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National Foreword

This Singapore Standard was prepared by the Working Group on Solar Photovoltaics Product and
Accessories set up by the Technical Committee on Electrical and Electronic Products under the purview
of the Electrical and Electronics Standards Committee.

This standard is an identical adoption of IEC 61215-1:2021, “Terrestrial photovoltaic (PV) modules -
Design qualification and type approval - Part 1: Test requirements” published by the International
Electrotechnical Commission.

Attention is drawn to the possibility that some of the elements of this Singapore Standard may be the
subject of patent rights. Enterprise Singapore shall not be held responsible for identifying any or all of
such patent rights.

NOTE

1. Singapore Standards (SSs) and Technical References (TRs) are reviewed periodically to keep abreast of technical changes,
technological developments and industry practices. The changes are documented through the issue of either amendments
or revisions. Where SSs are deemed to be stable, i.e. no foreseeable changes in them, they will be classified as “mature
standards”. Mature standards will not be subject to further review, unless there are requests to review such standards.

2. An SS or TR is voluntary in nature except when it is made mandatory by a regulatory authority. It can also be cited in
contracts making its application a business necessity. Users are advised to assess and determine whether the SS or TR is
suitable for their intended use or purpose. If required, they should refer to the relevant professionals or experts for advice
on the use of the document. Enterprise Singapore and the Singapore Standards Council shall not be liable for any damages
whether directly or indirectly suffered by anyone or any organisation as a result of the use of any SS or TR. Although care
has been taken to draft this standard, users are also advised to ensure that they apply the information after due diligence.

3. Compliance with a SS or TR does not exempt users from any legal obligations.

I
COPYRIGHT




IEC 61215-1:2021-02(en-fr)

SS IEC 61215-1:2023

IEC 61215-1

Edition 2.0 2021-02

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Terrestrial photovoltaic (PV) modules — Design qualification and type approval —
Part 1: Test requirements

Modules photovoltaiques (PV) pour applications terrestres — Qualification de la
conception et homologation —
Partie 1: Exigences d'essai




SS IEC 61215-1:2023

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''EC ou du Comité national de I''EC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
info@iec.ch
www.iec.ch

About the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC online collection - oc.iec.ch

Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always
have access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and French, with equivalent terms in 18 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d'études, ...). Elle donne aussi des informations sur
les projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

IEC online collection - oc.iec.ch

Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apercus des publications. Avec un
abonnement, vous aurez toujours acces a un contenu a jour
adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 000 articles terminologiques en
anglais et en francais, ainsi que les termes équivalents dans
16 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/

SS IEC 61215-1:2023

IEC 61215-1

Edition 2.0 2021-02

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Terrestrial photovoltaic (PV) modules — Design qualification and type approval —
Part 1: Test requirements

Modules photovoltaiques (PV) pour applications terrestres — Qualification de la
conception et homologation —
Partie 1: Exigences d'essai

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 27.160 ISBN 978-2-8322-9367-6

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréeé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



