluseofIECPVStandardsandextendtheglobal
PVstandardizationprocesstodevelopingcountries.

StadedeSuisse,850kWp,Switzerland,piccourtesyBKW/FMB
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ThecountriesparticipatingintheIEAPVPS
ProgrammehaveadiversityofPVproduction,
applicationsandpolicyinterests.Asreportedinpast
yearstheidealofthe‘real’or‘self-sustaining’or
‘competitive’PVmarket,standingonitsownmerits,
liessomewhereinthefuture,withpublicsupportfor
thegrid-connectedmarketstillimportantinthenear-
term.However,indications,atleastfromJapanandin
manyoff-gridmarketsegments,arethatthissituation
maybemoreachievablethanmanygovernment
policiesaresuggesting.

•ThemarketforPVpowerapplicationscontinuesto

expandinspectacularfashion:between2003and
2004thetotalinstalledcapacityintheIEAPVPS
countriesgrewbyarecord42%,reachingjustunder
2,6GW.Ofthe770MWinstalledduring2004,94%
wereinstalledinJapan,GermanyandtheUSalone.
DoublingofmarketsizeintheIEAPVPScountries
hasoccurredfourtimesoverthepreviousdecade.

•Between1992and2004theproportionofgrid-
connectedPVcapacityincreasedfrom
29%to83%ofthetotal,upfrom78%in2003.
Thisismainlyduetolargescale,government
programmes,especiallyinJapan,Germanyandthe
USA,whichfocusonPVintheurbanorsuburban
environment.However,in2004off-gridapplications
stillaccountedforthemajorityoftheannualmarket
inoveronethirdofthereportingcountriesandare
certainlymostsignificantinthenonPVPScountries
describedinthisreport.

•TotalnationalbudgetsforR&D,demonstration/
fieldtrialsandmarketstimulationmeasuresremain
strongbutarechanginginemphasis.2004sawthe
previouslysteadilyincreasingbudgetsformarket
stimulationdecreaseforthefirsttimeinadecade;
RD&Dexpenditurecontinuestosteadilyincreasein
absoluteterms,andalsotoincreaseitsshareofthe
totalPVpublicexpenditure.

•2004sawbothunprecedentedsurgesinmarket
growth,andcollapsesofdomesticmarkets–the
consequencesofpoliticaldecisionsonnational
programmes.2004alsosawevidencethatgrid-
connectedmarketsmaybecomeself-sustainingin
therightenvironment,eventhoughthepriceofPV
electricityhasyettoreachretailelectricitypricelevels.

•Annualphotovoltaiccellproductionroseby62%
in2004(comparedto32%in2003)to1109MW
andcellproductioncapacityincreasedby39%
(comparedto17%in2003).Moduleproduction
capacityrosebyastaggering70%.However,
investorconfidenceregardingcellandmodule
manufacturingmustbelookedatinthecontextofa
considerabletighteningofsupplyfurtherupstream
intheproductionvaluechain.Currently55%ofcell
productionand51%ofmoduleproductioninthe
reportingcountriesoccurinJapan.

•ThetradebalanceofPVproduction(onanetbasis)
showssomeinterestingregionalaspectsin2004
–theUSproducesasignificantexcessofsilicon
feedstockmaterial,withEuropeandespecially
Japanshowinganeedforproduct;Australia,and
Japantosomeextent,relyonwaferimports;Europe

4Summaryoftrends

Table10–InstalledPVpowerandmoduleproductionintheIEAPVPSreportingcountries

Year Cumulativeinstalledpowerandpercentageincrease Powerinstalled
duringyearinIEA
PVPSreporting
countries(MW)

Moduleproduction
duringyearinIEA
PVPSreporting
countries(MW)

Off-grid Grid-connected Total

MW % MW % MW %

1992 78 31 110

1993 95 21 42 32 136 24 26 52

1994 112 19 51 24 164 20 28

1995 132 18 66 29 199 21 35 56

1996 158 19 87 32 245 23 46

1997 187 19 127 46 314 28 69 100

1998 216 15 180 42 396 26 82 126

1999 244 13 276 54 520 31 124 169

2000 277 14 452 64 729 40 206 238

2001 319 15 670 48 989 36 260 319

2002 354 11 980 46 1334 35 345 482

2003 410 16 1419 45 1829 37 495 667

2004 452 10 2144 51 2596 42 770 1160

Notes:2004figuresnolongerincludeFinland.
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showsadeficitofcellproductionrelativetomodule
production.

