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20 RIS HIAE T Z TR/ NEAT IR 1 - AL H HY (22 TEC TC82
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1. 2M1EC TC82 WG3 E2 WG6 LAF/NHE R - MERIGCE ARG BLH 40T
iyt IEC BRI - DA IEAE S 2P B Z G EAERE

2. TSR mZ MERe Bl 2 BN TR Z B SEIE - R 2 i
#e ~ MHE SIS HIE B b S B Coaf e 3

3. THEIEC TCR2 Ea 2 HE T > MoK o] RS BAAHRE 2 sy > 27 3kE]
I E AP A B e 2 BE ) B A B

7% 1 IEC TC82 LAE/NHE s n E FE %

AR

WG 1 Glossary

WG 2 Modules, non-concentrating
WG 3 Systems

WG 6 Balance-of-system components
WG 7 Concentrator modules

WG 8 Photovoltaic (PV) cells

Environmental Health and Safety (EH&S) Risk Assessment for the
PT 62994-1 | sustainability of PV module manufacturing - Part 1. General principles
and definition of terms

PT 63092 | Building Integrated Photovoltaics (BIPV)

WG 1 Photovoltaic off grid systems, including decentralized rural electrification
and hybrid systems

JWG 10 | Distributed Energy Resources Interconnection with the Grid Managed by
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TC8

Grid code compliance assessment for grid connection of wind and PV

JWG 4
power plants Managed by SC 8A

WG TC21/TC82 - Secondary cells and batteries for Renewable Energy
Storage Managed by TC 21

JWG 32 | Electrical safety of PV system installations Managed by TC 64
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(—) TE#GFE X (preliminary stage) @ APEEEZ BHER N TEE#&R0H
TR R BB R i R KaTamE R N T — PSR TR

() feak (FEE) FEEY (proposal stage) = ASPE BG/Rs ot $ # E 4 A T1E
INHARR TAEZ i/ > K 5% 2 > BEEE B RVN 0H
TAE/NH SR AT R ERLE TIE -

ki1

(=) ZE TSR (committee stage) @ AP EE Ry BUAFAR A SR E >
A0 EE & BT R R 0 NI &R B8 a8 (W TCR2)ET &

(V0) 3PS EE (enquiry stage ) © BUE CDV X > AP B Bl S0 (2
SR K EHREREEE  EAREZENRANHIEE -

() #Z AL fz A\ Capproval stage then publication stage )

— ~ BARWG3 &k WG6 LIE/NH & i s
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x® 6 —FAtGH £ E #

Tk

Cotterell 21 Ted Spooner > f&%d 5 Fe /T 481% >

A eEAE 1)

T4

71 WG3 LAE/NH F FE Martin
B2 IEREHEL 40 AR
BT RSB R G R A BRI R BB B o DU(FE M AR R

17 5m S TE R g B RS TT R R -

AR GHFEBRESHZBEEIENETRE > KE o St
SEHEEZ/NH TR E R EEE L HEENE > HEEE 8RR
MEEER > WETHNE L FIEW -

5~ WG3 ITfE/NEgsksTam s H

A. Introduction
Document / Comments Leader
Opening, welcome, introductions, update experts list. Ted/Martin
Adoption of the agenda / Review order of discussion Ted/Martin
Review and approve previous minutes from Nara Ted/Martin
Review of actions arising from previous meeting Ted/Martin
Overview of WG3 work plan and status of all WG3 documents Martin
B. Document status updates
Document / Comments Doc status IEC NO. Leader
Guideline for 1 d fid in PV syst
. uide 1ge or increased confidence in system TS 63049 TS Sarah
installation
Power Plant Design document DTS 62738 TS Greg Ball

TR

TRWang
PV Land usage TR Comments 63149-TS ,
Sicheng

due 15/9/17
C. Document status updates
Document / Comments Doc status IEC NO. Leader
Earth  fault protection equipment  for
photovoltaic (PV) arrays - Safety and ,

CD [EC 63112 [J
safety-related functionality Covered in WG6 - m
anything ese to discuss?
"PV fire safety" issues TR - Adrian

[EC 62446-1/

Commissioning Doc - Ed2.0 AMD 1 CDV nest? AMDL Martin

9




EDI1

Information model for availability of PV CD2/CDV IEC 63019 George/ R Hill
systems TS
Maintenance of PV systems CC from CD IEC 62446-2 |Greg Ball
D. Other items
Document / Comments Doc status IEC NO. Leader
IEC 60364-7-712 - - Adrian
IEC 62548 Future changes to update it and keep Ted
1t aligned with -7-712