SS IEC 61215-1:2023

-2- IEC 61215-1:2021 © |IEC 2021

CONTENTS
L@ T Y @ 1 I 2 4
1NN I @ 7 1 L 1 S 6
s oo ] o [ TP UPPRPTN 7
2 NOIMALIVE TEIEIENCES .ottt e e 7
3  Terms, definitions and abbreviated terms ... 9
A TSt SAMPIES et 11
5  Marking and doCUMENTAtION ... ...iuii e 13
5.1 AN =T 0= ] = 13
5.2 [ To Tod ]2 01=] o1 =1 40 o U 13
5.2.1 MiNIMUM FEQUITEMENTS L.iuuiiii e e e e e e e e e et e e e e e eneeeas 13
5.2.2 Information to be given in the documentation............cccoccoviiiiiiiiincincien, 13
5.2.3 ASSEMDIY INSTTUCTIONS e e 15
JLIE=253 €1 o TR 15
= o] (= - N 17
7.1 L= 1= = | S 17
7.2 Power output and eleCtriC CIrCUITIY ...ovuiiuiiii e 18
7.2.1 Identification of rated values and tolerances ...........cooceeiiiiiiiiiiiinc e 18
7.2.2 Verification of rated label values — Gate NO. 1., 20
7.2.3 Maximum power degradation during type approval testing — Gate No. 2....... 23
7.2.4 EIECriCal CIFCUITIY .ot 23
7.3 VISUBL dETECTS 1ouiiiii i e e 23
7.4 ElECTICAl SAfOLY ..uieiei e 23
YT o T AV E=Y U = L0 1= = o 24
E4=T o J0] o ST 24
O T Y o o [ o3> oY 1= PP 25
11 Test flIoOW and PrOCEAUIES ..ouiiiiii i e e e e e e et et e e e e eneeens 26
Annex A (informative) Changes from previous edition ............coviiiiiiiiiii e, 28
A.l L= 1= = | PN 28
A.2 Procedures for bifacial modules .........oiiiiiii 28
A.3 Use of representative SAmMpPIES .. ... 30
A4 Addition of dynamic mechanical load teSt............ooeiiiiiiii 31
A.5 Addition of test for potential induced degradation..............ccoeiviiiiii i, 31
A.6 SIiMUIAtOr FEQUITEIMENTS ...t aae e 33
A.6.1 GBNEIAL i 33
A.6.2 Rationale for changes to spectral requirements .........cooooiiiiiiiiiiniiieeeeee, 34
A.6.3 Rationale for changes to uniformity requirements ............ccoccvviiiiiiiieinen e, 35
A.7 References to retest gUIdEIINES . ... 36
A.8 Weight 0N JUNCLION DOXES c..eiii e 36
A.9 Correction to monolithically-integrated hot-spot endurance test .............cccceeeveenne. 36
A.10  Number of MOdUIES IN SEQUENCE . ... e 38
A.11 Removal of nominal module operating temperature (NMOT) ....ccovviiiiiiiiiiiineineennen. 39
A.12 Very low currents during thin-film tests ... 40
A.13 Limit bypass diode testing to three diodesS.........oouiiiiiiiiiiiiii 40
A.14 Revert the insulation test to 2005 VErSION .....couuiiiiiiiiii e 40

F N R I = 1= o o [ g Lo I =1 SR PPN 41



SS IEC 61215-1:2023

IEC 61215-1:2021 © |IEC 2021 -3-

A.16 Stabilization option for boron oxygen LID (MQT 19.3) .oeuiiiiiiiiiiiiei e, 41
(27T o] N TeTo | = o] 1|V PP 42
Figure 1 — Geometry that shows radius of curvature of a flexible module ....................coeoni. 10
Figure 2 — Full test flow for design qualification and type approval of photovoltaic
[ aToTo [ U] 1o PP 16
Figure 3 — Examples of hypothetical partial nameplates (left column), datasheets
(center column), and derived rated values and tolerances (right column) ............cc.cooeiiennins 20
Figure A.1 — Derived temperature coefficients (a) for nine different mc-Si products
187/ 0 L= TP PR 38
Table 1 — Required COMPONENT 1SS ..uiuuiiii e e e r e aeeaees 17
Table 2 — Summary of Gate NO. 1 reqUIFEMENTS .....iuiiiii e e e e 17
Table 3 — SuMMaAry Of tESt IEVEIS . e e 26
Table A.1 — Published uncertainty values as a function of simulator uniformity class ............ 35

Table A.2 — Summary of foil placement during insulation test in three different
A 2= 2] T o P 40



SS IEC 61215-1:2023

1)

2)

3)

4)

5)

6)

7

8)

9)

-4 - IEC 61215-1:2021 © IEC 2021

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1. Test requirements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 61215-1 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

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

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

a)
b)
c)

d)

Addition of a test taken from IEC TS 62782.
Addition of a test taken from IEC TS 62804-1.