•Thevastmajorityofmodulesproducedcontinueto
bebasedoncrystallinesilicon.In2004,andsimilar
tothepreviousyear,modulepricesof3,5USDto4,5
USDperwattappearachievableinthemajorityof
countries,andnearlyallofthemajormarkets,with
indicationsthatthelowestachievedpricesofmodules
aresomewhathigherthanin2003.Therearea
numberofinterestingtechnologicaladvancesforboth
crystallinesiliconandthinfilmtechnologies.Whilethe
marketbreakthroughforthinfilmtechnologiesisyet
tobeseen,alltechnologiesremainonthemarketand
productioncapacitycontinuestoincrease.

•Onaverage,bothoff-gridandgrid-connected
systemsshowedaslightincreaseinpricesover
thepreviousyear;withtwothirdsofthecountries
showingpriceincreasesandonethirddecreases.
Acoupleofcountriesshoweddramaticprice
increasesforgrid-connectedsystems,reflecting
reportedsignificantrisesinmoduleprices.The
lowerreportedpricesweretypicallyaround5,5
USDto6,5USDperwatt.

•Itstillremainsthecasethattheaddedvalues
ofgrid-connectedPV–electricitynetwork,
architectural,environmentalandsocio/economic
benefits–arenotwidelyappreciatedbypolicy

makersandregulators,orthemorerecent
prospectivestakeholdersincludingthebuilding
andfinancesectors.Simplegrid-connectedPV
supportschemes,implementedwithoutabroader
PVpolicyframeworkorcomplementaryindustry
supportmeasures,maydolittletodecreaseprices,
promoteinnovationordevelopsustainedmarket
demand–probablybecausetheseschemesalone
donotsendtherightsignalsaboutvaluetothe
stakeholders(PVindustry,electricitybusinesses
andinvestors/end-users).

•Whatthenarethelong-termprospectsforPV?
Proclaimedbreakthroughsinamorphousornon
silicon-basedPVcellsincludingorganicdyecells
haveturnedouttobesomewhatdisappointingto
date,andasuddenpricereductionforPVsystems
doesnotappearlikelyinthenearterm.Whetheror
nottheslowerpricereductionbyprogressivesystem
perfection,materialsreductionandmassproduction
cancontinueenoughtomeetthefinancialbreak-even
pointwithboththeconventionalenergysupply
systemsandothercompetingrenewableenergiesis
yettobeconfirmed.Thenatureofthedevelopment
effortwouldindicatethatlong-termsupportpolicies
arecalledfor,ratherthantheoccasionalburst
ofprogrammeswithlargesubsidiesbeingmade
availableforafewyearsatatime,andthatthePV
valuepropositionrequiresfarmoreattentionthanhas
beenforthcomingtodate.

Table11–IEAPVPSTask1nationalreportauthors

Australia MurielWatt,CentreforPVEngineering,UniversityofNSW

Austria RolandBründlinger,ArsenalResearch

Canada JosefAyoub,CANMETEnergyTechnologyCentreVarennes,NaturalResourcesCanada

Denmark PeterAhm,PAEnergyA/S

France AndréClaverieandFabriceJuquois,ADEME

Germany LotharWissing,ForschungszentrumJülich,ProjektträgerJülich

Israel YonaSidererandRoxanaDann,Ben-GurionNationalSolarEnergyCentre

Italy SalvatoreGuastella,CESI;SalvatoreCastello,AnnaDeLillo,ENEA

Japan OsamuIkki,RTSCorporation;YukaoTanaka,NEDO

Korea Kyung-HoonYoon,KIER;DonghwanKim,KyungShickYoon,KPVDO

Mexico JaimeAgredanoDiazandJorgeHuacuzVillamar,InstitutodeInvestigacionesElectricas

