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AC Alternating Current

AHP Analytic Hierarchy Process

BYT Bypass Diode testing

CAPEX Capital Expenditures

CPL Component Power Loss

CPN Cost Priority Number

D Detectability

DC Direct Current

div Dark |-V Measurement

EL Electroluminescence

EPC Engineering, Procurement, Construction
FMEA Failure Modes and Effects Analysis
FTA Fault Tree Analysis

IEA International Energy Agency

INS Insulation Testing

IRT Infrared Thermography

-V Current-Voltage

KPI Key Performance Indicator

LCOE Levelised Cost of Electricity

LeTID Light and elevated temperature induced degradation
LID Light induced degradation

MCDA Multi Criteria Decision Analysis
MDT Mean Down Time

MM Mitigation Measure

MON Data Monitoring

MTTF Mean Time To Failure

NPV Net Present Value

@) Occurrence

O&M Operation and Maintenance

OPEX Operational Expenditures

PDF Probability Density Function

PID Potential Induced Degradation
PMBOK  Project Management Body of Knowledge
PLR Performance Loss Rate
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PR Performance Ratio
PV Photovoltaic

PVDS PV Failure Degradation Sheet

PVFS PV Failure Fact Sheet

PVPS PV Power Systems

RAM Reliability, Availability, and Maintainability
RBD Reliability Block Diagram

RDB Risk Database

RPN Risk Priority Number

S Severity

SRD Statistical Risk Data

STL Seasonal-Trend Decomposition using LOESS
STM Signal Transmission Method

uv Ultra Violet

VI Visual Inspection

VOC Voc Measurement
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A
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H (FMEA, MCDA)

HEX A H27t0| o|AS HE=Z b of2{ot BFdE M (semi-quantitative) Y ES2
olzte] 2| o2 MES ArEStCh Ol2{eh X4 7[Hh - S A8ot= 7tE T2 Y42
H27t=0| E2ota =QlE 0| 7t E gded = A= 2/218tQl fAE&S +3dt=
AOICE ArHO| FolEl S5 HES Aoty =olE (ol u=fE 82 + UL
Flee Td &E0IL 2 Jtsd | S0 ek Z==7t 0fAZE ZO|Ct

2.1 FMEA
A

2.
EMFOl lLto| HAYH2 (HEHQ SRt ABFEM (Failure Modes and Effects
Analysis; FMEA)OIC} [21]. FMEAO|A & =HQIE 2ZF (A2
2 (Occurrence: 0) & EfX| 7H5 4 (Detectability: D)Of| CHo & 7H=ICT,

RPN=S-0-D (1)
(o]

A M=a=2|(Risk Priority Number: RPN)2| Z1tZ2 HItE Q2 S22 0f2 £ A2
CHE flgd Hlug = QUoh 08 2= EfYEEE S0l et FMEA S5 AtEO|Ct O]
Aol BHHE2 MEH 2d WolM =718 2l AFE0| MehElth= Z0|Ct [2].

FMEA Rating of PV Module Failures

RPN
Module frame damaged

Snail tracks
Plant components not working
Delamination of PV module
Unprotected connector
Heavy soiling of PV module

Module unprotected against reverse..
Module back side damaged
Connector not properly connected
Breakage of front glass

Different kind of connectors

0 200 400 600 800 1000
Jd8 2: tiEXQ FMEAE EOE o BIYBRE 2T S5 ARl 7|8 fde S3
0j717]= =Y TUV Rheinland?| 22 H1AM EHE ELC|Z $ Zo|CL. RPN2 S, O 2}
D2| & (product)QlH, 6{7|A= ZtZt 0 1} 10 AtO[2] ‘H==0|C} [2]

2.2.2 MCDA

b OE BF9 282 O=57]F MEE 24 (Multi Criteria  Decision  Analysis:
MCDA)O|C} [22]. MCDA 2 24 =%, 85 &S(outranking) X 7|F ALO[Q] AHZ|2t
22 HAHAE AETCE FMEARL RAMSHA|TH Zh THY Bt R7t2 JHEXE 20 2|
20i FMEA LHOIAM HE=l 2N =25 s 2ot
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2018 (robustness) 22 LHZE  BILIO| MCDA=  Saaty?t JHETE EMF A
Z 2 M A(Analytic Hierarchy Process: AHP) R2RO[CH [23]. Ol Chs M 7HA| A&
7|Z=3tCt: AE 3% (building hierarchies), M&=%, =2[& &Y. 2M4=2= ox
Atolel HrLf =Xto|H A 12 G O3 32 ojzh FEOAM Lol ¢
Ef L HA0 Chot 2 X (X E AE5H7| et AlLtE SM+=2E EO0{FL} [24].

MCDA AHP Priorities for Site Selection

AHP Priorities

Dusty days

Relative humidity
Cloudy days

Land use

Slope

Elevation

Distance to residential
Distance to road
Distance to transmission line
Temperature

Solar irradiation

0.00 0.05 0.10 0.15 0.20 0.25
a3 3: o2 R0 EfgBUHL0l XX X|E AHS7| st AHP SM=2(Q] At
RE 2M=2le &2 10|Ct. 2 [24]

2.3 BEX 9WH (CPN, RAM)

I dEo= AZ0[Md X det==EX(fault tree analysis: FTA)IF 22 =X| 7|gt
7182 A0 el SEN FYES BItSts A0| XL o] Zibs =OolEl (3o
g0l Chot HEE MIot FA QAIA™E S Qo ZHet 1Y 2o 282 5+ Us
X2 E 7K o] HEHE FO{ Tl HAH S LIEHHCEH

2.3.1 H|& M= M= (CPN)

0f 7| M= @2l H2020 Solar Bankability Project LHO|A{Q] EfYEAIAR S (o 7HLEl CPN
B 20| =Oo| =0t [9).

CPN2 FMEAZ} H&EE ME E7t0| AFEE == QUL AtAZ CHRZ| I 20000 Z=0f
N =Tt m2tA H|E 7|8 (Cost-based)2| FMEAZ} M|QtE[RUCH FMEA R/ L E|l= 0[O
e @Ma=Q BIS(RPN)S st SICt "XIMCH M =E7|(Next Linear Collider)"2t 22
e Z2MEQS| MY +=HF7| 24 2512 HAIStL 7142 MPS M, MK =HF7|
H 0= A&t ofL|2t O&M, 2|2t MAAIZE &4 T FMEAS 123g ER7t ALt
[26]. 2003 [2710 O|Z{2 O|HO| AFE2EZ|YUE RPNO| =HEOCZ A H[E 7|8t FMEA [5]2
SASHEACE O2| ojfF H H ¢ 37(YS0| T2 AXLHE ZO0i0A FMEAES
=HF7] HE U ME oAZ™0 HZst=H E=YstE =0, Kahrobaee &2 HTHE
ESSI0 [29] 28 HEIAARC] +=HFT| H|E S FMEA 240|= CPNO| = E[RAC} [8]
[28].
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. IIlII
O€--—____... ._

Improperly Glass PID = Snail Defective Delami- Hotspot Soiling Overheating Failure
installed breakage Potential track backsheet nation junction box bypass
Induced diode and
degradation junction box
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~
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)
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>
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o
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orr
e
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A FAEFO&M) EHAO =HS HF2 2

HIO[E 7} AFEEIRID 2|1 O|2H 7hE8s HolL WEHES F=Hds =017 %I
FRIES E|Z0AM SEE FEOIRALE AlLHE =Y GE 45 £¢2=2 Qo HES

r-l_
2
kL
N
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™
Ho
02

Il

A AHSEZ| R|8lf, FEXRIAIZEZ 2.1 FO|A Felot Azt ZtH3 2= L2 EICH [20]. CPN HE 20
MEH £ 229 Lt 2HE H[E2 Chaat 20| Adtg = UCE
CPN [€/kWp/year] = Ciown + Cfix (2)
PRfail [%] = PRstart,mon — PLR (yearfail - yearstart,mon) (3)
Yioss [kWh/kWp] = Hypss - PRfail (4)
"fail 5
Eloss_detection = Yloss_detection - Py ( : ) *CPL- M, ( )
Ntotal
Tlf il
Eloss_response = Yloss_response " Py - ( = ) -CPL - M, (6)
Ntotal

Nfail

7
Eloss_repair = (Yloss_repair - Yloss_shutdown) ' PO ' ( ) *CPL - Ml ( )

Ntotal
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4.

Nfail (8)
Eloss_shutdown = Yloss_shutdown Py ( "M,
Ntotal
ElossTOTAL [kWh] = Eloss_detection + Eloss_response+Eloss_repair + Eloss_shutdown (9)
E, * FIT (10)
__ toSStoTAL
Cdown [€/kWp/year] - P
0
C £€/kW. _ (Cdet + Crep/sub + Ctrans + Clab)nfail (1 1)
fix [ / p/year] - P
0
7| M
H 1: CPN AAtof 23t nt2tolE He|.
PRgai 20| wyY tel H5u| (%) Nfail — @wg we pgasol 4
PRstartimon  147Zto] 2He 2L HOEZ} 7488 Mporqr AR FA T4
AW CO|HZ A At AET dsH| (%)
PLR 0| 2 {7t M7 HIO|EIS AL SHO] CPL  3yex s3ad %)
At B M8 [%/year]
yearsq SO0| Yt e M, EIX], LS Ef 2] AZKEE A AIZFH Q) S2to|
O 52 7424 +F0M ZHE oF7|3te 22
57| Qe S) [--]
Ye€Qarstart mon 2UEE HIOE7L 7h8SH & Ay o= M, 2HFX AIZFEAC O 22 TE8A FFOM
ZHE op7[St= 28E 1357 /1T ) [--]
Yioss SN 48 242 20| YU x| FIT — sxioy (e/kwh]
UAS RO SUETL Yike &= Ae kw,
o| OfHX| [kWh/kW,]
Hioss ZAY E4H 2 0{|0]B(POA) ZALE Q) Ciapour 21718 (]
o2 AL [kwh/m?]
Eloss_detection X Sete| o4 x| &4 [kwh] Crepair %2l MZHh)
14
Eloss_response S S2to] oL X &4 [kwh] Ngr 2| 2350 Hojsts HEY 7Rt +
Eloss_repair 2| 2| oL X| =4 [kWh] CST AT 7|=Xte| LR HEAUHY 88) [€/h]
Eloss_shutdown 278 "X sete| of 4 x| &4 [kwh] Cdetect EFX| H| & [e/788aa]
T84 EHEH(CPL=100% 2 18 CHfet HlAH g grd(Setd AL X HIEY
2OI8O[ IR, £HO| O] QI8 |-v M =&, A

ElossTOTAL A o X &4 [kwh] C‘repair S2|/TIH| H| ] [6/78 24
Py BT SHE0| £ HXIY kW, Ctransp #+2 HI8 (/784

CPN2 EX| A7t S| Mo &M (Choun)t FHT EXMBHZE A HIE(Cr)ll F 7HX
RAE 7dtez NN dges BItotot.

CoonnS 22F UM A| NSEAME(PLRQ ZES 3 ASH|(PRIZE HItetoz M HEst
AFEC PLR2 0|8 7hs¢ot gne[Fo| Hlu A0 7|=510] MEREl [32] LOESS(STL)E
0|82t HE 30| 23(seasonal-trend decomposition using LOESS) [3115 AH&d| AHAHEICt
[31]. O] HHE2 A|AZS 1 o9l E222 st PR 22| &7|XQl F0|E FE3ICL
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O3 Chg 0 FO|E MY 3 £AS SO PRS 7 WESE BADCL PRES
ZEAIZYO2N EAE FA| 7|70) thet BE 0| Chol 1 PR 2tS ks ChAl 2
S| LB A|ZH0] ChoH PRS =ZSHCH

A7) PR MO Z2, UHA AW HE £L DEO| H2 ASTO| HYE ¥ T 0|
AAbSH PRS ZUHOR AFBSHS 20| BRI £ AUC

THOA FHLAUCPHS HYTUHAN IS WS 1YL Y NS
eloith My 4 M, SHE QY 2 O 52 +F0 9t Pdesd) Doscs

=

I —

HAESICH OE =0, Wah|AHL EHE BE2 ©H AEZo 450 d™Z DO|XCH
otHOo| RH™EX|(shutdown)Zt SFLte| AEZEAE O O1I§ %01 DEZS UM
AR0|= HT ZAHIO|H EA(combiner box)0f| PZAE ZE AEZINNX| S 0O|X|7|
7

MZof 2HEX M2 2t 2THFR| AlZE M3 M2t A0 S 2ottt

Of 7H&2 EfLIAIAECLl X d5 =M Ciet F=tot YdX OlsiEI OfLf2t

SEH Ol E 7| 2lof EfFEALE IF2| A|&H 2L EHE 8 fXA[E4 E[Z HO|HL}
2 AtEdt= CPN SR ES Xt53tot7| flet =40|Ct H& At 4.1.10] Liet /ULt

-_

2.3.2 H2]d, 718841 R X 2+d (RAM) &4
Al

J|a olHI PR MEHS SUN ME TS THHE 3 4B AL 02
IO AN HE| AFRE|= £ CHE Hakst gEHe Mzld 78 3 {X| 4= (Reliability,
Availability and Maintainability: RAM) £AS IOpetoh
QX2 Ho| ofst Mg Hng) 0|

g BHaa0] BT T2 Y THES}T| 9[o) ARy 22 Cio)

St
o o ="
Diagram: RBD) =& 2% 52 4 (Fault Tree Analysis: FTA)2 H&SHCHE 5).