L el . Christof B
Characteristics of the utility interface Published IEC 61727

Peter B
Analytical expression for daily solar profiles Published IEC 61725 |Wang / Ted
Lightning protection (PV Systems on Buildings) German NC to do - Adrian
NWIP with TC81
BAPV system document - - Wang
E. Final items
Item Leader
Any other business. All
Revisit WG3 work plan and doc status (time permitting) Martin
Next meeting Martin/Ted
# 6~ WG6 TAE/NaH & a5 am BT
A. Introduction
Document/Item of Business Presenter
Opening, welcome, introductions, update experts list Greg/Vicente
Adoption of the agenda Greg
Review and approve WG minutes from Nara All
Review of action items and project list from Nara Greg/Vicente
B. New Standard Project Reports
Document/Item of Business Presenter
IEC 62920 EMC requirements and test methods for grid connected power
converters applying to solar photovoltaic energy systems - Report on|Mr. Yoshioka
Publication CISPR 11 updates
IEC 63027 Arc fault detection and mitigation in PV systems - .
. Nicolas

CD Comment Review
[EC 62109-3 Module-integrated electronics - CDV Update PT

10



[EC 62891 Overall efficiency of grid connected photovoltaic inverters -
FDIS Status

Vicente/Greg

IEC 61683 Photovoltaic system power conditioners - Procedure for
measuring efficiency - Progress update

Vicente

IEC 63112 - Safety, functionality and classification of Photovoltaic Earth
Fault Protection (PV EFP) equipment - CD Status

Jim

C. New Standard Project Reports

Document/Item of Business

Presenter

TS 63157 Guidelines for effective quality assurance of power conversion
equipment for photovoltaic systems - NP Report on Comments

Sarah Kurtz

TS 63106-1 Basic requirements of AC power source for testing of utility
interactive PV 1nverter

Mr.
Shinohara

TS 63106-2 Basic requirements of DC power source for testing of utility
interactive PV inverter CD Draft status

Mr.
Shinohara

TS 63156 - Photovoltaic systems - Power conditioners - Part X: Energy
evaluation method - CD Draft Status

Mr. Sugahara

IEC 62093 BOS components for PV systems - Design qualification and
natural environments - CD Comments

Hiro/Paul

62109-1 and -2 Maintenance Urgent Amendment update - Status update

IEC 62477 Alignment - Status update Tim/Jim
D. JWG and Liaison updates
Document/Item of Business Presenter

(62930),
junction boxes

Any updaes on Cables
(62852),

WG2 component project updates:
Insulation coordination(TC109), connectors
(62790), bypass diodes, etc.

Guido

Battery Storage Related Topics TC 21 JWG, TC 120, Others

Other BOS related Standards SC121A IEC 60947-3 (Switches), SC121B
IEC 61439-2(Combiner boxes), SC 22/IEC 62909-1 (Bi-directional
converters)

Greg

E. Final item

Document/Item of Business Presenter
Other business, e.g. racking/tracking systems, harnesses, fuses, SPDs,

All
other--- All
Logistics for next meeting in USA - Vicente/Greg
Agenda for next meeting Vicente/Greg

11
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= AR WG3 & WG6 TIENEBRR-BREXGEERER

TAE/NGH & 38 e 4% FF B A& A5 288 S B 3 TR D A 1T e B e e B
R AFE LT RAR G - ARG HEAF R [EC 61725 E hRflois
(Technical Report, TR) 5 IEC 61724-1 B IEC 62446-3 FAE R & sy am ikt ak 1E
21T 5 A EEH /\[# BL ZE (Fire safety ~ Lightning protection for PV systems on
buildings ~ Grid connect systems with energy storage 25 )/NaH A A » T E
pa N
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IEC

