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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 1-4: Special requirements for testing of thin-film
Cu(In,Ga)(S.Se), based photovoltaic (PV) modules

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

Il national electrotechnical committees (IEC National Committees). The object of IEC is to prompte internat

onal

-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications; Technical Replorts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC “Publication(s)”). Their
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealtfwith
ay participate in this preparatory work. International, governmental and non-governmental organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with,the International Organizatiop for

tandardization (ISO) in accordance with conditions determined by agreement between the two organizatio

he formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an internat

terested IEC National Committees.

FC Publications have the form of recommendations for interpational use and are accepted by IEC Nat

ublications is accurate, IEC cannot be held responsiblefor the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their,national and regional publications. Any divergence bet

FC itself does not provide any attestation of\conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have(the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of_the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to\the Normative references cited in this publication. Use of the referenced publicatio
dispensable for the torrect application of this publication.

ttention is drawn:to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shall'not be held responsible for identifying any or all such patent rights.

the

ThieredIine version of the official IEC Standard allows the user to identify the changes ma

ns.

onal

onsensus of opinion on the relevant subjects since each technical committee has representation from all

onal

ommittees in that sense. While all reasonable efforts are made to ensure that the technical content off IEC

any

ions
veen

ny IEC Publication and the corresponding nationaler regional publication shall be clearly indicated in the Iatter.

mity

jzsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible forl any

o liability shall attach to IEC or,its-directors, employees, servants or agents including individual experts| and

e or
and
IEC

hs is

htent

e to

revious edition IEC 61215-1-4:2016. A vertical bar appears in the margin wherever a change

has

been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61215-1-4 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This second edition cancels and replaces the first edition of IEC 61215-1-4, issued in 2016, and
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) A cyclic (dynamic) mechanical load test (MQT 20) added.

b)
c)
Info
the
edit

The

Full

A test for detection of potential-induced degradation (MQT 21) added.
A bending test (MQT 22) for flexible modules added.
rmative Annex A of 61215-1:2021 explains the background and reasoning behind som

more substantial changes that were made in the IEC 61215 series in progressing f
on 1 to edition 2.

text of this standard is based on the following documents:

FDIS Report on voting
82/1827/FDIS 82/1852/RYD

information on the voting for the approval of this Interfiational Standard can be found in

rep¢rt on voting indicated in the above table.

Thig
Thig

A i
pho
web

The
stal
the

document has been drafted in accordance with the ISO/IEC Directives, Part 2.
standard is to be read in conjunction with"I[EC 61215-1:2021 and IEC 61215-2:2021.

st of all parts in the IEC 61215series, published under the general title Terres
fovoltaic (PV) modules — Design qualification and type approval, can be found on the
site.

committee has decided that the contents of this document will remain unchanged until
ility date indicated on the IEC website under "http://webstore.iec.ch” in the data relate
specific document&At this date, the document will be

reconfirmed,

vithdrawn

replaced-by a revised edition, or

hmended.

e of
rom

the

trial
IEC

the
d to

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 1-4: Special requirements for testing of thin-film
Cu(In,Ga)(S,Se), based photovoltaic (PV) modules

D
D
D,
o
()

.

Thig document lays down requirements for the design qualification of tecrestrial photovoltaic
modules suitable for long-term operation in open-air climates. The useful.service life of modpiles
so qualified will depend on their design, their environment and the conditions under which t{hey
are joperated. Test results are not construed as a quantitative prediction of module lifetime

In klimates where 98" percentile operating temperatdreés exceed 70 °C, users |are
recmmended to consider testing to higher temperature test'sonditions as described in IEQ TS
631R6. Users desiring qualification of PV products ,with lesser lifetime expectations |are
recommended to consider testing designed for PV jaXconsumer electronics, as describefd in
IEC|63163 (under development). Users wishing t0) ‘gain confidence that the characteridtics
tested in IEC 61215 appear consistently in a\\manufactured product may wish to ut|lize
IEC|62941 regarding quality systems in PV mafufacturing.

Thig document is intended to apply to all thin-film Cu(In,Ga)(S,Se), based terrestrial flat plate

modules. As such it addresses special requirements for testing of this technology
supplementing IEC 61215-1:20462021and IEC 61215-2:20462021 requirements for testing.

Thig document does not apply-to-modules used with concentrated sunlight although it may be
utiligzed for low concentrator-modules (1 to 3 suns). For low concentration modules, all tests|are
performed using the irradiance, current, voltage and power levels expected at the desgign
congentration.

Thelobiect of this tast caauence-is to determine the alectrical and thermal characteristics oftfthe
0D eCH-o S I8St-SequehceiSto-aeterfimiheme- e e CtHCaaRctherina- CRaaCcte ASHGS ol tRe
module-and to8bkhow _as far as nossible within reasonable constraints of cost and time thatlthe
mogthe aRato-5teW,as+HaasPosSsibie-Whhh-freadsohabie-cohRsStaHS-o+-costahatme—thagthe
module is candble of withstandina nrolonaed exnosure inclimates deseribed-in the scone The
ROoGUHe1SCapante o H-WHRSIARGH G PFoioRgeaexXxposSure SHRHEe S GEeSCHDEea tHe-SCope—1ine
e e-exp AGY-O Hessog ed-willd on-theirde g Avironnhe

The object of this test sequence is To determine the electrical characteristics of the module and
to show, as far as possible within reasonable constraints of cost and time, that the module is
capable of withstanding prolonged exposure outdoors. Accelerated test conditions are
empirically based on those necessary to reproduce selected observed field failures and are
applied equally across module types. Acceleration factors may vary with product design and
thus not all degradation mechanisms may manifest. Further general information on accelerated
test methods including definitions of terms may be found in IEC 62506.

Some long-term degradation mechanisms can only reasonably be detected via component
testing, due to long times required to produce the failure and necessity of stress conditions that
are expensive to produce over large areas. Component tests that have reached a sufficient
level of maturity to set pass/fail criteria with high confidence are incorporated into the IEC 61215
series via addition to Table 1 in IEC 61215-1. In contrast, the tests procedures described in this
series, in IEC 61215-2, are performed on modules.
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This document defines PV technology dependent modifications to the testing procedures and
requirements per IEC 61215-1:20462021 and IEC 61215-2:20462021.

2

Normative references

The normative references of IEC 61215-1:20462021 and IEC 61215-2:20462021 are applicable
without modifications.

3

Terms and definitions

Thig

4

Thig

5

Thig

Thig

Spe
prod

Thig
The

The
con

8

clause of IEC 61215-1:20462021 is applicable without modifications.

