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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WINDFURBINES ENERGY GENERATION SYSTEMS —

Part 12-1: Power performance measurements
of electricity producing wind turbines

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.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. 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 61400-12-1 has been prepared by IEC technical committee 88:
Wind energy generation systems.

This second edition cancels and replaces the first edition published in 2005. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

a) new definition of wind speed,

b) inclusion of wind shear and wind veer,

c) revision of air density correction,

d) revision of site calibration,

e) revision to definition of power curve,

f) interpolation to bin centre method,

g) revision of obstacle model,

h) clarification of topography requirements,

i) new annex on mast induced flow distortion,

j) revision to anemometer classifications,

k) inclusion of ultrasonic anemometers,

I) cold climate annex added,

m) database A changed to special database,

n) revision of uncertainty annex,

0) inclusion of remote sensing.

IEC 61400-12-2 is an addition to IEC 61400-12-1.

The text of this standard is based on the following documents:

FDIS Report on voting

88/610/FDIS 88/617/RVD

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

A list of all parts in the IEC 61400, published under the general title Wind energy generation
systems, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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

The committee recognizes that this revision represents a significant increase in complexity
and perhaps greater difficulty to implement. However, it represents the committee’s best
attempt to address issues introduced by larger wind turbines operating in significant wind
shear and complex terrain. The committee recommends that the new techniques introduced
be validated immediately by test laboratories through inter-lab proficiency testing. The
committee recommends a Review Report be written within three years of the release of this
document which includes recommendations, clarifications and simplifications that will improve
the practical implementation of this standard. If necessary a revision should be proposed at
the same time to incorporate these recommendations, clarifications and simplifications.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

» replaced by a revised edition, or
« amended.

The contents of the corrigenda 1 (2019), 2 (2020) and 3 (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

The purpose of this part of IEC 61400 is to provide a uniform methodology that will ensure
consistency, accuracy and reproducibility in the measurement and analysis of power
performance by wind turbines. The standard has been prepared with the anticipation that it
would be applied by:

a) a wind turbine manufacturer striving to meet well-defined power performance
requirements and/or a possible declaration system:;

b) a wind turbine purchaser in specifying such performance requirements;

c) a wind turbine operator who may be required to verify that stated, or required, power
performance specifications are met for new or refurbished units;

d) a wind turbine planner or regulator who-must shall be able to accurately and fairly define
power performance characteristics of wind turbines in response to regulations or permit
requirements for new or modified installations.

This document provides guidance in the measurement, analysis, and reporting of power
performance testing for wind turbines. The document will benefit those parties involved in the
manufacture, installation planning and permitting, operation, utilization, and regulation of wind
turbines. The technically accurate measurement and analysis techniques recommended in
this standard should be applied by all parties to ensure that continuing development and
operation of wind turbines is carried out in an atmosphere of consistent and accurate
communication relative to-environmental-concerns wind turbine performance. This document
presents measurement and reporting procedures expected to provide accurate results that
can be replicated by others. Meanwhile, a user of the standard should be aware of differences
that arise from large variations in wind shear and turbulence—and-from-the-chosen-criteriafor
data—selection. Therefore, a user should consider the influence of these differences and the
data selection criteria in relation to the purpose of the test before contracting the power
performance measurements.

A key element of power performance testing is the measurement of wind speed. This
document prescribes the use of cup or sonic anemometers or remote sensing devices (RSD)
in conjunction with anemometers to measure wind. Even though suitable—wind—tunnel
procedures for calrbratlon/valrdatlon and classrflcatron are adhered to, theileldileweendruens

will nature of the
measurement prlnC|pIe of these deV|ces may potentially cause them to perform differently.
These instruments are robust and have been regarded as suitable for this kind of test with the
limitation of some of them to certain classes of terrain.

Recognising that, as wind turbines become ever larger, a wind speed measured at a single
height is increasingly unlikely to accurately represent the wind speed through the entire
turbine rotor, this standard introduces an additional definition of wind speed. Whereas
previously wind speed was defined as that measured at hub height only, this may now be
supplemented with a so called Rotor Equivalent Wind Speed (REWS) defined by an arithmetic
combination of simultaneous measurements of wind speed at a humber of heights spanning
the complete rotor diameter between lower tip and upper tip. The power curves defined by
hub height wind speed and REWS are not the same and so the hub height wind speed power
curve is always presented for comparison whenever a REWS power curve is measured. As a
consequence of this difference in wind speed definition, the annual energy production (AEP)
derived from the combination of a measured power curve with a wind speed distribution uses
an identical definition of wind speed in both the power curve and the wind speed distribution.

