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Introduction

Sone stakeholders comtue to voice concernsdaut the perforrance of
custoner-sited photovoltaic (PV) systs, particularly because these
systens typically receive financialupport through ratepyar- or publicly-
funded program. Although nach remains to be understood about the
extent and specific causes of poor 8étempeaformance, gveral studies
of the larger programand markets have shed santight on the issue. An
evalugion of the Calibrnia Energy Comrission (CEC)O€£meging
Renewables Progranfor exanple, found that 7% of systems, in a gen
of 95, had ¢éwer-than-expected powerutput due to shading or soiling
(KEMA 2005). About 3% of a largesanple of 140 systems were not
operating at all or were operating liwbelow expected output, due to
failed equpment, faulty instdlation workmanship, and/or a lack of basic
maintenance. In a recent evaluatiof the other statewide PV incentive
programin California, theSelf-Generation Incentive Prograr® of 52
projects sampled were found to haaenual capacity factors less than
14.5%, although reasons for these lowardly factors generally were not
identified (Itron 2005). S$idies of R/ systens in Gernany and Japan, the
two largest PVmarkets worldwide, hee also revealed saperformance
problens associated with issuesuch as shading, equipmt and
instdlation defects, inverte falure, and deviations frommodule
manufacturersO specifications (Otanal. 2004, Jahn & Nasse 2004).

Although owners of PV systesrthave annherent incentivéo ensure that
their systera performwell, many honeowners and building operators may
lack the neessaryinformation and expéise to @rry out ths task
effectively. Given tis barier, ard the resposibility of PV incentie
prograns to ensure that public fundse prudently spent, these progeam
should (and often do) play a criic role in pronoting PV system
performance. Perforrance-based itentives (MBls), which are based on
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actual energy production rather than the ratagacity of the mdules or systemare often
suggested as one possible strategy. é3drat less recognized are theany other progran
design options also available, each withgarticular advantages and disadvantages.

To provide a point of referencerfassesag the current state dhe art, and to infornprogran
design efforts going ofward, we exanme the approaches to encouragingV Psysten
performance P including, but ndimited to, PBIs B used by p2omnent PV incentie progrars

in the U.S. (see T&b 1)} We focus speifically on prograns that ofer an expliit subsdy
payment for custorar-sited PV installations.PV support prograsthat offer other fons of
financial support or that function prarily as a mechanismfor purctasing reneable erergy
credits (REEs) through energy production-basedipants are outside the scope of our review.
The infomation presented herein is derived panity from publicly awailabde souces, includng
programwebsites and guidebooks, programevaluatons, and conference papers, as well as from
a limited number of personal conumications with prograrstaff.

The renmainder of this report isorganized as follows. hB net section presents a gie
conceptual frenework for understanding the issudsat affect PV systenperformance and
provides an overview ahe eight general straies to encourage perinance used aong the
prograns reviewed in this report. The subsequeght sections discuss greater detail each of
these program design strategies and desdribe they have been implemted anong the
prograns surveyed. Based on this review, wertloffer a series akecomnendations for how
PV incentiwve progrars can effectiely pronote PV systenperformance.

! Hoff (2006) and Greenbeg (2006) also exarine pogramnatic approacheso ercouragng PV sysem
performance.

2 The DSRE databasehftp://www.dsireusa.orfsummarytablesffinancial.cfm?&CurrentPagéD=7& EE=1&RE=1)
idertifies various types of prograns offering other forns of financial support for PV, includng income tax
credts/deductions, sales angroperty taxexamptions, andlow interest loas. DSIRE ato idertifies 15 prograns in
the U.S. thoughwhich RECsgenerated by PV systens ae purchased \a energy-production basedpaymerts.
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Table 1. PV Incentive Programs Reviewed

State  Program Administrator Program Name
AZ  ArizonaPuwlic Senice (APS) EPS Cred PuchaseProgram
Salt River Poject (SR EarthVise Slar Energy Program
Tucson Electrc Powe (TEP) SwunShare
UniSourcePower Supply (UPS) Sun$are
CA Cdifornia Ehergy Commissibn (CEC) Emerging RenewablesProgram (ERP)

Perbrmance-Based Incdive (PBI) Pilot Pogram
New Solar Homes Partneship (NSHP)

Investor-Owred Utilities (I0Us) Self Gemration Incertive Progam (SGIP)
California Sdar Initiative (CSI)

Los Angeks Dept. of Water and Power (LADWP)  Solar Incentve Program

Sacrarento Municipal Utility District (SMUD) PV Pioreers

CO Xcel Energy Solar RewedsProgram

CT Conrecticu CleanErergy Furd (CCEF) Solar PV Rebiz Progran{Snell PV Program
Onsie Renewale DG Program (Large R/ Program)

DE Delawae Energy Office(DEO) Green Energy Program

IL  Depatment of Commerce am Ecanomic Renewale Energy ResourcesRebaie Program

Oppartunity (DCEOQ)
MA MassachsettsTechrology Collaborative (MTC) Small Renewalles Iritiative

MD Maryland Enagy Administration Solar Enegy Grant Program

ME Maine State Bergy Progam (MSEP Solar Program

MN  Minnesta State Enegy Offi ce (MSEO) Solar ElectridRebate Progra

NJ NewJerseyClean Eergy Program (NJCEP) Customer Onsite Renewale Eneigy Program

NV  Sierra Pacific P@erand NevadaPower (SPPNP)  SolarGeneratons

NY Long Islard Power Adhority (LIPA) Sdar PioreerProgram

NY New YorkState Enagy Resarch andDevelopnent New York Energy $mart PV Incertive Program
Authority (NYSERDA)

OH Depatment of Devebpment(DOD) Enegy Loan Fund GrantProgram*

OR  Energy Trust of Oregon (ETO) Sdar Electic Program

PA  Sustainable DevelopmentFund (SDF) Solar PV Grat Program+

Rl  Rhode Isand Rerewable Enegy Fund(RIREF) Residntial andSmall Commercial Star Electric and
Wind Program (Srrall PV Program) *
Commercial, Imdustrial, andnstitutional Buildings
2004 Requestfor Proposas (LargePV Program) **

TX  Austin Energy Solar Rebak Program

VT Renewdle Energy ResourceCenter (RERC) Sdar & Small Wind Incertive Progam

WA  Wadington Depariment of Reverue (DOR) Wadington Renewale Energy Production
Incentives

WI  Wisconsin Bcus on Ehergy (WFE) CashBackReward Pragram

The threestatewi@ PV incentive pgrams curently offered in California (th&RP, tke PBI pilot, and the SIP) will be repaced in 2007 by
the CECOs N8> program, which will focus on reidential new construction, and the CSthich will targetall other types of piects.
Neither of the two new prgrans have been finalizedhus the ifiormation petaining to tlese pograns presented in thisport should be
treated as provisional. Our degtions of the CSI arébased on programetailsspecifial in the California Public UtilitiesCommissionOs
August D06 deckion (CPUC 206); however, sme of those detailsmay be modified to comply with the stateOs receméinacted star
legislation,SB1. Our desciptions ofthe NSHP prgramare based on the CH3 Septerber 2006 daft program guidebook CEC 20086.

More precisel, the SGIP ismplemented by Paci€ Gas & Electic (PG&E), Southen Califomia Edison (SCE), Southen Califomia Gas
(SoCalGas)and the San Diego Regial Energy Office (SDRO). TheCSlI will initially be implemented byPG&E, SE, andSDREO,but
the residential etrofit portion may laterbe tansfered to a single nomrofit administrator.

*  OhioOs Energy lam Fund Grant Pgvam consiss of multiple Notices ¢ Fundirg Available (NOFA), exh of which is essentiallg distinct
program As of this witing, the Eergy Loan FundGrant Pogram has thee NOFAs offeing incentives ér custaner-sited PV: Non-
Residential Ffenewable Bergy (NOFA 0702), Residental Renewable Bergy (NOFA 0703), andNewSola Homes inSuldivisions (NOFA
07-06). Since théhree NOFAs g quite smilar in terns of the pogram designfeatuesdesciibed in this pper, for simplicity, we represer
all threeNOFAs as a single progna.

**  These prognas were no longer acgaing applicationst the tme of this writing, but we neertheless include tiein our survg.
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Overview of Program Design Options for Promoting PV System Performance

The anount of electrical energy generated by\a$ystemover its lifetimeis a function of three
fundamental paramsters: (1) the awunt of solarenergy incident on therray, (2) the efficiency
of the entire systenm convertng that solar energy into ACegltrical power, and (3) the duration
of time that the systens in operéon, which d@ends on equipant life and availability. These
three fundarental pararmeters may, in turn, be Hected by a wide varigtof specific issues
related to gographical location, sfem desgn, equiprent quality, ingallation worknanship,
and naintenance (see Table 2).

Table 2. Issues that Affect PV Energy Production

Fundamental Determinants of PV Energy Production
Performance ;
Factors Sdar Erergy Availade Systemlclonverson Duration of Operaton
Efficiency
I Latitude ! Effects ofanbient I Hardness oflimate
Geographical | ! Cloudffog cover temperature solar
location I Snonfall intersity, and wind speed
I Geograply on array efficiency
I Panelorientation I Ove-sizd inverters I Unde-size inverters
I Shaling ! Effectof mourting
Systen design method on cel operaing
temperature
! Reducd array efficiency
dueto shaling
I Inacarateequpment I Component durability and
ratings lifetime
Equipment I Module performarce
quality under acual operatng
conditions
! Undue degradation
Installation I Under-sized wiring I Systen fauts due to
workmanshp installation defects
Mainterance I Tree trimming ! Clearing of panels ! R_eplacerpnt/repair of
failed equipment

Through our review of current PWcentive programin the U.S, we dentified the following
eight strateges @ grous of relded strategies tpronote PV sgtemperformance, each of which
can potentially address a particular sep@fformance-related issues (see Table 3):

e Equipment and installation standards ensure that PV systeconponents and installations
meet mnimumindustry standasgirelated tsafety, reliability and ratingsccuracy.

e Warranty requirements provide an incentive for cgnonentmanufacturers anchstallers to
provide reliable equipent and systes) and tkey reduce té cost to cstoners of replacing
or repairing failed equipant.

e Installer requirements, assessments, and voluntary training ensure that PV professionals
have the knowledge and skillsdesign and install reliablevPsystens that efficietly utilize
the avdable solar resouge.

e Design standards and administrative design review ensure that PVystemdesigns reet
minimum standards related to orientationadimg, and other facterthat deterine the
utilization d the availake solar resorce.

Designing PV Incentive Programs to Pt Perfomance 4
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e Incentive-based approaches provide a direct monetary dantive to programparticiparns
(typically the custorer or installer) to ensurthat PV system perfom well. The range of
performance issues addressed depends on ttiepar incentive-based approach(es) used.

e Post-installation site inspections and acceptance testing can serve to identify equipmnt
and installation defects.

e Performance monitoring and assessment may be conducted by program admstrators and
by custoners, and prograsimay incorporate eleentsto facilitate the ldter. Such actiities
can serve to identify affunctioning equpment and needed routineamtenance.

e Maintenance requirements and services ensure that necessanaintenance is conducted,
either by requiring that the installer provideis service, or by providing @amtenance
directly as a coponent of tle PV incentive progranitself.

The details of how any one of these strategiasplemented can vary considerably frobme
programto the next. Tus, in the following sdions of this repat, we sumnarize the secific
approaches used by the progsamour review.

Table 3. PV Incentive Program Design Strategies to Promote Performance

Performance Factors Patentially Addressed *
Program Design Option Geogaphical Systen Equipment Installation
Location Design Quality  Workmanship

Equipment and installation standards ! !

Warranty requirements ! ! !

Installer requirements, assessment, and voluntary
training

Design standards and administrative design review !

Maintenance

Incentive-based approaches
Performance-basg incentive ! ! ! ! !
Expeced peaformancebased buydown ! !

Incentive hold-back !
Improvedrating conventions ! ! !
Post-installation inspections and acceptance testing !

Performance monitoring and assessment

Performance maitoring by program adninistrator !

Meterdisplay requiremets andother
information/diagnostic tods

Customer education and training (regarding sysem
monitoring andassessient)

Maintenance requirements and services !

* The table identies what arearguaby the primary performance factorsaddressd by eachprogran design s@tegy; many of these strategies
may addess additional péormance factos aswell, deending on theiispeific design.