Netherlands IrenedeJong,OJA-Services;JobSwens,SenterNovem

Norway IdaMørkved,FritjofSalvesen,KanEnergiAS

Portugal PauloSantos,ADENE

Sweden UlfMalmandLarsStolt,ÅngströmSolarCenter

Switzerland PiusHüsser,NovaEnergieGmbH;AlanHawkins,ACHawkinsConsulting&Services

UnitedKingdom RebeccaGunningandSarahDavidson,ITPower

UnitedStatesofAmerica WardBower,SandiaNationalLaboratories;SusannahPedigo,NREL;PaulMaycock,PVEnergySystems

Task1nationalparticipantsandtheircontactdetailscanbefoundontheIEAPVPSwebsitewww.iea-pvps.org.Thisreporthasbeenprepared
underthesupervisionofTask1byTask1participantsRolandBründlinger,PaulCowley,BentSørensenandGregWatt,andalsoBrunoCeccaroli,
JonasSandgrenandAlanTaylor.
ThespecialcontributionsofAndréClaverie,PiusHüsserandIzumiKaizukatowardproductionofthisreportaregratefullyacknowledged.
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Exchangerates

Table12liststheparticipatingcountries,correspondingISOcountryandcurrencycodes,andtheexchangerates
usedtoconvertnationalcurrencies.Exchangeratesrepresenttheannualaverageofdailyrates(source:OECDMain
EconomicIndicatorsJune2005).

Table12–Exchangerates

Country ISOcountrycode Currencyandcode Exchangerate(1USD=)

Australia AUS Dollar(AUD) 1,36

Austria AUT Euro(EUR) 0,81

Canada CAN Dollar(CAD) 1,30

Denmark DNK Krone(DKK) 5,99

France FRA Euro(EUR) 0,81

Germany DEU Euro(EUR) 0,81

Israel ISR NewIsraeliShekel(NIS) 4,482

Italy ITA Euro(EUR) 0,81

Japan JPN Yen(JPY) 108,1

Korea KOR Won(KRW) 1145

Mexico MEX Peso(MXP) 11,28

Netherlands NLD Euro(EUR) 0,81

Norway NOR Krone(NOK) 6,74

Portugal PRT Euro(EUR) 0,81

Spain ESP Euro(EUR) 0,81

Sweden SWE Krona(SEK) 7,35

Switzerland CHE Franc(CHF) 1,24

UnitedKingdom GBR Sterling(GBP) 0,55

UnitedStates USA Dollar(USD) 1
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PVTechnologyNote

Thekeycomponentsofaphotovoltaicpowersystemare
thephotovoltaiccells(sometimesalsocalledsolarcells)
interconnectedandencapsulatedtoformaphotovoltaic
module(thecommercialproduct),themountingstructure
forthemoduleorarray,theinverter(essentialforgrid-
connectedsystemsandrequiredformostoff-gridsystems),
thestoragebatteryandchargecontroller(foroff-grid
systemsonly).

Cells,modulesandarrays
Photovoltaiccellsrepresentthesmallestunitina
photovoltaicpowerproducingsystem,typicallyavailable
in12,5cm,15cmupto20cmsquaresizes.Ingeneral,
cellscanbeclassifiedaseithercrystalline(singlecrystalor
multicrystalline)orthinfilm.Atpresent,thevastmajorityof
photovoltaiccellsaremadefromsilicon.
Currentlycrystallinesilicontechnologiesaccountformostof
theoverallcellproductioninthePVPScountries.
SinglecrystalPVcellsaremanufacturedusingasingle
crystalgrowthmethodandhavecommercialefficiencies
between15%and18%.
Multicrystallinecells,usuallymanufacturedfromamelting
andsolidificationprocess,arebecomingincreasingly
popularastheyarelessexpensivetoproducebutare
marginallylessefficient,withanaverageefficiencyaround
14%.
Thinfilmcellsareconstructedbydepositingextremely
thinlayersofphotovoltaicsemi-conductormaterials
ontoabackingmaterialsuchasglass,stainlesssteelor
plastic.ModuleefficienciesreportedforthinfilmPVare
currentlyrangingfrom7%(a-Si)to13%(CIS)buttheyare
potentiallycheapertomanufacturethancrystallinecells.The
disadvantageoflowconversionefficienciesisthatlarger
areasofphotovoltaicarraysarerequiredtoproducethe
sameamountofelectricity.Thinfilmmaterialscommercially
usedareamorphoussilicon(a-Si),cadmiumtelluride(CdTe),
andcopper-indium-gallium-diselenide(CIGS).
Furtherresearchanddevelopmentisbeingcarriedoutto
improvetheefficiencyofallthebasictypesofcellswith
laboratoryefficienciesforsinglecrystalcellsover25%,and
forthinfilmtechnologiesover19%beingachieved.