TFoels—and Procedures to classn‘y cup anemometers and ultrasonrc anemometers are given in
Annexes | and J.

mﬂueneed—by—the—seleeﬂon—ef—the—uﬂnd—speed—ms%&mem— Procedures to classrfy remote
sensing devices are given in Annex L. Special care should be taken in the selection of the
instruments chosen to measure the wind speed because it can influence the result of the test.
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WINDIFURBINES ENERGY GENERATION SYSTEMS —

Part 12-1: Power performance measurements
of electricity producing wind turbines

1 Scope

This part of IEC 61400 specifies a procedure for measuring the power performance
characteristics of a single wind turbine and applies to the testing of wind turbines of all types
and sizes connected to the electrical power network. In addition, this standard describes a
procedure to be used to determine the power performance characteristics of small wind
turbines (as defined in IEC 61400-2) when connected to either the electric power network or a
battery bank. The procedure can be used for performance evaluation of specific wind turbines
at specific locations, but equally the methodology can be used to make generic comparisons
between different wind turbine models or different wind turbine settings when site-specific
conditions and data filtering influences are taken into account.

The wind turbine power performance characteristics are determined by the measured power
curve and the estimated annual energy production (AEP). The measured power curve, defined
as the relationship between the wind speed and the wind turbine power output, is determined
by collecting simultaneous measurements of meteorological variables (including wind speed),
as well as wind turbine signals (including power output) at the test site for a period that is long
enough to establish a statistically significant database over a range of wind speeds and under
varying wind and atmospheric conditions. The AEP is calculated by applying the measured
power curve to reference wind speed frequency distributions, assuming 100 % availability.

This document describes a measurement methodology that requires the measured power
curve and derived energy production figures to be supplemented by an assessment of
uncertainty sources and their combined effects.

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.

Amendment 1 (2000)
Amendment 2 (2002)*

IEC 60688:4992 2012, Electrical measuring transducers for converting A.C. and D.C. electrical
guantities to analogue or digital signals

IEC 61400-12-2:2013, Wind turbines — Part 12-2: Power performance of electricity-producing
wind turbines based on nacelle anemometry
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IEC 61869-1:2007, Instrument transformers — Part 1. General requirements

IEC 61869-2:2012, Instrument transformers — Part 2: Additional requirements for current
transformers

IEC 61869-3:2011, Instrument transformers — Part 3: Additional requirements for inductive
voltage transformers

ISO/IEC GUIDE 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration
laboratories

ISO/IEC 17043:2010, Conformity assessment — General requirements for proficiency testing

ISO 2533:1975, Standard atmosphere

ISO 3966:2008, Measurement of fluid flow in closed conduits — Velocity area method using
Pitot static tubes
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -

Part 12-1: Power performance measurements
of electricity producing wind turbines

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 61400-12-1 has been prepared by IEC technical committee 88:
Wind energy generation systems.

This second edition cancels and replaces the first edition published in 2005. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

a)
b)
c)
d)
e)
f)
9)

new definition of wind speed,
inclusion of wind shear and wind veer,
revision of air density correction,
revision of site calibration,

revision to definition of power curve,
interpolation to bin centre method,
revision of obstacle model,
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h) clarification of topography requirements,

i) new annex on mast induced flow distortion,
j) revision to anemometer classifications,

k) inclusion of ultrasonic anemometers,

[) cold climate annex added,

m) database A changed to special database,
n) revision of uncertainty annex,

0) inclusion of remote sensing.

IEC 61400-12-2 is an addition to IEC 61400-12-1.