Title Stage [Status Status
NO. 8
Analvical , ; Madrid meeting agreed that we(To be withdrawn after
alytical  expressio 0
61725 | e CADIESEON M p g 0 lwill withdraw this document  |Madrid
daily solar profiles , ,
Then work on a TR to replace it |(convert into TR)
Photovoltaic (PV tems -
Y ,1, (V) sys ms phase out once TC8 JWG10 work , ,
61727 |Characteristics of the utility|Ed 1.0 Published - No action
, complete
interface
On Site Measuring of IV
61829 |Characteristics of Crystalline|Ed 2.0 Published - No action
Silicon
62124 Photovoltaic (PV) stén.d—al.one Ed 1.0 Review | h.appening (Leon & Published - No action
systems - Design verification Jiang Feife1)
Direct coupled PV pumping
t - desi lificati
62253 | T CSIEn ARHHEEHON R 11 Published - No action
and performance
measurement
, Request for any changes will be
Photovoltaic (PV) arrays - . . . . .
62548 , , Ed 1.0 |requested for discussion at Spring|Published - No action
Design requirements .
2018 meeting
Desti ideli d
62738 eoiEn g@ cHIES o _ o New document - in
recommendations for|DTS  |Going to publication
TS _ progress
photovoltaic power plants
Photovoltaic system
61724-1 |performance - Part  1:|Ed 1.0 [Published March 2017 Published - No action
Monitoring
61724 Photovoltaic system
TS performance - Part  2:|Ed 1.0 [Published October 2016 Published - No action
Capacity method
617243 Photovoltaic system
TS performance - Part 3: Energy|Ed 1.0 [Published July 2016 Published - No action
evaluation method
Grid connected photovoltaic Amdl CDV comments resolved in
systems - Part l: Ed 2.0 Madrid.
62446-1 [Requirements  for systemA q '1 Comments on next phase of|Maintenance underway
m -
documentation, changes will be requested for
commissioning  tests  and discussion at Spring 2018 meeting.

13




mspection

Grid connected photovoltaic

624462 |(PV) systems - Pat 2|CD  |CDV Q1 2018 New  document = in
Maintenance of PV systems S
624463 Grid connected photovoltaic
TS (PV) systems - Part 3: IR|FDTS |Published Published - No action
testing
Information ~ model  for .
03019 vailability of photovoltaic|CD D2 in Q1 2018 New  document = in
TS progress
(PV) power systems
Terrestrial photovoltaic (PV)
03049 Isystems - guideline forl . Published - No action
TS increased confidence in PV
systems
N/A Fire safety --- technical report NWIP [NWIP Q1 2018 Potential new work
N/A Lightning pro'tec.Uon for PV NWIP |George to talk to TC8&1 Potential new work
systems on buildings
, , Discussed, no action at present.
Grid connect systems with _ _
N/A A May need to ensure storage is{Potential new work
reflected in other WG3 documents
Performance of PV systems
with battery systems
N/A German document being Watching brief only at this stage  [Potential new work
developed:--keep a watching
brief (Nicholas)
Possible document on
N/A Lifetime cost of BOS Potential new work
components PV Systems
Mathematic  Models  and
N/A Calculation Examples for[DTR |TR Q1 2018 Potential new work
Land Usage of PV Farms
N/A BAPV system document Abandoned for now Potential new work
N/A EL field testing Peter to talk to IEAPVPS author [Potential new work

14




Vg~ Eigk WG3 & WG6 TIE/NME e EHEEE

(—) Photovoltaics and fire safety research project

BRE NATIONAL SOLAR CENTER Ry fir fr 3l b Fetsétet - 12 BT 22
ST R E R E R K KRR WA AR TAE/ NE S s TR
2) » HE s SRR e AR 71 (RS B A K S EBHGEE R - #
4 T0% %% A B IR IR KPS B4R (JE 3) A5 KRS BE AR A2 Y S8 3 (U
HRE G B =TEFARI TR K ~ JFEMK S ~ BERE A S E - H
L ETAEIMK K ~ JFEMHEK KGR ARESY - B KIS B E RS ARl T4
K EARBR » Has A4 (o] EZ M E IR I S4B, -

<

AR s RS C B R B ARG E R 5 EEEOK K > HRZIER
BN EEFAARBEREAT -

L KAEARE

2. EHPESSMRIEREN

3. PHEBHEAENARHEHEEE
4. AEEEHERICETEEE

5. iR&kET-RZRE

6. JREERR

7. [FREENHSZTAEMT

FHEPRIGCE S E A GHRB T » BiEET LERIERERS(DC isolators) B H.
SRS (DC connectors) (5848 60% LA_E (A& 5) » #E~E e ik B B HH 2
e IFR A S EHEREINES - BEOKEEE © HENERREE KRBT &
FAfiacet e ~ NELSE ~ EandRE R 6) - Horp X DU iy K5