Equipment and Installation Standards

Various organizations in the U.S. and intdranally have developed standards for PV
equipnent and system(see Table)# PV incentive programcan, and often do,equire that
funded systemmeet one or ane of hese standards.

% For adlitional information m existing sendards agplicalle to PV system components and nstallations, seehe
summary  published by the Interstate Reswabe Erergy Council (IREC), awilabe at:

Designing PV Incentive Programs to Pt Perfomance S)
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Table 4. Key Equipment and Installation Standards for Grid-Connected PV Systems

Rated Output Product Reliability Safety
UL-1703 IEEE 1262 UL-1703
Modules FSEC Stadards 201-05 and202-05 | IEC 61215 and 6646 IEC 61730
IEC 61215 and 6546
Inverters CEC stadard (Boweret al.2004) UL-1741
Systems IEEE 929and 1547
(grid-connected) NEC Article 690

The standards ast directly related to perforance are thaes that specyf how manufacturers of
modules and inverters are to determine the mpdae ratings for individual product lines. The
only national standard in the &l.governing the rated output BY modules is UL-1703, which
relates primarily to product safety but also rdmes that, under Standalfitest Conditions (STC)

the power output of thenodules tested be adst 90% of their nagplate rating. The lack of a
tighter national standard has been highlighdsdan inportant issue by soengiven a linited
amount of enpirical evidence suggesting thatodule namaplate ratings in the U.S. ay be
systenatically inflated®> To address this issue, a groap industry stakiolders has been
considering whether or not to develop @renrigorous U.S. rating standard and associated
certification proces8.

Tighter nodule rating standards are already in place imiddoand have been proposed bg th
CEC for the new NSHP program California. InFlorida, satelaw requires tha the rdings of
modules sold in-state be basmuthe results of testconducted or certified by théofida Solar
Energy Center (FSEC). These tests consishedsurerants of poweoutput under STC for a
randomsanple of six modules per product line, the average of which then lesdbmrating for
that product, when sold in Florida. The FSEG klaveloped a test protocol for this process,
codified as FSEC Standards 201-05 and 202-0%5.California, the daft guidebook for the
CECOs new NSHP progrgroposes requiring thaach nodule product line undergo a set of
performance and reliallity tests deeloped by tk Intenational Electrtechnical Comnssion
(IEC 61215 for crystalline ndules and IEC 61646 rfahin-film modules), and that the results
from these testsdoxcertified and sufitted to the CEC. The CEC further propostsrequire that
the power output of eachdividual module is no less than thertiged naneplate rating for that

http://www.irecusa.ag/articles/static/tbinaries/PV_Prd_Cert Standrds Fel06.pdf. In addtion, the Flaida Sdar
Erergy Certer (FSEG mairtains a list ad slort descriptions of current stardads, avalable 4:
http://www.fsec.f.edu/pvt/educationinspgcg/handhodk/pdf/PVCodes _Stanards. pdf.

* Module nareplate ratings are baset powerouput under STC, dimed as 1000//m? irradiance an®5 °C cell
temperature

® FSECrecently tested sarples o modules from nine menufactrers, measurig their power output under STC. For
eight of the manufacturers the aveage pwer autput of the sanple of modules ested was éss han heir naneplate
rating, andfor six manufacurers, it was nore than 5% less tlan the rameplate &ting (Szaro 200§. The CEC
recently sporared resard that includedn-depth performance mnitoring of twelve lage PV systes Nineof the
twelve PV arrays wereealermined to be unlikely (lessthana 50% probahlity) to meettheir ratedoutput under STC
(BEW 2006). Becauseothea countries such asGermany andJapa, have tighterratingsstandards rad/or rely on
producion-bagd incentives, there hasbeen sore specudation (and supprting arecdotal evidace) tha
manufacurers ship beter paforming nodules to theseforeign markets (Whitaker 2006).

® A cerificaion working group has bea formed aml seveal meetngs ofindustry paticipans have bea conducied
ove the past year b devebp consesus on a new cerificaion processard sardard. Information from the most
recent neeting is available alittp://www.irecusa.ag/articlesstatic/Y1153A 7937 987094287.html.
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module product line. This prows appears to require that thaneplate rating for each adule
product line represents a guaranteedimum initial power output at STC.

The only irvertea rating standad in the U.S. is e curently used by theCEC. Sandia Natiah
Laboratories and several other organizationstlpideveloped a test ptocol for measuring
inverter efficiency (Bwer et al. 2004). The CEC requires that results from these tests be
submitted ptior to desigrating an inerter model aseligible for thar program, and the test rets
becone the basis for the inverter efficienoyalues used by the CEC to coute incemive
paynents.

Also relevant to long-ternperiormance are standards that spedi#gt procedures for assessing
product reliability and durability.The Ingitute for Electricaland Electronics Engineers (IEEE
developed a U.S. standard f8¥ modules (IEEE-1262), but it is novutdated. Internationally,
IEC 61215 and 61646, which apply to crystalline ama-titm modules respeetkly, include test
procedures for assessing reliability, in additiorpower output. Currently, no reliability-related
industry standards exist for inverters.

Other equiprant and installation standards parntgimarily to sakty, which ae relewant to
performance insofar assafety isses nay also lead to pre-nmeture equipnent flure o
degradation. In the U.S., Underwriters Labori&s has establishedethwo key product safety
standards for PV systeam UL-1703 for PVmodules and UL-1741 for inverters and other
interconnection equipant. IEC 61730 is an analogousernational product safety standard for
modules. Also relevant to safety aleEE-929 and IEE-1527, which specify functional
requirements for utility interconrectad systens andhave inplications for inverters elated to, br
exanple, islanding and power qualit IEEE-929 is an older standatttht appliespecifically to
PV systers and will rot be updated in théuture; it is keing regaced by IEEE-1547, which
applies to dility -intercannecteddistributed generation one generally. Finally, the National
Electrical Code (NEC) contains nemus stadards relevant to the wiring and electrical
connections for PV systemincluding Article 690which specifically addresses PV installations.
There is a certain level of ovad among these variousfety standards. Thcurrent version of
the NEC also requires that inverters used id-gonnected applications be UL-listed, and the
2008 versia of the NEC will regire the sara of modules (Wes 2006).

In general, equipent and installation standis becora binding whenrequired by funding
organizations for systems funded through their @ogr by utilities for interconnection or he
metering, or by lawmakers and petting authoities for systera insalled within their
jurisdiction. Table 5 summarizesghe nost common equipmnt and installation standards
required by PV incentive programn As the table shows, mostggrams require pdules to be
UL-listed. As nentioned above, the CECPposed guidebook for its new NB program
recomnends also requiring that pdule rathgs be determed according IEC 61215/61646.
Most programs also require that inverters h# -listed, and over one-third also require that
inverters comply with IEEE-929. Finally, a number of prograswequire tfat equipment be on
the CECOs list ogligible equipment (OCEC-kstD). At present, igh sinply implies the

’ States andnunicipalities may adpt the NEC with or without modification. The NEC is ugated ewery several
years, ad thee is oftensone time lag betveen eachugcessive iterationf the NEC and its adoptiofy states and
municipalities.

Designing PV Incentive Programs to Pt Perfomance 7
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equipnent is UL-lided and that inerters havebeen teted accorihg to the praocd develgped
for the CEC.

Table 5. Equipment Standards

o UL.1es  TEC61215/ EEp.oge  CECisted
State — Organization ) 61646 (inverters) (inverter) (module and
(modules) inverter)’

AZ b APS " " "
AZ BDSRP " 0 "

AZ DTEP " " "

AZ - UPS " n "

CA b CEC ER & PBI pilot " " "
CA B CEQNSHP(proposed " " " "
CA D I0OUs SGIP " " "
CA D I0OUs CSt** To be determined To be determined To be déermined To be determied  To be determined
CA b LADWP n ¥ " -

CA bSMUD " " "
CO b Xcel " " m
CT b CCIE Small PV Program " " "o
CT BCCEF Larg PV Progam " " "
DE b DB " " "

IL B DCEO "

MA B MTC " " "

MD B MEA " 0 "

ME BDMSEP

MN B MSEO " "

NJ B NJCEP " " " woT
NV B SPP/NP " " "
NY DLIPA " "

NY BDNYSERDA " 0 "

OH b DOD " " "

OR BETO " " "

PA b SDF " " worr
RI B RIREF Small PV Progm

RI B RIREF Larg PV Progam " " "

TX DAustin " " "

VT DRERC " "

WA BDOR

WI BWFE

+  To be CECGlisted, modules and invertermust be certified as compliant with UL-1703 ad UL-1741, respectively In addition, eah
inverter model must undego further testing todeternine its maximum continwus power output, conversion efficiency, and tae losses.
These testsra to e conducted byaNationally Recognized Tedtaboratay, according to the pcedures spefaed in Boweret al. (2004)

++ Modulesmust be eitheCEC-listed or FSE-listed, although SDF is smewhat flexible abouttis requirement.

++1 NJICEP is in the process of plemerting the equirement that equimentbe CEC-listed (Hunter2006)

* In LADWP@® program, custon modues not celified by UL 1708 may qualify, provided hat theyare cetified by the LA. Depatment of
Building ard Saféy Mateiials Test Lab. Similarly, in DCEO® program modules that @ not Ul-listed may qualify provided that they
have successfullgompleted at lastone year of field testing.

**|f the modulesare notUL-listed, the appicantmust denonstrate thatheyare in theproces of gaining ULcetification. Modules nustalso
meet IEEE-1262.

***  The solar legislatin recentlyenacte in California, SB1,requires thathby January2008, the CEC establish eligibilityriteria for solar
energysystams receiving ratepagr funded incentives. Thus, ti@SI| equignent standards W ulti mately be kased on those delaped by
the CEC.

Designing PV Incentive Programs to Pt Perfomance 8
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Warranty Requirements

PV equipnent manufacturers and installersagnoffer various types of warranties, which can be
distingushed accaling to: the dration of coverge, tte itens covered (rodules, iwverters, ther
conponents, and/or the installation serviceg tionditions covered (gfermance degradation or
simply failure/breakage), and ¢hcasts coered (parts or ldor). PVincentive program may
specify mnimum warranty requirements and tareby promote perforamce by imparting an
incentive to manufacturers andhgallersto desgn and install reliabl@roducts, and by reducing
the costs custoens would otherwisedar to repair @functioning systers.

Almost all d the prograns reviewed in this gort incorporate sora type of mnimum warranty
requirenent (see Table 6). Theost common requireemt is thatthe PV contractor warrantee
the etire system in most casedor a five-year period. CaliforniaOsecently enaced soér
legislation (SB1) requires a are aggressive 10-year systewarranty for thedate® rew
incentive programm. Sone programs alternativel(or alsQ have corponent-speific warranty
requirenents for nodules (typically 10-20 yearsand/or inverters (& years). Although
prograns generally require that component wainties be provided by theamufacturer, several
allow the PV contractor to warrantee qmonens if the manufacturerOs warranty is insufficient
(a potemially important distiction given that PV contractorsagnnot renain in business for a
20-year warranty period). Finally, three pragsrequire that istdlers provide distinct
warranties ér the installation servicdor either a one- or two-year duration.

With respect to theonditionscovered by the warranty, all prograsquirenents specify that the
warranty provide protection agatnBreakage or failure. Ten ggrans also require that the
warranty include a perforance guarantee that tl@tput of the systerar particular corponents
does not degrade by more than a specifiedgreage from its rated value over the warranty
period® Such perforrance guaratees are mwst often required as part of a system warranty,
although CEF and RIREF both alsequire that P\modules cora with a separate perfolance
guarantee of less than 20%gdadation over 20 years.

Regarding thecoststhat are covered, prograguidelinestypically require a Ofull®O warran
covering parts and labor. As an exceptiorthea thanrequiring a full, five-year syem
warranty, ®F and CCEF both require a full wantg for two years and a lined (parts-only)
warranty for an additional three years.

8 As an alternative to aysicalO pgormance guaratee,Black (2005) suggess that PV contracbors could provide
a OfnarcialO erformance giaranie,by reimbursing astomers for eergy not producel belbw a pedfied minimum
level (essetially a formof insurarce).

Designing PV Incentive Programs to Pt Perfomance 9



Case Studiesf State Support for Renewable Energy October 2006

Table 6. Warranty Requirements

Warranty Duration (yrs.)