The text of this standard is based on the following documents:

FDIS Report on voting
88/610/FDIS 88/617/RVD

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

A list of all parts in the IEC 61400, published under the general title Wind energy generation
systems, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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

The committee recognizes that this revision represents a significant increase in complexity
and perhaps greater difficulty to implement. However, it represents the committee’s best
attempt to address issues introduced by larger wind turbines operating in significant wind
shear and complex terrain. The committee recommends that the new techniques introduced
be validated immediately by test laboratories through inter-lab proficiency testing. The
committee recommends a Review Report be written within three years of the release of this
document which includes recommendations, clarifications and simplifications that will improve
the practical implementation of this standard. If necessary a revision should be proposed at
the same time to incorporate these recommendations, clarifications and simplifications.

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

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
« amended.

The contents of the corrigenda 1 (2019), 2 (2020) and 3 (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

The purpose of this part of IEC 61400 is to provide a uniform methodology that will ensure
consistency, accuracy and reproducibility in the measurement and analysis of power
performance by wind turbines. The standard has been prepared with the anticipation that it
would be applied by:

a) a wind turbine manufacturer striving to meet well-defined power performance
requirements and/or a possible declaration system;

b) a wind turbine purchaser in specifying such performance requirements;

c) a wind turbine operator who may be required to verify that stated, or required, power
performance specifications are met for new or refurbished units;

d) a wind turbine planner or regulator who shall be able to accurately and fairly define power
performance characteristics of wind turbines in response to regulations or permit
requirements for new or modified installations.

This document provides guidance in the measurement, analysis, and reporting of power
performance testing for wind turbines. The document will benefit those parties involved in the
manufacture, installation planning and permitting, operation, utilization, and regulation of wind
turbines. The technically accurate measurement and analysis techniques recommended in
this standard should be applied by all parties to ensure that continuing development and
operation of wind turbines is carried out in an atmosphere of consistent and accurate
communication relative to wind turbine performance. This document presents measurement
and reporting procedures expected to provide accurate results that can be replicated by
others. Meanwhile, a user of the standard should be aware of differences that arise from large
variations in wind shear and turbulence. Therefore, a user should consider the influence of
these differences and the data selection criteria in relation to the purpose of the test before
contracting the power performance measurements.

A key element of power performance testing is the measurement of wind speed. This
document prescribes the use of cup or sonic anemometers or remote sensing devices (RSD)
in conjunction with anemometers to measure wind. Even though suitable procedures for
calibration/validation and classification are adhered to, the nature of the measurement
principle of these devices may potentially cause them to perform differently. These
instruments are robust and have been regarded as suitable for this kind of test with the
limitation of some of them to certain classes of terrain.

Recognising that, as wind turbines become ever larger, a wind speed measured at a single
height is increasingly unlikely to accurately represent the wind speed through the entire
turbine rotor, this standard introduces an additional definition of wind speed. Whereas
previously wind speed was defined as that measured at hub height only, this may now be
supplemented with a so called Rotor Equivalent Wind Speed (REWS) defined by an arithmetic
combination of simultaneous measurements of wind speed at a number of heights spanning
the complete rotor diameter between lower tip and upper tip. The power curves defined by
hub height wind speed and REWS are not the same and so the hub height wind speed power
curve is always presented for comparison whenever a REWS power curve is measured. As a
consequence of this difference in wind speed definition, the annual energy production (AEP)
derived from the combination of a measured power curve with a wind speed distribution uses
an identical definition of wind speed in both the power curve and the wind speed distribution.

Procedures to classify cup anemometers and ultrasonic anemometers are given in Annexes |
and J. Procedures to classify remote sensing devices are given in Annex L. Special care
should be taken in the selection of the instruments chosen to measure the wind speed
because it can influence the result of the test.
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WIND ENERGY GENERATION SYSTEMS -

Part 12-1: Power performance measurements
of electricity producing wind turbines

1 Scope

This part of IEC 61400 specifies a procedure for measuring the power performance
characteristics of a single wind turbine and applies to the testing of wind turbines of all types
and sizes connected to the electrical power network. In addition, this standard describes a
procedure to be used to determine the power performance characteristics of small wind
turbines (as defined in IEC 61400-2) when connected to either the electric power network or a
battery bank. The procedure can be used for performance evaluation of specific wind turbines
at specific locations, but equally the methodology can be used to make generic comparisons
between different wind turbine models or different wind turbine settings when site-specific
conditions and data filtering influences are taken into account.

