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Agenda HFE

e How Is solar PV system “Quality” ensured for

customer sited systems? XL H G AR & 400
H, ARG W 15 2 R 2

e This question Is explored in this Case Study of
California, the largest solar market in the United

States. NS A Eac KIFRBHBET Y, A2 INIHZE 51 A
UL, PRI T IXAN R

e In California, a mix of international, national, state,
and program-specific standards are used to
ensure quality. 7ein, A EERE . BN E L M. IH
F5 i S 2 DA EEINAT, 8 T ORB i .
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California Solar Initiative finMAPEEE4TEITHR] (CSD

e California is the largest solar market in the U.S.
I 2 5% [ e KB R BHRE T 475 6

e $3.3 billion CA ratepayer funded total solar program budget with a 3,000
MW goal.

I T L 9% SR B e DS B A ORBHBE I H , Hos: 3GW, TFils: 33435 IT.

o Projects are all customer sited (e.g. behind the meter) , not
wholesale projects. Residential and Commercial. 1 MW maximum

size.
W HAEG RS TH M (R , A EIH, FEr b,
% K1IMW,

e CSI program totals to date (November 2010):
HBCSIvHA R $]2010.11 7

o Installed: 422 MW at 39,845 sites 28 %:%%: 422MW {39845/ 1
o Applications: 446 MW at 12,514 sites Hif: 446MW{E39845 )7 .
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Quality Components in California jhn 5

e National Standards: [E % brifE

 Underwriters Laboratory (UL) (Modules, Inverters) Underwriters 5246 %<
(UL (A, 042 as)

» National Electric Code (NEC) (System Design) [H ZH1 UhsifE (NEC)  (F
gt

o Lrlsﬁjiftute of Electrical and Electronics Engineers (IEEE) Hi {11 LR
a

e California Standards (CEC) (Modules, Inverters) i pritE  (CEC) (44, 1
AR )

e Inspections: £ 7T
» Local Electrical Authority Hi /5 (1t )y 451 ]
o Utility 1 /)
e Ongoing Maintenance: 10-year warranty Required 4i9/": 23 1O 1) it {50

e Incentive paid for production, not installed capacity, on larger systems 4 A [1 4

ARG, EIXPAH, AR R, T30 .
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PV System Quality Components in California

UL Listed Modules CEC Approved System Design
Design and Inverters Modules and stamped by
L Required Inverters Required IBRIDE CRGIIEEL e
wit e comply with NEC
ﬁ‘j? HUAULIEL TR NN BEYRZHIL B G YR SR A R
PR AR 25 o HE (R AL AR 2 TRITRTER,
FKH SR
: Installer obtains
Installation C-46 license
223 GG GIELR
£ G~ GAHUE
: Install ired to off Performance Based
Operatlon nstaller required to offer .
s 10-year Warranty Incentive
:@ | RS S
TSR ARIE T 105 St 3 T AR B 2

This process is focused on California — the most mature US Solar PV market.
Processes are similar in other states.

ASRERE T SR N — 4 SC I b A G AR T 3 0 LA N T R i AH 2R DA
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Key National Standards: National Electric Code
FEE: B BSHE

e Uniform National Code focused on safety of
electrical wiring. Section 690 deals specifically
with photovoltaic systems (grounding, wire size,

string sizing, etc). ES My B h /g 24 . $6901 4]
EXRRGER (B, Zeidn, 419 K/

e This Is the code that local electrical inspectors

ensure that photovoltaic systems meet. A&#dh e
b U 7 D1 A DR G AR ZR B8 T A 20K

e American National Standards Institute (ANSI)
standard. e/ bR B ARAE.
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Key National Standards: ANSI/IEEE 1547

FEEEPR: ANSI/IEEE 1547

e A uniform standard for interconnection of distributed resources with
utilities. It provides requirements relevant to the performance, operation,
testing, safety, and maintenance of the interconnection. Adopted in
2003. AR AW — N g —tadE. st HiEae. B, Wk, %
RN YET K, T20034 17 -

o Installation of distributed generation on radial primary and secondary
distribution systems is the main emphasis of the standard.