State — Organization . Performance Guarantees
ganzatl System Modules Invertes Installation u

AZ B APS
AZ BDSRP
AZ DTEP 10
AZ B UPS 10 2

CA B CEC ER & PBI pilot 5 <10% degadation oveb yrs (al components)
CA B CEONSHP(proposed 10 <15% degadation oveflO yrs (all components)
CA B IOUs SGIP 5 <10% degadation oveb yrs (al components)
CA Db I0Us CSI 10 To be determinet!

CA BLADWP 20 <10% degadation oveb yrs (al components)
CA BSMUD

CO b Xcel

CT B CCEF Small PV Pogram

CT B @CEF Large PV Program 20 5 <10% degadation oved 0 yrs and <P% over20

yrs*
DE b DO 5

ILB DCEO

MA B MTC 5

MD B MEA

ME BDMSEP

MN B MSEO 20 2

NJ B NJCEP 5

NV BDSFPNP 20 5 1

NY DLIPA 20 5 <20% degadation

NY DNY SERDA <10% degadation oveb yrs (al components)
OH b DOD " "

ORDBETO 20 5 <20% degadation oveR0 years (modules only
PA B SDF

RI B RIREF Small PV Progm

RI B RIREF Larg PV Progam

TX D Auwstin
VT DRERC
WA BDOR
WI DWFE 1 1 2

The Califonia sobr legislation SBlrequires that sptens fundel through the statehewprograns have a Q-yearwarranty that protects
against beakage ad Omduedegadaion o electical geneation output.O The specificmaximum percentage degdation allowedhas yet to
be deterrined forthe CSI

**  The wararty requirements for CCEFO©nsite Renewable DG Pogram are unclear about what oponents a to be covexd by the
peiformance guaantee.
MSEO requires that, in addition toeing proviled with at leasa 2-year mverter warrantycusomers be offered the option faurchase an
extended Srearinverter waranty.
LIPAG program guidelines ae unclearaboutthe duation of the pdormance guaanteeand whetherit just applies tanodulesor also to
inverters.
The Ohio DOD equires that all cenponents come with amanufactuer® waranty, but dos not specifythe equired duation orcoverage.

N

20 <10% degadation oveb yrs (al components)

a1

20 <10% degadation oveb yrs (al components)
<20% degadation oveR0 years (modules only

alo o1 INON

1

Installer Requirements, Assessments, and Voluntary Training

The performance of PV systemepends, to a lagglegree, on the expertise of the professionals
involved in their design and inskation. PV programadninistratas have sought to ensureeth
proficiency of installers tlmugh a nurber of diferent approaches, including posng installer
eligibility requirenents, disqualifying instalis that have perfored poorly, and directly
sponsoring or otherwise suppaodivoluntary training activities.
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Most of the program reviewed inthis repot require tha installes (that is, eitherthe peofe
actudly performing theinstallatiors or, in some cases, at leassupervisor) reet som set of
minimum qualifications relatedto their proficiency (see Table 7).The nost common of these
requirenents, adopted by alost half of the pograns, is that installers have a general
contractorsO licea, an electricias© license, or (in California) dasocortractorflicense. More
than athird of the progams require that insllers have some minimum level of training and/or
experience with PV, specifically.Included within this group arfour prograra that require
instdlers to be certifed by the North Anerican Board of Certified Energy Professionals
(NABCEP)° Two of thes progrars ©® MSEP@lar Programand WFE€Cash BackRewards
Program D are phasg in this requiremnt over aone- to two-year transiti@h period, durimg
which time installes can participte provied that they are in the process of obtaining
certification. Austin Energy, whicburrently requires all installets be certified, also phased in
this requirerent over several years. OthprogransO training and experience requiets
typically consist of some mimum nunber of installations (ranginfrom three to ten, as either
the lead ingller a an apprentice) and/or aapletion of a trainingcourse sponsored by the
programadmpnistrator or another approved orgaation. A few progras require that installers
subnit references fronprevious projects.

Given the nascent state of the installefrastructure in rany regions, some program
admnistrators have taken a flexible approachhiir trainirg and experience regaments. For
exanple, as a rule, NYSERDA requires taklersto have corpleted at leasthreeinstallatiors
and at least 24 hours of natiowyadiccredited training. Howevenn a case by case basis,
NYSERDA may allow installes tha do not neet these stattards to paitipate on a provisional
basis. Installers designated@svisional are not included in thetiof eligible ingallers on the
programwebsite, and NYSERDA works closely withese installers on each jpgot, conducting
detailed design reviews and sitespectiors. In Vermont, RERC also allows indlters that do
not meet theeligibility requirenent to partici@te on a provisional bas, povided that they have
conpleted an accratéd training course andhstalled at least one systemSDF offers a
proficiency test tha indallers cantake topaticipate in tle progam provisiorally, until they
receive the requisite training.

In addition to screeimg instdlers to detemine their initial €ligibility, some program
administrators retain B and haegecuted D the option to subsedlyedisqualify installers if
their workmanship is fend to be nacceptable.Often, these types of problenare brought to
the attention of the prograadministrator only through extraarthry circunstances. However,
sonme programadninistrators take a ore proactive approach and have a process in place,
typically involving site inspections and/or pamnfnance monitoring, to aess the perforance of
participaing instdlers a1 a nore routinebasis. NYSERDA, for exapte, has uncovered a
limited number of installation prédms through its regular ingetions and, as a result, has
kicked one installer out of its program andra¢ed several others to prasional status (Ferranti

° PV progrars often impose cher types of eligibility requirements o installers wrelatedto proficiency (e.g.,

insurancerequiremens), which we donot discuss hee.

19 To obtain NABCEPOs Pinstaller Certificatio, anindividual must pass the NABCEP-achinisteredwritten exam

and neetone of seen aternate minimum expeaience ad training requirement, all of which include at least one
year of PV nstallation expernce.
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2006). In CaliforniaOsew CSI, installers #t fail three inspectionswill be permanently
disqualified from the program Procedures wilbe developed to take into consideration the
severity of the transgression and to offer opypaties for correction and an appeachanisn.

Table 7. PV Installer Requirements

Orgsz::::;a_tion Licensing* cgﬁg&f‘iﬁn Other Training/Experience
AZ D APS E
AZ BDSRP "
AZ DTEP
AZ B UPS
CA b CEC ER & PBI pilot GI/E/IS
CA B CEQNSHP(proposed G/E/S
CA BbIOUs SGIP G/EIS
CA D I0Us CSI To be determined To be déermined  To be determined
CA b LADWP G/E/S 1-day LADWP-sponsoed tmining serimar
At least 5 W instdlations plus satisfztion of at least one
CA bSMUD G/E of seven othealtenate equirementsrelated to ltensing,
training, experence,and education
CO b Xcel
CT ® CCE Small PV Program E 3 insalations as ead instller o en apprentice
CT BCCEF Larg PV Progam
DE b DO
ILB DCEO
MA B MTC E
MD B MEA
ME DMSEP E "
MN B MSEO
NJ D NJCEP G
NV B SPP/NP E
NY DLIPA
At least 3 installations and 24trs d nationall
NY DNYSEFDA accredited ining g
OH b DOD "
OR BETO G 1-day Energy Trugt-sponsoed trmining session
PA B SDF Completion of SDFrecognized ining couse

RI B RIREF Small PV Progm
RI D RIREF Larg PV Progam

. " Pass local Austin test developed anthiamisteed by

TX'D Austin E Austin Energy (in additionto NABCEP cetification)
At least 3 installatins within the past year NABCEP
VT DRERC certification and one installation within the pastiyea
WA BDOR
EX3

WI BWFE "
* Licensing Requements: G = Genett Contractor (orequivalent), E =Electrical Contractor, S = SolarContractor (CA), " = license

required but type wnspecified.

MSEP and WFE are both phasigin their NABCEP certification equirement and pesentlyrequie only that installes be in the pocess of
obtaining cetification.

Austin Energy began equiring NABCEP cetification in Januay 2006. Piior to that,installess without NABCEP cetification cauld

patticipate in the ppgram provided that theyhad at least 40 ks of PVtraining and two PV istallations, and that they aéciNABCEP

certification within two yars ofbeconing eligible for the prognan.

*%*

Another approach that PV prograadmnistrators have taken fwonote instdler proficiency is
to provide funding or other forsnof support fo voluntary installer training. For exate,
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LADWP previously offered a voluary three-ay installer traimng workshop, in addition to its
mandatory one-day workshop. h& Nevada utities have also &éred several voluntary
installation training workshops, drpost a list of instédrs that have attended these workshops
on their progranwebsite as a reference foloppective custosrs. WFE offers higher buydown
incentives for PV systesinstalled by NABCEP-céified installers (150% of the rate for non-
certified irstallers) and also offers @iiness gwolarshipsO to partiallgimburse individuals for
tuition or exam fees. st but not least, NYSHRA has take a particularly aggressive approach
to pronoting installer training and certificatip providing various fors of support both to
instdlers ard to traning and ertification ingtitutions. NYSERDAOSs activitiés this aea hae
included:

e providing funding to the Intetate Renewable Bergy Council(IREC) and the Institute for
Sustainate Powel’ to develop and iplement a natiodl accredtation and cetification
programfor PV training ingtutions and instructors;

e providing unding to various eduatioral institutions throughout New York to develop
accredted training and continuing edation pograns;

e providing funding to NABCEP to develads indaller ceatification gogram;

e offering 25-30 basic PV training sessions ottee past tlee years, a one-week traig
course, and an advanced PV course to hedfglers prepae for NABCEP certifcation or
earn continuing education ciieslif dready cetified;

e sponsoring study assistance andining tools (e.g., an onlineefresher course) to help
instdlers prepare ér the NABCEP certifcation exant and

e working with NABCEP and IRE to develop marketing tools and mierials to help
NABCEP-certifed ingalers differentiate thenselves.

Design Standards and Administrative Design Review

The performance of PV systens critically affected by decisns nade during the design phase
(e.g., the psitioning of the nedules and the sizing the inverters). P\program adrnmistrators
have sought to weed out poorly-designed esystthrough two general approaches: adopting
minimum design standards and reviewingpect designs priaio reserving funding.

Thirteen programhave adopted sagrform of minimum design standard (see Table 8). These
standard come in two basic vaeties. Some are speied in terns of measuable design
parametersb nost commonly, panel ongation and/or awunt of shading. Panel orientation
requirenents generally specify that the panelsfaeing in a southerly direction, and in several
cases, that their tilt ahgfall within a designated range. Shadsigndrds are spediéd in terns

of either a mximum nunber of hours of shadingr the physical position of obstructions relative
to the panels.

The second broad category of design starsgdard those that areespfied in terns of estimated
annual energy productio® expressed either on an absolbasis (e.g., kW pe year, per

1 REC is the orgaizationregonsble for inmplementing the accuditation ard certification progam for renavable
energy training institutions and insttars in the U.S. An aceditation or certification fom IREC means that the
training institution or instructor has et a sgecific set ofstandrds developed by the Institute for Sistaireble Paver.
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installed kW) or on a relative basksy conparing the expected outpaf the systento tha of an
OidealO reference ®ym. One irportari feature ofthe latterapproach ighat the i@al reference
systemmay be defined to include or exclude aafythe myriad design parasters that affect
performance (provded that its effect canelrdiably edimated). For eanple, nost progrars
with this form of design standard de¢ the idelasystemas one with optiml orientation and no
shading, but coposed of the saeequipment andsited at the saengeogaphical location as the
actual system. The Nada utilities and RIRE[efine the ideal reference systewen nore
narrowly, assimply an un-shaded syemidentical to tle actual systerm all other respectsther
minimum peformance standards are thus edsaly a variation on shading standards.

Table 8. Programs with Minimum Design Standards

State — Design Parameters Estimated Annual
Organization Azimuth Tilt Shading Output
AZ BDTEP + 90 of true south 10-60° Unshaded from 3 hrs after
surrise © 3 hrsbefore sinset
AZ D UPS + 9C of true south 10-60° Unshaded from 3 hrs after
surrise © 3 hrsbeore sinset
CA D LADWP Unshaded 90% of the time
CO b Xcel No obstructions wthin a

horizontal angd of +60 from
panel certerline orwithin a
vertical angleof 15-90

MA B MTC + 9C° of due south 70% of ideal

MD B MEA* Unshaded 70% of the time

MN BDMSEO 960 kWh/kW
(~87%of idea)

NJ B NJEP 80% of ideal per

systean (40%for
BIPV) ard 70% of
ideal pe string =

NV b SPP/NP + 9C of truesouth 75% of n-shaded
systen
OH b DOD Souh-facing(solar  30-45° (sdar No shadng from7 AM to 8
subdivisions)* stbdivisions)=* PM (ather resigntial PV) = *
OR BETO + 9 of truesouth 75%of ideal (@ase-
(if not Obw sloped® by-case gceptions
for BIPV)
PA B SDF 70% ofideal
RI D RIREF Small * 4% of truesouth, if >45° in areas 93% of un-shaded
PV Program <7% lossfrom with high snow system if azimuth
shaling accunulation is na within £ 45°
of true south

+ Due south (as indated by a cmpass) difers from true south, becausée earthOmagnetic poles are oftentered fom its ratational axis.
In the continental U.Sthe divergence can be #argeas 20 and is geatest in the ntiiwest and naheast.