™

B HIWHAN S

PVSHINg MENY ;. @Y

- - e

PVASHiNg Y )|, Y

& > @ G o)

5: ME|d S5 Clo|o{O(RBD) (Rt A= EM(FTA)(OF2H)2l AHEl. & [11]2

a
9

I o

17



Task 13 Performance, Operation and Reliability of Photovoltaic Systems — Quantification of Technical Risks in PV Power Systems ‘ ‘

RAM Z2Z0|A M2ld R2 Al2E 52 #9247 FOT AlZE Lo HESH A&
eE 2 golErt

R(t) =f f(t)dt
t

Ho| Z7tetof 2 =29 =& LU =5t (probability density function: PDF) f(t) = X[,
’Sﬁl, Weibull 2= 21 FREXZ= LEFHDE Weibull 2= HEIT =2EZEQY
HALEZO ME8E = UCH da=Zs HO Y = ZEHeF €2 O HFAHLSE 7H7

E =
ofo|gg o2 MSEICE (33]0IA EE3H LYt B Q40| Cf3t 2% PDFE B 29 2Lt
bl
~

H 2: 29 3312 LHES =St EfYEUMA 440 St X[ PDF.
FHQA PDF
EBYE2=E X|== Exponential
HiO|I| A CIO|E Weibull
DC 29X 271 1t (Lognormal)
AC A(K] Weibull
AC XHERZ|(circuit breaker) Weibull
714l E{ (Connector) PNES
I E (Inverter) 21 31t Lognormal
=HE A= 724 29| ol StLiel FEaAol EF0| O|=27|7HK| FHd
AlZH(mean time to failure: MTTF)2 2|7} 7t53}X| G52 OfO|”Q| 7|Lf +=FH S 2| St}
_J® (13)
R(t)
MTTF = f R(D)dt (14
0

7t (availability: A)2 XA dSHoE HFE A7t HEEE FOIECL A=
MTTFE & Zt& AIZtQZ Lhe 2t0|0 k3t 20| MTTFRt B ZtE SE AlZH(Mean
Down Time: MDT)2 2 A AtEl = QIC},
_ MTTF (15)
MTTF + MDT

23 [33], [11] & [34]01A RAM 242 25L4 SOt ENSEA|AEH 20| HA| GOt 3|
=N 7ML SHES 7|HC 2 +HEQUCE ME|Y 240 o|5tH EfLZ 2 =9 of 4
TH2 4432 7| Fot= UHH FHE FxI(balance of system: BOS)2t QIHEQ| 7|CH +=H2
Zrzt 193t 8HO|CH [33]. &3 [11]0AM AE™ QIHEO MEZ= gHEH (7Y 71710l M
25 (x| A C>IH'|E1) Atolo|c}, &A= AM2[d20d =), 7tE-H X =42 HE 30

HMAIZ[Of QUL
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# 3:15.3 MW Ef YU F A0 RAM 24 Zit 23 [11]2] LHES 7H=.

TEas Hz|d 71878 olHx| &4
(20 4 2) [MWh]
B AEEY 88.7% 99.85% 805
Ao BfA 14.4% 99.69% 1656
OIH £ 0.1% 99.42% 2842
EMATH 55.6% 99.50% 2601

2.4 71 2r=tChH
e 9y, dElgn 7840l Utk Z

= IO-| [ =
ZX|(mitigation measures: MM)E &gt 5= QULCH Jahn 2 EiYE7|= {2 E 23
87HX| LEtM Ol bzt ZX|E OIS [3].

o ENYERESO|Lt QIHELt 2
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3 7™ iojEjHo] £

PMBOK(Project Management Body of Knowledge) 7I0|E0| [MEH, A
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EtX| (Detection)
=22 BX5t= 4 AEE = Us RO ojet dFHo|oh 2z otof A= BA HE2
=S 2UHQ Hdo = BX|SHA| ZotALE CHE S 2= ALY = U= O[AHE 2
B O|Ct ChS1F 22 2F0{7F AFE EICH
H 3: BX] gy S 2o
2tof X
VI FOLH AL (Visual inspection)
IRT MM ME2{I| (Infrared thermography)
EL A 22 (Electroluminescence)
\Y F7h1-v 57 (Daylight I-V measurement)
uv XM ¥ (UV fluorescence)
STM Ad M& 9 (Signal transmission method)
MON HOlE ZLIE 2 (Data monitoring)
div QEAER I-V X (Dark I-V measurement)
BYT HFO|Ij A C}O|RE AlE (Bypass diode testing)
VOC N £ (Vo measurement)
INS HA Al™ (Insulation testing)
=& (Origin)’
=0 3 =2 QA R0 oo SO, AXet A 20 =30 2X|, 3. st
X E).
FEF (Impact)
TERAQ AAH-Ol oHF, &, MEd0 O/X[= de X H2dE dFott 2= =220
CHoH oF M (safety) it ‘d s (performance)Ofl LS 7hS3 S22 HI7F FO{RICH
B2 sS HESIAL 52 Z&E HYSHALE thed| HYERES Sat5te AIEHE
ol e Mol =20| oM S 2 Fo|FEICt A8 70|= M 7HA| HF7F Fo &
UL
QM HE A9
o 22to| QHM 0| Chsf @atol gict
S& SYO[|L O|XA QI 220| oL S 20| 2HAY (f), M7 [H
43 () 22 22H ™ (m)= OF7|E = UL
eﬁ =0 AFHH 2 Y (f), ©7[H 43 (e) B2 =22 A (m)
=2 of7[e == ULE
a3 7: ¢t HE
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Task 13 Performance, Operation and Reliability of Photovoltaic Systems — Quantification of Technical Risks in PV Power Systems

Component | Module PVFS

Defect Front delamination 1-3

Appearance | Any local separation of the layers between (i) the front glass and the encapsulant or (ii) the cell and
the encapsulant, visible as bubbles or as bright, milky area/s. It may appear continuous or in spots.
The position and size of the delamination or bubble depends on the origin and progress of the failure.

Detection VI, (INS)

Origin The adhesion between the glass, encapsulant, active layers, and back layers can be compromised for
many reasons. Typically, it is caused by the manufacturing process (e.g. poor cross linking of EVA, too
short lamination times, too high pressure in the laminator, contaminations, improper cleaning of the
glass, incompatibility of EVA with soldering flux, inadequate storage of the raw material) or
environmental factors {e.g. thermal stresses, external mechanical stresses, UV). Delamination is
generally followed by moisture ingress and corrosion. It is therefore more frequent and severe under
hot and humid conditions.

Production [l Installation  [_] operation [

Impact Delamination or bubbles do not automatically pose a safety issue, but they can result in reduced
insulation of the component and increased safety risk when they form a continuous path between
electric circuit and the edge due to possible water ingress. Moisture in the module will decrease
performance due to an increase of series resistance, affect long term reliability and in some cases also
the structural integrity of the module. Moreover, delamination at interfaces in the optical path will
result in additional optical reflection and subsequent decrease in current. This can be the origin of
current mismatch. If the mismatch is significant, it will trigger the bypass diode and cause further
power loss. The inverter might also shut down due to leakage current’s leading to a further
performance loss. Manufacturing related delamination issues often affects a relevant percentage of
modules within the same production batch and consequentially has a big impact on system

performance.
Safety: . @ Performance: q ,

Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

Modules with a direct safety Check validity of IEC 61215 Extended testing (e.g. damp
risk or a severity of 5 should be | certification and BOM, ground heat), pre-shipment inspections
replaced. Regular inspections fault detection by inverter or (e.g. cross linking level of EVA)
should be done to monitor the | other devices at all time. regular visual system
status of the not replaced inspections.

modules. In case of individual
module testing all modules
which failed the insulation
and/or wet-leakage test should
be replaced.

A% 9: YHtXol HEHE 71X PVFS Atd|e] A o] X].
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Task 13 Performance, Operation and Reliability of Photovoltaic Systems — Quantification of Technical Risks in PV Power Systems

PV system basics Goal of this survey How to start ?  Other guestions
System ID: iterator i counts System 1Ds PV module type

Source of data Inverter type

Country Mounting system type

Climate zone Grounding of substructure & module frames/conductor

Special stress Other system component

Kind of system Nominal system power [kW] P,

Orientation Date of system start [MM/YYYY] Ta;

Inclination Date of failure documented here [MM/YYYY] Thi

Comment if a field is orange

Integral data

Following failure specifications are based on investigated percentage of
Total system power loss  |Inverter Cable and interconnector |PV module Mounting Other Comment
[%] [%] [%] [%] [%] [%]

y\

Failure specification for z,, % of the system k=1
Failed system part Failure 1 Power loss 1 Failure 2 Power loss 2 Safety failure 1 |Safety failure 2

specification [%)] specification  [%]
Inverter No failure  No detectable loss No failure No detectable loss No failure No failure
Cable and interconnector |No failure  No detectable loss No failure No detectable loss No failure No failure
PV module X APy q No failure No detectable loss No failure No failure
Mounting No failure  No detectable loss No failure No detectable loss No failure No failure
Other system component
Comment if a field is orange
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Continuous events Delamination
Defect backsheet

Defect junction box

Junction box detached
Discolouring of pottant

Cell cracks

Burn marks

Potential inducded shunts PID
Potential induced corrosion
Disconnected cell or string
Defective bypass diode
Corrosion/abrasion of AR coating
Isolation failure

! CdTe: back contact degradation
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Sudden events

L 4120
B 415
'm ] mm Animal bite/other animal issue
110 Dust soiling
Direct lightning stroke
n a Hail -= glass breakage/cell breakage
i 415

mm Storm -> deformed frame/glass-fcell-breakage
B Snow load -> deformed frame/glass- /cell-breakage
Glass breakage
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7|120|Me A7 1%0] 0| =k UCE EVA BHAMO| & oM CHE =282 FY
SotX| BA|2 A 12, OtM ELTS] Hd T2|n £ 0 F/do| SA| &
= UACE HAMO| Of HZstn a2l T Ao zastE (StLte] MEAE[E H
CHO|RE7L &s) A0 OfL|2tE EVAS| HAO| AFYXQI P 22X E LEIHA| = &
20t Soiet A2 Ao 2ot MAESl HMOIY|, of= Z|AX2 54 (B
=21 7(A 52 ~E Az Qo A EQ| # B (cracking) 2 O[O & = RULH
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1 ot
lo Bpr

r

kl

[
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ot
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-
S
£ rE Y ofm
> M rjo

o}
=
-
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I

—
o rjr
10

0l

Safety: Performance: e ——

Mitigation

Corrective actions Preventive actions Preventive actions
(recommended) (optional)

ro
5]
rA
do
ogt
Jjot
rlo

IEC 61215 2152 Faeit | H7|&Ql A|AH HAL

o RES|BOMY 9l k=3 7|12 X9l dR0=
mbs E=PN IEC 61215 Al Z=742| 2 Hf
2tlS 22 3 Hit Z2 §H &2
=Tl Al #4d SE

25

m ox 1A

Q2 El oz 1A
2
°
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rot
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0
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N

=
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N
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M
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EXAMPLES (page1) PVFS 1-2vs.01

Examples
1-3
VAR SHrHMO| A= Aol | ZHEAZ|0f FEHO| U= 2o B ZHE HAIE. [37]
S0 ZoOistA ZHE EVA. | S0 Z0|5tHAH ZHE EVA.
[16] [44]
Severity .
Examples
4-6
Aot 2Bl A | 3Ed= 2o E2 WM 37] | MAE 7] S| Y. [37]
ARO|, & ZHEXtE[of E2 HHA
[37]
Severity — e I
Examples
7
=250 JtE 20| StLte
do| e A0 O we
ZHE [16]
Severity & ,_ o
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Component | Module

Defect mEE ug PVFS 1-3vs.01

Appearance | HH [2|Qt SX|Xf AtO] 52 Ht SX|X ALO[Of 7|Z(bubble) S & F H(milky)
FACE HOlz 552 ofd 22X Z2|. AEHO|AL B2 A%ez LEYE £k
UALE B2 22 7|22 X2t A7|= 282 Z&ut TIHo| o &t

Detection VI, (INS)

Origin 2 0lR=2 Ral, XX, 2d 51t ¥ 55 A0|2] AE2 &4E & ULt S4He=z
giel= M= Z2 M (O, EvASl 28t 7t H&E &2 20403 AlZh 2t0[H|0]E 2
HE =2 €8, 249, felel #HE0 g4, 20T X2 VAL 4= fXed, #axe
FHES M) 2 2E8H AR (o, € 2E8 L, 7| 7|[AH AE A, Ated)7F O
Aelo]l Eloh HEl= gEt¥o=z 7o TR RAS sttott OigtM @ &ot
7|20 M= O BlRista o Zbs TICH
Production [ Installation [ ] Operation [

Impact o2l 52 7|27t ASHE o EHE M7ISHA = BX|2H FEe40 EAHY0| gdad
= Aol | JhsTt =22 HFE M0 T7|H 22eF ZHEARE[ Ato[of StLte
ALHQ Z20F HgEH A ™ol SototA ECh Z=0Mel +=22 HENLS
SAA ds5 d2AZ + AeH, 20| w2k Z71Hel dzldo Ses ojXn &
dR0= 282 728 2Ndo= IS OIXIA ok Act7E dst Z=20| fIK|et
Aol gt2|= 8lof BtAkgS J7HAIZ|A =0 O Ant dRIE daoitt Ol MR
=2Xel 20| & =+ ULk 2 LX|7t HotH O|= HIO|I|A CHO|RE XF5S HESIHA
EYHEHE O HXA B0t =2 dF 20| AHEZ Al A XE 5= A=, o=
F7HHQ 45 EHEZ O|0X[A Eoh Mz 2 22| 2M= S ek i X LHoAM
HEo HUEQS H50| s 0[X|2 O 21 A28 450 2 &= 0IXA £t
Safety: o Performance: | { ,

Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

HEHY oM 9" F2|IEC 61215 2ATS| pued | &F Ald (O, 1215),
MZtd 5 o RES BOMO 9, ™ M @A (o, EvA o
mbs of shC}. A E|X| | . Zbm &F) ™M7|Eol 20t
e el srolso)| B4 Qs oE mwo TH TS BANE ST
e 2=0| HEfE =I5 ol HX| AbT EFX. A B HAL
flsff  F7[HQ  AAL

O[FO{MOF otCf. 7HZE
Algel df0= 2l &7
FEEFE AgES SISHA
xot & 250| WA &|ofof
ohCt.