Test samples

clause of IEC 61215-1:20462021 is applicable without modifications.

Marking and documentation

clause of IEC 61215-1:20462021 is applicable without modifications.

Testing
clause of IEC 61215-1:20462021 is applicable with the following modifications:

cial care has to be taken for stabilizing<the power output of the module using MQT|
edure with specific requirements stated-in 11.19 below.

Pass criteria
clause of IEC 61215-1;20462021 is applicable with the following modifications.
maximum allowabléwalue of reproducibility is set to » = 2,0 %.

maximum allowable value of measurement uncertainty is set to my = 4,0 % for mod
aining singlesjunction cells, and m4 = 5,0 % for modules containing multi-junction cells

Major visual defects

19

les

This clause of IEC 61215-1:20462021 is applicable without modifications.

9

Report

This clause of IEC 61215-1:20462021 is applicable without modifications.

10

Modifications

This clause of IEC 61215-1:20462021 is applicable without modifications.
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Test flow and procedures

test flow from IEC 61215-1:20462021 is applicable.

11.1 Visual inspection (MQT 01)

This test of IEC 61215-2:20462021 is applicable without modifications.

11.2 Maximum power determination (MQT 02)

Thig

11.3

Thig

11.4

Thig

11.4

S

Thig

11.¢ Performance at STC (MQT 06.1)-and-NMOT-(MQT-06-2)

Thig

11.7
Thig

11.3 Outdoor exposure test (MQT 08)

Thig

11.9 Hot-spot endurance test (MQT 09)

Thig

Cu(

Insulation test (MQT 03)

test of IEC 61215-2:20462021 is applicable without modifications.

| Measurement of temperature coefficients (MQT 04)

test of IEC 61215-2:20462021 is applicable without modifications:

Placeholder section, formerly NMOT

subclause of IEC 61215-2:2021 does not requirgtechnology-specific modifications.

test of IEC 61215-2:20462021 is applicable without modifications.

Performance at low irradiance-(MQT 07)

test of IEC 61215-2:2046202% is applicable without modifications.

test of IEC 612156:2:20462021 is applicable without modifications.

test of IEC 61215-2:20462021 is applicable with the following modifications:

n{Ga)(S,Se), thin-film modules may exhibit performance changes with extended tim

021

B in

stor

ad Lot i Yol 1 ££ AN ral $ HE S

P 3 Y +o afl
36 WHROHT LLAS LR RY UI\PUOUIU (T UaTmSUanN— CTTo o)1t ofaertoMmhttzZzethneHtdeceot

fthis

dark soak effect, limit the time delay between the outdoor exposure or stabilization and the hot
spot procedure to within 2 to 3 days. During the first hour after the hot-spot procedure is
complete, no additional heating or light beyond room ambient shall be applied. If the time delay
is to exceed 1 h, the modules are to be stored in the dark at < 25 °C.

11.9.1 Purpose

This subclause of IEC 61215-2:20462021, test MQT 09, is applicable without modifications.

11.9.2 Hot-spot effect

This subclause of IEC 61215-2:20462021, test MQT 09, is applicable without modifications.
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11.9.3 Classification of cell interconnection

This subclause of IEC 61215-2:20462021, test MQT 09, is applicable without modifications.

11.9.4 Apparatus

This subclause of IEC 61215-2:20462021, test MQT 09, is applicable without modifications.

11.9.5 Procedure

MQT 09.2 of IEC 61215-2:20162021 shall be performed for any monolithically integrated (MLI)

module design.

If the module is constructed by interconnection of cell-like substructures, MQT" 09.1 of
IEC|61215-2:20462021 may be applicable.

11.9.6 Final measurements

Thig subclause of IEC 61215-2:20462021, test MQT 09, is applicable without modifications|.
11.9.7 Requirements

Thig subclause of IEC 61215-2:20462021, test MQT 09, is applicable without modifications|.
11.10 UV preconditioning test (MQT 10)

Thig test of IEC 61215-2:20462021 is applicable without modifications.

11.11 Thermal cycling test (MQT 11)

Thig test of IEC 61215-2:204682021 is applicable with the following modifications:
Theltechnoloav-<snecific current whichineeds to-be annled-accordinato MQOQT 114 of |EC 681215
Theltechnology-specificcurrent which-needs-to-be-applied-accordingto MQT 11 of IEC 61215
MQ[ 11 of IEC 61215-2:2021% can be conducted according to the following methods:

Method A) Perform MQT 11 as defined in IEC 61215-2:2021, with the technology spetific
current equal to 041 *’STC peak power current. If 0,1 x STC peak power current is less {han
100 mA, then 10Q.nTA may be applied instead.

Method B)Rerform MQT 11 as defined in IEC 61215-2:2021 with the following modificatior]s:
Durngcthe thermal cycling test, set the continuous current flow during the heat up cycle to|the
teCr IIU:UB.Y QVUU;f;Ud Uullcllt IIUth bU:UVV Qt tUIII'JUIQtuIU fIUIII C OC tU 85 OC. I'\VAICA;IItCA;II wul ent

flow during high temperature dwell and cool down cycle until the module temperature is below
0 °C. As necessary, adjust the chamber temperature to maintain module temperature below
85 °C.

The technology specific current which needs to be applied according to MQT11 of IEC 61215-2
shall be a forward bias current of 0,1 x STC peak power current to 0,3 x STC peak power
current. If 0,1 x STC peak power current is less than 100 mA, then 100 mA may be applied
instead.

The current flow applied during Method B is shown superimposed on the temperature cycle in
Figure 1.
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A
Minimum dwell time
10 min
ol R e o S R EEL TR L ECRREEEE --
’
1
/
/ =
5 / :
< ’ 3
o / e
% Continue for specific / 8
3 2 number of cycles / o
5 /o g
Maximum 100 °C/h :
o\ L _ 10 % to 30 %f 1
T mpp
! (IfImpp <(MNA/increase
' upper fiitto 100 mA)
40 [ temb—teaaad - oo e <M\ mA
P Maximum cycle time o
- 1 1 | l | 71 ] ] S
| | | | | | | | -
1 2 3 4 5 6 7 8 Time (h)
IEC
Figure 1 — Current flow using MQT "MVlethod B
2 Humidity-freeze test (MQT 12)

test of IEC 61215-2:20462021 is applicablewithout with the following modifications:
[ 12 of IEC 61215-2:2021 can be condugctéd according to the following methods:

hod A) Perform MQT 12 as defineddip IEC 61215-2:2021.