IR SRR A s — RN R s 2 B A Bomlmiles A 2R
BHOTHREBZIFRE 7) - NI CE RS B SE Rl - 82 7R 2R
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WLRE ~ RE ~ RIINGEREME L ERERSAEEREN S seE - &
P H SR A AN 5 A K K S g R (A0 8) > WFESIS R T2
afpEEE e ASEAELEN SRR CE RS TR SR > A
NEREZE MRy > Pl - FORA R AT BUR MR - BB EE S
by RIS - SRS ARG R VB F > B RSN E R N S WIREE T
B oy ik B RBERET - AR EA R - ERER R
9) e

PAlLE BRE NATIONAL SOLAR CENTER 2 A5 6 B8 88 B8 1 40 B K KR 2R
(A00E 10) » WG 26 (EVEE R 1 B E SRS R skl En S H (e 1) - 59k
ST RGO B 3 B A Mk T2 E R 5 [ZR I A ZE K (A0IE 12) DA KI5t E
RIS -

KI5 T Z O KB ZAEFRATHEE > BIETHY 2018 - 1 H 9 HFY UK PV industry
workshop 1 » GEHEETEAEMCS ~ IET ~ BSD) ~ BZERHE(STA ~ REA) ~ slEoAs
(NICEIC ~ ELECSA ~ NAPIT ~ STROMA) ~ A3 1 2 5 B i — 2 HA T0F/ A &

afam o 70 2018 £ 2 H 6 H BRIt EaaH S m6| aiis - WEGESE
PRI TR -

2 ~ BRE #{TE#H

16



'

= Caused by PV
= Involving PV but not caused
= Cause unknown

3~ PV involvement in incident

= Serious fire = Localised fire = Thermal event

4 ~ Incidents caused by PV

Inverters

DC isolators
40%

PV modules / Contiectors
4% 22%

5 ~ PV system components implicated

17



Root cause

= System design = Faulty product

Poor installation = Unknown

6 ~ Incident investigations

8 ~ DC connector showing a thermal event

18



9 ~ PV module junction box showing scorching from internal arcing

NATIONAL
SOLAR CENTRE

Dealing with PV fires

Issues noted by FRS:
— Potential for electrocution
— Fear of [roof] collapse

— Unable to isolate live PV
cables.

— Problems accessing isolation
devices [located in loft]

— Access issues to tackle fire

— Uncertainties on how to isolate
systems

— Made safe systems of work for
fire service unpredictable

10 ~ BRE #ir&r KI5 C B8 RSB K KN
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[ENATIONAL

Qe SOLAR CENTRE

FRS approach taken:

f
=~
|
!

' FRS approaches

Requested third party to isolate S

Covered PV modules with
tarpaulin or similar

FRS isolated DC or AC side
Solar cable cut

Unable to isolate due to
location of isolators

Standard Operating Procedures " ‘t
followed

Avoided water on panels

11 ~ BRE $HEVEE K SN ZR PR E RS

o= ) ENATIONAL
. SOLAR CENTRE

Recommendations for improving design &
installation guidance

— Improving access to roof mounted PV modules

through better layout design.

— Improving access to isolation devices.

— Improved labelling of DC isolators (ratings).

—Improving labelling to make FRS aware of PV

system — especially commercial properties.

20



hre DIreNATIONAL
SOLAR CENTRE

Recommendations for improving design &
installation guidance

— Reducing spread of fire risk through installing
inverters on fire retardant surfaces.

— Improvement in quality control of site made DC
connectors.

—Reducing spread of fire risk through selective
location of equipment.

— Protecting IP rating of components through good
installation practices.

hre DIreNATIONAL
- SOLAR CENTRE

Recommendations for improving design &
installation guidance

— Providing mechanical protection to DC cables at
risk of rodent damage.

— Improvement in fault protection of DC circuits -
parallel, series and ground.

— Consideration of DC arc fault detection devices for
systems that are difficult to access or there is no
intention to have a regular maintenance regime.