++ Programs in this table define the Gid@system as having optiml orientation and no shaatj, but othewise identical to thecual sytem.

11 TEP also requires: (a) thatodules be at least four inchalove anysurface, with an adddnal inch of clearance required feach fot of
continuaus arraysurface begndfour feet in he direction paallel to the nounting sypport sirface; and (b) thahe total volage dop a the
DC and AC wiing, from the furthesPV module to theAC meter, not exceed 2%.

* MEA specifies theirshading equiremrent asO70 paent of tte aray [must be]shadefree thoughout the gar to be consided for the
grant.0 Taken at face value, thisestert would allav a project to bgartially staded during all hours dhe year. We assime that the
intended equirement is that theentire aray be shadéree dumg 70% of be time.

** A string is a nmber of PVmoduleswired in seres. PV arays often comsist of multiple strings, wired to onerether in paallel.

***  The Ohio DOD iscurently offering fundirg for PV though thee sepate solicitations tageted to diffeent markets (new residential
subdivisbns,other types of residerdl projects, anchon-residential projects), eaetith slightly differentminimum design tandards or in
the case of nonesidential pojects,no designs standds.
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Two types of specialized taolare often required to demdrade ©mpliance with design
standard. First, a sadng anaysis tool is typcally neededin order to estirate thenunber of
hours of shading per year or to esttmthe redetion in available solar energy due to shadfg.
Second, somtype of ®ftware is needed to emate the annual energyqatuction of a particular
PV systen. A nunber of programs require that applicants us&/WATTS a smulation tool
developed B the Natimal Renewable Energiiaboratey, accesile on-lire. Alterndively,
several progras have developed their own iple spreadsheet models or have purchased
commercial products such @sean Power Estimatoy which they nake availalbe to applicarts.

The other general approach thadny programadministrators have taken to target design issues
is to conduct somform of design review of mposed projects, prior to reserving funding. As
could be expected, these ddimstrative reviewsvary widely in terns of the specific process
utilized and the dail in which desigs arescruinized. At the nost basic level, @y prograns
simply request informtion about panel orientati in the project application form (although it is
not always apparentdm progran literature vihether poororientation would actually cause a
project to be rejected). A number of other prograsnreguire sonewhat nore detailed
information (e.g., site drawing or photographs)hmre rigorous analysis by the applicant. For
exanple, CCEF requires that stallers inclde in their project applicains theresults ofa
shading analyses and an estienof annual eergy productio based on an acceptable slation
tool. Rather than relyg solely o information subnited by applicants, Austiftnergy, tle
Nevada utilities, and SMUD conduct pre-instidla site inspections and assesats for all
projects, and MTC does the safor a sample of projects.

Although most progranadministraors conduct design reviews rouse with program staff, the
Nevada utilities have contractéus senice out to atechnicd consultant, and NYSERDA uses a
two-tier review process involving both progranafstand outside consultants. All projects in
NYSERDAG® programare first reviewed in-hoes to flag potential perforamce issues.
Technical consultants then conduabren detaileddesign reviews for: (a) projects with potential
performance issues identified tbugh the initial inhouse review, (b) projects larger than 15,kW
(c) instdlers with fewer than bur installaions, anl (d) ingallers with pior issues.

Incentive-Based Approaches

Historically, PV incentive programsin the U.Shave provided rebates for PV systebased on
their rated capacity, disbursedqsrto or imnediately followinginstallation. Wile simple to
adninister, this incentie structure des notdirectly impart an incetive for perbrmance?® To
address this shortcong, a nunber of prograre have adopted alternative incentive structures o
modifications to the sa@basic incentive struate, which differentiate among projects based on

2 The Sdar Pahfinder is a relatiely low-tech on-site stadng aralysis irstrument used in many programs. SMUD
has deeloped its own shaing anajysis softvare bol, which anayzes dgital photographs bt estmate houly,
monthly, andannual shadepeacentges(Bartholomy etal. 203). A number of other prograns use he Clean Power
Estimdor, which has a bit-in shade aralysis tml that conputes sladng losses bsed o the height ard anguar
position of obstructions relative to the PV parels, which are neaswed manually.

13 Of couse, met cistomer-sitedPV systers are et metered, in which case lte custonerOs it savings directly
deped on PV enegy production, therebyimparing adirectincentve t ersurethat the systemperforms well.
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either their actual perforance or factors thaare likely to affect their perforance. These
incentive-based approaches include:

e Performance-based incentives (PBI), whereby the incentive paynt is calclated lased on
the neasured output of the systawer an operatnal period of usually one year or more;

e Expected performance-based buydowns (EPBB), whereby the ingdive is provided up-
front, but is adjusted to account factors that are &y to affect performance, such as panel
orientation and shading;

e Incentive hold-backs, whereby a portion of éhup-front rebate is k& back and disbursed
only after oerational dta has beenubmitted demonstrating acceptableformance; and

e Improved rating conventions that better refict the perforance ofthe systermunder actual
operating conditionsor that accoant nore fuly for system conponents that affect
performance.

Note that Hff (2006) deschbes a nurber of other hypotétical incentive designé. However,
we focus exclusively on the four basic appraachsted above, which are being used by the PV
incentive program in our review.

Performance-Based Incentives

Only four programs reviewed in thiseport incorporate a PBI (see Table"9)ln addition, MTC
previously offered a PBI as part of an earff incentive programbut opted not to incorporate
a PBI into its current progranmwhich is focused onngll systens (<10 kW), due to the
administrative costs and cqiexity (Abe 2006).

Of the four PBI prograsireviewed in this report, SDF8slar PV Grant Progranhas several
unique structural features that deservention up-front. First, the prograrhas a hybrid
incentive structure, where a significant portidntlee total ircentive paynent is provided in the
form of a traditional, ugront capacity-bsedpaynent. The other tlee progrars offer a pure

PBI payrent (i.e., no additional prfront paynent). Seond, SDFOs prograsplits the PBI
paynment between the cust@m and installerthereby providing both partiesith a direct
incentive toattend to gstem periormance. The other three prograrprovide the entire PBI
paynent to a single entity (the system owriarWashingtonOs program, and in the CECOs PBI
pilot and thenew CSI progranm California, to whatever dity serves as the prged appliant).

The four PBI program own in Table 9 albffer flat, energybased incetive rates® and can be
differentiated accoidg to the basic design paratarsidentified in the table.The first design

1 These imlude: PeformanceBased Bydowns, which provide an upfront paymert based on estinated
performance, butare ajusted over time basel on acual peformance; and Gpacty-Based Incetives, which
provide rrultiple paymerts over time kesedon the menufacurerQOs ratirsy

15 Though not shown in the able, GCEF akooffers a small suppemenil PBl paymentwithin its On-site Renewable
DG Program ($0.0YkWh for the first yearof erergy production) for projects irstalledin the congstedSouhwest
Connecicut region. Also, asnoted previously, there ae various programs in the US,, not covered in this report,
whereby renavable enegy credis are prchasel by means 6 a paynentbasel on B/ enegy production, which is
essentially thesane paymentstructure as PBI. Seefootnote 2for a listof theseprograns.

18 1n principle, one cauld design a PB basel on a nore mmplex incentive rate stucture B br exanple, ime-
differentiated enegy rates that value nore highly enegy produced during pe& periods (as sggeded by sore
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issue is what type of projectre subject taa PBI. The tree program other than the CSI
provide a PBI to all projects panipating in the program Of these three programs, SDFOs is
limited to reatively small systens, while the dier two (the CECOs PBlgp and the Viéshington
State programhave no restrictions on tiseze or type of PV systewligible.

Table 9. Programs with a PBI

State — Organization  Applicable Projects Incentive Rate Perlf)(:rll‘.lil(l)znce Fll"zzlllllee;lcty
CA b CEC PBpilot Srltlnggr?((:riesliigiebgsc;::ttirc])?]s) $050/kWh 3yrs. Quatery

CA D IOUs CslI To be determined igﬁg;im E;f\./é&cr?z)nnn;:ofit) 5yrs. Monthly
PAbSOF  AToRscme sioonmesomw
WA BDDOR srll)g:ggﬁ?rt; esliigei)blifsc;ttizis) $0.15/kWh ** Through June 204 Annually

The CPUC®August 206 decision(CPUC 2006)speifies that mly a PB be ofered for BIPV systems andfor systens largerthan a
specified sizeifitially 100 kW,ranping down to 30 ¥ over seves years) installed on eisting buildings. Otherprojects,which would be
eligible to receivean EPBB, could opt ingad br a PBI. Modifications o this stricture arecurrently being considered indarto canply
with the statefyecently enacted solar legislatio§B1,which requires that,by January2008,all incentives fomprojects >10 kW be in the
form of a PBI(with no exceptiondr new constuction)and that hié of all incentives for pragctslarger than 30 kW be in tferm of a PBI.
The CSl incentiveates willbe ranped down over tine; the values listed hereathe initialincentive rates.

* SDFOs progmahas a hybrid incetive structure coposed of a PBI (splitetweerthe custorar and installerand a standard cagity-based
buydown.

**  Underthe WA program the base incentiveatie of $015/kWh is increased bya factor of 1.2, 24, or 3.6 if the inveters, modules, or bath
(respective}) are manufactured in Washington state.

The CSI is unique in that ivill differentiate anong projectsin terns of whether a PBI is
required and how it is structured (although thdetails are currently in flux). The CPUCOs
August 2006 decision (CPUC 2006) specifies thd®BIl would initially be required only for
systens larger than 10kW installed on existig buildings and dr all building-integrated PV
(BIPV) systens. Other projects would be eligibler an up-front incetive but could opt for a
PBI, which mght be nore Ilucrative for pdicularly high-perfomance projects (e.g.,
concentratig solar andtracking systens). The rationale for offering only a PBI for BIPV
systens is that amaccuate nodule rating sgtemfor BIPV products does not yetisk The
CPUCOs priary rationale for the 100 k\ihreshall is that systesi of this size ae generally
already financed, soaaing to a PBI would not cire any fundmental change in the way that
these projects are fundéd.The CPUC stated its intent tamsition to a30 kW size threshold
over a two-to-three year period, in order to @a#iales and financing anmgenents to evolve in
the direction of a PB) (CPUC 2006). The CPUCOsislen exerpts all newconstruction
projeds (aher than BIR/) from the PBI requirment, regardless of system size, afders and
developes (who are dkn the reipient of the incentive) are typcdly not in a positionto
effectively assum ongoing responbility for system performance. The CPUC is currently
revising the rules governing applicability of tR8I in light of the star legislation recety
passed in California, SIB which specifies that, bjanuary 2008, all incentg for system larger
than 100 kW and half of all incentives for systdarger than 30 kWbe provided in the fon of

a PBI (with no exceptions for new construction).

parties in the CPUCOs CSiroceedng), or anincertive paynent based on the systemGsasared apacity (kW)
coincident with the uilityOs systa-wide peak demand.