ASHRHE L AE AR ) 1) — N oA B g L A sUR LI 222

o Itincludes specifications for: response to abnormal conditions,
power quality, islanding, and test specifications and requirements for
design, production, installation evaluation, commissioning, and
periodic tests. fufh: AN . HEE R IS R AN IR
ARG K 22V, . IS R 2K

o Applies to systems 10 MVA or less. W 510MVAZ S K LLF .

o Incorporated.into UL 1741 & A UL1741,
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Key National Standards: UL 1703 and UL 1741

S E S brvE: UL1703F1UL 1741

e UL 1703: e UL 1/41:

e Concerned with safety and e Standard for fire protection
longevity of solar modules and anti-islanding for
SEPELLIR I 2 AR A Inverters

e Standard based on IEC 61730 AFHEFXTEAZ AR IR Bl
(international standard) e Incorporates ANSI/IEEE
PRI T IEC61730  ([H FrkrvE) 1547

e Required by the NEC and the WH: ANSIIEEE 1547

California Energy Commission
(CEC) @ the standard in safety
NECHUINMNREYEZE (CEC) #EKiH
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UL Listing Required for Modules and Inverters
HAF RS A8 E R 2 HULAGE

UL Certified ULAERY
Equipment B
Required AR

e California, like most states, has adopted ANSE/IEEE 1547 as its Standard for
Interconnecting Distributed Resources with Electric Power Systems

MR Z I —FE, N K HANSE/NIEEE 1547, 1B N34 = f 32 N AR

e System must use certified equipment from a list maintained by the California
Energy Commission. Equipment must be IEC/UL certified

?f{?\dzgﬁ@ﬁﬁééﬁi)\ﬁ%&%, WA NI BEIRZE B 25 44 B, IS W ZAE HIEC /
TWNUL:

e Inverter: ANSI/UL 1741 certified 1i45%5.  ANSI/UL 1741 PA kb m

e Modules: IEC 61730/UL 1703 (Safety focused testing) 41{}: IEC61730 / UL
1703 Ryt

e Underwriters Laboratories writes the testing procedures (for example 1741),
but other organizations (Intertek ETL, CSA-Canada, TUV Rhineland) ma
perform the tests on equipment. UL% 5 il il (AR, Bilun1741, ALK

(flhn: INtertek ETL, JIE KIICSA, SEEIMEITUV ) BT HEXT ¥ &4 TR .
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CEC Testing of Equipment #&rCECHIA

CE(? Certified CECIAIE
Equipment Y
Required 5 [

e California Energy Commission tests, certifies and rates modules and inverters
allowed for use in the CSI program 1N G852 2044 FIs AR 28 384 TR . DAIE
FVFLL, AVFECSIIH A

e CEC maintains list of eligible equipment CECIA JE 5% % £ 1) 4 5.
(www.gosolarcalifornia.org)

e CEC testing is focused on performance CECIlli{ i1 & T fE .

e CEC uses the more “realistic’ PVUSA Test Conditions (PTC). PTC specifies
20°C ambient temperature vs. STC 25°C cell temperature.

CECK M Hn# AL I PVUSAIIIA S (PTC) , PTCHE20 "CIFAERRIE, 1M
STCHLE HLIBIEL EE25 °C.
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Contractor Licensing &1,/ $h 8 i &

Installer “Z&&R
Qualifications %%

e Contractor Licensing - C-46 Solar Contractor License in California 74 75

TR HEZS K —CA6 I R BH R AR A0 s U

e Exam covers planning and estimating, solar installation, service and

—_—

maintenance and safety. & 5a: FRIFVEYL . KEHAER & %3E. 12
ITYEY R 224

e Exam questions cover codes, equipment names, calculations. %% |n] il

WE: MR, B AR A

e |ssued by Contractors State Licensing Board. f1/H 7% 0 i $h 8 FlZF 2525
Eo
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National Electric Code Compliance #&E 5k s

NEC 690 —
L% A

e Local authority (city, town, or county electrical
Inspector) inspects both the design and the
Installed solar system to ensure it complies with
National Electric Code (NEC) section 690. This
covers issues such as grounding, breaker, and wire