ng the humidity freeze dest, set the continuous current flow during the heat up cycle to
nology specified current noted below at temperature from 0 °C to 85 °C. Maintain cur
during high temperature dwell and cool down cycle until module temperature has readg
. As necessary,(adjust the chamber temperature to maintain module temperature bg
C.

technology specific current which needs to be applied according to MQT12 of IEC 6121
ethod-B.shall be a forward bias current of 0,1 x STC peak power current to 0,3 x STC p
er,current, with a minimum of 100 mA.

hod B) Perform MQT 12 as defined in IEC 61215-2:2021 with the following modifications:

the
rent
hed
low

5-2
eak

The current flow applied during Method B is shown superimposed on the humidity-freeze cycle

in F

igure 2.
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A
1 full cycle o
(85+5) % RH . No RH control H \
85 Maximum time —4 h | A--"""
Minimum dwell time — 20 h !
; €
o ! 5
° Continue for specific | 3
% \ / Aumberofcyeles H %
3 / Maximum 100 °C/h / > -
7 e N A s
9] 3
@ <}
L
oA - 10 %(t®'80 % of I
mpp
(IfImpp < 1A, increase
upper limit to 100 mA )
Maximum 20 °C/h
B LU ettt R ER il on iy -- <0,5mA
Maximum cycle time
30 min
minimum dwell time

Time (h) IEC

Figure 2 — Current flow usipg MQT 12 Method B

11.13 Damp heat test (MQT 13)
Thig test of IEC 61215-2:20462021 is applicable with the following modifications:

MQT 13 of IEC 61215-2:20462021 can‘be conducted according to the following methods:
Method A) Perform MQT 13 as-defined in IEC 61215-2:20462021.
Method B) Perform MQT 13-as defined in IEC 61215-2:20462021 with applied forward bias|:

11.13.1 Procedure

a) [Attach a suitable temperature sensor (see apparatus requirements of MQT 11) to the ffont
br back surface of the module(s) near the middle. If more than one module of the same type
bre tested)simultaneously, it will suffice to monitor the temperature of one representgtive
sample:
b) LCannect the temperature-monitoring equipment to the temperature sensor(s). Connect gach

L , . . 0 of
the module to the positive terminal of the power supply and the second terminal accordingly.
During the damp-heat set the applied voltage to Vinpp * 5 % at STC taken from the data-

sheet and limit the current of the power supply to less than 25 % of /5. at STC.

c) Throughout the test monitor the module’s applied voltage and current. Report I-V trend. If
current limit is reached, applied voltage can drop below Vinpp £ 5 % at STC.

d) Set chamber temperature to achieve a module temperature of 85 °C + 2 °C.

e) During cooling phase to ambient temperature (25 °C or less), the specified applied voltage
shall be maintained and shall be switched off when the module temperature reaches
25°C+5°C.
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11.14 Robustness of terminations-test (MQT 14)
This test of IEC 61215-2:20462021 is applicable without modifications.

11.15 Wet leakage current test (MQT 15)
This test of IEC 61215-2:20462021 is applicable without modifications.

11.16 Static mechanical load test (MQT 16)
This test of IEC 61215-2:201462021 is applicable without modifications

11.17 Hail test (MQT 17)

Thig test of IEC 61215-2:20462021 is applicable without modifications.

11.18 Bypass diode testing (MQT 18)
Thig test of IEC 61215-2:20462021 is applicable without modifications.

11.19 Stabilization (MQT 19)

Thig test of IEC 61215-2:20462021 is applicable with the following modifications:

11.19.1 Criterion definition for stabilization

For|the definition of stabilization as per MQT 19 e [EC 61215-2:20462021, x = 0,02 shal|] be
usef.

Any| kind of storage shall be done at temperature below 25 °C to avoid thermally activated
pro¢esses affecting MQT 06.1 of IEC 61215-2:20462021 measurement.

11.19.2 Light induced stabilization*procedures

Thig test of IEC 61215-2:20462021 is applicable without modifications.

11.19.3 Other stabilization procedures

Thig test of IEC 6121552:20462021 is applicable without modifications.

11.19.4 Initial'stabilization (MQT 19.1)

Initipl stabilization is performed on all modules.

To f|ulfil MQT 19 requirements using light exposure, a minimum of two intervals each of at I¢ast

10 KWh/m<4 are required. After this preconditioning all of the Test modules shall be measured for
STC power (MQT 06.1 of IEC 61215-2:20462021).

If stabilization is performed outdoors in general no module temperature limits apply. The
outdoor stabilization shall be proven at least with one module using the indoor method following
the validation procedure from MQT 19 of IEC 61215-2:20462021.

The minimum and maximum module temperatures observed during outdoor light exposure
stabilization verification while the irradiance level is above 500 W/mZ2 shall be the minimum and
maximum allowable module temperatures for all modules. If the module temperature falls
outside of these limits the new module temperature range has to be re-verified.
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Output power determination shall be performed after a minimum cooling time of 30 min and
maximum 60 min.

A validated alternative procedure can be used in accordance to MQT 19 of IEC 61215-
2:20162021.

11.19.5 Final stabilization (MQT 19.2)

Final stabilization is performed on all modules after the test sequences to prove fulfilment of
Gate No. 2 requirement of IEC 61215-1:20462021.

To fulfil MQT 19 requirements a minimum of two intervals of at least 10 kWh/m?2 each |are
reqliired.

If sjabilization is performed outdoors in general no module temperature limits” apply. [The
outdoor stabilization shall be proven at least with one module using the indoor‘method following
MQT 19 of IEC 61215-2:201462021.

Thel minimum and maximum module temperatures observed during“outdoor light exposgure
staljilization verification while the irradiance level is above 500 W/m?Z shall be the minimum and
maxXimum allowable module temperatures for all modules. If-the module temperature falls
outgide of these limits the new module temperature range has te’be re-verified.

For|modules that have been subjected to potential indueed’degradation (PID) stress (MQT PR1),
the Imaximum exposure limit after reaching stabilizatiot shall not be exceeded. The light qoak
shall terminate no more than 20 kWh/m?2 after the stabilization criterion is met.

Output power determination shall be performed after a minimum cooling time of 30 min [and
maxXimum 60 min.

A vjalidated alternative procedure cam’ be used in accordance to MQT 19 of IEC 61215-
2:20162021.

11.20 Cyclic (dynamic) mechanical load test (MQT 20)

Thig test of IEC 61215-2:2021 is applicable without modifications.