12 ~ BRE BRI 8E S s Tl 55 [H0K
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(=) NEC 690.12-Rapid Shutdown $1¥t 2014 4F82 2017 SFERRKZ= R

G 2014 4281 2017 45 NEC 690.12 25 Rapid Shutdown FY7E 5214 ([
13) » 1F 2014 4 National Electrical Codel (NEQO){E 690.12 EEIE 45 A Rapid
Shutdown 1| Fs5RIMEEOK - EEZMBIHYT B KGE RS ETROKE » 4017
PR e AT S R — HAHER I FERGERG PR E T
FEfEM B EZE0F - ££5 [F NEC 1248 EFR T RCAT & ¥ E] 2017 £ - AHER
SRR A TR - $RALE &/ N BB AT -

2017
1. Control Outside Array

— 1’ from array boundary
in all directions

— 3’ from building entry
— 30V, 30 seconds (LVRT)

2014 NEC

* Rapid shutdown
controls conductors
outside the array

boundary 5 Inside A Ooti
) . Inside Array Options:

Controlled CondUCtorS‘ are. 1) Array listed for reduced shock hazard,

- 10’ from array 2) 80V, 30 Seconds, or

— 5 inside building from entry 3) No exposed wiring or conductive parts, array >8' from
Limited to 30V within 10 seconds of exposed grounded parts _
initiation (and 240VA) « Three initiation methods defined
Equipment listed + Equipment listed for rapid shutdown

13 ~ NEC 690.12 “Rapid Shutdown” Requirements and Evolution

(=) IECCDV 62446-1

BERERESCPEENY 2016 S2381T RISt E A ETIRREN - BUNEE
2T BEEAEREE > ST AR R B T

1 6521 /NHFERRIN PV 3 E MRS NEREE LB EERE 1000

W/m2 8% » 2EFLUINA IEC 60891 : 2009 245 | FH % » FJF (0|7 o]
DU AR B s A o o

2. EEERFISEMAN ke in A2 8510 8008 HAS(Harness Sub Array) & H]
22



F3 0 MBI IRGIA R REREME 10 $51 - BRI EITERZ/ N R
30A °

3. HER T ERVIDhERENIEE AR 400 W/m2 AUFRAFFRES] -

4. IO T HRFEER SR HIE FE Y SIS S K Bl NS 10% L F 5
fE=XK -

(P9) Analysis of snail track modules and mechanical stability of PV system

FEEK I N E R E WS KNG m R E A R TR IR A - 58 i
ARG ELSZ AR REAMEHEGERYRAIE 14) - MR FS MRS L EBUREE ]
SR Ee AR OYIES B FIESRBRAIE 15) &SRt
S RPHAE AN 9,606 | 3537 7,828 F A E WA EEARILEIE 81%
% BB = oY R SRR R A IRE) > IREEECKIGRE AR > NIRRT R
R SRR TR A E 16) - 17 HL AR 4 I B IE KI5 B S B A4 B i
CA0lE 17) - FMABSTHESIA5) - GEEE(E RGO CE RS A IRBE i EL
(AIE 18) - NEEEZEEE D KIGre R - RS EA W REL - NIE#
HREENERITIC SN > EEAGOCERELGEN 2SR L - A
SPRENHVEDA - R g TR TE R - FEIYETIRER K E R RTHE
M - M2 AREIGHAREE - ZERERERFHEE TR FTHE -

& 14 ~ EL fri Ko aetR sl B2 A
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(1) IEC 61683

IEC 61683 FEAESL 3+ BRI S5 Y DC to AC 8¢ DC to DC ZEE
FEFEIER - {H RS HARERY MPPT(Maximum power point tracking) R iEHA & Fs B
T 5= RIHRZE ST MPPT SEHOSCRAETT A - Wik NEIAFE R 280
HOAMThi TEC 61683 FERES {9 5 55—7J5T » EN 50530 B35 CEC fEECA 5
BRI AT A I T S a8 275 EN 50530 AR LU b Feal & -

P REEE T MPPT AR Z PRa gk am o i L KB KIS 2 &
TR SR A mAUAS R F o E GV RERE - M ERER BN fy MPPT
Tel - KIS L BB 3 B A e AR 45 B 8 S KI5 R o [T BLER RO [ R 2

TERFEIRAEARD T » KI5 B4R 51 7 B8 7 28 A HH Hh 4 B DR B R
FHIE » T MPPT Je R (E45 KPS B 38 B8 2 4R B A (£ T AFES » Rt MPPT | 2L

e B R A SR SR i EE E A% LT -

(73) IEC 62109-3

[EC 62109-3 R4 3 $T #1078 28 (Miicro-inverter) LA 5 B AHEH
&t (AC PV module) » (1588 5 KPS Re A A A= 2 B80T ] EL#ER B SR B B
RSO BB BRI > Al E G AN R ERE ] - B tE RS
i IEAH AR/l 2 1% o R R R SR R SR A A T R 0 Y IR
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LR EIRE - WHFE R IUR Ry SCEE Y REEEE R BRI s
TR R KIGREHAH B T B BT E AR E IR - M REN RIS EEE A 55at
A2z 5 R i s 2R AT BIPV FEFH F#2REE (W@ 19) -