Sizing. #7747 (. 8. B s i Ka KB ARGt
Flzzdk, DI iR Hg sy B K 23 R (NEC) 5569071, 78 faid Wi
LT S S 5y N N Y [T
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Utility Inspection &R 1#7

e Utility inspects system to see if it meets specifications, uses certified
equipment, is sized properly, has required disconnects and
interconnects with the grid properly. &gk, &8 T BB ST AT
W SRR R KANEE G BRI S W A AN HL M

e This inspection occurs before system is energized. IXFf & 7E R4 A& H

»y— — M2 .y
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Performance Based Incentives 3T P:ReE 02

Performance Based
System R4 Incentive

Energized #2141 ST RILPERER 2l

e The system owner only receives incentives/subsidy after the

approval to energize the system. PVZZ i &AL R G AT LU
BATKHJE, A REIRTE R B AR .

e For larger systems (< 30 kW), third party Performance Monitoring

and Reporting is required.
TR ARGE, RS =T I BEA PRIV o

o Incentive payments made based on reported performance.
e SO AR S T i3 I e R B

o This provides incentive to the
EPVARGRNE T4 T2, DMRUE RS R IERISTT o
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Installer Warranties z3% A\ 5ifs

Installer required to offer
10-year Warranty
TR 2 B R AR AL 10 Y
5 i PR AE

e The installed is required to offer a 10-year warranty on the
system to customers XJ | & ki AT PV R 40, L1074

(15 i s IR IE
e Most modules carry a 25-year warranty 2 %140 4L {254 i
ik

e Inverters have now started offering 10-year warranties ii4: s Jf
A9 L0 o ORIk o

e |Installer warranty covers the whole system ‘22 i (145 J5 i 7% i 4
HUTES S
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Conclusion M4

e No overall “Quality” standard for PV installation 7% 15 4 [fi [PV %
B “ " PR

e National standards mostly focused on safety (NEC, UL) X £ % [%]
bR E 4] (NEC,UL)

e California specific standards focus more on quality: Ji M 14> 71 b5

B 3 o o ) A
o Installer certification, warranty requirements %% A\ ik, )5
[Py iR 225K

» Performance Based Subsidy & 74 &4 LK 22 il )

» Performance tests of equipment 1 £ 1) 14 HE it
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Backup and Reference Material
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Reference Material: National Standards %% k. ERiGHE

1) The US Department of Energy — has limited authority to make standards, but has
promoted streamlined interconnection processes. They released a “best practices”
document in early 2007 that gﬁivesgqidance to state and utility policymakers on ‘
interconnection. 55 [ FE T E PR AERIBU) AT BRIY, - (HAE 24 I8 (308 fj 44 1 I [ 42
NPy AE20077F, REJRMS AT T /NI “ IR SERR T (500, 2SI AT ) &
e BRI E N S1AE FLM R AT THPRPE R 5

http://wwwl.eere.energy.gov/solar/pdfs/doe interconnection best practices.pdf

2) The Federal Energy Regulatory Commission (FERC) sets national standards for
interconnection, mostly in the wholesale, bulk power market. FERC Order 2006
outlines detailed requirements for small generator interconnection. That rule can be
found at the following link, be aware that it is Igngth%/ and tedious reading. S REYR
FR4: (FERC) e L ME A B 5, Bl e B i, AR B H
FERC20067% 446 B b th /N A A R B N PRI K . IXAME R AT A5 T 3 (R B 46
k2], WEE, BRI HsE RS NZ R .

http://www.ferc.gov/eventcalendar/Files/20050512110357-order2006.pdf

3) The web page for the IEEE 1547 standard can be found here:
http://grouper.ieee.org/qroups/scc21/dr shared/ The actual standard is available for a

fee, although CAS/IEE should be able to obtain a copy directly from IEEE as a related
organization.

IEEE1547FRHE M 7T 1E:  http://grouper.ieee.org/groups/scc21/dr_shared/ iX A brifE i %
%giﬁﬁ’;ﬂ;ﬁﬁ‘é@fﬂ, HAR ARG T — AR AL, N1z i) H 1% MEEESRTS bR
\ lﬁjﬂ o
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Reference Material: Solar ABC &% k. KPHRew]I 5

Solar America Board for Codes and Standards, www.solarabcs.org =& [E K H GE LA bR
#EF F 2, www.solarabcs.org