11.21 Potential indueed degradation test (MQT 21)

Thig test of IEC61215-2:2021 is applicable with the following modifications:

MQ[ 21 efEC 61215-2:2021 can be conducted according to either Method A or Method B
belqw,

Method A) Perform MQT 21 as defined in IEC 61215-2:2021.

Method B) Perform MQT 21 as defined in IEC 61215-2:2021 with applied forward bias by adding
the following steps to 4.21.4 “Procedure” in 61215-2:2021:

a) Prior to the test, connect each module individually to the appropriate voltage supply. Proper
lead connection is illustrated in Figure 3 and Figure 4.

In the positive system voltage configuration, the power supply for application of forward bias
current is isolated by an isolation transformer and one DC terminal of the forward biasing
power supply is connected to the system voltage terminal of the power supply for application
of the system voltage bias (see Figure 3).

In the negative system voltage configuration, system voltage is applied to the normally
grounded module frame, grounding, or mounting points and the power source for forward
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bias application has one DC terminal tied to ground (see Figure 4). The grounding points
for the module shall be electrically isolated from the environmental chamber to prevent
overloading of the power supply applying system voltage. A safety interlock that turns off
the power supplies for the application of system voltage bias to the module frames is a
requirement for safety for this configuration.

b) During the test set the applied voltage to Vinpp £ 9 % at STC taken from the data-sheet and

limit the current of the power supply to less than 25 % of I, at STC.

c) Throughout the test monitor the module’s applied voltage and current. Report -V trend. If

current limit is reached, applied voltage can drop below Venpp £ 5% at STC.

d) Puring cooling phase to ambient temperature (25 °C or less), the specified applied vaelfage
hall be maintained and shall be switched off when the module temperature Qe/ hes
5 °C £ 5 °C.

Environmental chamber Powe_r supply_for_ Qq/
system bias application (1/
Test module @ !
V ..............

sys

¢ tra falkrmer
- Kl

Power supply for QS
forward bias application Vv Ac equipment
S\ power source

«° +
O P

IEC

Junction box

Schgmatic shows isolated power supply for application q(\b\\ward bias (7;,4) and system voltage (Vsys) applig¢d to
the gctive cell circuit. Q
. : T .
Figure 3 — Electrical connectmns@r MQT 21 Method B, positive system voltage
.\Q)

P ly fi
Environmental chamber 3 ower supply tor

system bias application

V.

sys

Test r@ @
Juncti @
= S
~
N- GND —
Viwa
Q" Power supply for
EO forward bias application
[

r application of system voltage (Vsys) bias on test module on normally grounded parts. The syptem

Schgm
voltagbgﬁplied to the active cell circuit is negative as shown and forward bias current is applied through thqg cell
circurt.

¢
e

IEC

Figure 4 — Electrical connections for MQT 21 Method B, negative system voltage

11.22 Bending test (MQT 22)

This test of IEC 61215-2:2021 is applicable to flexible modules without modifications.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 1-4: Special requirements for testing of thin-film
Cu(In,Ga)(S.Se), based photovoltaic (PV) modules

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardiZation comprj
Il national electrotechnical committees (IEC National Committees). The object of IEC)'is to pro
international co-operation on all questions concerning standardization in the electrical and electronic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
im the subject dealt with may participate in this preparatory work. International, governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clg
ith the International Organization for Standardization (ISO) in accordance“with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internat
donsensus of opinion on the relevant subjects since each technicalh'Committee has representation frof
interested IEC National Committees.

IEC Publications have the form of recommendations for intetnational use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are,'made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsibleé for the way in which they are used or for
misinterpretation by any end user.

Ih order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible«in“their national and regional publications. Any diverg
hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

IEC itself does not provide any attestation.of conformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
rvices carried out by independent certification bodies.

Il users should ensure that they fiave the latest edition of this publication.
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indispensable for the correct application of this publication.
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Solar photovoltaic energy sysiems.

This second edition cancels and replaces the first edition of IEC 61215-1-4, issued in 2016,
and constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) A cyclic (dynamic) mechanical load test (MQT 20) added.
b) A test for detection of potential-induced degradation (MQT 21) added.
c) A bending test (MQT 22) for flexible modules added.
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Informative Annex A of 61215-1:2021 explains the background and reasoning behind some of
the more substantial changes that were made in the IEC 61215 series in progressing from
edition 1 to edition 2.

The

text of this standard is based on the following documents:

FDIS Report on voting
82/1827/FDIS 82/1852/RVD

Full4nformationon-thevotingfor the approval of this lnternational Standard can-befound in
the report on voting indicated in the above table.
Thig document has been drafted in accordance with the ISO/IEC Directives, Part 2:
Thig standard is to be read in conjunction with IEC 61215-1:2021 and IEC 61215-2:2021.
A list of all parts in the IEC 61215 series, published under the general title Terresftrial
phofovoltaic (PV) modules — Design qualification and type approval, can be found on the [EC
welsite.
Thel committee has decided that the contents of this document'will remain unchanged untilfthe
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relatefd to
the ppecific document. At this date, the document will be
e feconfirmed,
e Wwithdrawn,
e feplaced by a revised edition, or
e hAmended.
IMPORTANT - The "colour inside” logo on the cover page of this document indicates that|it

S

con

contains colours which are“considered to be useful for the correct understanding of i

ents. Users should therefore print this document using a colour printer.
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TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 1-4: Special requirements for testing of thin-film
Cu(In,Ga)(S,Se), based photovoltaic (PV) modules
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document lays down requirements for the design qualification of terrestrial phetovo
ules suitable for long-term operation in open-air climates. The useful sgrvice lifd
ules so qualified will depend on their design, their environment and the conditions urn
th they are operated. Test results are not construed as a quantitative prediction of mo
me.

climates where 98" percentile operating temperatures exdeed 70 °C, users

TS 63126. Users desiring qualification of PV products with(esser lifetime expectat
recommended to consider testing designed for PV in consumer electronics, as descri
FC 63163 (under development). Users wishing to gain confidence that the characteris
ed in IEC 61215 appear consistently in a manufaetured product may wish to ut
62941 regarding quality systems in PV manufacturing.

document is intended to apply to all thin-film\Cu(In,Ga)(S,Se), based terrestrial flat p
ules. As such it addresses special requirements for testing of this techno
blementing IEC 61215-1:2021 and IEC 61215-2:2021 requirements for testing.

document does not apply to modules used with concentrated sunlight although it may
ved for low concentrator modules (1 to 3 suns). For low concentration modules, all t
performed using the irradiance; current, voltage and power levels expected at the de
Centration.

object of this test sequence is to determine the electrical characteristics of the mo
to show, as far as_possible within reasonable constraints of cost and time, that
ule is capable of-withstanding prolonged exposure outdoors. Accelerated test condit
empirically based”on those necessary to reproduce selected observed field failures
applied equally across module types. Acceleration factors may vary with product de
thus notall’ degradation mechanisms may manifest. Further general information
blerated(test methods including definitions of terms may be found in IEC 62506.
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that are expensive to produce over large areas. Component tests that have reached a
sufficient level of maturity to set pass/fail criteria with high confidence are incorporated into
the IEC 61215 series via addition to Table 1 in IEC 61215-1. In contrast, the tests procedures
described in this series, in IEC 61215-2, are performed on modules.