Photovoltaicmodulesaretypicallyratedbetween50W
and200Wbutseveralmanufacturersnowoffermodules
upto300W.Crystallinesiliconmodulesconsistof
individualPVcellsconnectedtogetherandencapsulated
betweenatransparentfront,usuallyglass,andabacking
material,usuallyplasticorglass.Thinfilmmodulesare
constructedfromsinglesheetsofthinfilmmaterialandcan
beencapsulatedintheformofaflexibleorfixedmodule,
withtransparentplasticorglassasfrontmaterial.Quality
PVmodulesaretypicallyguaranteedforupto20yearsby
manufacturersandareapprovedtoIEC61215orIEC61646
InternationalStandards.

Mostcompletesystemsconsistofanumberofmodules
connectedtogetherintheformofaPVarraytogiveahigher
powerrating.

APVarrayconsistsofanumberofmodulesconnected
inseries(strings),thencoupledinparalleltoproducethe
requiredoutputpower.
Awiderangeofmountingstructureshasbeendeveloped
especiallyforbuildingintegratedPVsystems(BIPV),
includingPVfacades,slopedandflatroofmountings,
integrated(opaqueorsemi-transparent)glass-glass
modulesand‘PVrooftiles’.

Grid-connectedPVsystems
Ingrid-connectedPV-systems,aninverterisusedto
convertelectricityfromdirectcurrent(d.c.)asproduced
bythePVarraytoalternatingcurrent(a.c.)thatisthen
suppliedtotheelectricitynetwork.Thetypicalweighted
conversionefficiency–oftenstatedas‘EuropeanEfficiency’
–ofinvertersisintherangeof94%,withpeakefficiencies
upto97%.InvertersconnecteddirectlytothePVarray
incorporateaMaximumPowerPointTracker(MPPT),
whichcontinuouslyadjuststheloadimpedancetoprovide
themaximumpowerfromthePVarray.Oneinvertercan
beusedforthewholearrayorseparateinvertersmay
beusedforeach‘string’ofmodules.PVmoduleswith
integratedinverters,usuallyreferredtoas‘ACmodules’,
canbedirectlyconnectedtotheelectricitynetwork(where
approvedbynetworkoperators).

Off-gridPVsystems
Foroff-gridsystemsastoragebatteryisrequiredto
provideenergyduringlow-lightperiods.Nearlyallbatteries
usedforPVsystemsareofthedeepdischargelead-acid
type.Othertypesofbatteries(egNiCad,NiMH)arealso
suitableandhavetheadvantagethattheycannotbe
overchargedordeep-discharged,butareconsiderably
moreexpensive.Thelifetimeofabatteryvariesdepending
ontheoperatingregimeandconditionsbutistypically
between5and10years.
Achargecontroller(orregulator)isusedtomaintainthe
batteryatthehighestpossiblestateofcharge(SOC)and
providetheuserwiththerequiredquantityofelectricity
whileprotectingthebatteryfromdeepdischargeor
overcharging.Somechargecontrollersalsohaveintegrated
MPPtrackerstomaximizethePVelectricitygenerated.
Ifthereistherequirementfora.c.electricity,a‘stand-
aloneinverter’cansupplyconventionala.c.appliances.

Furtherdetails
MoredetaileddescriptionsofPVtechnologyand
applicationscanbefoundontheIEAPVPSwebsiteat
www.iea-pvps.org.
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