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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
WIND TURBINES –  

 
Part 12-2: Power performance of electricity-producing  

wind turbines based on nacelle anemometry 
 

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 IEC 61400-12-2 has been prepared by IEC technical committee 88: 
Wind turbines. 

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

FDIS Report on voting 

88/442/FDIS 88/445/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. 

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

A list of all parts in the IEC 61400 series, published under the general title Wind turbines, can 
be found on the IEC website. 
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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 web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be 

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

 

 

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 61400-12 is to provide a uniform methodology of 
measurement, analysis, and reporting of power performance characteristics for individual 
electricity-producing wind turbines utilising nacelle-anemometry methods. This standard is 
intended to be applied only to horizontal axis wind turbines of sufficient size that the nacelle-
mounted anemometer does not significantly affect the flow through the turbine’s rotor and 
around the nacelle and hence does not affect the wind turbine’s performance. The intent of 
this standard is that the methods presented herein be utilised when the requirements set forth 
in IEC 61400-12-1:2005 are not feasible. This will ensure that the results are as consistent, 
accurate, and reproducible as possible within the current state of the art for instrumentation 
and measurement techniques.  

This procedure describes how to characterise a wind turbine’s power performance 
characteristics in terms of a measured power curve and the estimated annual energy 
production (AEP) based on nacelle-anemometry. In this procedure, the anemometer is located 
on or near the test turbine’s nacelle. In this location, the anemometer is measuring wind 
speed that is strongly affected by the test turbine’s rotor. This procedure includes methods for 
determining and applying appropriate corrections for this interference. However, it must be 
noted that these corrections inherently increase the measurement uncertainty compared to a 
properly-configured test conducted in accordance with IEC 61400-12-1:2005. The procedure 
also provides guidance on determination of measurement uncertainty including assessment of 
uncertainty sources and recommendations for combining them into uncertainties in reported 
power and AEP. 

A key element of power performance testing is the measurement of wind speed. Even when 
anemometers are carefully calibrated in a quality wind tunnel, fluctuations in magnitude and 
direction of the wind vector can cause different anemometers to perform differently in the 
field. Further, the flow conditions close to a turbine nacelle are complex and variable. 
Therefore special care should be taken in the selection and installation of the anemometer. 
These issues are addressed in this standard. 

The standard will benefit those parties involved in the manufacture, installation, planning and 
permitting, operation, utilisation and regulation of wind turbines. When appropriate, 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. This standard 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 intensity, and from the chosen criteria for 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 power performance 
measurements. 
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WIND TURBINES –  
 

Part 12-2: Power performance of electricity-producing  
wind turbines based on nacelle anemometry 

 
 
 

1 Scope 

This part of IEC 61400-12 specifies a procedure for verifying the power performance 
characteristics of a single electricity-producing, horizontal axis wind turbine, which is not 
considered to be a small wind turbine per IEC 61400-2. It is expected that this standard will 
be used when the specific operational or contractual specifications may not comply with the 
requirements set forth in IEC 61400-12-1:2005. The procedure can be used for power 
performance evaluation of specific turbines at specific locations, but equally the methodology 
can be used to make generic comparisons between different turbine models or different 
turbine settings.  

The wind turbine power performance characterised by the measured power curve and the 
estimated AEP based on nacelle-measured wind speed will be affected by the turbine rotor 
(i.e. speeded up or slowed down wind speed). The nacelle-measured wind speed shall be 
corrected for this flow distortion effect. Procedures for determining that correction will be 
included in the methodology. In IEC 61400-12-1:2005, an anemometer is located on a 
meteorological tower that is located between two and four rotor diameters upwind of the test 
turbine. This location allows direct measurement of the ‘free’ wind with minimum interference 
from the test turbine’s rotor. In this IEC 61400-12-2 procedure, the anemometer is located on 
or near the test turbine’s nacelle. In this location, the anemometer is measuring wind speed 
that is strongly affected by the test turbine’s rotor and the nacelle. This procedure includes 
methods for determining and applying appropriate corrections for this interference. However, 
it should be noted that these corrections inherently increase the measurement uncertainty 
compared to a properly-configured test conducted in accordance with IEC 61400-12-1:2005. 