This document defines PV technology dependent modifications to the testing procedures and
requirements per IEC 61215-1:2021 and IEC 61215-2:2021.

2

Normative references

The normative references of IEC 61215-1:2021 and IEC 61215-2:2021 are applicable without
modifications.
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Terms and definitions

This clause of IEC 61215-1:2021 is applicable without modifications.

4

Test samples

This clause of IEC 61215-1:2021 is applicable without modifications.
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Marking and documentation

clause of IEC 61215-1:2021 is applicable without modifications.

Testing
clause of IEC 61215-1:2021 is applicable with the following modificatiens:

cial care has to be taken for stabilizing the power output of;the module using MQT|
edure with specific requirements stated in 11.19 below.

Pass criteria
clause of IEC 61215-1:2021 is applicable with the)following modifications.
maximum allowable value of reproducibility~is'set to » = 2,0 %.

maximum allowable value of measurement uncertainty is set to my = 4,0 % for mod
aining single-junction cells, and m4.=.5,0 % for modules containing multi-junction cells

Major visual defects

clause of IEC 61215-1;2021 is applicable without modifications.

Report

clause of IEC 61215-1:2021 is applicable without modifications.

Modifications

19

Iles

This clause of IEC 61215-1:2021 is applicable without modifications.

11

The

Test flow and procedures

test flow from IEC 61215-1:2021 is applicable.

11.1 Visual inspection (MQT 01)

This test of IEC 61215-2:2021 is applicable without modifications.

11.2 Maximum power determination (MQT 02)

This test of IEC 61215-2:2021 is applicable without modifications.
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11.3 Insulation test (MQT 03)

This test of IEC 61215-2:2021 is applicable without modifications.

11.4 Measurement of temperature coefficients (MQT 04)

This test of IEC 61215-2:2021 is applicable without modifications.

11.5 Placeholder section, formerly NMOT

Thi . . ) e I
11.1 Performance at STC (MQT 06.1)

Thig

11.7
Thig

11.8 Outdoor exposure test (MQT 08)

Thig

11.9 Hot-spot endurance test (MQT 09)

Thig

Cu(
ston
this
the
is c
deld

11.9.1 Purpose

Thig

11.9.2 Hot-spot'effect

Thig

test of IEC 61215-2:2021 is applicable without modifications.

Performance at low irradiance (MQT 07)

test of IEC 61215-2:2021 is applicable without modifications.

test of IEC 61215-2:2021 is applicable without modifications.

test of IEC 61215-2:2021 is applicable with the/following modifications:

n,Ga)(S,Se), thin-film modules may exhibit performance changes with extended tim
age without light exposure (the “dark soak” effect). In order to minimize the influenc
dark soak effect, limit the time delay between the outdoor exposure or stabilization
hot spot procedure to within 2 to 3cdays. During the first hour after the hot-spot proceq
bmplete, no additional heating or\light beyond room ambient shall be applied. If the f
y is to exceed 1 h, the modulesiare to be stored in the dark at < 25 °C.

subclause of IEC_61215-2:2021, test MQT 09, is applicable without modifications.

subclause-of IEC 61215-2:2021, test MQT 09, is applicable without modifications.
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11.9.4 Apparatus

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.

11.9.5 Procedure

MQT 09.2 of IEC 61215-2:2021 shall be performed for any monolithically integrated (MLI)
module design.

If the module is constructed by interconnection of cell-like substructures, MQT 09.1 of

IEC

61215-2:2021 may be applicable.
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11.9.6 Final measurements

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.

11.9.7 Requirements

This subclause of IEC 61215-2:2021, test MQT 09, is applicable without modifications.

11.10 UV preconditioning test (MQT 10)

This

test of [EC 61215-2:2021 is applicable without modifications
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peak power current. If 0,1 x STC peak power current is less than 100 mA, then 100 mA

be 3

The
Figu

1 Thermal cycling test (MQT 11)

test of IEC 61215-2:2021 is applicable with the following modifications:
I 11 of IEC 61215-2:2021 can be conducted according to the following methods:

hod A) Perform MQT 11 as defined in IEC 61215-2:2021, withnthée technology spe

mA, then 100 mA may be applied instead.

ng the thermal cycling test, set the continuous currént flow during the heat up cycle to
nology specified current noted below at temperature from 0 °C to 85 °C. Maintain cur
during high temperature dwell and cool down.cycle until the module temperature is bg
. As necessary, adjust the chamber temperature to maintain module temperature bsg
C.

technology specific current whiech® needs to be applied according to MQT11
61215-2 shall be a forward bias\eudrrent of 0,1 x STC peak power current to 0,3 x

pplied instead.

re 1.

hod B) Perform MQT 11 as defined in IEC 61215-2:202 \Wwith the following modifications:

cific

ent equal to 0,1 x STC peak power current. If 0,1 x STC peak ‘power current is less than

the
rent
low
low

of
bTC
may

current flow applied during Method B is shown superimposed on the temperature cycle in
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Figure 1 — Current flow using MQT 1t Method B

2 Humidity-freeze test (MQT 12)

test of IEC 61215-2:2021 is applicable with the‘following modifications:
I 12 of IEC 61215-2:2021 can be conducted according to the following methods:

hod A) Perform MQT 12 as defined-in IEC 61215-2:2021.

hod B) Perform MQT 12 as defined in IEC 61215-2:2021 with the following modifications:

ng the humidity freeze ttest, set the continuous current flow during the heat up cycle to
nology specified current noted below at temperature from 0 °C to 85 °C. Maintain cur
during high temperature dwell and cool down cycle until module temperature has reac
. As necessary,(adjust the chamber temperature to maintain module temperature bg
C.