&l 19 ~ PR as 2 KIGREIRAH

FHY AC PV Module 75158 FH Y BB 25 (Micro-inverter) » Rl AR R ZE
sAE T H A SR A 2 A T MR RE B T I E - TS g B a7 50
A

VAN AC e & NS e w N st R eibaie

P s 2 UG RV EE ik B8RS 0 BR T HUS TEC 62100-3
sora B AN > EIE TN R BRR R - NPT 2 atla Tt
R EBRE NE R LU GEHEIEE - R KRR B IS AR B R R
HH¥omEEL > EMENA S SEENCTFERERL -

2. Kt S ik & & AC PV module
AC PV Module F& 7 20ZHEG TIEC 61730-2:2004 Z2AR 0551 - ]

HF I VEEUS IEC 62109-1:2010 TEC 62109-2:2011 B 7 i S 282 KR0S
Mk - AIEEA RERECR B ERHY nI SERE Bl an s - PRI CE &y 222 >
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(t) IEC 62446-3 TS

BERRAE S Ryt PR T E RO E A BRI E T —2F > =
B H AR PR BRI e A AT A TR (R EE > £
(& IR B AP K K E - BRE KB A AE | 828 TEC 60904
-12-1 BEES AR EIE GEAVEREHRINDE - (B2 alest P/ NEEERE
B ARIHERERUE -

FE BB REDR (AR 8) > B IR I RS B R VEER
72 320 X 240 1525 » #RIFEEES ARG ERE /7 Bl ELAE IR (F - i L3128
BRERNE IR EAE—IE > BT E B IREE FIHOR - NIE B GRS
Rl EE AT ERY K -

FERRIER G G R [FIR o SR IR ORI T R B 8% - (R
AR E BRI RV REDR (AR 9) » B2 My T HEORE T &= MHY
BRI IROE o mIHI A R SR A E AR Rz

HN B GBI E RN R eE RGN sVEENE - B8R K
REFRAH A —RENE G > DI e RS EORIER TG R CE RS 2 > HE
BEERFRENSE > EUEHHENEBERTIGELEE - HREFREER
Pt R E ARG AHENREEN - BEEh T EREIUENE - AR ABHE
TR I Ry TR -

15 P METTENARTAENE » FRAEIRFE A 600 W/m' ~ BN 4 Bt ~ K22
EREF/NA 2 okta » WFBEFIIEEG 8P E(LAN 10 DAL > RIFRER
15 Jrs#ie A REB S TR G, © ERVEES RN SEE@E 20) 0 R
SHUT I - PR A BRI RERAH A A FE A 30 FE (40 21) PR H
Jfee S5 A O SRR R AER 2 © W EFIRR T 525 ia (classes of abnormalities,CoA)
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AIFRILEESSER 10 BA5% 11 AYEEHIENGZAG R EE 3 - AR BRI SE A% T KR TEC

62446-3 TS H1ELUE BN ER = 77 k0B M S

PEftaaZE EeiFRE

7 8 ~ B GBS R R IR TR
Item Features Minimum requirements
1 Spectral response 2~5) umor (8~14) £ m
2 Temperature-range (-20 ~ 120)°C
3 Operating temperature range (-10 ~40)C
4 Thermal sensitivity NETD <0,1 K @ 30C
1. PV module: max. 3 cm length of the edge per pixel
5 Geometric resolution 2. Electrical connections: The geometrical resolution has to
match the smallest object area to be verified.
6 Absolute error of measurement <f2K
7 Adjustable parameters Emissivity, ambient temperature
8 Adjustable functions Focus, temperature level and span
, Measuring spot, measuring area with average and max.
9 Measurement functions
temperature
The measuring system (Camera, lens, aperture and filter): The
o camera has to be traceable calibrated at least every two years.
10 Calibration o
The calibration has to be documented. Is the camera not
compliant, it has to be readjusted by the manufacturer
11 Documentation Storing of the infrared picture with the radiometric data
729 ~ CHRIRIE R R(REK
JEZX |Parameter Tool to acquire the parameters Accuracy
1 Irradiance Irradiance sensor Calibration: 5%
2 Environmental temp. Sensor Calibration: £2 K
3 Wind speed Bft scale Estimation
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Cloud coverage Photo camera Estimation

