BS EN IEC 60891:2021

Incorporating corrigendum October 2024

Photovoltaic devices — Procedures for
temperature and irradiance corrections
to measured I-V characteristics

°
bSl o Documents

Document Sharing Hub

Full document details: BS EN IEC 60891:2021


http://www.avadocuments.com/doc/bs-en-iec-60891-2021
http://www.avadocuments.com/doc/bs-en-iec-60891-2021

BRITISH STANDARD

National foreword
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EN IEC 60891:2021 (E)

European foreword

The text of document 82/1936/FDIS, future edition 3 of |[EC 60891, prepared by IEC/TC 82 “Solar
photovoltaic energy systems” was submitted to the IEC-CENELEC parallel vote and approved by
CENELEC as EN IEC 60891:2021.

The following dates are fixed:

» latest date by which the document has to be implemented at national (dop) 2022-09-01
level by publication of an identical national standard or by endorsement

» latest date by which the national standards conflicting with the (dow) 2024-12-01
document have to be withdrawn

This document supersedes EN 60891:2010 and all of its amendments and corrigenda (if any).

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

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 60891:2021 was approved by CENELEC as a European
Standard without any modification.

Endorsement notice to IEC 60891:2021-10/COR1:2024-10

The text of the corrigendum IEC 60891:2021/COR1:2024 was approved by CENELEC as EN IEC
60891:2021/AC:2024-11 without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the
relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cenelec.eu.

Publication Year Title EN/HD Year
EC 60904-1 - Photovoltaic devices - Part 1:EN IEC 60904-1

Measurement of photovoltaic current-
voltage characteristics

IEC/TS 60904-1-2 Photovoltaic  devices - Part 1-2:
Measurement of current-voltage
characteristics of bifacial photovoltaic (PV)
devices
EC 60904-2 - Photovoltaic devices - Part 2:EN 60904-2 -
Requirements for photovoltaic reference
devices
EC 60904- - Photovoltaic devices - Part 7: ComputationEN IEC 60904-7 -

of the spectral mismatch correction for
measurements of photovoltaic devices

EC 60904-§ - Photovoltaic devices - Part 8:EN 60904-8 -
Measurement of spectral responsivity of a
photovoltaic (PV) device

EC 60904-9 - Photovoltaic devices - Part 9: ClassificationEN I[EC 60904-9 -
of solar simulator characteristics

EC 60904-10 2020 Photovoltaic devices - Part 10: Methods ofEN IEC 60904-10 2020
linear dependence and linearity
measurements

IEC 61215-2 - Terrestrial photovoltaic (PV) modules -EN IEC 61215-2 -

Design qualification and type approval -
Part 2: Test procedures

EC/TS 61836 - Solar photovoltaic energy systems -- -

Terms, definitions and symbols
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES - PROCEDURES FOR TEMPERATURE AND
IRRADIANCE CORRECTIONS TO MEASURED I-V CHARACTERISTICS

FOREWORD

1) 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.

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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 |[EC 60891 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

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

adds guidance on which correction procedure shall be used depending on application;

— introduces translation procedure 4 applicable to c¢-Si technologies with unknown
temperature coefficients;

— introduces various clarifications in existing procedures to improve measurement accuracy
and reduce measurement uncertainty;

— adds an informative annex for supplementary methods that can be used for series resistance
determination.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
82/1936/FDIS 82/1957/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

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

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Documents

Document Sharing Hub

Full document details: BS EN IEC 60891:2021


http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
http://www.avadocuments.com/doc/bs-en-iec-60891-2021
http://www.avadocuments.com/doc/bs-en-iec-60891-2021

-6 - IEC 60891:2021 © |IEC 2021

PHOTOVOLTAIC DEVICES - PROCEDURES FOR TEMPERATURE AND
IRRADIANCE CORRECTIONS TO MEASURED I-V CHARACTERISTICS

1 Scope

This document defines procedures to be followed for temperature and irradiance corrections to
the measured I-V (current-voltage) characteristics (also known as /-7 curves) of photovoltaic
(PV) devices. It also defines the procedures used to determine factors relevant to these
corrections. Requirements for /- measurement of PV devices are laid down in
and its relevant subparts.

The PV devices include a single solar cell with or without a protective cover, a sub-assembly of
solar cells, or a module. A different set of relevant parameters for I-V curve correction applies
for each type of device. The determination of temperature coefficients for a module (or sub-
assembly of cells) may be calculated from single cell measurements, but this is not the case for
the internal series resistance and curve correction factor, which should be separately measured
for a module or subassembly of cells. Refer to Annex A for alternative procedures for series
resistance determination.