This IEC 61400-12-2 standard describes how to characterise a wind turbine’s power 
performance in terms of a measured power curve and the estimated AEP. The measured 
power curve is determined by collecting simultaneous measurements of nacelle-measured 
wind speed and power output 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. In order to accurately measure the power curve, the nacelle-measured wind speed 
is adjusted using a transfer function to estimate the free stream wind speed. The procedure to 
measure and validate such a transfer function is presented herein. The AEP is calculated by 
applying the measured power curve to the reference wind speed frequency distributions, 
assuming 100 % availability. The procedure also provides guidance on determination of 
measurement uncertainty including assessment of uncertainty sources and recommendations 
for combining them into uncertainties in reported power and AEP.  

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC/TR 60688, Electrical measuring transducers for converting a.c. electrical quantities to 
analogue or digital signals    
Amendment 1 (1997)  
Amendment 2 (2001)  
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IEC 61400-12-1:2005, Wind turbines – Part 12-1: Power performance measurements of 
electricity producing wind turbines 

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

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

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

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

ISO 2533, Standard atmosphere 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1  
accuracy 
closeness of the agreement between the result of a measurement and a true value of the 
measurand 

3.2  
annual energy production (AEP) 
estimate of the total energy production of a wind turbine during a one-year period by applying 
the measured power curve to different reference wind speed frequency distributions at hub 
height, assuming 100 % availability  

3.3  
annual energy production − measured (AEP-measured) 
estimate of the total energy production of a wind turbine during a one-year period by applying 
the measured power curve to different reference wind speed frequency distributions at hub 
height, assuming 100 % availability, without power curve extrapolation to higher wind speeds  

3.4  
annual energy production − extrapolated (AEP-extrapolated) 
estimate of the total energy production of a wind turbine during a one-year period by applying 
the measured power curve to different reference wind speed frequency distributions at hub 
height, assuming 100 % availability, with power curve extrapolation to cut-out wind speed of 
the turbine 

3.5  
complex terrain  
terrain surrounding the test site that features significant variations in topography and terrain 
obstacles that may cause flow distortion  

3.6  
data set  
collection of data that was sampled over a contiguous period  
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COMMISSION ÉLECTROTECHNIQUE INTERNATIONALE 
____________ 

 
ÉOLIENNES –  

 
Partie 12-2: Performance de puissance des éoliennes  

de production d'électricité basée sur l'anémométrie de nacelle 
 

AVANT-PROPOS 
1) La Commission Electrotechnique Internationale (CEI) est une organisation mondiale de normalisation 

composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de la CEI). La CEI a 
pour objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les 
domaines de l'électricité et de l'électronique. A cet effet, la CEI – entre autres activités – publie des Normes 
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au 
public (PAS) et des Guides (ci-après dénommés "Publication(s) de la CEI"). Leur élaboration est confiée à 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 la CEI, participent 
également aux travaux. La CEI collabore étroitement avec l'Organisation Internationale de Normalisation (ISO), 
selon des conditions fixées par accord entre les deux organisations. 

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

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

4) Dans le but d'encourager l'uniformité internationale, les Comités nationaux de la CEI s'engagent, dans toute la 
mesure possible, à appliquer de façon transparente les Publications de la CEI dans leurs publications 
nationales et régionales. Toutes divergences entre toutes Publications de la CEI et toutes publications 
nationales ou régionales correspondantes doivent être indiquées en termes clairs dans ces dernières. 

5) La CEI elle-même ne fournit aucune attestation de conformité. Des organismes de certification indépendants 
fournissent des services d'évaluation de conformité et, dans certains secteurs, accèdent aux marques de 
conformité de la CEI. La CEI n'est responsable d'aucun des services effectués par les organismes de 
certification indépendants. 

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

7) Aucune responsabilité ne doit être imputée à la CEI, à ses administrateurs, employés, auxiliaires ou 
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités 
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de justice) et les dépenses découlant de la publication ou de l'utilisation de cette Publication de la CEI ou de 
toute autre Publication de la CEI, ou au crédit qui lui est accordé. 

8) 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.  

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de la CEI peuvent faire 
l’objet de droits de brevet. La CEI ne saurait être tenue pour responsable de ne pas avoir identifié de tels droits 
de brevets et de ne pas avoir signalé leur existence. 

La Norme internationale CEI 61400-12-2 a été établie le comité d'études 88 de la CEI: 
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Le texte de cette norme est issu des documents suivants: 
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Cette publication a été rédigée selon les Directives ISO/CEI, Partie 2. 
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