OF
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EXAMPLES (page1) PVFS 1-3vs.01

a4y

i ) I l
Examples  SHISHIIH e I ' ' ' 'l ' l !\
;.i. | . _'L _ 7, ; 1

TRGHA| @2 /AXOMe | WA Z2M A0 o3 of7|E | AZlE A} HAHE ME

LS

SX| X 2|, [SUPSI] H=2H  SXIel g2 | A=2RH SX|XQl 22l [38]
[SUPSI]
Severity
Examples
4-6
A
=
z3
td
=
-
|
|
=
e FRIIZEH | 2 22 OE SXMOl e |4 ZBI Zdget & JHEAe
o gtz| (R2|9] HIANZ | [46] (see also PVFS 1-1) F2o| SXIX el [38]
Severity
Examples
7-9
s Y B8 2 %o Hel | Rel//El 289 UAME | A JHEXE[0|M el Bl [16]
[40] (see also FS 1-2) AARO0|MOl B2 (FHEA).
[SUPSI]
Severity & - - ey - —
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EXAMPLES (page2)

PVFS 1-3vs.01

Examples
10-12
HF2loMe SXIX &l [37] | 2& X2 7172 Aol | Aol ZHEAE[0M RE|=ZFH
HAHE M2 SX[XH 22l | SAMe ge| (Rel HAME
[40] Qlok A3h). [37]
Severity
Examples
13-15
ol 2zeb JHEAtE] AtOlof | EA{aF SIS =2l [1] (see | RFBLZRHO XX L==1t
ALl B2E Wd5t= Hfel. | also FS1-11) e HAIESl  EZe[of 2
[40] OF7| &l gf2|. [SUPSI]
Severity o — B o — B ﬂ — B
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Component
Defect

Module

uA|E Ut

PVFS 1-4vs.01

Appearance

ez OoXl= Z2H HAE F52 o =252 :
Metel 2719 &, 7|2 22 OtF €2 22 ZY2 =2 LIt 5 UCh
StLE =22 O B2 50| #AZ = UL g2|of fX[et 27| =72 Jln THo
ELIES

Detection

VI, (INS)

Origin

ol E2|H tHE T WA|ET} QUCL 2fO|HO|EE HAIE
of M2 FAE UZ) M= WE 2|7 LIEHE &+
stof what =2|7h dojd = UA=H|, Ol 2742l & Ato|<]
St =22 O H2 30| #AZR = A =) sE==
=] 3
=l

AEol= B2 Chget dont =4
==
o=

|

S0l Htal2 OfojX|HL} I
WAELS L Sfejo] FOpotch SXTRLE WAES| Al BE o] WAEWA
2of 4 9loDf WA|E0L SX|TY AO|Q] AR EZo|M HEE 4 YTk WAE 2 1
Lol Mgl BtalE o7l Fa fole () Y Z2I0) 559 FWHALCTHI ME
CHEo R i SUelE A-7|HN A2, i) AR (AT0| 45 LEBH) sietx
9HS B @ Xto|M U S0 BHo o3t AP Ao ozt Z2 (i) BEO JHRI=
o2 J|AN AEA0CH I1BDR Ojk BI 3 ZUOIME Of M) X1 Az
Fck gtals w3 oS S0 LR B2 A7t 22 25Ee atojuold Z2AAof
OlSHA &= st 4 It

Production [ Installation [] Operation M

Impact

o E HZ0 7|ZE FIotHA Lo S4H
=ME M7IoHKl= & AO[LE O #E2 HAIESE Sot EHE/Z0| o

M ZSE 7tsdol AL ALt 7|=7F ¢ ol 7|AXHS=
T E0| E[X] RALL S| = o= dsu 2 EMe x27b Eoh SHR T
WAIEQ| 2|7t LA B 2 Z59| 7HEAtE| B£20|A LOjLtH EOf HZpst oHd
A7t E & At ZHEAE[ oM el ZS L 52 052 EX0| #HEsts A=
AHE =0l 222 S0{7t= YN d2E MSohA &t ol XEHof| AEH HI|H
B2E MEotEAM 02 st e 2ME OF7|otA =Ch OHEZER |2 Faea 229
gtdles SUYAE Lot oL Okl fldar gH ZdE 820 Z[AH
AEYAE JHSHA ElCh otLtel mp 0| HO[IA CHO|R =0 A '3 of7|g &= QU2
A28 2o MM 2etelX] B2 Ol ZEY = UMt OE T HAIEN A2
HA4d2 0= 50| &= L=H0f| Wt e HEpEich

Safety: Performance: i —

Mitigation

Corrective actions Preventive actions Preventive actions
(recommended) (optional)

AIFEol otM Q" Z2 |IEC 61215 9159 Qzstut| HI|XOl A|AH HAL
o2 59| RES [BOMSO =2l

[ojof StCh WX E|X| | e QAAHELL CHE ZHX[Of
Ot= ZEO HEfE =QIst7| | o5t HA| AL EFX].
Skl d715el ZALZt
O|FO0{XMof oiCt 7Y 2E
A®e Z220= HA &8
FHEF AEE2 S1EHK
2ot BE 2E0| WX Z|0{OF
ShCt,
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EXAMPLES (page1) PVFS 1-4vs.01

Examples
1-3
y
L
."':’ -).-t'-’
Severity
Examples
4-5

SAIMel YA L1t g | XM = 80| XdE

Hi A| E 0| BE|. [SUPSI] Ht2|, [SUPSI]

Severity e — a () u ——
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Component | Module

PVFS 1-5vs.01

Defect HHA|E <

Appearance | #¢, OII¥ =22 A2 EO|= HWAIE (EH =22 TN AEHo| o &4 #L9|
Xt Q== 29| {|Qlar XMoo et Fetrch 28 222 o8N (o, o=
7%, FEH)Y = A0 EF 2E BE (0, €2 Wt LE ALO|O), HAHLE M2hS et
S| AL 22 2EO| 2 HAO|LF MA| HNYOoZ SEE £ ULt 782 01 2™
HIA|E AEHO| F22 & 5= UL

Detection VI, (INS)

Origin HIA|EQ| 3= XM ZAL @ A
QIXtEO|Lt LHE AEFA (0, CtE
(FEEHCE H|o|1, Fhe| F-=st L
(HA HAIE A= ZatE)2 25| =2 ATt Ao seE=ICH Ol B &

o g0 MZ5ich E20| &2 A% (o, At MFHo| Z2) 52 4= £
2 2T (MAE o SX|AM)O| CHEZC| &7| E3t =2 Lo 7ICtH HM
HHAIE 78O MATL & = QUCH 42 7€ =22 0t el 7| = HMA|EE ZetX| A SHALt
oA 7| = 1850l A ZH/EXIx o] Z1t7F & 5= UL}

Eg&, 2F9 7|AH AEL

A
= =
2% 2d BYERE) 52 =351 £X
=
= A
=

\J
rlo
ri
oY

A

ro 1o > n@ off 1%

oV 0x 2 [

Ept ot ot

Production [ Installation [ Operation M

Impact THE WAIEE M| HA

== € S
HMzletct. Z71Hel SHOM, =7t 28 (o, R4, #2)E fEols 2
5

ol =
HER Q3 23 Felrt Yo 5= T Mo| B4 REO| e 2 Y| A0k,
HAO| SA4Hoz QEfEA &1 2 O Old SFEX| R=Ct
Safety: 9 Performance: | ,
Mitigation Corrective actions Preventive actions Preventive actions
(recommended) (optional)
EHe N Y 52 oo AHEL CHE IR0 | Z7IHQ AL HAL
448 5 9 EE2|os X AL FA|, IEC
uH|E|ojofF TCE WA E|X] | 61215 QTS| Fag
e REO HEHE oI5t |BOM o =el, dX o
Sl HI|MQ  ZALH| SOAHAL

FEEF AFE SIS
I

oot
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Examples
1-3

St orEfolM i ATE | E RIS ofzfel Azt #E. | A Atole] # Y. [38]
o HAIE [39] [39]
Severty | (0 (. @ |~ 00 ~ cee -
Examples e s
4-6
H A Ht Of2{of| (X[t M2 . | HAIE & L. [57] HIAIE #E. [57]
[39]
Severty | (0 @ |- € €
Examples
7-8
TEHO HH =4 [1] HIAIE Rl #H2 AFEXK
[TUV Rheinland]
Severity 00

A
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Component | Module
L PVFS 1-6vs.01

Defect  |wAlE £ (W3}

Appearance | #A|Eo| 9|2 mEIO| WA 2oto] EX|EICE Ol WA Qlof £7i2tg fjmd melt,
MAE 4= QUL WAIES| 2t TH7H FE O] AHX|AHLE 2 EISECH(dull).

Detection VI

Origin ZZ2 77 M5 ZRots AR HMAE S0 A= Z2Me| &Y (photothermal) E3t0f|
oI5| OF7| £l Ol & &0, TiO, M= 29| Ated AEHMZ 2 F S0 AHSE L.
Production [l Installation [ ] Operation [

Impact Hieo| 270 22 2E QFHO|LL 50| Y OIXIX| UKD WAE Hsto| T}
M3t WAE @o| AT € 4 Uk Lsjo o) SYEH KoM 25 I Ua
20 WAE FE BH 2 22 EOf Y40 S20| 2l = ACL SXXH/ELFE
gd B2 URE $z2of ZHio] SO Ant HUHSl RAoz 0|0 = U1
ds0= 2852 g2 0E 5= ULt
Safety Performance: H

Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

eHEE =2 LHES|IEC 61215 5L Rt | Z7[H AL HAL
SLESH] s E2IH2 | BOME| =2l
AAZE O|RO{XOf  otCf
g QHELE CHE ZEX(0f
olot FX| At EX|
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Examples
1-2

Wi g2oe JiE W MF | #Yo| U 2E 9o vt

[TUV Rheinland] Xt=r. [TUV Rheinland]

sy | @O @ @0 |@———

0
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Component
Defect

Module

— PVFS 1-7vs.01

Appearance

EXt=2 BN HOT 22 |z HQICH EA=2 E2|H SX[Xfe 7|Z Lo|Lt
g2 O[0E = 1, 7| TEO|LL MAIEY FES TELL HWAE 2|9 EXf=2
HHOM £2O0[X| fioOp TF REo| FHO| HZ 7hsoHA| B Me[d Fih2 HALS
L2 oA ElCh dBL FHO|AL X[EHOl Eo| USR] 2 FR0= Held
A 2l5 20[X] = &= QUL

Detection

VI, IRT, (EL)

Origin
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rlo o

d

" i 4
> — O Mk

0 E=AYR|E 2EQ BED BRAO| FaT, Ol MAtaol @
22 Ofe, BAWS M JbEXE HY, Y °F 2
oF (Of, BHE 4, 2MEH WAE)} S 32 1 0|40 HEAo|
g 3|2 HEO|TA CHOIQE, Qaist M8 S2)1 ZHIAT7| EO|CH BE 3

o
S2XQl AEYA WSS B ALY A5 F AL MM oF, 4z
=

!

-
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C

Ral

n
42

~

0 ﬂJII'I |I‘I 0
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1 =
= -d4d o Sk S i =
=, Feyol 2 530 oo A% I

F20| BOX|7| {Z0|Ct. EXt=2 O &
o

=
Sxoz phes O WAS ofy|2 O YojLi, 0|0

O[O{ ZILF.