I Another reasortfor initially focusingon large systera (though nat specifically citedby the CPUC) $ that these
projects are few imumber, aml thus the adlitional administrative casts wold be minimized in terns of both the
total administrative ccst andthe increnenta percentage impacin projectcosts.
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Two other PBI design paraters, which togethefiorm the basisdr the total incetive paynent
per prgect, are the mgnitude of tle incenive rate and the duration dhe perfornance period
(that is, the tire period during which energproduction is reasured for the purpose of
calculating the incentive paynt). Anong the dur PBI pograns, incentive rates rangeofn
$0.15/kWh in WashingtonOs prograim $1.10/kW in SDFOs program (the swrthe PBIs for
the custorar and installer). In the CSI pragn, incentive rates, both PBI and non-PBI, are
differentiated anong custorar types, reflecting thearious tax benefits aable to residential
and comrercial custoners but not tgyovernnent and non-profit custoers™®

With respect to the perfornce period, three dhe four program specifya particular duration,
ranging fromone to five years. The fourthqgram WashingtonOs, iresid @signates a sirlg
date as the end of the perfamse period forall projects. Any pract ingalled during tle
progran®s operation can receive PBI pagta tlough the end of the pragm The duration of
the performance period significant not jus because it is ondetermnant of the size of the
incentive, lit also beause it deéermines how eféctive the PBI will be in addressing
performance issues that arise ordyer tine (e.g., inverter failure and tree trimmmg). For this
reason, the CPUC opted for a 5-year period aat Wibelieved to be reasonable balance between
pronoting perfornance and rmimizing adninistraive costs associated with processing PBI
payments.

The last of the basic design pawaters identified in Table 9 is the frequency of the incentive
paynents. For the new CSI program, the CPUdpb require mnthly PBI paynents in order

to provide more regular feedback on systpaformance to the custoar. The other three
prograns all issue payments leseduently. As with the duratn of the perforrance period, the
main tradeoff is that rore frequent payentsincur higher admmistrativeand tranaction costs.

Expected Performance-Based Buydowns

The fact that incdives wnnder a PBI sucture ae paid over tire nay deter sora custoners from
investing in PV, for exaple, if they are unae to pay out-of-pocket or arrange attractive
financing for the full, up-fronttost of a PV system Expected perforrance-based buydowns
(EPBBSs) are an alternative approach wherebyittisentive is provided up-front but can account
for factors that are Iy to affect perforrance and whose impact can be estad up-front.

Twelve of the programreviewed in this repoxffer incenives in the fom of an EPBB (see
Table 10). The EPBBs used in these prograaccount for one or ame of the three
performance-related factors idengf in the table (geographiciacation, panel orientation, and
shading)® The CEC has also proposed, for its newHRSrogramto account for th effect of

18 |n particular, resicential ard cammerdal customers are ale to claim federal tax credts for PV (at least tfough

2007, when the current taxcredits are deedulal to expire), axd commercial custoens receivefurther financial

bendits in the form of accelerated ¢ghgecation and mterestpaynent tax dductions

19 As with minimum desgn sandads, shading analysis tools andér PV simulation softvare are geeraly requied

for EPBB cakulations The reademay refer b the rebted discussbn in the sedton onminimum design sandards
for addtional information abou these tots. The CEC is ctrertly in the pracess of dveloping its own sdtware that
will be usel to estimrete annubenergyproduction in theNSHP.
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mounting structure on systemerformance, although the draft guidelok does not indicate
exactly how this caldation will be grformed (CEC 2006).

Table 10. Programs with an EPBB

Factors Accounted For

State —
.. i . . . Dead-band
Organization Geographlcal Orientation  Shading cad-ban
Location
AZ B SFP (systems >10kW) " " " None
No adjustnent if pané azimuth within £20° of
AZ DTEP " " true south, panel tilt within 20-8%f hotizontal,

and <1 hrof shading peday

No adjustnent if pané azimuth within £20° of
AZ B UPS " " true south, panel tilt within 20-8%f hotizontal,
and <1 hrof shading peday

Projects cameceiwe an incentive baskon a

CA B CEQNSHP(proposed " " " consevative peformance estirate if the design
meets theCalifornia flexible design criteria*
" " " Ideal retrence sytem ddfined as having a pangl

CADI0Us CSI orientation between south and west
CA b LADWP " " " None

" " Ideal reerence sytem dedfined as having a pangl
CA BSMUD orientation between south andusievest

" No adjustnent if expected output witin 90-
CO b Xcel 110% d ideal syptem
CT b CCIE Small PV Program " " None
OH b DOD " None
RI B RIREF Small PV Progm " No adjustnent if <7% losses frm shading
WI BWFE " " " None

* The Calibrnia flexible design criteria amefined as having an azith between 150 and 270, a tilt angle bveen approxnately 18° and
30°, and no obstrictions whose distancedim the panel is lgs than twice theineight above the paneTEEC 2006)
As described inhe previoussectionon PBs, only certain types of projecwill be eligible for an EPBB m the new CSI, wiké others will
only be eligible for a PBI.
In WFEOs progr, the EPBB calulation also takes intaccount (i a very roughmanner) the varing impad of snowall accunulation on
panels in diferent iegions of the state.

Which perfornance factors are acuated for, anchow they are accounted for, depends in part
on which of two diferent EPBB fornulations ae used. One approach is to use an EPBB
formulated as an eneyrghased incentive ratg/kWh) multiplied by the PV syste@s expected
energy production over a specified dtion. This form of EPBB issimilar to a MBI, except that
estimated energy prodition is used in pace of actual energy production. Two progsm
LADWPOsSolar Incentive Progranand WFEOSash Back Rewards Programse this type of
EPBB incentive structure, and both prograrg, the estimated energy production is calculated
based on the projectOs geogreadiocation (zip code), paherientation, and shading.

The other tpe of EPBB is brmulated as aapecity-based incentie rae ($/kW) multiplied by
the sysemOs rated capacity and th@o-rated g an adjustrent factor. Most prograsuse an
adjustnent factor equal to the ratio of thestimeted annual energy production of the actual
systemto that of anOidealO reference t®ym?° The CEC has proposex nore sophisticated
variation on this approach for its new NSH®gramin which estinated energy production in
each hour is weighted to account femporal and regioral differences in rarginal generation

2 TEP andUPSprovide appiicants with a lookup tale thatlists the agustmert factars for dfferert combinatiors of
azimuth, tilt, and hous of shaihg per day. The literatue for theseprograns does nat state low these adjstrment
factorshavebeen calculatd.
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and T&D costs (g, a higher value would belaced on PV energy ptaction during summer
peak periods and in areas with T&D constr&intThe Oweighted annual energy productionO of
the actual gstemis then compared to that othe reference systeno deternme the incetive
paynent.

The ideal reference stemusedin EPBB calculations can be deéd in any nuroer of ways to
account for different perforamce factors or toaccoum in different ways for particular
performance factors. For exgpte, most prograsdefine the ideal systems being un-shaded
and/or as having a specific orientation, but othge equivalent to the actual systenfhese
EPBB designs effectively ignore geographical factbas affect the quality of the solar resource,
such as latitude and variatioirs cloud/fog cover. In corast, SRP and the CECOs proposed
NSHP fix the geograpbal location of the ideal systemat a common location for all prajs,
thereby poviding higrer incetives to systers located in regions with nore favorable star
resource. The CSI will also acaauor regiaal variation in its EPBB, although the preeis
mechanics have not yet been fully specified.

Definitions ofthe ideal systermay also vary in ters of how itsorientation is specified. Most
prograns define the orientation dhe ideal gstemas sath-facingwith a spedfic tilt angle.
However, SMUDOs EPBB treats any panel doedfazimith) between south and southwest as
ideal, and tk new CSI will trat ary azimuth betweersouth and west as ideal. The ratierfar
this provision is to nd penalize sailnwest-or west-facing systesywhich have higher energy
production during sumer peak dem@nd periods,but lower total energy production. The CSI
will also tale a nore refned appoach to d&fining the idehtilt ange, which will be detemined

for each project bad on the angle that awimizes summerenergy production for the ideal
azimuth angle used and the projectOs latittide.

As shown in Table 10, one feature that banincorporated into EPBB designs idead-band®
that is, some range within which no adjuatits to the inentive paynent are rade (or withn
which the djustment is sinplified). One rationaleof such a éature is to avid creaing
additional comlexity and uncertainty for projecthat are well-designeayven if not perfectly
optimized. Four program (TEP, UPS, Xcel,ral RIREF) have adopted explicit dead-bands
specified in terra of sone range in panel orgation, shading lossesh@or expected energy
production. Defining the ideal stembased on a range of pardirections, as in SMUDOs
programand the new CSI, is also effectiveljaam of dead-band. Finally, the CECOs proposed
NSHP incorporates a feature thatin sone seise a variation on a dead-band. Rather than
calcuating the incetive based omctual orientation and shading, systenmwhose design eets a
specified set of standards (referredas the California fexible instélation criteia®) would
instead receive an incentive based on a conteevestinate of the syste@s energy production.
As currently proposed, the California flexiblesiallation criteria are defined as an aaim
between 1590 and 270 (measured clockwise frortrue north), a tilt angle between 18.4nd
30.2 (corresponding to roof pitckebetween 4:12 and 7:12) and obstructions whose distance
from the panel is less than twiceethheight above the panel (CEC 2006).

2L The tilt ande that maximizesPV erergy production canvary sigrificantly within stateshat s@n awide rarge of
latitudes such asCalifornia, which rarges fom appoximately 33° to 42° latitude.
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Incentive Hold-backs

Prograns offering standard capacity-based buydown&PBBs often disburse these payits
only after systes have been inslled and deterimed, through inspéions or other raans, to be
operating properly. Several progmhave gone one step furthéy holding back a portion of
the rebate over a lengthier operational periad.(esix nonths to one year), disbursing it gnl
after emrgy production data hasbeen suflmitted and accepable perforrance hasbeen
denonstrated. In itOnsite Renewable DG ProgramCCEF pays thencertive aut in three
installments: 50% upon delivery of the equipm to the project site; 40% after startup,
inspection, and commissioning; and the agmmg 10% after six ronths of operating data has
been collected and the systdras shown to h& produced at least 7O of its projected AC
energy poduction, as erified by CCEFOs indepéent cosulting engineer. MTC alsdolds
back a pdion of the ircentive paynent (10%) fo one year, which it disburses only after the
custoner or installer subits perfornance déa. MTCOs prograimas no specific perforance
threshdd that sysenms must neet in order taeceve the final incentive instiment. Ratherthe
incentive is held back, in largerp, simply to motivae thegpplicart to sulbmit performance data
sought for progranevaluation purposes. NYSPER incorporated a hold-back provision in a
previous program but discontinuedhe pactice lecaus of difficulties getting installers to
collect and subihthe data (Ferranti 2006).

Improved Rating Conventions

A common issue relevant to stiard capacity-based buydownsves| as nost EPBBs is what
capacity rating convention to use thg basis for the incentive pagnmt?> The sinplest ratirg
convention, but least indicative aftual perforrance, is the madule nanufacturerOs rated DC
power output under Stelard Test Conditions (STEJ. Of the prograrms reviewed in this report,
about half provide a rebate ypaent based on this @asure ofsystemcapacity, including six
prograns with an EPBB (see Table 11).

Naturally, any capacity tag is a poor proxy fothe likely energy pmduction of a system.
However, there are several reasomhy modulemanufacturersO ratingsay not even be a
particularly reliable proxy for a stmmOs actualapacity(i.e., its AC power output at peak sun
conditions). The firsteason is that agal cell tenperatures undemormal operating conditions
are generally significantly higher than STC, whieduces a moduleOs power output, and the size
of this effe¢ will vary depending orthe climate as well as on the type of module anaumting
structure used. Second, various losses arergntin converting mdulesO DC power output to
AC power, and the size of thekxsses will also vary betweesysters depending,dr exanple,
on the type of inverter used and how waltched it is to the array. Hhird, module
manufacturersO ratings haveamsociated tolerance band, and itably there is somvariation

in output at STC mong individua modules within a product lin&. Moreover, there has been
sone empirical evidence to suggest that the mphate ratings of mdulessold in the U.S. &y

22 As curertly proposed, the EPBB sed for the CECOs netWSHPwill not depend on the type of camcity ratirg
used Instead the estmated erergy production will be calcdated by modeling module performance kasedon a
standad setof paraneters provided by modue manufacurers.

% Stardad Test Conditionsaredefinedas1000 W/m? irradiance ard 25°C celltemperature.

% Foar exanple, in tests of nine manufacurersCmodules onducted by FSEC, the stardard deviation in power output
at STCrangedfrom appoximately 1% © 3% acioss nodule sanples fromseven manufadurers (Szato 2006).
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be systeratically inflated by as mch as10% in sone cases (BEW2006, Szaro 2006, Mitaker
2006).

