EESTI STANDARD EVS-EN 60904-5:2011

Photovoltaic devices - Part 5: Determination of the
equivalent cell temperature (ECT) of photovoltaic (PV)
devices by the open-circuit voltage method

EESTI STANDARDIKESKUS EW/&

ESTONIAN CENTRE FOR STANDARDISATION




EESTI STANDARDI EESSONA

NATIONAL FOREWORD

Kéesolev Eesti standard EVS-EN 60904-5:2011
sisaldab Euroopa standardi EN 60904-5:2011
ingliskeelset teksti.

Standard on kinnitatud Eesti Standardikeskuse
31.05.2011 kéaskkirjaga ja joustub sellekohase
teate avaldamisel EXS Teatajas.

>
Euroopa standardimisorg@isatsioonide poolt
rahvuslikele likmetele Eu a standardi teksti
kattesaadavaks tegemise %éev on
22.04.2011.

Standard on kattesaadav Eestiz@
standardiorganisatsioonist.

This Estonian standard EVS-EN 60904-5:2011
consists of the English text of the European
standard EN 60904-5:2011.

This standard is ratified with the order of
Estonian Centre for Standardisation dated
31.05.2011 and is endorsed with the notification
published in the official bulletin of the Estonian
national standardisation organisation.

Date of Availability of the European standard text
22.04.2011.

The standard is available from Estonian
standardisation organisation.

ICS 27.160

Standardite reprodutseerimis- ja levitamis6igus kuulub Eesti Standardikeskusele

Andmete paljundamine, taastekitamine, kopeerimine, salvestamine elektroonilisse stisteemi voi edastamine Ukskdik millises vormis voi
millisel teel on keelatud ilma Eesti Standardikeskuse poolt antud kirjaliku loata.

Kui Teil on kiisimusi standardite autorikaitse kohta, palun votke hendust Eesti Standardikeskusega:
Aru 10 Tallinn 10317 Eesti; www.evs.ee; Telefon: 605 5050; E-post: info@evs.ee

Right to reproduce and distribute belongs to the Estonian Centre for Standardisation

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including
photocopying, without permission in writing from Estonian Centre for Standardisation.

If you have any questions about standards copyright, please contact Estonian Centre for Standardisation:
Aru str 10 Tallinn 10317 Estonia; www.evs.ee; Phone: 605 5050; E-mail: info@evs.ee




EUROPEAN STANDARD EN 60904-5

NORME EUROPEENNE
EUROPAISCHE NORM April 2011

ICS 27.160 Supersedes EN 60904-5:1995

English version

Photovoltaic devices -
Part & Petermination of the equivalent cell temperature (ECT) of
photegdgltaic (PV) devices by the open-circuit voltage method
o (IEC 60904-5:2011)

(@)

Dispositifs photovoltai - Photovoltaische Einrichtungen -
Partie 5: Détermination température Teil 5: Bestimmung der gleichwertigen
de cellule équivalente (ECTgsles Zellentemperatur von photovoltaischen
dispositifs photovoltaiques arla (PV) Betriebsmitteln nach dem
méthode de la tension en circuft quvert Leerlaufspannungs-Verfahren
(CEI 60904-5:2011) {S\ (IEC 60904-5:2011)

>

A

o

This European Standard was approved by CEN «©n 2011-03-24. CENELEC members are bound to comply
with the CEN/CENELEC Internal Regulations whi ipulate the conditions for giving this European Standard
the status of a national standard without any alteratioe. %

Up-to-date lists and bibliographical references concernjg such national standards may be obtained on
application to the Central Secretariat or to any CENELEQ%er.

This European Standard exists in three official versions (Efigith, French, German). A version in any other

language made by translation under the responsibility of a CEN member into its own language and notified
to the Central Secretariat has the same status as the official versioR€=

CENELEC members are the national electrotechnical committees of
the Czech Republic, Denmark, Estonia, Finland, France, Germany,
Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland,
Spain, Sweden, Switzerland and the United Kingdom.

ia, Belgium, Bulgaria, Croatia, Cyprus,
, Hungary, Iceland, Ireland, Italy,
gal, Romania, Slovakia, Slovenia,

<
S
CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fiir Elektrotechnische Normung

Management Centre: Avenue Marnix 17, B - 1000 Brussels

© 2011 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 60904-5:2011 E



EVS-EN 60904-5:2011

Foreword

The text of document 82/595/CDV, future edition 2 of IEC 60904-5, prepared by IEC TC 82, Solar
photovoltaic energy systems, was submitted to the IEC-CENELEC parallel vote and was approved by
CENELEC as EN 60904-5 on 2011-03-24.