> o oo r& rir Y

o 1o

ol
ot dn
=
to
re
rH
rn
rm
>
H
|0
Hu

Production [ Installation [ Operation [

Impact

Moz 2ol Ml BxpEe

20| ST} ATEX|T, DO Yof FT|E
MBE® 2¥e Yo7l 2H £
r

L
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My 1%
o
rx
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o
>t
rir
0Q
oot
o
>
ot

m

n

=2

|ot

it
rrr
rx 40
4

— — o
obs|0) Do HHO|TfA ChO|QCof o3 FEI} S8/
AEC| B HY|E OlA7} WM & Yrt M, AelMal
EIC} 0|31 OFA7F BHRF JGIA AT FOA LA
EHRHRO0| Qe mEO| mHTL TR0 sl o/ 20|
S9o| =7 BjojAo| HMelM o[OjXE S 1 &
HE 520|132 HEN BEYLK W2 ol
S& X0 30 KS WX| O[O} ST, O] QAT Mo| 25

o 4 |
£Q
=

g n

5 E
>
|>
o=
©
k-l
r
1854

° =2
>

r

o ﬂJ||1| r|'>>_
0 ﬁro
1o
o

N

2
S

% 2 >

P ot d
>

A8
S~
Jlob

I TE

C

A

AR A=K /=2
X 21t2| ARO[
232 0°C 0|22 St &
B71 W&o of EAA 2 fIde2 A2l =Xl HS AOICh ot HYTX ==
A 2 A2 Y= oo X7t fleLt, HHo|jA CHO|ETF I s 20
Us M EfYHR|S| MES SOl YR L2222 S22 &1 SX|ME Ei*A =Ct

|

=hs

4]

= Tr njo
=

o

Iul

o

}

Safety: G 9 G Performance: | { ,

Mitigation

Corrective actions Preventive actions Preventive actions
(recommended) (optional)

bR A¥ e | MK M SN, MM |HIIHQ AAY HAL
MZtd 5 o RES2|(MZII HALR A|AHCO|
E|ojof stch mA|EIX| | 7oY.
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EXAMPLES (page1)

PVFS 1-7vs.01

Examples
1-3

HAHIE e}
A E Q| EtXt=. [16]

35 Mzazes o
DA HTE EXIF (HAIE
242 gL0)). [16]

Severity G 9 ﬂ ﬂ

Examples
4-6
Y| 2 HiojojA CHO|RER MF 22X = (838 52 €& | 2g A= HO|mA CHojE
A= Qloh of ofsf of7| &l MBN S HO| EFXtR B 22 FUg20Mo g2 AHE
=0l <fsf Or7|E  EFAb=.
[16]
Severity Geﬂ
Examples
7-9

b4
SEEL

22630 2
ofsf of7|l
222 7}x
PVFS 1-8 and PVFS 1-8)

ELXI=. [41] (s. also

HZE ZZNAe
of7lgl 1§

EtXI=. [41]

HME Z2MA9 270 o3
Op7|l 1x ME2=z Q%

EtXI=. [41]

Severity 00

G —
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Component
Defect

Module

| ot

PVFS 1-8vs.01

Appearance

7ol €2 IRHLE 2 25 TA A ZM LoHr} R o2 7o mEt
| ot =

— -
w2l ool 20
treated) EEE &
XZto 2 mp&ECt

2t MZ CtE2A =olct L3t tempered)F el B2 EX2|THheat-
ot xZle2 HEMX|H, HHRHO| MYH(annealed) REl=
@X2| Fele O S2Hof fIXIBHCt,

Detection

VI, IRT

Origin
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s M
4 32 11
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4 Mo o« A
AE A0 ofgh ol Mijz gHEe
ga 22 522 28 7R 22IMVIE

L 2| A
B0l 4 9k,

it gal mao = CHE olge 22
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m
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ol
Mo
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Installation [ Operation [

Impact

FEl7t TrEEE
Mol a4
so

715

HaAl7|2 LTS Rlels SIHATICE O|ZA oM 7| AX S H7[H eHHo| & &Lt

AN e, 24 252
I.

=9 7|1A M2 LH-gol et AlZtel Bitet oA w2| It
A=, ole 28 W=z a2 =372 HEO 2o Op7|&& %
MZOIct. Z=tre|e] FMFE2 7l 22 LEAF 2E2 =42
o= o
| 2¢0| O o|d BHEEX =0, 59 ¢ =4 oo AMO|CE & HRY
= Of7Iot=h|, ol sl ME=2 O|ofZiLt M| mtEzl RIS
EYOM HF7et SHO| ZadtA E Lt

Safety:

eﬂﬂ Performance: { ,

Mitigation

Corrective actions

Preventive actions Preventive actions
(recommended) (optional)

a8 BE

[

d || 0f OF Stk

H
min
rlo
2
I
o

got =& A, =2HE | Z7[H AL FAL
st
—
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EXAMPLES (page1)

PVFS 1-8vs.o01

Examples
1-3

B M2 EMHE 2. [38]

o

>

SEATHO| ols FEE
ZetFele Fel Th. [SUPSI]

Severity &

Examples

46
HE EIO|ESH AZE ZHD HdAZ Qg | ERE S™-Z MAZ Qs
OF7| =l Q2| I~ [16] (see also | OF7| =l S2| It [16] OF7|El F2| k. [1] (see also
PVFS 3-1) PVFS 3-1)

Severity

Examples

7-9

EtAt=0f

o|5f

Yatwelel 72l o 1

also PVFS 1-7 and PVFS 1-9)

A3tRe|] o, [1]

Severity 00

B

000 —
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EXAMPLES (page2)

PVFS 1-8vs.01

Examples
10-12

A2 =M 23l op7|E S

=
=4, [SUPSI]

Severity G e

———i

A
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Component
Defect

Module

A gEaH 2

PVFS 1-9vs.01

Appearance

FHEOHAL OiEE 2 22 2EFYS dSYERE SR Y7 €A Ly =¥
HAZE olOiX[oM olF2 FH2=2 =olx|=0, THef 20| OfLatH doAZE
N2l E =&t AS A0|H =2 Heid O|0|X|0M= dtLtel Aoz =0lE
ULt O ™ E A M= EXt=2t felupEo] o' = AUCH

4 N 1o

Detection

EL, IRT, STM, (V)

Origin

Hoz M= Z2M2 (o, 2RE £0E, 2l=2 38 =%, UF 4t 22 E39

SOl ol 2oi'd = UL HI|=2Hety BA2 4= AZER ool £ LHE K00[ &
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Installation [] Operation

Impact
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Nzt CHefelz HEjo| LRI EC JHE22 HEfe| Cho|RET Eof| e}
=0 o & AEES SHotH FZ0| BT AX|oM &5 TS0 HCh O
ZLE StLbe] F7|H or3Tt A E €27|1, Prd FFO0| AASAA =& 0
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Safety: Gﬂﬂ Performance: ‘ ,

Mitigation

Corrective actions Preventive actions (recom- | Preventive actions
mended) (optional)

Mol Ol 28 ZE2 |IEC 61215 2159 Qustat | HI|HQl A|AH AAL
o 59| DE2|BOM2| =9l
L3

68




PVFS 1-9vs.01

EXAMPLES (page1)

Y AHZEE [1]

Or0|32 2 Ot=. [16]

=
—

oLt

HAYE o[dx],

[16]

. [41] (see also

28 zHy
PVFS 1-7 and PVFS 1-8)

PN
=

d=3ZE 2|22 ¥l [37]

BECOIREINIR e S0 R

— 00 —

Examples

1-

Severity

Examples

4-6

Severity
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Component
Defect

Module

HEM S5 A3} (PID) (pagel) PVFS 1-10vs.o1

Appearance

otLtel HEE 7= EHPID)= SA22 Y 20X HEL, Ol AlZHO] Zateo e
SEHLAEZ X &+ AN X 2 R A 2OLE A HEY 5+ ACh HEY EHSHO
CEE s 50 2= MM MEII|(RT) O|0|X|7t PID E3to| SHE HEY +
U= 7+ Zeteh go|ct S4& Q1 PID IRT THE (OF2f Z2f 20l 77t A9l 957f '31
[MHRoAL 22 X3 Bt 28 AEY & STl StLio| 7HAA flX|et ZES0
PIDE LIEIL= 2ot =HOILE 7FY 2EH0|L o STt BN A Sy2 HAZE
(EL) OlO|X|of gt Ziojct HAFF 1/10 M HeBE SHEHO0[ AKX =7| He| =7
THAGAM PIDE EAIZ =+ RALE Ol =7| EHASC PID got= 8ol M7I7t HE T H
T3 X7 [[H—'?'—OIEP ds &ds ZE=oH| TIOHH ds w2 2EY W/
2=0 Chofl 1-v 80| =[Of0F otrf & o TTE A= AT &E /=
€2 0|t R 28E 7t5 #EE 5 ULt

ro wo
4 Jhot

1= rlo

Detection

IV, EL, IRT, (MON)

Origin

PID= A|Hut CHH|SIY aMuol AERA0 o3 REUE= Yt ZEO|CE 0 =229
L2 MY 2EY T HE=E gZ4E 2Eo Ji)9 27| a2l = Y/Rel mHI
EfEX| ALOlOf A E ©7|&o| 390 wet ettt FX= 2HE | (typology),
"X g at B7|=0 oEDICE p-type S AM8St= ZE2 UAHEIE FHo AEZ0M
Zot7) oL, BHEHO| n- type S ME Of" BE2 ZXEE S48 71T 2EZ0M
O:|§|. |. O|O-IL_|-|:|. O|.|_|-O| E gg AEE| |_HO| E|-0| A‘Ilol _'-l-_0|7-” El'— _-IE'||A=10| |:-|
& PID E3t= O 36 TCE Mt 252 ZFEXE(of X (= /o ZHEA)
J2|a StLtel AERS| otE 28 220 BA k= SHEHo| X MS0|AM PIDS
FO| O ZotCh Eote 2%, &k, H (BEH 58) 85o 280 o8) o 7h&ECh
{AMEZ|E2 250 dsiMe = 7HX| Rl PID7t YA A&, PID-p (=2t polari-
zation)@t PID-s (M shunting)O|Ct. PID-p= O|= SunpowerAt Z=2| SHEZH HOjAM
NZ22 ZEHEUCE PID-p= & 2|0 HAHEE B T5te| A0 ofsh LoLtn HF
E=HE JHH2LE PID-s= B2E W Rt SXMN 2ME Sote +EHFO 2K
OF7|EICt. REIZERH 4 WEE &dt= Na+ 0|22 SE0| MEQ| WH2 = O[0fZICt &+
7K PID 98 ZF0|A, otLte] ZEO| PIDS FF¥S HH=EX| Z2 AopLt gHEX|o
CishMe ZEar A A7 22X el G2 0|X[A =t AZ0l= PID LHEE 7H8 2&0]
EA|E0] AL

0
+ 3

N 02 Ok Hir
>|00I-|-_|m|

If
- 02

Production [ Installation [ Operation [

Impact

MAofl= 2% 18 O[Liol 20% Oldel & £20| |EEJUCL PID-s& IV F
et 28 4= H#28 7IM20 HEERFE oie TWE HEoAMT Segs
Z=Ch O XYH ds&d W=0 PID-s= 01 =2 ZHAL flgdS 2t ULt PID-
s 0= == otbtol 711G X &=t 2at0[H Mt MA[o| EX[2h &|H +=2|5tAH Lt
MelAZ o= ACE THef HF =2 BXIZE BEFALE2 28 & glen H7tg9H
&S 12{ot0{of StC}. PID-p 2it= CHAO EEEEF, /1Y HYL S50 §Te HaS
Of7|BtCt PID-p= HIOIO|A HEHIES SdE= HE2ERM I3 MYAZ = ULL
XA piDeE AHE #HE ATEME 210X ‘EJ?IXI'FJ, ook 2 =YKo oy
O7|=l= AT B2 F=20 AFPEME o7 = UCL EHFFEZ =2 PID
DH== AH7|ZOIM Ale 5 QUCh e e FEI JtAMFE oish B2
Helo|Ato] Chet WO0| BRSHATE PID £EH0| 5 5= UL

rx
o 1o

[
-
Lo

Safety: Performance: | B
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Component | Module PVES 1-10

- =1Uvs.01
Defect HHlME Q& ¥3} (PID) (page2)
Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

oA LIOtZX|= PIDZFH|IEC 62804-10] [}2 PID|A|AHEH =F0|AM PID Of&:
EIXElE THAN 012 IA | AldS o 2E2 PIDO € |HYVIE  7HE QIHEQ
O|E=otrCt BFeF 7| CHAOf | F<SH0{OF  BICE (BOMZE| AX|= PID &0 CHst
EtX|=ICHH  "A|ZE  Setof| | £2tsh=X| <ol ol =X|2 7tFg = UL
1= 1= UL=L S ol 5= S P el gtHO|, CQIHMEHSl =24t
4 = UCt =HE HIE2 245 grorZ
EHo| E4E YL5t= EF 1 2{St0{0F BHCE  Anti-PID
Anti-PID Z|EE  A|ZHO|A| HH,

tgstct. =247+ EF

oo  Cfsl |RSICHe

etHst HE2 oM EX 7t

20| SHEZEZJR=A L7

fIsiME 2LEH 22 5O

Z|0{oF oL &oo =z

HOl& HEE &40 gi=

™= pDe  ZFER0o=

ST og 2 =22 AIgE
REE BE ZE2 OAD
A0| PID M&d0o| A&=XE
golsteE 420l= MXof H
=Ho| AQF 4 QUCH
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EXAMPLES (page1)