technology specific current which needs to be applied according to MQT12
61215-2"in Method B shall be a forward bias current of 0,1 x STC peak power currer
x STO peak power current, with a minimum of 100 mA.

the
rent
hed
low

of
tto

The current flow applied during Method B is shown superimposed on the humidity-freeze

cycl

e in Figure 2.
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Figure 2 — Current flow using MQT 12 Method B

11.13 Damp heat test (MQT 13)
Thig test of IEC 61215-2:2021 is applicable‘with the following modifications:

MQ[ 13 of IEC 61215-2:2021 can be ¢o6nducted according to the following methods:
Method A) Perform MQT 13 as-defined in IEC 61215-2:2021.
Method B) Perform MQT 13-as defined in IEC 61215-2:2021 with applied forward bias:

11.13.1 Procedure

a) Attach a suitable temperature sensor (see apparatus requirements of MQT 11) to the ffont
br back surnface of the module(s) near the middle. If more than one module of the same
ype aré€\tested simultaneously, it will suffice to monitor the temperature of jone
representative sample.
b) Caennect the temperature-monitoring equipment to the temperature sensor(s). Confpect
pach maodule inrli\/irlllnlly to_the npprnpria’rn \Inlfagn Qllplr'\'y hy Pnnnnr*fing the pos tive
terminal of the module to the positive terminal of the power supply and the second
terminal accordingly. During the damp-heat set the applied voltage to V,, p ¥ 5% at STC
taken from the data-sheet and limit the current of the power supply to less than 25 % of I
at STC.

c) Throughout the test monitor the module’s applied voltage and current. Report I-V trend. If
current limit is reached, applied voltage can drop below Vinpp £ 5 % at STC.
d) Set chamber temperature to achieve a module temperature of 85 °C + 2 °C.

e) During cooling phase to ambient temperature (25 °C or less), the specified applied voltage
shall be maintained and shall be switched off when the module temperature reaches

25°C+5°C.
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11.14 Robustness of terminations (MQT 14)
This test of IEC 61215-2:2021 is applicable without modifications.

11.15 Wet leakage current test (MQT 15)
This test of IEC 61215-2:2021 is applicable without modifications.

11.16 Static mechanical load test (MQT 16)

This test of IEC 61215-2:2021 is applicable without modifications

11.17 Hail test (MQT 17)

Thig test of IEC 61215-2:2021 is applicable without modifications.

11.18 Bypass diode testing (MQT 18)
Thig test of IEC 61215-2:2021 is applicable without modifications.

11.19 Stabilization (MQT 19)

Thig test of IEC 61215-2:2021 is applicable with the following modifications:

11.19.1 Criterion definition for stabilization

Forlthe definition of stabilization as per MQT 19 ofdEC 61215-2:2021, x = 0,02 shall be us¢d.

Any| kind of storage shall be done at temperature below 25 °C to avoid thermally activated
pro¢esses affecting MQT 06.1 of IEC 612156=2:2021 measurement.

11.19.2 Light induced stabilization.procedures

Thig test of IEC 61215-2:2021 is applicable without modifications.

11.19.3 Other stabilization procedures

Thig test of IEC 61215-2:2021 is applicable without modifications.

11.19.4 Initial stabilization (MQT 19.1)

Initipl stabilization is performed on all modules.

To fulfil MQT 19 requirements using light exposure, a minimum of two intervals each df at
leadt~10° kWh/m2 are required. After this preconditioning all of the test modules shall be
measured for STC power (MQUT 06. 1T 0f IEC 61215-2:2027T)-

If stabilization is performed outdoors in general no module temperature limits apply. The
outdoor stabilization shall be proven at least with one module using the indoor method
following the validation procedure from MQT 19 of IEC 61215-2:2021.

The minimum and maximum module temperatures observed during outdoor light exposure
stabilization verification while the irradiance level is above 500 W/m?2 shall be the minimum
and maximum allowable module temperatures for all modules. If the module temperature falls
outside of these limits the new module temperature range has to be re-verified.

Output power determination shall be performed after a minimum cooling time of 30 min and
maximum 60 min.
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A validated alternative procedure can be used in accordance to MQT 19 of IEC 61215-2:2021.

111

9.5 Final stabilization (MQT 19.2)

Final stabilization is performed on all modules after the test sequences to prove fulfiiment of
Gate No. 2 requirement of IEC 61215-1:2021.

To fulfil MQT 19 requirements a minimum of two intervals of at least 10 kWh/m2 each are

required.

If S - = — = = S S = = = = = = — 3 —— = — —
outdoor stablllzatlon shall be proven at least with one module using the indoor mehod
follgwing MQT 19 of IEC 61215-2:2021.

Thel minimum and maximum module temperatures observed during outdoor(light exposgure
stahjilization verification while the irradiance level is above 500 W/m?2 shall-be the mininpum

and
outs

For
the
sha

Out
max

maximum allowable module temperatures for all modules. If the module’temperature falls
ide of these limits the new module temperature range has to be re-verified.

modules that have been subjected to potential induced degradation (PID) stress (MQT]|21),
maximum exposure limit after reaching stabilization shall notbe exceeded. The light Joak
| terminate no more than 20 kWh/m2 after the stabilization 'criterion is met.

but power determination shall be performed after a minimum cooling time of 30 min jand
imum 60 min.

A validated alternative procedure can be used intaccordance to MQT 19 of IEC 61215-2:2(021.

11.2
Thig

11.2

Thig test of IEC 61215-2:2021\is applicable with the following modifications:

0 Cyclic (dynamic) mechanical load:test (MQT 20)
test of IEC 61215-2:2021 is applicable without modifications.

1 Potential induced degradation test (MQT 21)

MQT 21 of IEC 61215-2:2021 can be conducted according to either Method A or Method B
belgw.

Method A) Perform MQT 21 as defined in IEC 61215-2:2021.

Method B)-Perform MQT 21 as defined in IEC 61215-2:2021 with applied forward biagd by
addjng the following steps to 4.21.4 “Procedure” in 61215-2:2021:

a)

Prior to the test, connect each module individually to the appropriate voltage supply.
Proper lead connection is illustrated in Figure 3 and Figure 4.

In the positive system voltage configuration, the power supply for application of forward
bias current is isolated by an isolation transformer and one DC terminal of the forward
biasing power supply is connected to the system voltage terminal of the power supply for
application of the system voltage bias (see Figure 3).