This European Standard supersedes EN 60904-5:1995.
The main technical changes with regard to EN 60904-5:1995 are as follows:

— added and updated normative references;

— added reportﬁ section;

— added method &?how to extract the input parameters;
— rewritten method %w to calculate ECT;
— reworked formulae to% line with EN 60891.

Attention is drawn to the pos%ty that some of the elements of this document may be the subject of
patent rights. CEN and CENE @ shall not be held responsible for identifying any or all such patent
rights.

*

The following dates were fixed: {S.‘

— latest date by which the EN has to be i@emented
at national level by publication of an iden )6
national standard or by endorsement /&

— latest date by which the national standards cor@ng
with the EN have to be withdrawn

%

Endorsement no |&

The text of the International Standard IEC 60904-5:2011 was a yaed by CENELEC as a European
Standard without any modification.

(dop) 2011-12-24

(dow)  2014-03-24

Annex ZA has been added by CENELEC.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application 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.

NOTE When an i
applies.

Publication

IEC 60891

IEC 60904-1

IEC 60904-2

IEC 60904-7

IEC 60904-10

IEC 61215

IEC 61829

ISO/IEC 17025

*

7

ear

y)\ational publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

Title EN/HD Year

Photovoltaic devices - Procedures for EN 60891 -
temperature and irradiance corrections to
O measured |-V characteristics

otovoltaic devices - EN 60904-1 -
1: Measurement of photovoltaic current-
Vi characteristics
Photégijaic devices - EN 60904-2 :

Part 2: yuirements for reference solar

devices d}

Photovoltai vices - EN 60904-7 -
Part 7: Comp¥itatjon of the spectral mismatch

correction for )‘urements of photovoltaic

devices

Photovoltaic devicesZ- » EN 60904-10
Part 10: Methods of li ity measurement

Crystalline silicon terreslzfphotovoltaic EN 61215 -
(PV) modules - Design qualification and type
approval

Crystalline silicon photovoltaic%rray - EN 61829

On-site measurement of |-V char ristics

General requirements for the comp ce EN ISO/IEC 17025
of testing and calibration laboratorie /
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INTRODUCTION

When temperature sensors, such as thermocouples, are used to determine the cell
temperature of PV devices under natural or simulated steady-state irradiance, two main
problems arise. First, a considerable spread of temperature can be observed over the area of
the module. Second, as the solar cells are usually not accessible, sensors are attached to the
back of the module and the measured temperature thus is influenced by the thermal
conductivity of the encapsulant and back materials. These problems are aggravated when
determining the equivalent cell temperature for on-site measurements of array performance
where all cells shave slightly different temperatures and one cannot easily determine the
average cell t rature.

*

The equivalent cé&\emperature (ECT) is the average temperature at the electronic junctions
of the device (cellS, ggodules, arrays of one type of module) which equates to the current
operating temperat\%if the entire device were operating uniformly at this junction
temperature. O
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PHOTOVOLTAIC DEVICES -

Part 5: Determination of the equivalent cell temperature (ECT)
of photovoltaic (PV) devices
by the open-circuit voltage method

1 Scopea bject

*

This part of IEC’@'&M describes the preferred method for determining the equivalent cell
temperature (ECT) 0j=PV devices (cells, modules and arrays of one type of module), for the
purposes of compar heir thermal characteristics, determining NOCT (nominal operating
cell temperature) and lating measured |-V characteristics to other temperatures.

This standard applies to li devices with logarithmic V5 dependence on irradiance and in
stable conditions. It may b d for all technologies but one has to verify that there is no
preconditioning effect influenc he measurement.

(R

2 Normative references {p

The following referenced documents Q indispensable for the application of this document.
For dated references, only the edition cu@applies. For undated references, the latest edition
of the referenced document (including any ndments) applies.

IEC 60891, Photovoltaic devices — Procedure(‘or temperature and irradiance corrections
to measured I-V characteristics a

IEC 60904-1, Photovoltaic devices — Part 1: Mea@ment of photovoltaic current-voltage

characteristics %

IEC 60904-2, Photovoltaic devices — Part 2: Requirements@y‘(eference solar devices

IEC 60904-7, Photovoltaic devices — Part 7: Computation of%ectre/ mismatch correction
for measurements of photovoltaic devices O

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linearity urement

IEC 61215, Crystalline silicon terrestrial photovoltaic (PV) modules @ ign qualification
and type approval

IEC 61829, Crystalline silicon photovoltaic (PV) array — On-site meagé?ement of |-V
characteristics

ISO/IEC 17025, General requirements for competence of testing and calibration laboratories

3 Measurement principle and requirements

3.1 Principle

The method described below is based on the fact that the open-circuit voltage (V¢) of a solar
cell changes with temperature in a predictable fashion. If the open-circuit voltage of the
device at standard test conditions is known, together with its temperature coefficient, the