PVFS 1-10vs.o01

Examples
1-2
Severity
Examples
3-4
(Ruedle: SOLON)
TALZE(EL O|D[X|2 EX|E PIDE 7T 2E&.
Severity —
Examples 5
5_6 1'000 Wirre
54
§3 MPP (STC) 22.2W
'32
200 Wy iR
1 MPP (200); 1.6W (-63.6%)
. \ \
0 10 20 i 40 a0
Voltage [V]
PIDE £3H&4 89%2| &2 22 B 5, 21%:15xl,, |PIDE ZEH&M 14%9 Fgg2 22
ol M2l EL. 2E%: 5 ZE2| 1000 2200 W/m? O M| | 2&, 9|: 1.5 x I, OlA{2] EL. Of2f: 5L
-V =M. [35] 29| 0.2xls OlA Q| EL. [35]
Severity & ——— o Y ; Y
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Component | Module

PVFS 1-11vs.01

Defect ZEHI HM/HA

Appearance |4 SAMII 4B AL WA Y/BL A HI|LE0| EY MZ0| ¥ =2Mo|A
A A

2 2M dXo &5 Ct 2X{of z=ghof et 242 2% HE =,
WA, E2 M= LIELIALL Bl/52 &M, YHOILt =SS &= ZEtY =2 EX0f
ofsff o FOHTICH 22 SSHE & O2|EdQ/E8A 52 4/2ET d=dZ 2=
0] Aes S 2E0M SO ol SXIAHS| 2|t HA 22 CHE = 24 2
AF 2|0 2E BAb=ar o 2HEEC 58 d8 otolMs F40] & JtEAtE
F20AM o & £2ICE EL O|OIX[OM 2 BA A= HF2 Ffls 2= =8E ¢t
T 2, 2 ALo|o iF O2|n 2K 2 UOoL= JFEAIE| oA AlREE HEH o E
FAS Zdxoks AL = ULk

Detection VI, (EL, IV)

Origin

Jo| HaMete $E5
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Bto] AYS 3 72| 2ol ®e
g S0 ofg) of7|E £ Urk
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=

SoHeh =2 TRE ATo M (5

=2 rlo 12

o
—
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Horo o> o 1> M@ Mo ™ mo = Jp
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(@)

Production [ Installation [ ] Operation [

Impact I3 Wze NSUAL HAS AHKES BIAF|D 1
IR SCH 24 glo] 24HI HMS HolE REVME ZE
AEMoR OHHMENE HIISHKE %elh TRMOR Stk
O|OfZICt 2 YX|7t AsX| 0 0|2 QI8) Hho|TjA Cto|Q =7t &

S7HAZ1A =t

m\l
=
H
or
1o

>

o

1=

' oF M
N rlo 4R MHn
lo M ox

du &

I =

-—

0
mo ku © o

H1 Y

¥ e T

B mo nY rp
n> >t oo >

o JA

Safety: 6 Performance: | ,

Mitigation Corrective action Preventive actions Preventive actions
(recommended) (optional)

EHEHYU X ¥ FJ2|IEC 61215 2FS Rzt HI7[HQ ALH HAL
M

x|
o2 59| BRE2|BOMS &ol

P =
FEAXFT Al@E SISHA
2ot BE 2=0] WX E|0{0F

ohLt.
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PVFS 1-11vs.01

A, B{2HRQE
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EXAMPLES (page1)

Examples

1-

Examples

Severity
4-6

Examples

Severity
7-9

Severity
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Component | Module
PVFS 1-12vs.01

Defect 2 £A 52 012

Appearance | MH QB|59| BolE oajo mzny =gl A 22 42T BSIZ HO|A EICH Yok
22 Rl #HE S| (hazy) B2 FF &O0l(milky) SFSH5HA Eo|ln a2l L&
dR0= St gle 28/28 0| HS O AHEA Y == AUtk 2o Ois
RIZ4 S71o BEE 4+ o

Detection VI, (IV)

Origin Eigd2=o 2l s ZHst 57| f8f MzgH= 252 THO LF EAEX]
2 &l(anti-reflective coatings: ARC), 2 @X| I &l(anti-soiling coatings: ASC) 22 L& &
T El(multilayer coatings)2 H3ICE 0|8t HAHCZ TEIS XX U2 ZEO
HSH 1~3% O B2 &2 ¢S = UL 124 O|F ZE =29 #4 =22 Oi2=
Ao REES 44 Z2 AEMX[A e {2 ZEE2 719 =27t 7] (o,
RA=E, FZ, YZLohet RElo EXot= JtALE YRS AR =EM OF7|E L
Ol Ol& &0, 2(01&)0| 2Ltz Felof dHo=REH LIEE 0|22 Y7 E 83iAIA
7ol Mg E BAANE = e 222 717 d89E W -l 72l OfR = BA2
TEE EHATIAHLE MAHAZ|l= 2HES H2 HAY (ZIAH HA HIAY fFXHES
ME)o ofs Ldg == QUL OfR= FE AIZO|AM 2WSH=0, Ol HHE, =2,
HX|7F 25ty el #He| otE J0|E RE5H7| WZ0|Ct
Ao = MY R B3t 2= YO GotE OF 7i5setd = UL
Production [l Installation [ ] Operation [

Impact HE RE|59 £4 52 Oi2= /el Figd B0l ZHEHE O|KX|AH 2tr}
SHEH2 gEtHoz B %0 oPdEln d2jd 2F LY 3A F75HH E 2 £40]
HEE = U= 4RE HMeAStie AlZ Zutet A ZEIHEICH Ol2 Qs 2 R
SR E(08M) H| 80| Fetg W = Ut
Safety: Performance: |+ —

Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

A ot ™ =2 | IEC 61215 B9 ST FIIHQl AL HAL
oz 52| ZE2|BoMel  =Hol, =H3t=
wHE[ojof Bt} H5EHO | HEZ0F] 7|&0 S=
=0  ofESCL Sotel | HETH a4 HdE,
A, &4, AHE ¥
0N = 5 £HO| H
2E LHe HE REYS
Hoteotrt.
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EXAMPLES (page1)

PVFS 1-12vs.01

Examples
1-3

=g
olst

I Jtitolel |2l Baoz

slo|= Q2. [44]

Severity

Examples
4-5

Severity
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Component | Module

PVFS 1-13vs.01

Defect | Zg} Q= 52 Halg Paua

Appearance | HMutA St W EAS AB0| Y (BBHE, BAKT| 418, FLE, SIS, SujE B2
EfE2l) Q/2 2 H2|E (FH0| FHAL =&, HAEZRE X7 $HN 52 22l
HUA) ME|E LIEHITH FHUAS WAE0| 2NSED AREE MEE/HEAE
ZatE 4 UL BMOR LIERY 4 QICh BN YL £ F9lo MY BHRa/ATE
E42 S + UALH (LN, DIEE, BAMX|7| 412) B2 2HE| A2bE % 9Urt

Detection VI

Origin of HEH AHE O 2f5H
2 MNEEAEL, 0I5

x
_— L A d
HIP S30| HMEAL 2509

nE o

7t HOIX|= A2 MAIEY 27FS HRSHALE =
7|0 of38 52 P 7 SEs
S| M20M HagS & HOfX|A Eh 24 E
Of7|ot1r O|0|M =&E E27(A . +30| Ee[ALL EX ol d4%as
Mo ZZO[L; B =20 2lsf of7|E =7 Y™
UACH Fugts 220N ZoiLts =H2[7F =0t e = ULk 2=
2 YHO| YusA 240 2200] E = A=, & Hof| Hol=2S ?I=
StLte| AER0| o= HASH=M #0l& 78S SHA| AL E= HF
AEezM A0 BHSHALE HQ J[AX AEAE JHSH

=R

=

mo rjo rot i
ot

gt

W 1o
-
N
£Q
rr
1z
| >
=
Sl
<2
x
10
=

>
22 Ho B oo moH ox rx

B ol Hr 2
0 M
NEIRIe
2=
o T4y fu
mr g 2
mjo gy CH
mo ot

Production [ Installation [ Operation [

mpact |otLtel ZE Uk B HOIT HMHAI} MSHAEO| HAL H £ WEE
OF7|EO 2N A5 ST F7IX 0122] 9IS S7HAIZ|0f 1 2t #FH2| AZt2 0[of X
& QICH AICHZE a3 AL HhA Ljof 9l BRO) 74Xl AEAS oA o
0| QI M A S0 HYIH B THQAN =55 Q%S o Lt

oL 11— —

Safety: G Performance:

Mitigation Corrective actions Preventive actions Preventive actions
(recommended) (optional)

M

ol otH IEC 61215 2159 FET | H7|&Ql A|AR AL
g 59| 2 | BOM2| &9l

|stAHLE s=2|x|ojof L} |24 QIHMELL CHE ZX|0f
=X &= ZE2 HEfE | 2lst ™A AbLL BFHX|.

oI5tz e H7IFQ
ZAAL7} O| Z0{X{OF BHLCY,

AN A
do
ogt

n Jot

o rlo

ot Bl Rl ooz Jd
ot

o
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PVFS 1-13vs.01

EXAMPLES (page1)

ar )
7 S
%0 ey
Uy Ho_n
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= ol I+
= oir
- W <
X I o
> _ W =
ul g ®
< 35 S 3l ol
i ©v, 3 ol KF
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of
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0 o
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&0
1 = d
o X —
, N 5
53 5 ;| ©
S ol zd =
R0 I Ry ! S
B KO _ <
K
! T
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Al Hm e~y
oo =L
oK 7y W0
K o<
_ Ik <]
= = -2
2 © or o
o = zl
: RO
N pal) _ e
E|_ Eill .. Jod ml
< = o T2 G
I KO ofl o0 0o ©
[72] (%} [72]
3 =2 |3 = |2 =
m o m o | € o
x D > x 0 > Qo >
m o~ » | W <« n | W o n
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Component | Module
PVFS 1-14vs.01

Defect X MHEA

Appearance | YMHHEIA L0 GIZO| E[X| 2, mE, EtHE, BAE 52 3|27t HEME 22 07]0)=
EY O|F, 240]|0f, HO|mjA CIO|RE = EfY 2[20| Zetd - ULL 42 FZER =T
M= U0 A 2 X0 o3 7= + A0f 0fF MAHs{or2t = = RACL O]
2= Hu *OM 2 or“ g L= oAz Qo) Hotel HEf (&H, 28, S0 BAL

Detection IRT, (VI, IV, VOC)

Origin EXE 8 82 £ = UL UAs S2HER 7o ol & £+ UCh
HE2 2H LA HZE 32 t24 A8 2z8 S3mo=z o = UCh 2XE HH
HE2 E2 2 2% (cold solder joint) £ HE A0 HotJA= O Mot ZENHAQ
ot THREE Qo) Tttt 7| AN HHO0| Z2RE= A2 =&t - IO|L LEALY| ofst
ZAO[L} 7|AMQ HE2 FOrZE @ AO| 21 A RN Higtz Qo) =& E - UCLL HXE
L &g 9L (O, 20| Y7Lt "“*H*ﬁ SR Y&Y d4, BMX7| 22
o EE, 20| MM 2 EEIF HO RAS=Z 0|0 TICt FugtA %—EOM
2|7t HAE oA SO gAY R E HEO 7|ANMQ AERAE THSIHA]
OrEAZ| Al =l Et.

Production [ Installation [ ] Operation [

Impact ERE B 52 FA0| 22 NS Of7|otd O[0{ M ZUAS TFEAIZ[A EICE AEH7t
Mg Jtg=z Qs H Flot F=Rlef SXIM/MAIEC B EFXt=0| AT
et dR0=, &= =0| g Lo EE 2Lt LR O0f2E OF7[tLf
E2 Held tHatz SX[E 5 UCL 2fTtge| 2 o= 43 HZER T2 ¢
EYHEHER O|0{X[=0, Ol St BE B2 2B /WU U (V) FELE HAE
= UCE FE2 7IAH 52 @ 2EL ol Bt o5l ¥ @S = UCLL o2
2do| & SAAR T2 59| Aot
Safety G e G Performance: { a

Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

IEC 61215 2132 mueilt| X Hof| 2HE AlFHEHZ

BOMS| =0l DE9| Ald,  d7152
stet QIHELE CHE FX|Of | A|IAR ZHAL O3 EFX| E9
ot HX| At BHX]. =PN}
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PVFS 1-14vs.01

A2 A e 2E

[41]

| M 2l=.