There are two siple improvements on nodulesQated output at ST that can be adopted
independently or jointly. One jmoverrent isto use nodulesO rated D@utput at RUSA Test
Conditions (PTCY¥, which better correspond to actuall @perating temeratures under full sun
conditions in nost climates. Eight prograsnu® nodule ratings at PTC to calculate incentive
paynents. The other improvest is to multiply modulesO rated outp@t either FC or STC)
by the ratednverter efficiery, to calculate a\C capacityrating for the systemand thereby
account for what is typically & largest source of DC-to-AC dses (the inverter). Seven
prograns reviewed in this repb use an AC réng caculated inthis manner. Most use a
particular variation, often ferred to as the OCEC-ACQing, based on the odulesO rated
output at FC and the inverter effici@y raings published by the CEC (equal to a weighted
average of an inverter@sed efficiency at six &fierent load levels).

Although the CEC-AC rating is, by most standattig, nost accuraterad encorpassing of the
various ratig conventims thus far éscribed, it still does not account fdC-to-AC losses other
than the inerter, nor can it accourfior inaccurate nasplate ratings. However, these two factors
can be acamted for byAC ratings that aredsed on reasurerants of each indidual sysemb
what is sometiras referred to as a Overifie€ Aating.O Such an approach has the additional
advantage of providing eartletection of equipent or installation problem

Of the program reviewed in this report, onlyRP and TEP use a verified AC rating, although
their approaches differ substedlly. In SRPOs prograrthe veriied AC rating (which is only
used for systes1>10 kW is calculated by mitiplying the systei®s stipulated CEAC rating

by the ratio of the actual energy production nueed over a 30-day period to the estied
energy production over the sampeiod?® The atimated energy production is calculated based
on the syste@s stipulated CEGE rating, its orientation and atling, and actuaveather data
(specifcally, satdlite solar ediation data and afient tenperature data foPhoenix). If the ratio
of actual to estirated energy duction is between 0.%nd 1.00, the initial stipulated rating is
used to detenine the irtentive paynent rather thn the aplisted vale (presunably in order to
avoid penalizing custoers for snall inaccuaciesin the measureents or estiration nethod).
TEP uses a verified AC ratingathod only for O@tion 10 of its programTo deermine the
rating, TEP reasures each systé@s AC powenutput, solar insolatiorand wind speed over a
two-week period. The utility then developslinear regression amng these three easured
varialles, anl uses that statistical relatiomghio estinate the systefs AC output at PTC (Henry
2006).

2 PVUSA Test Conditionsaredefinedas1000 W/m? irradiance, 20 °C ambient terperature and 1 miswind speed.
% The QPUC siaff proposal for the CSI program recanmended usig a verfied ACrating method similar to SRPOs,
but the CPUCdecidal againg adoptingfor the time beingpecausef its perceved adnmistrative omplexity.
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Table 11. Capacity Rating Conventions

State — Organization Capacity R.atmg Additional Information
Convention

AZ D APS DCDSTC
AZ B S (<LOKW systens) DC D STC

AC rating is detemined bymultiplyi ng a stipulated ratg (using the CEC
AZ D S (>10kW systens) Verified AC  ERP appoach)by the ®tio of the actual output over 30day peiiod to the

estimated output ovethe sane peiiod. _
AZBTEP (gion § Verlled AC_AC oA PE 1 cted o e of e oA
AZ DTEP (ption 2 n/a No capacity ating required: TEP supplies the PWstemat a discounted jue.
AZ DTEP (ption 3 DCDHSTC
AZ b UPS DCDSTC
CAD CEC ER AC B PTC oy oo o7 e vesied vy
CA b CEC PBpilot n/a No capacity ating required: incentive is a PB
CA B CEQNSHP(propased WA Counts fothe patiularcimate asl tpe ofmountingsttctur used.
CA PIOUs SGIP AC BDPTC Uses the CEC(@wverter eficiencyratings.
CA D |I0Us CSI (EPBBrojects) AC B PTC  Uses the CECQwverter eficiencyratings.
CA b 10Us CSI (PBgprojects) n/a No capacity ating required: incentive is a PB

The incentive is bBsed on an OadjedtSTCOrating equal to 112 times the
CA D LADWP ACB PTC rated output at RT, multiplied by tJheCEC(N)s ratgdv?arter efficiency.
CA bSMUD AC BDPTC Uses the CECGwverter eficiencyratings.
CO bXcel DC BSTC

CT b CCE Small PV Program DC D PTC
CT DCCEF Larg PV Progam DC D PTC

DE b DO n/a No capacity ating required: incentive is based ongject cost.
ILD DCEO n/a No capacity ating required: incentive is based ongject cost.
MA B MTC DCDH STC

MD B MEA n/a No capacity ating required: incentive is based ongject cost.
ME BDMSEP DCDH STC

MN b MSEO DCDH STC

NJ B NJCEP DCBHSTC

NV BDSAP/NP AC BDPTC AC rating based onated inveter efficiency at75% loading.
NY DLIPA DC BSTC

NY DNYSERDA DC BSTC

OH BDOD DC BSTC

OR BDETO DC BSTC

PA b SDF DCDSTC

Rl B RIREF Small PV Progm DC D STC
RI B RIREF Larg PV Progam DC B STC

TX D Austin AC BSTC Inveter efficiencyrating method not specified.

VT DRERC DC Db STC

WA BDOR n/a No capacity ating required: incentive is a PB

WI DWEE DC PSTC Module output is e-rated by 20% forthe incentive calculatiomut we don®

classif this as arAC rating, sincdt doesn{Qlifferentiate between pjects
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Post-Installation Site Inspections and Acceptance Testing

As discussed previously, pre-installationspections ray be conducted as part of an
admnistrative design review procgsto assess the suitability thfe site for a PV installation.
Post-installation inspeans typically serve a different ppose and @&y be conducted by a
number of entities for differenteasons: tke bulding inspetor assess code corpliance; the
local utility ensures that thestallation corplies with its interonnection standards; and the PV
programadmnistrator or its regpentative verfies that tk instdlation is consistent with the
approved project applicatiomd, in sone cases, verifies #t it is functioning properly’

Routine post-installation site gpections are conducted inora than half of the prograsn
reviewed in this report (see Tabl2). In several of theseggrans, inspections are conducted
only for a sample of projects; the others, all pjects are igpected, andncentive gyments are
issued only after projects have passed ingpec As might be expected, the depth of the
inspection process varies coreidbly across these progrgnmand without talking to each
programmanager, it is not always evident whiie proces entails. Based on the anfnation
available, in nany prograns the post-installation insgtion srves nainly just to veify that the
installed systenms consistent with the appred application (e.g., by ebking equipment ratings
and nodule oriemation),but the quality of the stallation worknanship and systerpeformance
are not directly verified. Hower, atleast several prograsndo conduct rare detailed
inspections. For exgoe, NYSERDA frequentlychecks for code copliance and a nuber of
programadministrators conduct Oacceptantests) whichinvolve verious neasurerants that
serve to verify that the systeim producing the expected amount of poweAlternativey, a
number of program require tht installersconduct accetance tests and sulinsatisfactory
results pior to re@ving the ull incentive paynent.

" In practice, these rolesay not beso ckarly delineated, as the progradministrators ofta also assessode
compliance, grticularly if local kuilding inspectorsare rot well acquainted with PV.

28 Acceptance tests involve smdurerrents ofsolar insolation angoweroutput, and ca also include measuremts
of anbient tenperature and windpeed. See CelentanoO@5) for a descption of the acceptanctest procedure
usedl in SOFOprogram
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Table 12. Post-Installation Inspection and Assessment Procedures

Post-Installation Inspection* Acceptance Testing
State — Organization All Projects I prcoogl;gl,:t:g,?gn, R:g:tl:ﬁg:f
AZ B APS
AZ DSRP
AZ BDTEP " "
AZ B UPS " "
CAD CECER "

CA b CEC PBpilot

CA B CECNSHP(propcsed * " " "

CA b IOUs SGIP "

CAD IOUs CSI <30 kW "
30-100 kW "

CA b LADWP "

CA bSMUD "

CO b Xcel

CT b CCE Small PV Program "

CT BCCEF Larg PV Progam " "

DE b DB

IL® DCEO

MA B MTC "

MD B MEA

ME BPMSEP

MN B MSEO

NJ B NJCEP "

NV B SPP/NP " "

NY DBLIPA

NY BNYSERDA " "

OH B DOD

OR BETO " "

PA D SDF " " "

RI B RIREF Small PV Progm "

RI b RIREF Larg PV Progam "

TX BAustin "

VT BDRERC "

WA BPDOR

WI BWFE

* This table onlysummarizes inspections camluctedby the pogram administrator or their representative forthe purpose of verifying
consistency withhe application ad/or assessing installation quality.

**  The daft NSHP guidebdoallows samling within large housing devepments where PV stens are pe-plotted onmore than six hanes.
The inspection prcess fosystams >100 kWfunded through the CShas not gt been formally specified.
WFE may considerspot checking stens in the futue, but isnot doirg so at pesent due to budget coratits Volter 2006)
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Performance Monitoring and Assessment

Many perfornance issues arise only over gmand to identify and reedy these issues, PV
systens must be mnitored and their perbrmance routinely assessed. PV program
administrators nmy conduct this ronitoring andperformance assessemt directly, which requires
that sone data reporting or collection procelss established. PV pragrs may also facilitate
performence nonitoring and assesamt by thesystemowner, by providing or requiring that
instdlers provide cusomer traning and/or enabling technologjesuch as OcusterdriendlyO
meter displays and diagnostic tools.

An essential eleent to perforrance nonitoring, regardless of o conducts it, is the etering
equiprment used to masure systenoutput. Mt programs require thatgross R output be
metered, i.e., separateoin net metaing of the fcilityOsload (see Table 13). Progra®
metering specitcations differ in tems ofthe rejuired accuracy: nine programequire Orevenue
gradeO miers, while others alle less acurae meters (e.g +3%). Fecificationsalso differ
somewhat in terns of the required functionalityFor exanple, several prograsnrequire that the
meter have communications cagilities, seeral require an Oeasy to readO ldispand several
require that the eter measure andsplay insgantaneous power output addition to curalative
energy production. Of the progna reviewed in this reportpnly the CSI requires interval
metering?® (just for systers >10 kW).

Many of the program with netering requirerants also have a data lbection or reporting
process Ea prereqisite if programadministratas are to agss PV systesO perforamce (see
Table 13). In rost cases, the ctmner or inséller is reponsible for subitting data to te
program admnistrator via the telephone omternet, although a nuwmer of program
admnistrators collect da thenselves through siteisits, and two progras have remote data
collection capabilities. Prograalso vary in terra of how fequently perforrance data are
collected (in about half the sas, annually, and in the othesises, ore frequently) and the
duration of tine over which they are conducted @bout half the cases)definitely, and in the
other cases, only for the firshe or two years of operation).

PV program admmistrators my use PV energyproduction data for various reasonsammy of
which are unrelated to perfoamce assessemt (eg., to deternme PBI payrents, to account for
RECs, or for progranevaluation) Based on a liited nunber ofpersonal comumications, at a
minimum, ETO, SDF, SMUD, MTC, and NYSHIA all analyze energy production data for the
purpose of identifying poorly pesfming systera. SMUD takes a particularly active approach
(Bartholony and Sheridan 2005). The utiligollects energy production data and qutes a
performance index for each sggm on a moritly bass, by conparing its actual energy
production to the aount predited from information on the systemOs design armhthly
weather data. SMUDhén uses these anthly performance indices toflag under-perfornmg
systens, which it then inspects. €hutility has also used perforance index data in various
analysesof its OPV fleetO to characterizearaies in perforrance overtime and to better
understand the relationship between penfmce and factors such as systaiasign and
equipnent type.

2 Interval meters recad PV enegy producion in hourly (or shater) intervals, rather than simply recading
cumulative erergy production over time.