The wind turbine power performance characteristics are determined by the measured power
curve and the estimated annual energy production (AEP). The measured power curve, defined
as the relationship between the wind speed and the wind turbine power output, is determined
by collecting simultaneous measurements of meteorological variables (including wind speed),
as well as wind turbine signals (including power output) at the test site for a period that is long
enough to establish a statistically significant database over a range of wind speeds and under
varying wind and atmospheric conditions. The AEP is calculated by applying the measured
power curve to reference wind speed frequency distributions, assuming 100 % availability.

This document describes a measurement methodology that requires the measured power
curve and derived energy production figures to be supplemented by an assessment of
uncertainty sources and their combined effects.

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.

IEC 60688:2012, Electrical measuring transducers for converting A.C. and D.C. electrical
guantities to analogue or digital signals

IEC 61400-12-2:2013, Wind turbines — Part 12-2: Power performance of electricity-producing
wind turbines based on nacelle anemometry

IEC 61869-1:2007, Instrument transformers — Part 1: General requirements

IEC 61869-2:2012, Instrument transformers — Part 2: Additional requirements for current
transformers

IEC 61869-3:2011, Instrument transformers — Part 3: Additional requirements for inductive
voltage transformers

ISO/IEC GUIDE 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)



IEC 61400-12-1:2017 © |IEC 2017 -17 -

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration
laboratories

ISO/IEC 17043:2010, Conformity assessment — General requirements for proficiency testing

ISO 2533:1975, Standard atmosphere

ISO 3966:2008, Measurement of fluid flow in closed conduits — Velocity area method using
Pitot static tubes


http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=50626
http://www.iso.org/obp
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

SYSTEMES DE GENERATION D'ENERGIE EOLIENNE —

Partie 12-1: Mesures de performance de puissance
des éoliennes de production d'électricité

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de [I'électricité et de I'électronique. A cet effet, I''EC - entre autres activitéts — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (1SO),
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d'études.

Les Publications de I''EC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I''EC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I''EC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

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

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

Aucune responsabilité ne doit étre imputée a I''EC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et les dépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC ou de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées 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''EC 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 61400-12-1 a été établie par le comité d'études 88 de I'lEC:
Systémes de génération d'énergie éolienne.

Cette deuxieme édition annule et remplace la premiéere édition parue en 2005. Cette édition
constitue une révision technique. Cette édition inclut les modifications techniques majeures
suivantes par rapport a I'édition précédente:

a)
b)
c)
d)
e)

nouvelle définition de la vitesse du vent;

inclusion du cisaillement du vent et de la déviation de la trajectoire du vent;
correction de la masse volumique de I'air;

révision de I'étalonnage du site;

révision de la définition de la courbe de puissance;



- 276 — IEC 61400-12-1:2017 © |IEC 2017

f) interpolation de la méthode utilisant le centre de la tranche;

g) révision du modéle d'obstacle;

h) clarification des exigences relatives a la topographie;

i) nouvelle annexe sur la distorsion de I'écoulement produite par le mét;
j) révision de la classification des anémomeétres;

k) inclusion des anémometres a ultrasons;

[) ajout d'une annexe sur les climats froids;

m) modification de la base de données A en base de données spéciale;
n) révision de lI'annexe sur l'incertitude;

0) inclusion de la télédétection.

L'IEC 61400-12-2 est un complément a I'lEC 61400-12-1.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote

88/610/FDIS 88/617/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Une liste de toutes les parties de la série IEC 61400, publiées sous le titre général Systémes
de génération d'énergie éolienne, peut étre consultée sur le site web de I'lEC.

Les futures normes de cette série porteront dorénavant le nouveau titre général cité ci-
dessus. Le titre des normes existant déja dans cette série sera mis a jour lors de la prochaine
édition.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité est conscient que la mise en ceuvre de cette révision est considérablement plus
complexe, voire plus difficile. Néanmoins, le comité tente de traiter de son mieux les
guestions relatives a l'exploitation des grandes éoliennes sous un cisaillement du vent
important et sur un terrain complexe. Le comité recommande que les nouvelles techniques
présentées soient immédiatement validées par des laboratoires d'essais dans le cadre
d'essais d'aptitude interlaboratoires. Le comité recommande de rédiger, dans les trois ans qui
suivent la publication du présent document, un Rapport de Révision de maintenance
contenant des recommandations, des clarifications et des simplifications qui amélioreront la
mise en ceuvre pratigue de la présente norme. Si nécessaire, il convient de proposer une
révision au moment de l'intégration de ces recommandations, clarifications et simplifications.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette date, la publication sera

* reconduite,

e supprimée,

* remplacée par une édition révisée, ou
 amendée.