In the negative system voltage configuration, system voltage is applied to the normally
grounded module frame, grounding, or mounting points and the power source for forward
bias application has one DC terminal tied to ground (see Figure 4). The grounding points
for the module shall be electrically isolated from the environmental chamber to prevent
overloading of the power supply applying system voltage. A safety interlock that turns off
the power supplies for the application of system voltage bias to the module frames is a
requirement for safety for this configuration.
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b) During the test set the applied voltage to Vinpp £ 5 % at STC taken from the data-sheet
and limit the current of the power supply to less than 25 % of I, at STC.

c) Throughout the test monitor the module’s applied voltage and current. Report I-V trend. If

current limit is reached, applied voltage can drop below Vinpp £ 5 % at STC.

d) During cooling phase to ambient temperature (25 °C or less), the specified applied voltage
shall be maintained and shall be switched off when the module temperature reaches
25°C+5°C.

Power supply for

Environmental chamber ) S
system bias application

Test module

Isolation

Junction box

transformer
& |
Viwd !

Power supply for
forward bias application AC equipment

power sgurce

IEC
Schgmatic shows isolated power supply for application of forward bias (7, 4)-and system voltage (Vsys) appligd to
the dctive cell circuit.

Figure 3 — Electrical connections for MQT 21 Method B, positive system voltage

Power supply for

Environmental chamber system bias application

Test module

5 (.

Junction box

Power supply for

forward bias application IEC

Schgmatic for application_of.system voltage (Vsys) bias on test module on normally grounded parts. The syptem
voltdge applied to the active cell circuit is negative as shown and forward bias current is applied through thg cell
circdit.

Figure 4 2 Electrical connections for MQT 21 Method B, negative system voltage

11.22 Bending test (MQT 22)

Thig_test of IEC 61215-2:2021 is applicable to flexible modules without modifications.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MODULES PHOTOVOLTAIQUES (PV) POUR APPLICATIONS
TERRESTRES - QUALIFICATION DE LA CONCEPTION ET
HOMOLOGATION -

Partie 1-4: Exigences particuliéres d'essai
des modules photovoltaiques (PV)

au Cu(In,Ga)(S,Se), a couches minces

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondidle de normalis
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux,de I'lEC). L'IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normaljsation dans les doms
e I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des No
internationales, des Spécifications techniques, des Rapports techniques, des|Spécifications accessible
ublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC")Leur élaboration est confiée 3
mités d'études, aux travaux desquels tout Comité national intéressé jpar-te sujet traité peut participer,
rganisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, partic
dgalement aux travaux. L'IEC collabore étroitement avec I'Organisation/Internationale de Normalisation (I
lon des conditions fixées par accord entre les deux organisations:

es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la m¢g
u possible, un accord international sur les sujets étudiés¢ étant donné que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études:

es Publications de I'lEC se présentent sous la forme\de recommandations internationales et sont agr
mme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de sé€s, publications; I'l[EC ne peut pas étre tenue responsab
dventuelle mauvaise utilisation ou interprétation'qui en est faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natior]
t régionales. Toutes divergences entreltoutes Publications de I'lEC et toutes publications nationale
regionales correspondantes doivent étfe)indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune-attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L’IEC n'estyresponsable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité” ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
andataires, y compris ses experts particuliers et les membres de ses comités d'études et des Con
ationaux de I'"EC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout

ommage de\guelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les
e justice).etl les dépenses découlant de la publication ou de I'utilisation de cette Publication de 'lEC o
tpute autre*Publication de I'lEC, ou au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publica
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reférencées est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent

faire

I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61215-1-4 a été établie par le comité d'études 82 de I'IEC:
Systémes de conversion photovoltaique de I'énergie solaire.

Cette deuxiéme édition annule et remplace la premiére édition de I''EC 61215-1-4, parue
en 2016. Cette édition constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) Ajout d'un essai de charge mécanique (dynamique) cyclique (MQT 20).

b) Ajout d'un essai de dégradation induite par le potentiel (MQT 21).

c) Ajout d'un essai de flexion (MQT 22) dédié aux modules souples.

L’Annexe informative A de I'lEC 61215-1:2021 explique le contexte et le raisonnement qui

justifient certaines modifications les plus importantes apportées a la série IEC 61215 dans
I’évolution de I'édition 1 a I’édition 2.

Le thte de cette norme est issu des documents suivants:

FDIS Rapport de vote
82/1827/FDIS 82/1852/RVD

Le napport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abopti a I'approbation de cette Norme internationale.

La yersion francaise de la norme n’a pas été soumise au vote.
Ce flocument a été rédigé selon les Directives ISO/IEC, Partie 2.

La | présente norme doit étre utilisée conjointement avec [I'IEC 61215-1:2021( et
I"NEC 61215-2:2021.

Ung liste de toutes les parties de la série IEC'61215, publiées sous le titre général Modliles
phofovoltaiques (PV) pour applications terrestres — Qualification de la conception et
honjologation, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu~de ce document ne sera pas modifié avant la datq de
stafilité indiquée sur le site web“de I'IEC sous "http://webstore.iec.ch" dans les donrjées
relatives au document recherche: A cette date, le document sera
e feconduit,

e Bupprime,

e [emplacé par une edition révisée, ou

e amendé.

IMPORTANT — Le logo "colour inside"” qui_se trouve sur la page de couverture de ge
document indique qu'elle contient des couleurs qui sont considérées comme utiles a une
bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent, imprimer
ce document en utilisant une imprimante couleur.
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MODULES PHOTOVOLTAIQUES (PV) POUR APPLICATIONS
TERRESTRES - QUALIFICATION DE LA CONCEPTION ET
HOMOLOGATION -

Partie 1-4: Exigences particuliéres d'essai
des modules photovoltaiques (PV)
au Cu(In,Ga)(S,Se), a couches minces

1 |Domaine d'application

Le présent document établit les exigences pour la qualification de la conception)des modtles
phofovoltaiques (PV) pour applications terrestres adaptés a une utilisation, . dé longue dyrée
danp les climats a I'air libre. La durée de vie utile des modules ainsi qualifies dépend de Jeur
congeption, de leur environnement et de leurs conditions de fonctionnement. Les résultats
d’egsai ne sont pas considérés comme une prévision quantitative,'de la durée de vie |des
modules.