Soiling Photo camera Estimation

Module or string current  |DC ampere meter Calibration: £2%

20 ~ FEZE (cumulus clouds)

» B BB G RE R I A R R E
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2% 10 ~ Matrix for thermal abnormalities-1

Strings and Modules

Temperature
difference Definition and
SRy e @ 1000 W/m? additional Information
to intact device
2K-7K The module surface is homogeneous heated. AT of
Modules in 2 (@ 15 % module- the junction box is similar to operational state. Check
open circuit, efficiency mostly 4 K — | of module, state of operation of inverter and cabling
6 K) recommended.
Averaged 2K -7 K
Module in over module surface Similar pattern as with broken front glass (check for
short circuit 2 @ 15 % module- isolation resistance), PID, cell defects and mismatch.
efficiency mostly 4 K - | Recommended: check module and cabling.
6K
Beware of high voltage as isolation resistance is lost.
Crystalline vaeir;gcedduluelit.l_rf;cKe Similar pattern as modules in short circuit, with PID,
module with 3 (@ 15 % module- cell defects and mismatch. Sometimes just single
broken front ffici ° ty 0 K broken cells are heated. In the first weeks after the
glass € |C|encyschss Y ~ | break a module with broken glass can show normal
thermal behaviour.
Averaged 2 K-7 K At one or more substrings, easily to be mistaken for
Substring in higher than substring cell breakage or cell defects, Potential induced
short cirguit 2 (@ 15 % module- degradation (PID) or mismatch. Recommended:
efficiency mostly 4 K - | check module and bypass diodes for proper function
6 K) under reverse biasing.
1X.SUD$m"g Part of the module surface is homogeneous heated
in open BRI . o
L up and heat dissipation by the bypass diode, which is
circuit, loss of 2K-7K . P L
N o operating, is visible. Temperature difference of the
connection 2 (@ 15 % module- lass on top of the junction box differs with
within module efficiency mostly 4 K - | 955 o1 1P )
junction box 6K) Loss of contact at a cell connection might lead to a
or cell serial arc on the module backside surface=> CoA: 3
connector o
. Part of the module surface is homogeneous heated
2 iSr:.It;;grl"ngs 2K-TK up and heat dissipation by the bypass diodes, that
circutt foss of | | (@15 % moduls- | 512 RO 2 N T tere i
connections efficiency mostly 4 K — g P J

within module
junction box

construction.
Loss of contact at a cell connection might lead to a
serial arc on the module backside surface=> CoA: 3.
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Z% 11 ~ Matrix for thermal abnormalities-2

Strings and Modules

Temperature
difference Definition and
m additional Information
Category R |ECosy 1000 W/m? dditional Informati
to intact device
a)alzr:;tglﬁe Difference in temperature increases with load, cell
single cell over%he cell efficiency and number of cells in a substring. High
with d%fference a)2 ares temperatures mostly caused by broken cells.
T ameaia b) 3 b) > 40 K average Might lead to irreversible damage of cell,
P valie suse thge encapsulation and bypass diodes. Check that there
cellaroa is no shading or soiling.
":véﬁ)liuslf]aw(;;z 1 Normal dirt as dust or bird droppings on modules will
by dirt be washed by rain. No further actions recommended.
Beware of high voltage as isolation resistance is lost.
Thin film Jveraged DK~ 7 K | Similar pattern as modules in short circuit, with PID,
module with 3 (@ 10 % module- cell defects and mismatch. Sometimes just single
broken front effisiane :nostl 0K— broken cells are heated. In the first weeks after the
glass y4 K) Y break a module with broken glass can show normal
thermal behaviour.
Transfer
res';,t:::_e at Difference in temperature increases with load,
connectionsiof 2-3 >10K personal review by a thermograph level 2 or
a thin film corresponding is recommended.
module
Transfer
reSIS(t:z:llce N Difference in temperature increases with load,
: 2-3 >10K personal review by a thermograph level 2 or
cgncnr;(;la‘m::f corresponding is recommended.
module
23K . : : ;
Heated Over tomparatirs Difference in temperature increases with load,
module 2-3 P personal review by a thermograph level 2 or

junction box

compared to nearby
junction box

corresponding is recommended.
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