Le contenu des corrigenda 1 (2019), 2 (2020) et 3 (2021) a été pris en considération dans cet
exemplaire.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

L'objectif de la présente partie de I'lEC 61400 est de fournir une méthodologie uniforme qui
garantira la cohérence, la précision et la reproductibilité de la mesure et de I'analyse de la
performance de puissance des éoliennes. La présente norme a été établie en vue d'étre
appliquée par:

a) les fabricants d'éoliennes dans le cadre de leurs efforts pour satisfaire a des exigences de
performance de puissance bien définies et/ou a un systéme de déclaration éventuel,

b) les acheteurs d'éoliennes lors de la spécification de telles exigences de performance;

c) les opérateurs d'éoliennes qui peuvent devoir vérifier que les unités neuves ou remises en
état satisfont aux spécifications de performance de puissance indiquées, voire exigées;

d) les autorités d'urbanisme ou de régulation en matiére d'éoliennes, qui doivent étre en
mesure de définir de maniére juste et acceptable les caractéristiques de performance de
puissance des éoliennes au titre de la réglementation ou des exigences relatives aux
autorisations applicables aux installations neuves ou modifiées.

Le présent document fournit des lignes directrices sur la mesure, I'analyse et la consignation
des rapports d'essai de performance de puissance des éoliennes. Le document concerne les
parties impliguées dans la fabrication, la planification d'installation et la délivrance de permis,
I'exploitation, I'utilisation et la réglementation des éoliennes. Il convient que toutes les parties
appliquent les techniques de mesure et d'analyse techniquement précises recommandées
dans la présente norme pour garantir le développement et I'exploitation en continu des
éoliennes dans un climat de communication cohérente et exacte vis-a-vis de la performance
des éoliennes. Le présent document décrit les procédures de mesure et de rapport qui sont
réputées donner des résultats précis pouvant étre reproduits par d'autres personnes. D'autre
part, il convient que les utilisateurs de la présente norme soient informés des différences qui
apparaissent en cas de variations importantes du cisaillement du vent et des turbulences. Par
conséquent, il convient que les utilisateurs tiennent compte de l'influence de ces différences
ainsi que des critéeres de choix des données par rapport a l'objectif de Il'essai avant de
procéder aux mesures de performance de puissance.

La mesure de la vitesse du vent constitue un élément fondamental des essais de performance
de puissance. Pour mesurer le vent, le présent document prescrit 'utilisation d'anémomeétres
a coupelles, d'anémomeétres a ultrasons ou de dispositifs de télédétection (RSD, Remote
Sensing Device) utilisés en conjonction avec des anémomeétres. Méme si les procédures
appropriées sont appliquées pour I'étalonnage/la validation et la classification, la nature
méme du principe de mesure de ces dispositifs peut altérer leur fonctionnement. Ces
instruments sont résistants et ont été jugés appropriés pour ce type d'essai, a ceci prés que
certains d'entre eux sont limités a des classes spécifiques de terrains.

Sachant que la taille des éoliennes ne cesse d'augmenter, la vitesse du vent mesurée a une
méme hauteur est de moins en moins susceptible de représenter avec précision la vitesse du
vent traversant le rotor de I'éolienne dans son ensemble. Par conséquent, la présente norme
introduit une définition supplémentaire de la vitesse du vent. Auparavant, la vitesse du vent
était mesurée a la hauteur du moyeu seulement. A présent, cette caractéristique peut étre
complétée par la vitesse du vent équivalente du rotor (REWS, Rotor Equivalent Wind Speed),
déterminée par une combinaison arithmétique de mesures simultanées de la vitesse du vent a
différentes hauteurs allant de I'extrémité inférieure a I'extrémité supérieure du rotor, couvrant
ainsi la totalité du diametre du rotor. Les courbes de puissance définies par la vitesse du vent
a la hauteur du moyeu et par la REWS ne sont pas identiques; la courbe de puissance de la
vitesse du vent a la hauteur du moyeu est toujours présentée a titre de comparaison
lorsqu'une courbe de puissance de REWS est mesurée. En raison de cette différence de
définition de la vitesse du vent, la production annuelle d'énergie (AEP) déduite a partir de la
combinaison d'une courbe de puissance mesurée et d'une distribution des vitesses du vent
utilise une courbe de puissance et une distribution des vitesses du vent qui appliquent la
méme définition de la vitesse du vent.
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Les procédures de classification des anémometres a coupelles et a ultrasons sont données
aux Annexes | etJ. Les procédures de classification des dispositifs de télédétection sont
données a I'Annexe L. Il convient de porter une attention particuliere au choix des instruments
utilisés pour mesurer la vitesse du vent car ce choix peut influencer le résultat de I'essai.
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SYSTEMES DE GENERATION D'ENERGIE EOLIENNE —