9

=
=

L 52

| Held olofd. [41]

AMHEFA O
T ——

. [16]

. [41]

fl0ll EtXt=1t 72

[41]

D 000 —

. [16]

FA

ol
zd
P

q

q

000 —

oo

o=

EtXt=

[41]

D 000 —

000 —

EXAMPLES (page1)

Examples

1-

Examples

Severity
4-6

Severity

9

Examples

7

Severity
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Component
Defect

Module

2l01T T2 52 Hlo|HA Clo|2E BS

PVFS 1-15vs.01

Appearance

AT, HZO| JHOZI, BtME(inverted), £AE, 7|32 =2 CiEtg|Z2 HIO|IfA

Detection

BYT, (IV, IRT, EL, STM)

Origin

HRO|oj & CHO|E= =0 HIgH A7[7F AL 52 2L CHE 1WY Ardez 9l
DHL =257 W20 20| Lot O & 7HA| O] 2o|k= CHO|RE+= %= ppm
=FE= M2 e, ol #8229 EGOICh X&EHez U20AM XSt
CHO|RESl E2 O 2EE2 S7tettt. gEtyoz Y EZENAM= 4E7| LIO|REE
HHO|TiA CHO|RER AMESHX|TH FE(static) DY L™t J7[AHXH AE A0 Of2
F|OFSICE  HRO|OiA LCHO|REOMME &+ 7H =8 ="0| EECh HE2 =2
CHefe| 2. |z =2 UL BIO|I A CHO[REVE Z2|H 22 FOMX| AL 2R
YEEJAAL 2L H7(et 22 DY ==EAS O Yottt Jig=lz =d2
CHolEZE Ehes| @IALE Moz HALX] ERAALE de dRIL LO|RES
EYAZAL 2717t 2o AEHe TR SEO MASHR| 2 I LSOt

ro

rir 1o ot

Production [l Installation [ ] Operation [

Impact

HIO|IfA CHO|REE= 2 EYEEE ?l0 2dsis F2 Y22 oot =8HEHS
S0/ ENLHX|Of 5185l FYe HO[o{A HYELH O =2 Y BEHX o Yz
HIO[H{ A HRISH7| 2ol AL ElCh 7id =2 Ho|2ES| 3R0|=, HiO|miA CHO[RES
SO W77 SEX| G, 42 I 78 AL 0 2 HY22 FLe Ho[o| ATt
ZE|A =M 32|30 ZH, B E= Yo 42 ME 2o + Us FATC=
ot = ALE EMe Z=0| of2e /g =2 WX 20| ZX|EX| B=Chs
ZA0|Ct. CHEfe|2 HiolmjA CHO|REE= diY ZE# Ot ZUEHES OlSAE2ZMN
S 2EY0 A= COhE 20 8 YUk XNEHoz JEC HO|IfA CHO|RE 22
Mzs JUL20M SEE= E2 QA3 JUYHLSE HIAF[ALE AX EiR= B2t

20ig = QUCE YUY AL WA[ETL HAEH &2 TR 22 dHEHE IS = UL,

bl

Safety: Performance: | { ’

Mitigation

Corrective actions Preventive actions Preventive actions
(recommended) (optional)

HQl ot 9@ =2 |Ho|mja  CojRE A7 | HE HX © ZHY A
A 59| DES |29 HM MEIZ|OE | MEZ HiO|IjA ClO|QEQ
E|ojof etCt WA (X[ | A|AERS| HO|M . Ald. Z2715e HeM
RE9| MEfE =I5t MEBOzjm| HAL
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Component
Defect

Module

PVFS 1-16vs.o01

Appearance

ful (S
Ot2fO| ALt 52 Tl XN =5 MHZT0| MZ=YH|of 23

TC) otoilMel =8 MEY0 5F 3E

rot

%!
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of

Detection

Origin
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e M 2E2 =5

> [ljo
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XS el QHEStAl
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EXAMPLES (page1) PVFS 1-16vs.01

Examples — -
1 Product Z300W Product Z series
Electrical Data at STC
Maximum power (P__) 300 W okl it
+3 9 Peak power watts 3% - P_ (W) | 300 | 305 | 310
a) Maximum power voltage (V) arv Maximum power voltage - i o (V) 37 | 372|375 Po_. (NP) = 300 W; 1, = 3 %
Maximum power current (1, ) 81A Maxlmtfm Puwer current U’ﬂ} (A) 8.1 82 | 827 V. (NP) =458V 59%
Open circuit voltage® (7] 459V Open circuit voltage® - (V) 459 | 459 459 I_(NP)=89A1,=5%
Short circuit current® (1)) 8OA Short circuit current® - I, {A) 89 | 892|898
Maxi DC syst ™ 1000V Module efficiency - 1 (%) 14 | 14,2 144 |
245 % /-0 % tolerance *25% (-0 % tolerance on /_and ¥
Product X series
Product X300W Electrical Data at STC
Maximum power (P__) 206 to Peak power watts® - P__ (W) 206 tol 301 to| 206 to P (NP)=206W;7,=0%
300 W 300 | 305 | 310 V_(NP)=458V.1,=4 %
b) Maximum power voltage (VE) 3TV Maximum power voltage - I-‘ﬂ V) 37 | 372 375 I (NP)=89A1,=4%
Maximum power current Um) 81A Maximum power current (7, ) (A) 8,1 82 | 827
Open circuit voltage? (V) 459V Open circuit voltage® - 1/_(V) 459 | 459 | 459 If 1, is not specified, it is
Short circuit current* (7, ) 80A Short circuit current® - 7 {AJ 80 | 802 | 698 | taken to be 0.
Maximum DC system voltage 1000V Module efficiency - i, (%) 14 | 142 | 144
* £4 % production tolerance 2 +4 % production tolerance
Product Y series
Product Y300W Electrical Data at STC
Maximum power (P} 300 W Peak erwatts - P (W 300 | 305 ] 310
- 3% /-0 Powe:‘:tpul tolerance (%)) vy s | B e e
: v, (NP)=459V;1,=2%
C) Maximum power voltage (V) 3TV Maximum power valtage - (V) 7 | 372]375 I (NP}=BO9A 1,=2%
Maximum power current (7.} 81A Maximum power current (/_) (A) 81 | 82827 : )
— ab — 1, is not reduced to a single
Open circuit voltage ** (V_} 459V Open circuit voltage *° - 1/, (V) 459 | 459459 2 ralus, This: the srcllos
Short circuit current ** (1) B9A Short circuit current " -/ _(A) 89 | 892|898 value is chesen. The same
Maxi DC sy Itag 1000V Module efficiency -, (%) 14 | 142 144 situation exists for 1,
P A R 2 £2 % measurement uncertainty
#210 % tolerance on J,; and Vo, " 10 % tolerance on /_and I/
Product T300W Product T series
o = SO Electrical Data at STC
aximum r
P P pow: {(*5"{‘,"3) Peak power watts"- P__ (W) 300 | 310
Waximum power voitage (. ) 3TV Maximum power voltage - V_ (V) a7 375 Faile:te miset raquirarmanis
d) Maximum power current (I,.) | 8.1A Maximum power current (/) (A) 81 | 827 of IEC 61215-15.2.2.
Open circuit voltage (I7,) 459V Open circuit voltage® - V7, (V) 459 | 459 Lower edge of power bin is
Short cireuit current (1) BOA Short circuit current” -, (A) 59 | 698 o e
Maximum DC system vollﬂge 1000V | Module efficiency - 1, (%) 14 144
13 % tolerance on P f V
* +3 % tolerance on P Voo
o - =2X2X0 &
tdHoz Hgfo Stitel FED HOIEAIE 2L2f O (a-c). Ol &7 REZ2 3tLtel 7hyX el
HHS = =+ =] = =+
SXY STC 522 AtHQt H|WstY 724 |EC 61215-1:202128H RefE S5 w4t 8%t (d).
[IEC 61215-1:2021]
Severity . NA
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EXAMPLES (page2) PVFS 1-16vs.01

Examples

2
1400

1200

rated Pmax

-2% meas. unceri.

1000

800

600
< -2%: 4.6% of modules

Nr. of measured modules

Difference in measured Pmax from manufacturer rating

61215 T+ A0 2|8 "J2|El gate 1 A O|EHO|LCE [IEC 61215-1:2021]

S E JEOIE IEC 61215 7Z 0= Egtelxl /= Z0/Cf

29712 Mz=YH 7t BHE 967 M2 CHE 2& fdS 71T 9 6500702 M22 &S ez
=

EternalsunO| &t SASH 24 [35] +/-2%2 58 ==& 12{gd I 259 & 46%7t IEC

L E FF E3E +/5%2 FR0E O/ BEE LA FAEL -Si ZE0 LfSf +/-3%9 Ff =T

Severity ¢ —y
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EXAMPLES (page1) PVFS 1-19vs.01
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EXAMPLES (page1) PVFS 1-20vs.o1
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1-3
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Fsta Ack AHUE HAO|AMLl ztel Xto|7F Eut 7| HE HX| 7|59 HAR
O|0jE == QCt &% FHF, 7faZ £ A9 AXf Hzetd (3tetA Hlzghd £
ME CHE g9y mefolf)ez Qs EX7F Zde == QUL HEES 82 HUHZS|
=YK= 2 AO|Z0| AHEEl= 2EY E0|A LUSHAL s 2tE|X| Y= HUEHQL 2|
HNSE QHE = AEZ HHO[H HAE AZAS [ LASIC}
Production [ Installation [ Operation =
okt ME CHE MZYH e HUE7I 4= AHAALH 5 &40 o7t 240 YsiE g =
A 2ol AHOo| Y| 7k &= QUCH [IEC TR 63225:2019]. I ZZE Lo 5= U=
ZO0| Hx F4| AHUH oA, M7|H ol d2|1 %o Z20|&= o[t 7t YA ol
=& 5 otLt= MF7 A2 8 M5 =X R=Ch= AOICh EXMe= FA| 2L
o0 AlZto] X|Eof et EF N /e HUEHS| Eatvt FItsoF Siht &3 7|2
ZHOIM HUE 7 LX|SHX] Q™ CIHE S| 22Xl S&0|L} HX| At RE O|0H =&
UCH HDUEZE ® Ap2|off HiX|E[X] 0 FX X SEL HEX & Qztd SEO| 72
42 N Yol §F AHTCH Mz Y HUH= FEHCE AutEQl S0t AAF (O,
Z=2E WHE, XSt st 2E Oot2f L= BIPVIEX)ZE O|F0 & == gl fIXo
AR ECHL =2%e 2ehd Xt 4 CHE EWE = FYO| HUHII &= H4E
AL 9¥ETt o HObE & Urk
safety: | €3 € Performance: | { -
o3} NEESY CEESY CDESY
GhE) (Med)
UX|SHX| 22 BE HYEE= | HYUHQ FH/AMNZEH | 250t HEH Z2E ZYot
1w H| x| 0{OF TtC}, 2012 2s SEH 22 | HEUHE 7tE Aoz
22 Z=/0HH  AYM | HIHEJA=K] Q0L BE
B0l EUs HEYK Ol | HUEQ SUS KHS It
HUHZ 32E|= Z{o=2 Ho| HUEe AEZ
AISE HMETH H ®EZ | AHOI=2l =HE.
9+320{ Z50{0F BHC}
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EXAMPLES (page1) PVFS 2-1vs.01
Examples
1-2
H4YEH (male of female)= MZ | HLEH (male of female)e= MZE
CH2 HAMEL Qo ZOo=Z |CHE EMELL {Hol ZHo=z
=S| YKXISHK| Q2. [40] =5 LX|SHK] = [40]
Severty | () @ € sJK X 0 ——
Examples
3-5
A=A0OIHY 2olsf HAE | AZAOOIEHO <olgf EojE | A=ZAMOEO 2l HAE
{4l E. [Staubli] {4 E. [Staubli] Z{Y . [Staubli]
sty | @@ |— 1D | @00 o0 | o
Examples - e
p AN
6-7
Red 'O’ ring Black L'.-':i;\g_“ Logo ‘TUY Loga .‘:1;-*. brand
MNEZ CIE2 225 241 #Hol2 2UWE HEZ |MZ CIE '0 2 22 ol £ Y= ME
gotg 4 Ye MZ CHE fEo| HUE. [ESV | CHE Y2l HUE. [ESV guide]
guide]
severty | () @ o—— |00 o——
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Component
Defect

Cables and Interconnectors

Z3t 9l DC HYEl/AH 0|2

PVFS 2-2vs.01

Appearance

e AHYELL AO|E2 5AHL, HAEALL FMR|AL, DhEEALL 50| 7bAL =
WotEl JE = LIEHHCE B2 B2l HEHE FA40] 2dd &+ Aot Sgs @
AHYEC MR HALS StH 27| HEJO|A OfF E5tA Mt L FATES LIEFHLY,

o
—
o
—

Detection

VI, (IRT)

Origin

MEES HYH = ZXRE ZX[0|Ch OX[%el F2 HYHE XHH w2t ZX|5HK]
ER/AAL (O, 22X 28T E= 9Z, 2K H HO =E2EHAY 28E 42, 2dE
AHYEC 2X)) AYHE 23| AZAZ|X| @ A S7I4 BRI =2A7l= S

= L &dE Aolsel =2 A2, 44 Al HFE a2l A&
©f 2 21 22 M), 24 BHANAM Fdeso FHHES ME (O, 277t H2
AolE, HF 2 Hols PP 2F = A E3) £ X
THAOIM A olEo| #XFE Fe g SOILE (O, 27t57Lt Or=2 &l 7HEAE| fI=
AOlE2 B2 273, HZF 7Pntolof oiE el AHOl=, X[LXA & =0T g, F0ILt X
AX[E AOlE 2ME = HYHR XHof =5).