Addition of test methods required for flexible modules. This includes the addition of the
bending test (MQT 22).

Addition of definitions, references and instructions on how to perform the IEC 61215
design qualification and type approval on bifacial PV modules.



SS IEC 61215-1:2023

IEC 61215-1:2021 © IEC 2021 -5-

e) Clarification of the requirements related to power output measurements.

f) Addition of weights to junction box during 200 thermal cycles.

g) Requirement that retesting be performed according to IEC TS 62915.

h) Removal of the nominal module operating test (NMOT), and associated test of
performance at NMOT, from the IEC 61215 series.

Informative Annex A 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 International Standard is based on the following documents:

FDIS Report on voting

82/1828A/FDIS 82/1848/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61215 series, published under the general title Terrestrial
photovoltaic (PV) modules — Design qualification and type approval, can be found on the IEC
website.

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

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

The contents of the corrigendum of May 2021 have been included in this copy.

IMPORTANT — The 'colour inside' logo on the cover page of this publication 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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INTRODUCTION

Whereas Part 1 of this standards series describes requirements (both in general and specific
with respect to device technology), the sub-parts of Part 1 define technology variations and
Part 2 defines a set of test procedures necessary for design qualification and type approval.
The test procedures described in Part 2 are valid for all device technologies.
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TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 1: Test requirements

1 Scope

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

In climates where 98! percentile operating temperatures exceed 70 °C, users are
recommended to consider testing to higher temperature test conditions as described in
IEC TS 63126. Users desiring qualification of PV products with lesser lifetime expectations
are recommended to consider testing designed for PV in consumer electronics, as described
in IECTS 63163 (under development). Users wishing to gain confidence that the
characteristics tested in IEC 61215 appear consistently in a manufactured product may wish
to utilize IEC 62941 regarding quality systems in PV manufacturing.

This document is intended to apply to all terrestrial flat plate module materials such as
crystalline silicon module types as well as thin-film modules. It does not apply to systems that
are not long-term applications, such as flexible modules installed in awnings or tenting.

This document does not apply to modules used with concentrated sunlight although it may be
utilized 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 design
concentration.

This document does not address the particularities of PV modules with integrated electronics.
It may however be used as a basis for testing such PV modules.

The objective 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 contrast, the tests procedures described in
this series, in IEC 61215-2, are performed on modules.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.
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IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links for the
protection of solar photovoltaic energy systems

IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to
measured |-V characteristics

IEC 60904-1, Photovoltaic devices — Part 1: Measurement of photovoltaic current-voltage
characteristics

IEC TS 60904-1-2:2019, Photovoltaic devices — Part 1-2: Measurement of current-voltage
characteristics of bifacial photovoltaic (PV) devices

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linear dependence and linearity
measurements

IEC TS 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic
modules

IEC 61140, Protection against electric shock — Common aspects for installation and
equipment

IEC 61215-2, Terrestrial photovoltaic (PV) modules — Design qualification and type approval —
Part 2: Test procedures

IEC 61730-1, Photovoltaic (PV) module safety qualification — Part 1: Requirements for
construction

IEC 61730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing
IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC 61853-1, Photovoltaic (PV) module performance testing and energy rating — Part 1:
Irradiance and temperature performance measurements and power rating

IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing
IEC 62790, Junction boxes for photovoltaic modules — Safety requirements and tests

IEC TS 62804-1, Photovoltaic (PV) modules — Test methods for the detection of potential-
induced degradation — Part 1: Crystalline silicon

IEC 62852, Connectors for DC-application in photovoltaic systems — Safety requirements and
tests

IEC TS 62915, Photovoltaic (PV) modules — Type approval, design and safety qualification —
Retesting

IEC 62941, Terrestrial photovoltaic (PV) modules - Quality system for PV module
manufacturing
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IEC TS 63163: —1Terrestrial photovoltaic (PV) modules for consumer products — Design
gualification and type approval

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)
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