Sous des climats pour lesquels les températures de fongctionnement du 98¢ percentile
déppssent 70 °C, il est recommandé aux utilisateurs d'envisager d’effectuer des essais dans
des| conditions d'essai a des températures plus élevées telles que décrites dans
'EC TS 63126. Il est recommandé aux utilisateurs qui souhaitent qualifier des produits| PV
ayaht une durée de vie moins longue d'envisager~des essais congus pour des produits| PV
utilisés dans I'électronique grand public, comme-c€la est spécifié dans I'lEC 63163 (en cours
d’élaboration). Les utilisateurs qui souhaitent étfe-'assurés qu’un produit fabriqué présente de
maniére cohérente les caractéristiques soumises aux essais dans le cadre de I'lEC 61215
peupent vouloir utiliser I'lEC 62941 relative aux systémes de qualité pour la fabrication [des
modules photovoltaiques (PV).

Le |présent document est destiné "a s'appliquer a tous les modules a plaque plane
au Cu(In,Ga)(S,Se), a couches minces pour applications terrestres. A ce titre, il spécifie [des
exigences d'essai particulieres;*a cette technologie en complément des exigences d'egsai
donpées dans I'lEC 61215+1:2021 et I'lEC 61215-2:2021.

Le présent documentne 's'applique pas aux modules utilisés avec un ensoleillement intefse,
méme s'il peut étre-utilisé pour les modules a faible concentration (ensoleillement 1 a 3). Rour
les [modules a faible concentration, tous les essais sont réalisés en utilisant les nivgaux
d'édlairement,de*courant, de tension et de puissance prévus a la concentration théorique.

L'ohjet de—cette séquence d'essais est de déterminer les caractéristiques électriques| du
module,'et de démontrer, dans toute la mesure du possible et avec des contraintes de co(t et
de femps raisonnables, que le module est capable de supporter une exposition prolongée en
site naturel. Les conditions d’essais accélérés sont fondées de maniere empirique sur les
conditions nécessaires pour reproduire les défaillances sur site observées sélectionnées et
sont appliquées de maniére égale aux types de modules. Les facteurs d’accélération peuvent
varier avec la conception du produit et ainsi les mécanismes de dégradation peuvent ne pas
tous se produire. D’autres informations générales concernant les méthodes d’essais
accélérés, y compris les définitions des termes, peuvent étre consultées dans I'lEC 62506.

Certains mécanismes de dégradation de longue durée ne peuvent étre raisonnablement
détectés que par des essais de composants, en raison des longs délais exigés pour produire
la défaillance et de I'existence nécessaire de conditions de contrainte dont la réalisation est
colteuse sur de grandes surfaces. Les essais de composants qui ont atteint un niveau de
maturité suffisant pour établir des critéres d’acceptation/refus en toute fiabilité sont intégrés
dans la série |IEC 61215 par le biais d'un ajout dans le Tableau 1 de I'lEC 61215-1. En
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revanche, les procédures d'essai décrites dans cette série IEC 61215-2, sont réalisées sur

des

modules.

Le présent document définit les modifications dépendantes de la technologie photovoltaique,

app

ortées aux exigences et procédures d'essai de [I'lEC 61215-1:2021 et

I'EC 61215-2:2021.

2

Les
moqg

Cet

Cet

Cet

6

Cet

Ung attention particuliére doit étrte’accordée a la stabilisation de la puissance de sortig
ule dans le cadre de la ptoecédure MQT 19, conformément aux exigences spécifiques

mod
don

Cet

La

La

Références normatives

Termes et définitions

article de I'lEC 61215-1:2021 s'applique sans modification.

Echantillons d'essai

article de I'lEC 61215-1:2021 s'applique sans modification;

Marquage et documentation

article de I'lEC 61215-1:2021 s'applique sans modification.

Essais

article de I'lEC 61215-1:2021 s’applique avec les modifications suivantes:

hées en 11.19 ci-aprés.

Critéres d'acceptation
article de I'lE€°61215-1:2021 s’applique avec les modifications suivantes:
aleur_maximale admissible de reproductibilité est fixée a r = 2,0 %.

yaleur maximale admissible de I'incertitude de mesure est fixée a mq = 4,0 % pour

de

ans

du

les

modules contenant des cellules a jonction unique, et a mq = 5,0 % pour les modules
contenant des cellules multijonctions.

8

Cet

9

Cet

Défauts visuels majeurs

article de I'lEC 61215-1:2021 s'applique sans modification.

Rapport

article de I'lEC 61215-1:2021 s'applique sans modification.
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10 Modifications

Cet article de I'lEC 61215-1:2021 s'applique sans modification.

11 Série et procédures d'essais
La série d'essais de I'lEC 61215-1:2021 s'applique.

11.1 Examen visuel (MQT 01)

Cet|essai de I'l|EC 61215-2:2021 s’applique sans modification.

11.2 Détermination de la puissance maximale (MQT 02)

Cet|essai de I'l|EC 61215-2:2021 s’applique sans modification.

11.3 Essai diélectrique (MQT 03)

Cet|essai de I'l|EC 61215-2:2021 s’applique sans modification.

11.4 Mesurage des coefficients de température (MQT 04)

Cet|essai de I'l|EC 61215-2:2021 s’applique sans modification.

11.% Section de I'espace réservé, précédemment-NMOT

Ce |paragraphe de I'lEC 61215-2:2021 n'exige pas de modifications spécifiques § la
technologie.

11.¢ Performances dans les STC (MQT 06.1)

Cetlessai de I'lEC 61215-2:2021 s’applique sans modification.

11.7 Performances sous faible éclairement (MQT 07)

Cet|essai de I'lEC 61215-2:2021 s’applique sans modification.

11.8 Essai d'exposition en site naturel (MQT 08)

Cetlessai de I'IE€'61215-2:2021 s’applique sans modification.

11.9 Essai de tenue a I'échauffement localisé (MQT 09)

Cet|essai de I'l|EC 61215-2:2021 s’applique avec les modifications suivantes:

Les modules au Cu(In,Ga)(S,Se), a couches minces peuvent présenter des variations de
performances aprés un stockage prolongé dans l'obscurité ("phénoméne de stockage
prolongé a l'abri de la lumiére"). Afin de réduire le plus possible l'influence de ce phénomeéne
de stockage prolongé a I'abri de la lumiére, limiter le délai entre I'exposition en site naturel ou
la stabilisation et la procédure d'échauffement localisé a 2 a 3 jours. Au cours de la premiére
heure suivant I'achévement de la procédure d’échauffement localisé, aucun chauffage ni
aucune lumiére supplémentaire au-dela des conditions ambiantes du local ne doivent étre
appliqués. Si le délai doit dépasser 1 h; les modules doivent étre stockés dans I'obscurité a
une température < 25°C.

11.9.1 Objet

Ce paragraphe de I'lEC 61215-2:2021, essai MQT 09, s'applique sans modification.
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