HYEHZL &8 F8 Y T Stihs 22EX] e Fd884 (DC HYE LX),
C

Ja}
Jal
rot

o

Production [ Installation [ Operation [

Impact

0>

o
|0

el AYE E= AOlE22 Y =2 910l HH TN 2EZS E5H&d
Ch. 2|29 £90| H Oy EFERX ¥l 2HEH =28 (*2
1 291X THE)0] ZdSHEA o 52 At SHEHEZE O

=
L —
EHE AOlE B2 MUz HZE X @2 HEE HI|H o285 EEAZE
= Vi

0 E
P E,
o A

=2
rir

820l= AH4YELL A0S0 2= 2I0|HO|EEL}; SX X|SLELE HEX &
of &¥ O 7h7tef =bAf /=0l &OtTICt.

ot )
Q
ro 4> 1o rir mot

0l

- =T
i

ro

N

Mo
n

ro 30 oM ro 4> rp
X

for M
ox

Safety: G G Performance: || ,

Mitigation

Corrective actions Preventive actions (recom- | Preventive actions
mended) (optional)

HHHY ot fldol == | 2% & 7|28 H HUEeL | EXIA0 25 HYEY

TFHeA4E mAEofof stct | AojE9 HT  MEsH nME If RXEs EEE
WHER 2 Ffde2o | AZE =T AE. EXle | el AYEE MT,
g2 ZUHSHY| [l | 2ds @2 Ao Qs | 7MY A" HAE
7152l A7t O|FO0{ X0} | £|0fof St O At

ohCt.
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EXAMPLES (page1)

PVFS 2-2vs.01

Examples
1-3

HYH. [1]

HA
=

AMEl HUH. [1]

Severity

" 5 )

Examples
4-6

o= HYH. [1]

T ZE/BME AHols EE

Severity

Examples
7

Severity
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EXAMPLES (page2)

PVFS 2-2vs.01

Examples
8-10

% ."l'-
A

EtHH 2l FEH. 1]

HAlZ A 0|2, [1]

HOlE0| S=2| Ol At=. [1]

Severity o o

—i

G —

00 —
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Component | Cables and Interconnectors

PVFS 2-3vs.01

Defect Mo 2af

Appearance | ZZE #HO0|52| AE|(isolation)s E4& £2E = # U= AO0| ot FEs E©HX|=
dAz=stAU se/ae UM 2Y MY 5ds SHMT 7tsoith W2E #H0lE
U/E= 7‘|"*'E1°| d5 Gettt 2422 FEY & ULk HO|S0IL HYEHZ g=0f
EEE|E H7F LE 2L} O o1 22 58 &% ool = ol2st 20| 2IHE =%
(X2 2d 22 £= 2HH 22X HE)2= O|ofE = Ut

=
Detection VI, (INS, MON)

Origin de| S22 tHED| 29| itz Yttt Ol YEtd oz 5= o &4&|7L galE DC
AolE 52 HYE | =2t AtO|Ct
Production [ Installation [ Operation [

Impact AO|Z0|Lt HEHZ Qlot &2 A Mat2 oHYH 220 ddy = 45 &4

|5 LIS
M2 OlOIXIXIE QECh T2iLt ZHe| A AAgol MEY BN HYXN
KB YL 0PIg + 20 IS MYS 71K 22 HEo =2 -

|0

£Q
+ g T p

OFF FH| & etEst ZFT|E AMESHA| (1 HIEHE RES TAH 4ot 242 0

= ULt x|l 2 &4 E AHO|SO0|L HHUH T TI|H o2& Op7|ota Eots 2o

UL

Safety: GG Performance: |— B

Mitigation Corrective actions Preventive actions Preventive actions

(recommended) (optional)

A oF fI”o| El= | gy QAHEL CHE IO | 7[HQ A|L"> HAL

Aol=o|Lt HYE = | 2ot TX| AP B

wHIE[0{OF THC}, WA | X]|

@2 TFgaao dEs

ZUES flE F7(H e
AALZL O| F 0 & OF oLt
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Component

Cables and Interconnectors

FS 2-4vs.01
Defect | ziufo|L utxoiMol & &4
Appearance | Z{HIO|L{ BfA Obo| BIME|ZL} 2o B FO|2 MSHAR B2 FExE ULt ZT
EHE FE2 AL HAM MR T] HAE Sl &2 5+ UL
Detection VI, IRT, (MON)
Origin 2bo|l Yhao] of &pe HEMEs 1M@ao| M (0, 53 0|2 FX T X
E0), Mtz HZZX g2 DC Aol (O, #HES 2A0[0 EX, F= &) L=
AYOILL XS fl0ll A= ZE/AETS BRE HIMoZ Qs 2die - AT
Production [ Installation [ Operation [
Impact Of &¢2 7= S0 A A= DC HYEH/AIO|E0M HdE= nt=ot =2 25|
UAEICE ZHO| SfAC] BEX mE QiME O 24e M 24, MIIH 43 gHEm
S ez O|0ZICt =7t &45 WXI5H7| fld) XAFE dE A=H| o3 245
ZEX| 7} F{of A of SHet.
Safety: GGG Performance: | ,
Mitigation Corrective actions Preventive actions Preventive actions
(recommended) (optional)
Ay AL HIEAE | HRE dZolLt HY Us
252 T PHe4S|THR2LE Fofyl 3
W M SHCE Held MEIazin S
AHE3H T4t
HAARE =t
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EXAMPLES (page1) FS 2-4vs.o1
Examples
1-3
ZiHto|L  EBtA  otol  EfHZl | EX AT 910|0| EAV SIS | HZER| FAlol Az HQ
HOld 2. [TUV Rheinland] OF7|. [46] [TUV Rheinland]
Severity Geﬂ ﬂ Geﬂ ﬂ q P
Examples
4
AZA CHXP7 EfALE SQUALE
ZA 322 =50 EQl. [Tuv
Rheinland]
Severity Gea ﬂ

98



-
o Jimu oT oF =
0 o = ~ - =5 - —
4 o8 of yp O B R K 4 IR
- 20 K oy U oK R T H ol 5 o
= g 0 e o — ™
1 oo b O A CuE Ry ol = &M
™ e R T 57 _zd M BN
(9p) = KMok ok .ro_.r_tm_o_u =< U
T S Ol %0 _ plai N & T s qd - ©
=T Ml < - ~NO T = < <0 LAY =
= = =p Ol T = — = © = 4= B0 1y v
o it a1 = Q1 py < LI = 29
= My O & = c o____nﬂ_:gﬂm]m_uﬂ Xy
wm M T2 ot M of u ol T < - A o__mmxoM
=V 7 _— © o . A . — = T
KR g X |3 (T ol OF B KR w0
ok o =2 & Mot RIAFT L = & NI
Chpzsx [OFZ 4r oy WK 20 P | Kok <l
. =0 <o .A.._A.OA_l - OB T L |dTmdagx
L o) M oY Vdgy - = ® g | -
o3 ROLME KC 4 = .A_._..AI .__A._ KMol KM
iy M Eo O_Ewlm___w_____ewlﬁ_m N K0 RO
0 s KR R I o= SRS Hlo
X = . Kan = o OB gp O R ==
K oo ™ nE s o] I © =] K K U
Ay gt 0 or 4 o W) 8 mu Bl k. RO
K gp 0 M S o c m_uﬂmu_l_fro_ﬂw_o L all 7 17 RO
=) [ A |2 A_o_u.rﬁﬂ_.ﬁAo ._._a/e il oy
Kq _L_Im._AL_._.__n__Lll_h_ln|a ||_./.AMDH._AH_._._._ R U T
oK TR == S RO — | O T S TR
- ®oumw 2= omn QK| 2 sro A SR Ko | doout
Kl 20 O Wo__ ulo _L/__ = | R0 E o_emoMxI_. 10 &y | B Ki oo kO X0
H D J = sk | @ — ol i~
Hl m&fi@%% R I%Axmﬂ
i oW K Howdyml @ o]
go | Mo MMO_E%MW a0 U ol OT w4y I o
- W | S Me,@___u_:u_.e_ﬂi ol & BH g g P 20 o7
g mu | o° ___ﬂ_____iuﬂzow Wz~ Mo~ M WTE
= i - 50 =Ty N =
nE L2 S 1o H -
m.ﬁ i WUy | BEhzo g o S
i or S = Wl oAb | o] = Mo ¥ 11z or o
= | | d Ho_m_._zol_w__u Y .__HHE_.E m
RO | s OF ol 8 %__iﬁ_f/u_.m/xu___ s Bl
20 M | o | = Mal s mmo |8 ar I R oF
S | =T ol g S | R Ko A0 70 Ki IH o ol
ol Uu ®u m KA ik | L | go -
= a | IF o mu mu - oF 5 © Kv ._.A.L ubu
(&) » < ol 4
c
o .
Q O
E O o
= [EER I
O N ol il rJ 100 e
80 ol
ol
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EXAMPLES (page1) PVFS 3-1vs.01
Examples
1-3
SRHSIH MK E SBZ (7] SUZQ REO| HRE T | MESHAH  E=QL LEAY 23|
[40] ZefE 72| ohE. [35] (see also
PVFS 1-8)
severy 0o | @0 -
Examples
4
RE YT MA0 o)
ZefE F2| ThE. [40] (see also
PVFS 1-8)
Severity 00 - o
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Component | Mounting

PVFS 3-2vs.01

Defect BXESH/ZASH Q= XHAF L

Appearance | ZH&t ?LZEOHH HEE = A 74N £ (o, =€, #72E) £ 7B AIZH A (o,
o N PN
—_ o

Detection VI

Origin oz olzjgt 22 AILHO| X[ 2ol SHHY HEFHOLL HE oSS
AL AKX FE/JAALLE (O, X 270 X ALhs GEX| @AM 2Ex=HS Dt
Boteh AE 52 XS T3 =20 nF A7F ofd o Lot (of, & =8
e O X JEf7] S5 De{E[X] @3). EHESAL-O| FIt o5 S AL 0&M
20| tigt 80| ZE + URF XNS2 d=7t dFEA @1 UCh H F=
=9 £ OE Olfe T3 729 27| Gt 7|AH 2222 0|0 + As FHHES
XS AFEOICH (o, FA1Y 2HEOAM LIE0| FX g2 2K Mg, 252¢ ot =5,

A Al BHRE =22 SEE EX HFOZ OIgh A L Ay MX| ge (O, F2t/HH

Tdaa, NESHALL 2520 =0T LA ZF = 22 220 & + AUtk

(e
il

Production [ Installation [ Operation [
Impact SEESIILL £AE BE PR BHE DED AN FQ0|E S X (0, X|2 HH)o
LHEES ELAIZLCE %o BL, XSO|Lt XHezRH Y 2E T FN FH
TZ=0| ZE|EAY XS0 SI=0f AROA et /i =ME HM7IstH AlXHCQ
LIHA| &2 S/Es 2X T2 2N Mis &2dA7ls fldE 7t &t 28
+Fo| 4 (22lgl 25/2EY £, g2 T, 4 2Y, WAE &4, 24 32 2
HAMEA)DL AAE S200) BR3P AIZ U LS| M2 A5 AN0| OAET Zupy
HAle = JiX| CH2 20| MESH: MX|o| SR, S Sof S| &AL oot
Xg90lM 28 #x0f 1FE LR0j5 = Ygar &2 0|tk 23] M2 ChE 550
Y YESHH MZE LA FHOIM 20ojLt= ZHEH fAS Ao WaEtA S5FALE
SHRHX| O M= & ZHX| CHE 55 AtO|2] E 0| EQStC}
Safety: G Performance: | { ’
Mitigation Corrective actions Preventive actions Preventive actions
(recommended) (optional)
NAEE obH e JtH suEe  HE X | FIIH AAH AL
B FxE RHEAL RPEY 2z/eE) U3 Ao o3 HFH
2| E|0{Of BtLt, A8 MMl FE | FHE FAEe Al (Of, THAE
AEg wE R oF | mE),  HIIMY  Ard

o
S)2 MABCL | WAIES Syt

Hr

(HHE
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EXAMPLES (page1) PVFS 3-2vs.01
Examples
1-3
A0 of et 24| [46] JIH Ol AEB AR Qo BHA J|AH AEYAR QIS LA
TR0 Ao FE. [46] A2 3|0/ [46]
Severity
Examples
4-6
JIAMe AERAR QS Eat | IEMOI MY 5tF R0 Hig | £l HHE =70 H[Y
TEE. [46] A3 A TE. [46] A3k BA 2Z.[15]
Severity ﬂ H ﬂ ﬂ ﬂ ﬂ

102



Component
Defect

Mounting

PVFS 3-3vs.01

Appearance

ME Sl =
HOIHE BlustAHL S8 AlZ20|82S

e &

S O O
22 29

eIStALE SN

A L=z AZO et

Detection

Origin

Zoi=0ol 25l
THRAZ QI8
7tX =

2t A(diffuse) 7t

gE xRt RE0| AL
oL}, 71S, SO, =%, ¢
A 29 (O20] ARl

sg 7

A
2l

b A
qg 4

2|7 O] L.