The use of I-V correction parameters is valid for the PV device for which they have been
measured. Variations may occur within a production lot or the type of class.

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.

EC 60904-1, Photovoltaic devices — Part 1: Measurements of photovoltaic current-voltage
characteristics

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

EC 60904-4, Photovoltaic devices — Part 2: Requirements for reference solar devices

EC 60904-7, Photovoltaic devices — Part 7. Computation of the spectral mismatch correction
for measurements of photovoltaic devices

EC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity of a
photovoltaic (PV) device

EC 60904-9, Photovoltaic devices — Part 9: Classification of solar simulator characteristics

IEC 60904-10:2020, Photovoltaic devices — Part 10: Methods of linear dependence and linearity
measurements

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

EC TS 61836, Solar photovoltaic energy systems — Terms, definitions, and symbolbocuments
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3 Terms and definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in |[EC TS 61836, together
with the following, apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

31

B4

irradiance correction factor for open-circuit voltage which is linked with the diode thermal
voltage, V; of the p-n junction and ng

Note 1 to entry: It is used in correction procedure 2.

3.2

By

irradiance correction factor for open-circuit voltage which accounts for non-linearity of V¢ with
irradiance scaling

Note 1 to entry: It is used in correction procedure 2.

3.3
DUT
device under test

3.4
Rg
internal series resistance of the DUT employed by correction procedures 1 and 4

3.5
R'g
internal series resistance of the DUT employed by correction procedure 2

Note 1 to entry: Although determined by a different method than Rg, both quantities share the same physical
meaning and therefore their values for the same DUT are similar.

3.6

ng
number of cells serially connected in the DUT

3.7

a

interpolation constant employed in correction procedure 3, that has a relation with the irradiance
and temperature

3.8

&

product of ideality factor of the DUT with the bandgap of the photovoltaic material divided by
electron’s elementary charge

Note 1 to entry: It is used in correction procedure 4.
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4 Correction procedures

4.1 General

This document provides four procedures for correcting measured current-voltage
characteristics to other conditions of temperature and irradiance, such as Standard Test
Conditions (STC), that can be applied. The first procedure describes a system of linear
equations for current and voltage, which is best applicable for irradiance corrections within
140% of the target irradiance. The second procedure is an alternative algebraic correction
method which yields better results for large irradiance corrections (exceeding +40 %). Both
procedures require that correction parameters of the PV device are known. If not known they
need to be determined prior to performing the correction. The third procedure is an interpolation
method which does not require correction parameters as input. It can be applied when a
minimum of two current-voltage curves have been measured for the DUT. This correction
method is applicable in the temperature and irradiance range spanned by the two current
voltage curves. The fourth procedure is based on the single-diode model and provides a
methodology for determining a correction parameter Rg from a single I-7 curve, when the

parameter is unknown. The method is best applicable to irradiance corrections when the
measured and target irradiance are both in the range 300 W/m2 to 1 200 W/m2 and the series
resistance Rg is unknown. It is suitable for translations when the characteristics under STC

have to be estimated from a single experimental I-V curve.

Table 1 and Table 2 provide an overview of the four different correction procedures, and
describe qualitatively the advantages, disadvantages and required correction parameters for
each procedure. The purpose of these tables is to provide guidance to the user of this document
on which correction procedure to use for different applications.

For simultaneous corrections of irradiance and temperature, the benefits and limitations listed
in Table 1 and Table 2 apply concurrently.

Common to all procedures is that I-V characteristics of the PV device are to be measured in

accordance with [EC 60904-1 and its relevant subparts.

All PV devices should be linear at least within the range of irradiances and device temperature
over which corrections are made. Details on how to assess the deviation from the ideal linear

dependence are described in [EC 60904-10.
An estimate of the translation accuracy is required (see Clause 8).

Usually, the total irradiance G shall be calculated from the measured short-circuit current of the
PV reference device (/g¢c) as defined in |[EC 60904-2, and its calibration value at STC (Iz¢ g1¢)-

A correction should be applied to account for the actual temperature of the reference device
Trc using the specified relative temperature coefficient of short-circuit current of the reference

device (arcrel) Which is given at 25 °C and 1 000 W/m?Z.

1000 Wm™2 X Ige

G =
Ipcste X [1 + arerer X (Tre — 25°C)]

(1)
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