Designing PV Incentive Programs to Pt Perfomance 26



Case Studiesf State Support for Renewable Energy October 2006

Several other progranadmnistrators also awluct follow-up inspections as part of their
performance nonitoring process. [ conductone follow up inspection for each systarfter

its first year of operation and prepares a shepbrt describing its pesfmance and any related
issues, which it sends to the cusesm TH® and UPS conduct ongoing, annual inspections of
each systenfunded though their progras

PV prograns nmay also help cstoners becme more adept at mwnitoring andassesing the
performance of their PV systemby providing orrequiing that ingallers provide education
and/or enabling technologies. At theosh bast level, many programs require that installers
provide custorars with an estimte of their sgtenOs annual energy production as a beadhm
for evaluating its actual perfoance. RIREFand MTC also require that installers provide
systemowners with sme level of trainng on perfornance nonitoring and assess&mt, and
LADWP has directly sponsoredVPtraining wakshops for custoers. Various enabling
technologies ray also be providedr required. For exaphe, as peviously nentioned, a nuier

of programs explicitly requireOcustomr-friendlyO rater displays, and LIPA provides lal
custoners with a free, web-based diagnostic ttw@t they can use to estibe the amunt of
electricity their systenshould have produced ev any range of dates, based on actual weather
data. tis anticipatedthat, for the new CSI piogram in California, custmers will be provided
with sone type of nonthly report degtbing the perforrance of their system
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Table 13. Performance Monitoring and Data Reporting Requirements*

State — Organization

Separate Metering of PV Output

Data Collection and Reporting

Required  Technical Spdfications Respondile  Frequency/Duration
Party
AZ D APS " Customer Annually/Ongoing
AZ BSRP " ProgmmAdmin.  Ongoing
AZ DTEP " Customer Monthly/Ongoing
AZ b UPS " Customer Monthly/Ongoing
CADCECER " +5% accurag
CA b CEC PBpilot " revenue-grade Utility or 3% Pary  Quarterly/3 yrs.
CA B CEQNSHP(propased Ceasy-to-read@isplay with RV and
" kWh, £5% accuacy, remote
monitoring capabity
CA D I0Us SGIP*
CA P I0OUs CSI Systems <10 kW cumulative KWh
" with £5% accurey . .
Systems >10 kW interval data with Not yetspecifed  Not yetspecifed
+2% accurag
CA b LADWP " +5% accurag
CABbSMUD " ProgramAdmin.  Monthly/Ongoing
CO b Xcel

CT b CCIE Small PV Program

Qeasy-to-read@isplay with KWV and

kWh, +5% accuacy

Installe/Custaner

Biannually/2 yrs.

revenue-grace (if CCEF is toretain

CT BCCEF Larg PV Progam REC owneship) Automated Ongoing

DE b DO

IL B DCEO

MA B MTC " revenuegrade gﬂgg}nafer(?r Monthly/dyr.

MD B MEA

ME BDMSEP

MN B MSEO

NJ B NJCEP " kW and kWh displag

NV B SPP/NP

NY DLIPA

NY BNYSERDA " kW and kwh displays, £5% Installer Biannually/2 yrs.
accurag

OH b DOD " Customer Annually/1 yr.

OR BETO " revenuegrade Customer Annually/1yr.

PA B SDF " revenuegrade ProgramAdmin.  Annually/1 yr.

RI B RIREF Small PV Progm " revenuegrade Installe¥Custaner ~ Annually/Ongoing

Rl B RIREF Larg PV Progam " revenuegrade Monthly/Ongoing

(if RECs will besold)

Installer/Cwstamer

(if RECs will besold)

TX DAustin

VT bRERC " revenuegrade

WA DDOR "

WI BWFE " Qeasy-to-read@isplay; +5%

accuray

* Metering and data collectiomay be conductedior program measuemert and evaluatio purposes ¢ften only a sarple of systens). The
focus of this table is ometering anddata collection foall systemsnot specificallyfor programevaluation.
**  The SGP does norequire that all PV sgtens be sepately metered, but many custaners and equipmnt vendos have hosento install
metering, andmetering has also been installed on a plnof the emaining systens for programevaluation pyposes Igron 200%.
Cettain details of the C& metering and data eporting process havee to beresolved, including thepscific canmunicatins @pabilities
required, the paty responsible forcolleding and eporting data,and the content gfeiformance data repds piovided to cusimers.
CCEF specifies that PV installations in @n-site Renewable DG RPogrammust have @ccess to appropriate monunicationsplatform for
system pefformance monitoring and/orrenewable engy credit (REC) monitoingO Tis would seemto suggesthat data eporting is
autamated, although this is not explicitlgtated.
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Maintenance Requirements and Services

Several pogramns incorporate eleents that serveto directly ensure that nesegy naintenance

is conducted. RIREFOs progréon C&l custoners requires that project contractors provide
maintenance services and schedulegpectionsfor at least five years.Contractes are als
required to provide training to host site persdrseethat they know how tarmplement routine
maintenance and repair. This program is &imed as a competite/solicitation, ad proposals
are requed to incluce awritten O&M plan tha descriles the maintenance and aining servies
that will be provided. Proposals are evaluatadpart, on the quality of their O&M plan, thus
potentially poviding an incentie for contraairs to exceed thminimum requirenents

TEP and UPS have taken a different approexlensuing tha necessarymaintenanceis

conducted. Rather than requiritigat installers provide it, & utilities provide raintenance
services, theselves. Both utilities conduct ooigg, annual inspections of each systemd if,
in the couse of the® inspections, thetility determnes ttat a system requiresepair, it will

provide the mintenance labor for sualepair at no cost to the custem

Recommendations

A comprehensive and rigorous assessinof thedifferent prograndesignstrategies described
above would need to consider not only the fieh®f each approacim terns of improved
performance, but also the costs, both direct andirect, as well as the long-terimpacts on
market developrant®* Moreover, prograsitypically opeate under various précal constraints
(e.g., related to staffing or budgets) thaynalsoaffect the feasibility of different options, and
these constraints umt also be consideredAlthough such an assessnt is beyond the scope of
this report, the foregoing reviewf current practices does support a rnomn of general
recomnendations as &l as several specifisuggestions for how PV incentive progmamman
effectively pronote well-perforning systers.

1. Identify critical performance issues.

Different perfornance isues are best addressedplayticular types of programesign strategies
(see Table 3). Thus, the process of desmgriPV incentive progragto promote system
performance should ideally begin with a cleanderstanding of what perfoemce issues are
most pressing. Although therenst yet a broad epirical basis for raking this deternmation,
several perforrance issues have a@mged as kag pderially significant, incluihg (bu nat
limited to): inaccurate module ratings, groperly sized inverters, elevated cell tpenatures
associated with the tgmf mounting structte used, excessive shading, and soiling. Eqgeipm
and installation defects, includy prenature inverter failures, have also been known to occur on
occasion ad can affect long-terranergy prodction if not pronptly identified and rerdied.

PV incentive prograsican help aatribute to the growing basd# knowledge about perforance
issues by conducting long-termperformance nonitoring and thorough post-installation
inspections, identifying specific perfoamce ssues that have arisen, and dissating the

39 Hoff (2006) presetts aframework for evaluating alternative incené structures.
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results arong the broader PV community. Withatlis data, efforts to design PV incentive
prograns to encourage\Pperformance will cortinueto proceed in an ad-hocaimer, without a
reliable une@rstandhg o the problems that needo be addressed. &¥ecommend that program
currertly collecting peformance data for one- or two-year peds consider extending these
efforts over a longer time spaif.o avoid duplication and to ensuttgat results across program
can be reaningfully compared, prograamnay alsowant to consider gaging in collaborative
efforts to track and analyze perfaante data aass prograrg akin to the comparisons of PV
system performance across countries condedt by the International Energy AgencyOs
Photovoltaics Power SystesnProgramme (IEA 2004).

2. Build customer knowledge and capabilities.

Net nmetering provides PV systerowners with asubgartial finangal incentive toattend to th
performance of their syem over its entire life. Thus, if there is a barrier peding custorars
from ensuring that the systens perbrm well, it is probably not lack of an incentive. More
likely, it is lack of awareness difie financial ranfications ofpotential perforrance issues, and a
lack of the knowledge and e@ans to addresthese issues. Wilarly, while perfornance
guarantees provided by installems manufacturers ray reduce thecoststhat cistoners bear to
repair poorly perforimg system, these guaranteasay have little inpact if custorars lack the
awareness and skills necessaoy deternme whether thir systens are performing at their
warranteed levels.

PV incentive prograsican leverage the finaatincentives provided through netetaring and
performance guarantees, by helping cusesmbecme more educated pchasers of PV systems
and nore skilled at assessingetiperfornance of their PV sysin  The programm reviewed in
this report provide mny exanples of approachethat could be used tadvance this objective,
including prograrsponsored seimars and consuenguides, requireents that installers provide
custoners with basic inforration and trainingmnetering requirerants, and diagnostic tools (such
as the web-based PV outpmaticulator provided by LIPA).

3. Ensure that applicable codesre followed and enforced.

The National Electric Code and local buildingdes go a long way towards ensuring that PV
systens function safelyand réiably. However, these codeare not always followed or
effectively enforced, as buildingspectors and PV installersagnlack a solid understanding of
the PV-related standards. PV incentive programan inprove the effectiveness of these codes
by directly verifying compliancéhrough the progra@s post-indtation inspection process, by
requiring a sign-off by the buildingspector prior to pang the rebate, byp®nsoring training of
local installers and building inspectors, andbgr requiring that instédrs mest minimum PV
training requirerants.

4. Consider following CaliforniaOs lead on warranty requirements.
The new solar laglation recetly enacted in Cldornia, SB1, requires #it all systera funded

through the stateOs incentive progrémbe covered by a 10-yemarranty against breakage and
undue degradation (no more than 15%, as gseg in the CECOs draft progrgmdebook).
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This will be the nost aggressive aranty reqirement nationwide, and could have significant
implications for inverters, which are thegjor component most likely to fail within the first 10
years. As the industry evolves tceet this ne requirenent, and a8 experience is gained in
California, program in other stasmay want to tighen treir wararty requirenents aswell, to
ensure a caistert level ofquality acoss juisdictions.

5. If a more rigorous standard fo module ratings is developed, consider requiring that
modules be certified toneet that standard.

The accuracy of odule ratings is important gbat bah PV incentive progras and custoers

get what they pay for (and thus arepontanteven for program that donOt rely onodule
ratings for calculating incentive pagmts). The CEC has proposed adopting a tighteduote
rating standard for its forthcamy NSHP progam which would requirehat manufacturersO
namneplate ratings be established according 6 #Eandards and, furthermore, that they represent
a guaranteed mimum output at STC for allndividual modules in # corresponding product
line. Although the CECOs new progravill be limited to residetial new construction, SB1
authorizes the CEC to establish eligibilityguérenents for all equipmnt funded by ratepayer
incentives in the state. Thugiyen the size of CaliforniaOsnket overall, the CECOs proposed
requirenents nmay have national iplications. Sparate efforts are also underway to consider
developing a tighter national raj standard dr modules sold in the U.S. and to create a
certification body for verifying thatmodules comly with the stadard. Wien and if tighter
California or national standds are developed, PV incentive progsamshould consider
incorporating those standardsto their nodule eligibility requirenents (allowing for a
reasonale gace period, if warranted

6. Consider using a capacity ratgnconvention at least as acrate as the approach currently
used by the CEC.

Prograns that provide incentas calculated frm capacity ratings should strive to use rating
conventions that provide the gtest level of differentiation aomg projects based on their actual
power output under peak sun conditions. Ofwhdous rating conventions currently in use,
verified AC ratings likely bestit this criterion. However, gen the addional complexity and
administrative cost of this approach, itagnbe warranted only for relatively sali programs
and/or large systesn To justify wider apptiation, there remins a need to pre rigorously
assess the accuracy of rating conventions riglgt on nmanufacturersO data B especially given
current novement towards tighter iwdule rating stadards. Efforts are s neededo identify
potential technical and/or adnistrative options for reducing the stoand comilexity of verified

AC ratings while maintaining their accuracy.

In the nean tine, we ecomnend at a iimum that progrars consider using the AC rating
convention currently used by the CEC. This #ing is calculated ém modules@ated output

at PTC and the inverter ratings published by @&C. Module ratings a@®TC are generally a
better repremntation of their poer output under peak swonditionsthan naneplate ratings at
STC, and can be calculated inrelatively straightforward amne from manufacturersO data.
Currently, the CEC publishes PTC ratings for althef module products ellge for its program
The CECOs inverter efficiency rasnare baskon a single test protocol developed by Sandia
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National Laboratories and several other orgaitnra, providing both gor and consistency.
Moreover, because the CECOs inverter efficiaratyes are basecha weighted averagef o
efficiencies neasured at varioudifferent load levels (indicative dipical patterns of inverter
loading, they arelikely to be more repesetiative of actual inverter losses ovetime than tle
rated efficiency at anyre load level.