Comparison of the Four Leading Small Generator Interconnection Procedures, reviews
and compares four sets of interconnection procedures that regulators often consider
when developing state and local procedures.
http://www.solarabcs.org/interconnection/ABCS-07_studyreport.pdf

VAN SERER N A R AR P B LU YRR LA MY B AR, AT T2 B e A AE
RN S H7 (0 H B AR RPN, 3 3 AR 2

Utility External Disconnect Switch: Practical, Legal and Technical Reasons to Eliminate
the Requirement, documents the safe operation of PV systems without a utility external
disconnect switch (UEDS) in several large jurisdictions, and explains the rationale for
eliminating UEDS, including redundant functionality, a failure to provide expected
protections and the unnecessary costs added to a PV system. Report details.
http://www.solarabcs.org/utilitydisconnect/ABCS-05_studyreport.pdf

HL ARSI T OC (UEDS) o HEPRUEDSZERISEH . A5 FOR ERVELH; ds&3840
KITEEX A BN ANER TR T o¢ (UEDS) 150 F PV R H RS 41847, fid ke
HEFRUEDSIIMR AN R A, f45: TURIIEE, SRR DGR AR, Mnde stk 24 LAk
R, RASTER:  http://www.solarabces.org/utilitydisconnect/ ABCS-
05_studyreport.pdf
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Reference Material: IREC Model Rules
SRR IRECE R H N

Another useful document is from the Interstate Renewable Energy Committee
(IREC). They have written a “model” ordinances/legislation/rules for
Interconnection agreements involving small (simple and short) and large
systems (much more detailed). 7 #r - H B SO 2 RYE T & M 18] 7] 742 6
HZG (IREC) o X mMBARENL, AN (RER. R X
MERG CAEFHED , MAwS T 581 /&8 /7 BN,

www.irecusa.org/connect/modelrules.pdf

IREC has also produced a guide on interconnection of small, distributed
renewable systems. & MBI A FRAERERZE i (IREC) IBHEH —/DEEK). 4340
A B AERE RS MEARTEE .

http://www.irecusa.org/fileadmin/user upload/ConnectDocs/IC Guide.pdf
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PV System Quality Process in California
ININPV 2R Gt J & R B ) I 7R

UL Certified UL il 11

Equipment W&

Required WAL

e Inverters comply with UL 1741 tests for fire protection and anti-islanding
(see next slide). 48 257 K FFF AN ZE UL 7400 L F—ZJ4T /)

o UL 1741 is an equipment standard, implements the IEEE 1547
standard. An inverter that is UL 1741 listed will be compliant with
IEEE 1547 UL1741%— M &FrvE, HIMIIEEELS47HRVE. #RUL1741M0%
Y AR A AT & IEEELSATHRHE.

e Compliant inverters incorporate fail-safe designs that prevent the
inverter from operating unless its protective functions are operating
properly. fF& 4B AR FER P 1L 22 RBw i, REAIEEAREEIZIT,
FRAEHEBITE T BERE S EHIBAT .
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PV System Quality Process in California
NPV 2 Gt i & IR e ) IS A2

Installer 22357

Qualifications %% #%

e Trade Group Code of Ethics — CASEIA excerpts %z 5 i 4 57
—¥% B CASEIA

e safety, health and welfare of the public is paramount A2k
74, R, BENEEST LW

e shall install in compliance with applicable codes and
standards 25 E S S H AR A bR v

e shall offer and honor warrantees #2401 v 2 i & {5z

e training and safe working conditions for employees & 72
fEs Il B f 224 TAER) S5
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PV System Quality Process in California mmmpv&s:
TR UL Certified UL AUERY
| | Equip_ment B
%}%}Egandmg Required A

e Protection for grid maintenance personnel — no distributed generation
online when grid is down FRI4EE A G — =5 5 4z 7 BN, B DR V2 20 AT F
WAELIBT .

e Grid-tied inverters monitor the utility line voltage and frequency
continuously. Bk 3 Ak 24 22 1 AR H Y 2R G H R AT AT

e When abnormal voltage or frequency conditions occur on the utility
system, they shut themselves off quickly (or “cease to energize,” the
phrase that appears in technical interconnection standards). =4/ K H ]
Fe W R AR, MATE SRR BN (BeF “Zabftm” , X—ARE
HILTE B A RS HEF) .

Page - 23 09/19/06