Partie 12-1: Mesures de performance de puissance
des éoliennes de production d'électricité

1 Domaine d'application

La présente partie de I'lEC 61400 spécifie une procédure de mesure des caractéristiques de
performance de puissance d'une éolienne simple et s'applique aux essais d'éoliennes
raccordées au réseau électrique de tous types et de toutes tailles. En outre, la présente
norme décrit une procédure qui doit étre utilisée pour déterminer les caractéristiques de
performance de puissance des petites éoliennes (définies dans I'lEC 61400-2) raccordées soit
au réseau électrique, soit a un banc de batteries. La procédure peut étre utilisée pour évaluer
la performance d'éoliennes spécifiques sur des sites spécifiques, mais la méthodologie peut
également étre utilisée pour procéder a des comparaisons génériques entre différents
modéles d'éoliennes ou différents réglages d'éoliennes lorsque les influences des conditions
spécifiques au site et du filtrage de données sont étudiées.

Les caractéristiques de performance de puissance des éoliennes sont déterminées par la
courbe de puissance mesurée et la production annuelle d'énergie (AEP) estimée. La courbe
de puissance mesurée, définie comme la relation entre la vitesse du vent et la puissance de
sortie de I'éolienne, est déterminée en compilant des mesures simultanées des variables
météorologiques (notamment la vitesse du vent), ainsi que des signaux d'éoliennes
(notamment la puissance de sortie) sur le site d'essai pendant une période suffisamment
longue pour constituer une base de données statistiquement significative sur une plage
donnée de vitesses du vent et dans des conditions de vent et des conditions atmosphériques
variables. La production annuelle d'énergie (AEP) est calculée en appliquant la courbe de
puissance mesurée aux distributions de fréquence de vitesses du vent de référence, en
prenant pour hypothése une disponibilité de 100 %.

Le présent document décrit une méthodologie de mesure qui exige que les valeurs de la
courbe de puissance mesurée et de la production d'énergie déduite soient complétées par
une évaluation des sources d'incertitude et de leurs effets associés.

2 Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60688:2012, Transducteurs électriques de mesure convertissant les grandeurs
électriques alternatives ou continues en signaux analogiques ou numériques

IEC 61400-12-2:2013, Eoliennes — Partie 12-2: Performance de puissance des éoliennes de
production d'électricité basée sur 'anémométrie de nacelle

IEC 61869-1:2007, Transformateurs de mesure — Partie 1: Exigences générales

IEC 61869-2:2012, Transformateurs de mesure — Partie 2: Exigences supplémentaires
concernant les transformateurs de courant

IEC 61869-3:2011, Transformateurs de mesure - Partie 3: Exigences supplémentaires
concernant les transformateurs inductifs de tension
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ISO/IEC Guide 98-3:2008, Incertitude de mesure — Partie 3: Guide pour l'expression de
I'incertitude de mesure (GUM:1995)

ISO/IEC 17025:2005, Exigences générales concernant la compétence des laboratoires
d'étalonnages et d'essais

ISO/IEC 17043:2010, Evaluation de la conformité — Exigences générales concernant les
essais d'aptitude

ISO 2533:1975, Atmospheére type

ISO 3966:2008, Mesurage du débit des fluides dans les conduites fermées — Méthode
d'exploration du champ des vitesses au moyen de tubes de Pitot doubles


http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=50626
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