7. Consider how best to incorporateMBCEP certification.

Having proficient PV designers and installerss essential to achieving hgh levels of
performance, especiallyif the pragram admnistrator has limited resources to devote to
reviewing systemdesigns and inspecting iaations. The NABCEP certification for PV
installers has been developed by a broad baseparts in the field anhicorporates many, if not

all, of the essential skills needed for PV instal. Thus, rather than re-inventing the wheel, it
would seem to ke the nost sense for PV progms seeking to proote installer proficiency to
take advantage of the exiggi framework provided by NABCEP.

The progams reviewed in thigeport illustrate various approaches that PV incentive program
can take to encouraging NABCELrtification, including: requiringhat installers be certified,
providing higher incentives for systenmstalledoy NABCEP certifed installers, or providing
financial or other forra of support directly to instafrs to help them obtaiertification. It is not
clear at pent what aproach is necessarilye$t, and indeed it ay differ from one progranto
the next. Tus, at this stage, we simpiycourage programs to support NABCERification
through whatever approach seemost appropriat If programs do decide to require NABCEP
certification,we recommend following the approagted by several of the programeviewed in
this repot, and to frst estalish a transitionbperiod of at least one-ttwvo years during which
installers are required only to dendgrateprogress toward obtaining certification.

8. Conduct or require acceptance testing.

Acceptance tdmg involves spbd measurerants toverify that tle PV systemis functionirg
properlyandproducingpower at the expectdével. Incarporatingaccepance tests ito the post-
instdlation inspection prcess wouldseemto add a smill increnental ©st relative to the value
that such tests can provide by quickly idemti§ improperly installed systesnor defective
equipnent. We therefore sugsfethat program already conduing post-installation inspections
integate aceptane tess into thér inspecton routine. Programthat do not conduct post-
installation inspectionsfor all projects should considerequiring that istallers conduct
acceptance tests and mubsatisfactory redts prior to fully disbursng incentie paynents.

9. Consider structuring incentives as an EPBBnd possibly moving to a PBI for large
projects.

Many of the prograngesign strategies degwedin this repot are exanples ofstandards-based
approacheqge.g., equiprant standards, warranty requiremts, installer eligibility requireents,
and design standards), in contrasintentive-based approachsach as EBBs and PBIls. Both
standards-based approaches and incentive-laggedaches can be played to address any of
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the sanme performance issues (asvident in Talke 3); howeer, eachhas particularteengths and
advantages.

Generally speaking, standards-based approackesust effective as a tool for protecting PV
systemowners (and the ratepayers/taxpayers @natsupporting those systenby ensuring that
PV systems meet a nmimum level of accefability. Sardards en also be a more efficien
mechanis for addressing specific types of perf@amee issues that would otherwise entail high
transaction costs for dividual consurers to independentladdress. Finally, standards can
provide a necessary form of suppfor market developnent, particularly in its early phases, by
weeding out products and sewiproviders of such low quality that they could undeem
consuner confidence. Incentivealsed appraches, on the other hand, are probablgren
effective at stimalating innovatn and, when used in conjuranti with standards, canativate
the indwtry to exceedthe mnimum requirenents (perlaps even alling standards to be
tightened more quickly, if so desired). Ind#tn, incentive-basedpproaches, particularly
PBIs, nay ultimately be a rare efficient mechanisn for achieving high levels gerformance, as
they are focused directly on the desired oute@well-performing systers) and povide narket
participarns with the fexibility to deternme the most cost-effective way to achievat thutcone.

Thus, neither standards-based approachesngentive-based approachebviate the need for
the other, and in fact theyaypbe most effective when used togethn a corplementary fashion.

Net netering is, of course, the @at comnon incentive-based approachpait an implicit one.

EPBBs and PBIs can be used to strengthert¢beonic signal provided by net &ering. It is

also possite that, undr sone circunmstances,EPBBs and PBIs ray be nore effective at
encouraging perforamce than net metering.

In conparing PBIs and EPBB# one anotherPBls have several fundamtal advantage¥.
First, PBIs require no admistrative guessworkabout the effects of pcular variables on
performance. This can be pagularly significant for BIPV ad for systera with shading, for
which perfemance is dten difficult to accuately pedict® Second, PBIs account for a wider
range of perforance issues than EPBBs, wh makes thempotentially a more efficient
mechanis for stinulating high levels of perforamce, as they offer a wider range of options for
achievng that objective. In particular, EPBBsnherently can only acemt for factors whose
impact on perforrance can be ¢isnated reaspally well up-front, which in nest cases lints
their coverage to geographidatation, panel orientation, andaghng. PBIs, on the other hand,
account for the full rargyof issues that affectsysten®s initial conveien efficiency, as well as
any issues that eenge during the perforanceperiod. Combining an EPBB with a verified AC
rating nethodology, as SRP and THRwve done, is alost as comrehensive as aB?, but does
not address perforance issues Ht energe over tire (although thigifference nay be negligible
for PBIs with short perforance periods). Finall the fact that a PBI pwides incentives only
for actual delivery of solar eleatity may have a certain polital value beyond any implications
for programcost-effectieness or narket developrant.

31 Hoff (2006) ideriifies a list ofqualitative crieria for canparing alternatie incertive strictures.

32 No accurate rating conmions yet exist for BIPV. Thienpact of shading on PVhergy production depedsnot

just on he amount of shaling, but also on the spedic patern of shaling and the layout ofhe array@@ electrical
wiring (Greenber@006). EPBB incentivestructures aaaccaunt for theimpact of sheing on he quantity of solar
energy &ailable, buthot the impact of shding on he @mnversion #iciency of the aray.
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PBIs, however, are not withowdeveral potential drawbacksyhich EPBBs avoid. iFst,
spreadinghe inentive paynent out over tire e@odesits value to the custoen, due to the effects
of discounting and perforance risks. Thus, to antain the sane levd of cost-efectiveness br
custoners, a larger total incentive pagnt mustgenerally be offered through a PBI (on a net
present vala basiy campared toan EPBB or other up-front incentive. The longer the period
over whichthe PBI ispdad, thegreater ths pdertial addtional cog. A shorterPBI performance
period nay lessen this effect, but does so attiisk of reducing the fundaemtal value of a PBI
in encouraging long-termperfomance. Secondhe fact that PBI payents are disbursed over
time may be problematic for particular typs d custoners, such as (a) those withacces to
attractive financing o sufficient cash to pay the enire up-front cost out-of-pocket, and (b)
builders or developers of new constructiomhonare unlikely to be vlling to accept ongoing
liability for the peformance ofPV systems ater the building has been sold. Third, for PBI
structures with relatively short perimance perods, the size of the overall incentive payn
can be quite sensitive to short-terisiosyncatic condtions (e.g., weather variabilityor
equipnent/installation problesithat take tira to remedy), which could deter custars from
installing PV and ray be perceived by some amfair. Finally, PBIs create additional
administrative and participant costs assamibtwith ongoing datacollection and incentive
paynent pocessing. This issue may be partelyl acute for programtargeted to mall PV
systens, as these additial costs ray be larg o a per kWbasis for such safl systens.

Based on the considerations above, we recomrtteatdorograra currently offering a standard
capacity-based buydown consideoving to an EPBByegardless of what types efandards-
based appmches are also esiloyed. The case fanoving to a PBI is soewhat less clear at
present. PBIs may entail additioal administrative cost§, but perhaps the ore significant
guestion is what ipact they will lave on narket aceptarce. Theseisks ae prdably nmost
manageable for large projects, agdb are ofte already financed, have the necessagtenng,
and are relatively few in nuper (thus the additional admistrative costs would be sa). We
therefore recommend that progmmoving to a PBI inthe near ternconsider doing so first for
large projects. Over the longer-term, PV irtoe: prograns may want to observe experiences
with the nev CSlI in Calibrnia to guge the apmpriateness of extendirRBls nore broadly.

10. Employ minimum design standds if EPBBs or PBIs are notised.

Minimum design starafds represent the @t direct way to detergregious design flaws
associated with poor panel orientation and exeesshathg. Incentive structes that accau
for these design factors (e.g., EPBBs andsPRissen to somextent the need for imimum
design standards, although theseemtive stratures stl do not provide the saalevel assurance
as a nmimum standard. Indeed, seven of giregrans reviewed in tis report erploy mnimum
design standards in addition sm EPBB or PBl. However, the need for mmimum design
standards is greatest for progsanffering standard capacity-badaaydowns (or any other type

* This is trie assming that cistomersO risk-adjted discaunt rate is figher than the interest rate bthe escrav
account in whgh incentive funds ae depositeduntil paynent isdue

3 Note, howeeer, that tHs may not alwaysbe the case. @sof a PBI forlarger PV systens, for exanple, nay be
less of an dministrative haske than dewloping ard implemening desjn standards ard installer requirements, and
thenverifying compliance withthose standrds andrequremerts.
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of incentive structwe that doesnot accouat for sysem design). Even ifthe pogram
administrator conducts sagrlevel of design ngew, specifying explicitstandards up-front will
provide greger transpaency to the rgiew proces and is likely to improve the qualityf designs
subnitted for admnistraive revew.

We recommend using design standards thatbased on the expectedergy production (e.g.,
minimum expected KW per kWor mnimum expected kW relative to an ideal systgrand that
account for both shading and orientation. Tlyiset of design standarnd preferable to one
specified in terra of individual design paragters (e.g., an allowed range in orientation or a
maximum level ofshadng allowed, as it ofers more fexibility in conpliance and ltimately is

a nore meaningful indication of perfomance.

Conclusions

Given the relatively high cost a@ficentives requied to stinulatethe PV narket, ensuring that PV
systens perfom well is an inportant issue PV programdesign. This revievof 32 of the
larges PV programs in the U.S. deonstratesthat many different nechanisns to encourage
proper system perforance are beingraployed acrss the country. Each has its advantages, and
the best set of approaches in any given casecviitally depend on the perfoamce issues of
greatest corern and on each progr@s partidar objecties and constraints. That being said,
our review does point to a number of pisimg strategies that we believe program
admnistrators should strongly consider adoptingost inportantly, weencourage prograsro
evaluate and share infoation about the effg#iveness and costs ofternate approaches, to
provide a solid foundation for programesign going forward.
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ABOUT THIS CASE STUDY SERIES

A numberof U.S. siateshawe estblished dean ensgy fundsto support renavable ard clean brms of elecricity
producion. This represats a new trend towards aggressve state sypport for cleaneneagy, but few efforts have
been nade to report ad shae the eay expaiencesof thee funds.

This paper is part of a series of cleameegy fund case studies mared by Lawrence Berkele National
Labaatory andthe CleanEnerg States Alliace. The primary purpose d this case stugseries is taepat on
the innovaive programs and adrimistrative pracices ofstate (ad same intermatioral) clean energy funds, to
highlight addtional souces of infornation, and to idertify cortacts. Our h@e is that these caseusties will be
uselll for clean @ergy funds and other staketolders that are mterested in learmg @out the pioneerng
renavable enegy dforts of newly estalished clean mergy funds To accessor downloal all the @se studies,
see: http://eetd.|bl.gov/ea/esftasesbr http://www.clearenergystates.oy/

ABOUT THE CLEAN ENERGY STATES ALLIA NCE

The CleanEnergy States Aiance (CESA) is a on-profit initiative funded by members andfoundations to
support the stte clean engy funds. (ESA ollecs anddisseninaies information ard anaysis, conducts
original researchandhelps to coordnate activities d the state fuds. The main purpose of CESA is tohelp
statesncreasehe quality and gartity of cleanerergy invesments andto expand the cleanenery marlet. The
Clean Enggy Group manages CESA, while Berkeley Lab provides (ESA with analytic support.

CONTACT THE MANAGERS OF THE CASE STUDY SERIES

Ryan Wiser Mark Bolinger Lewis Milford
Berkeley L& BerkeleyLab Clean Enegy Group
1 Cyclatron Rd., MS904000 105 North Thetford Road 50 State Street
Berkeley, @ 94720 Lyme, NH 03768 Montpelier, VT 05602
510-486-5474 603-795-4937 802-223-2554
rhwiser@lIt.gov mabolinger@Ibl.gov Imilford@cleargraip.org
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This document was preared as an accoundf work sponsoral by the Unted States Gaernment. While this
doaument is believed b contain carect information, nether the United States Gvemment nar any agecy
thereof, nor The Regentof the University of Califomia, nor anyof their enployees, rakes anywarranty,
expressor implied, or assumes anlega respomsibility for the accuacy, conpleteness, or usefulness of ary
information, gpaatus, product, or proces disclosel, or reeseits that its use vould not infringe privately
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