—
[
A

o

N
o
4 10

dd

QIR
7

HEs
. 4 7t2]7l(shade)0ll & F
arefote DN 7t 7fet

Production [ ]

Operation

Impact

O8XE

Ef QA A
1~5% H
Hel= A
=Lt

b

NG
NI

E AN ofy
|0

rlo
ro ojo ofy

L]

z
-

L=}

|0
Hu m
o

ot
=
|O
u

R
x
mo ox
of O
T O
AL py
[

40

o 1o
b
nx

2

FX Al ojo FR ojo Uz
Wn ox rot rXY 0@ rr 02 &1 4= Mn
1o
(01
H1 ot o

2

2 ko
ot

2
r2

40 px
=2 >

ox

o 02

]
mn

o 2

Ir o2 o> =2
0

o T

peia
>
>

0|0 &
12{st7|of

o

ot [l

f

2
=

e re
10 |0

A

A
FAFE] = %I\

e 7He

=
2 590

-

(module-level power electronics: MLPE), QIH E
Afl= 287 (O, half-cut &, =H

e 280 =

el getdich 23 ARN7¢

=g (O, %=, HojmjA ChojE
AL ok Leob bgE Vh&eloly EstEs =¢

pS kel
7&1 [e)

=

- O

Lo (H R2

—

e TEAA MG =X e 2

ddot= F02 Aot ME{O| 1n2{E[0{ofF L}

£|O{Of ShEt.

ot A7l A28 A= BAOIH, Ti7f 1 o|=20=
| 00|22 QIHME<eL DC ZE|OO[Met Z#2 MLPES ALESHH
X 2Hol2fgt X0 o Hg&l= O[S0 MPLE EX| XtA|of

~ K

7t2 8,
£8(MPPT
=X
H =
g7
JE]
UL,
HF

o
E%

SHHEM= =X A,
=3, fo o
AL

T

28), %80 ™3| HIO|IjA CIO|REE

A

sl X<
e = =

o= o

tAIE = UEE B=

Safety:

Performance:

Mitigation

Corrective actio

ns

Preventive actions
(recommended)

Preventive actions
(optional)

[
hu

b re
Jfot
rlo

ro ox 4%

ot
# Q10
g:LI-I

L |

10

rlo

oMo nx M omn rd oo
' n

2

k=]

ot >y 4>

Ct.
= LFRY

oz H0fof

89 w99

ze 29 =
MRS 28 7| 2502 29
=4 (A7t BNl By /=Y
oio|Ef)o] MHZEEICE o[t
gHelo AZel &
AlZtCHOof 30| LEEe
2ol mgtAL HEsh/H|E
ZatEol Y ABIEKXE
siC

O A5} 0{OF B}

Al
O

=
=
[=)

o
—
o g
=

hE AlaE Ty
SEESIE

dj@sts MM 8
S0 O|2O{Xof
H7|Mel A2

Of A ohLt.

:I'I'

0R -|>+ l_."—I
ox

et > Ok o

m> k1 ooR

M
a

X

D\l

Rl
mujn
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EXAMPLES (page1)

PVFS 3-3vs.01

Examples
1-3
ROt 2lo|L} =20 F7tet Mot E 74
ExE 24 24z Qo 2E.[40] | UHRYE2 = 2ot 29, [40]
2l SH | HE 7). [36]
Severity
Examples
4-6
dEot A8 X3 fle RXIEs| 3712 HO|IA CHO|REE 71 | Sd Htez oot 29
2 3. [SUPSI] 4 282 =% 2. [J.Lin] [J.Lin]
Severity —— . — —
Examples
7
=50 2
[SUPSI]
Severity
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Tda4s | olHE

745t PVFS 4-1vs.o1

=a it

Q| & IHEHE MEZEEH FHRAE E3517| Qs O 23S Z0|HLE AQK|E L (RE
CI20|E derating). QIHE{7} stat sfist= AEf HAIX| "&3 Za" == "ClolE"S
HEstE A2 OfLCH Ol2{st O|RE d& M (B O ZAIZE)S ZHstn EM3510
OIHE HES MAUSte AHo| HEELCL

EFX| MON, (IV, IRT)

a9 PIHEQ 2= C|7 0|82 QIHES EXMASH MX|, ™ =2 HX|7f Xtoteh @ 2hM £
CIHES| HEE Z2 a2 Y0t 22 CHYs O|g 2 dhlse 4 ULt
Production [l Installation [l Operation

o: k=1 IHEON 2LEHELE FHELA7 X0 HE2E0 Y25 H AHE = 582 B2
EHoZ HMasict 0] IPHOo|A ZHO0| CHAXNOZ ZATHCEH =CHNOl AL CIHETL
S| THEICE A0 Mot 2 HRA9 27t AAK| 0|52 HO{X|= =7t AHE = XN
ANEHMOZ Z|E07ict OIHECl BEEM = AWM 22 M5 &4Z 0|0X|&=4|,
SHZEZIX| Ro™ &AL obglelCt X|eto] A0 = CIHE Tl JHZICH QIHEH 10| 25
LMo ¥eka D|X|X|= Y=Lt
Safety Performance: |— B

2ts} INESESPN ol g = X| ol g = X|

(A=) (MEHH)

UCH 2 C|Z0|Eo| 20| | FOXI MX| HXE W21, | QHE 229 ZLIHE
Siolz|H EZ0| £2|Z| 00 | HEst WHZt J|&9 AE,
stCh ZEeF dubNol | =y ZX|[9 HI|H HAE
gAb AZ0l=  ZOHEO0| | O stCt.
21 0{OF strt
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EXAMPLES (page1)

PVFS 4-1vs.01

Examples O A3' 16
1-3
BIX| 7 APCESE Qo Al | QUIEl ZU|TEVL HHS | SEES MA| EfLO) HH
[TUV Rheinland] OF7|. [TUV Rheinland] L&), [TUV Rheinland]
Severity & — - | — - | . ,
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Component | Inverter
PVFS 4-2vs.01

Defect B S A S s.0

Appearance | QIH{E HX|= X[ X|X0j| m2tof oot BRI 22 7tolMd, B8, BAY ML
ot X 7MH0[0| E@X|5t= AO|Ch ot St AT 22 & SHNX|Q| X AHE|7F e
5K = @=th €8 0|50 Mtz 1FEX oM Lot UM 257t
45510l 450| Mote|AHL ot f|dez O|ofTL} CIHE= Aai X245 2/l
e Y2 5 AO(OF 5t HAESH 7= fl0f 25| nFE|0fOF St

Detection VI (MON)

Origin X X ek o E S0, LIF 22 7tHd A% XL A EfFE of2fof EX|.
O|Rot= T QAKX [ HE|7F FX|EX| =L
Production Installation [ Operation  []

Impact Il BE=ter AX[7F ALEXAA fIdn floid =S OF7|5tH QIH{EH 1tEo|
2ojd &= Utk AHHE 718 S7IL 7%*7f A= ROIM AMESHE FZE=Z 0|0 E =+
ULCE QIHE StRY2 2E 0| 0@ EA{E = Atk KO wef HEo d2t3 fIs)
%%meﬂeé$aﬂaa;ﬂﬂ|memm§ﬁrmmaﬂwxwgﬁ%uww
OiCt QIHEl= RAIES 2Y T AtL7) YUSHR| s ATSHA 2 = A0{Of oLt
Safety Performance: ‘ a

Action Corrective actions Preventive actions Preventive actions

(recommended) (optional)

THRAE W21 HA | FOT MX HAS @21, | QHe 20| B I,

2AE THEL

HEs W2 7|s

ojgsit,

O

ME
271 gXel 718 dAE
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PVFS 4-2vs.01

EXAMPLES (page1)
Examples
1-3
,_.81651‘201»?
EHFE A ZAF Sfof MA| | SR |RESE S0 |E,  dT Z2 ¥
[TUV Rheinland] B0l EX| ¥AU ofHR | ZEMKI A7t HS.
QX0 MX|. [TUV Rhein- | [TUV Rheinland]
land]
Severity ey
Examples
4-5
XA SRF. [TuV|Z7tHd AT o] EXH. [SUPSI]
Rheinland]
Severity . o—-—t—t—( o—-—t—l—(

108




Component
Defect

Inverter

PVFS 4-3vs.01

Appearance

=
z
P
p

Aol =79

mjT o kY rot

o 2 Lirrrir fot

4> 2 U B HR o2
£9
sl

1 OIHE 7t 2HS K|
1 E(isolation faults) & XA S5 E|X|
i

HIIo ©0

0x o 0X MU o
N
Of
2
e
2t
Ql-
>
¥0
il
ro
o
m
=2
x
Ot
[n
0
<2

(s =
i H & O 1T AN
AR 32 FxI} QUL 24

o
>
I
ikl
o
>
R
>
H
[
i)
El
HU
plas
njo

Detection

MON, (VI, I-V, VOC)

Origin

IEAOLE 2ZELY FERA0M StLf O]
A =AML Aol 2M2 2ot 1F

I-9_|

=

|0 0z

Production [

Installation

Operation [

Impact

OIB{E{S| AT 2L NP

o
MAlSO| &SotA| EAHL 1

ofsf QIE|ofof vich AmESR

2 0|0 X|H

el =X[7F FHBH M OF oLt
=2 4% 1 282 AMH2EO

Olf2 HANES YUHOIESIAHLE

AM2EE M22 A4/32|E9] 7| 270 mat AHolESHY siae + ALY
Y QUHEHO £dE SIEYN FdaE N F2=(X2 2EY AHEHE NN

ol9E O XFE mAECH SAE

— O -

ANAS dE Ao 25 2| X[ OfOF ghEt.

[EQlols STl ATl QYS £T 4 Yooz

Safety: 6 e

Performance:

— D

Action

Corrective actions

Preventive actions
(recommended)

Preventive actions
(optional)

OIHEIS TSI 2
UALL HIYMHO 2&E

—

o

LIEILH= THQLE
WSO} ATEQOE

YO0 E Sty

109




EXAMPLES (page1) PVFS 4-3vs.01
Examples
1-3
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CEPET

abrasion

AC circuit breaker
acid

active

additives

air gap
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anti-reflective coating (ARC)
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bill of material (BOM)

bio film
browning
bubble

burn marks
burst

busbar
bypass diode

calibration

capital expenditures (CAPEX)

carrier
category
chipping
cleaning
climate zone

co-extruded

combiner box
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decommissioning

defect

derating

detectability (D)
degradation

degradation rate
delamination

dendritic

detect

discoloration

downtime

durability

dust soiling

edge sealing
electroluminescence (EL)
embrittlement

energy yield

EPC (engineering, procurement, construction)
expanded combined uncertainty
exponential

failure

failure rate

fault

fault tree analysis (FTA)

feed in tariff (FIT)

fill factor

Failure Modes and Effects Analysis: (FMEA)
finger

frost

gland nut

gridline

ground fault detection

haze

hetero-junction technology (HJT)
hierarchies

hot spot

infrared (IR)

infrared thermography (IRT)
ingress protection (IP) rating
insulation

interconnect

interconnector

inverter

irradiance

irradiation

isolation

|-V curve
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junction box (JB)

Key Performance Indicator (KPI
label

laminate

lamination

leak current

leakage current

levelised cost of electricity (LCOE)
lifecycle cost

light induced degradation

light & elevated temperature induced degradation (LeTID)

lock-in thermography

lognormal

maintenance

median

maximum power point tracking (MPPT)
metallization

metric

mitigation measures (MM)
module

moisture

monocrystalline

mounting

Multi Criteria Decision Analysis (MCDA)
multicrystalline

multiplier

nameplate

net present value (NPV)

nominal

O&M (operation & maintenance)
open-circuit

open-circuit voltage (Voc)
operational expenditures (OPEX)
origin

outranking

passivated emitter rear contact
passivated emitter rear totally diffused
patchwork

performance ratio

performance loss rate (PLR)
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photovoltaic (PV)

plane of array (POA)
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power purchase agreement (PPA)
probability density function (PDF)
PV Failure Degradation Sheet (PVDS)
PV Failure Fact Sheet (PVFS)
potential induced degradation (PID)
pottant

potting

power loss

power output

pyranometer

Reliability, Availability, and Maintainability (RAM)
rate

reliability

response time

resolution time

reverse current

risk

Risk Priority Number (RPN)
robustness

safety

schottky

sealant

sealing

semi-quantitative

shade

shading

short circuit current (lg.)

shunt

shutdown

silicates

silver, Ag

snail tracks (trails)

soiling

soiling rate

solder joint

solder bonds

specification

stabilizers

standardization

standard test condition (STC)
string

tabbing

tempered glass

thermal cycling

thermal runaway

thermography

tolerances

transparent conducting oxide (TCO)
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triggered ey
typology 7
uncertainty =2
visual inspection (V1) F oA AL
water vapor transmission rate (WVTR) =37 sits
weathered SoHE
wet leakage g7 78
wetness =g
wiring B 4
whitening ot EH
yellowing 2

yield loss 8 &4

A 2 9J: khdbs52@gmail.com

115



Technology Collaboration Programme

byled

ISBN 978-3-907281-11-6

9%783907"281116" >




	감사인사
	약어
	요약
	1 서론
	2 기술적 위험의 영향을 정량화하기 위한 공통의 선택
	2.1 핵심 정의
	2.2 반정량적 방법 (FMEA, MCDA)
	2.2.1 FMEA
	2.2.2 MCDA

	2.3 정량적 방법 (CPN, RAM)
	2.3.1 비용 우선순위 번호 (CPN)
	2.3.2 신뢰성, 가용성과 유지보수성 (RAM) 분석

	2.4 위험 완화대책
	2.5 모범사례, 한계와 문제

	3 위험 데이터베이스
	3.1 태양광 불량 팩트시트 (PVFS)
	3.1.1 PVFS 구조
	3.1.2 PVFS 사례: 프론트 박리

	3.2 태양광 불량 열화시트 (PVDS)
	3.2.1 PVDS의 개요
	3.2.2 통계학적 평가의 개요
	3.2.3 새로운 불량 데이터 평가의 결과

	3.3 태양광 비용 데이터

	4 사례 연구
	4.1 위험 분석
	4.1.1 사례 1: 인버터 완전 불량(작동하지 않음)
	4.1.2 사례 2: 태양광모듈 PID

	4.2 비용-편익 분석
	4.2.1 사례 2: 태양광모듈 PID
	4.2.2 사례 3: 태양광모듈 오염


	5 결론
	참고문헌
	부록 1 PVFS
	부록 2 영어-한글 용어 비교

