PD IEC/TS 61724-3:2016

JE——

BSI Standards Publication

Photovoltaic system
performance

Part 3: Energy evaluation method

bsi.



PD IEC/TS 61724-3:2016

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of IEC/TS 61724-3:2016.

The UK participation in its preparation was entrusted to Technical
Committee GEL/82, Photovoltaic Energy Systems.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2016.
Published by BSI Standards Limited 2016

ISBN 978 0 580 89970 6
ICS 27.160

Compliance with a British Standard cannot confer immunity from
legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 31 August 2016.

Amendments/corrigenda issued since publication

Date Text affected




PD IEC/TS 61724-3:2016

IEC TS 61724-3

Edition 1.0 2016-07

TECHNICAL
SPECIFICATION

colour
inside

Photovoltaic system performance —

Part 3: Energy evaluation method

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 27.160 ISBN 978-2-8322-3531-7

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



PD IEC/TS 61724-3:2016

-2- IEC TS 61724-3:2016 © IEC 2016
CONTENTS

O T T 1 I P 4
LN I 75 16 L@ 1 ] PP 6
1 S o0 o 1= YRS 7
2 \\Fo ] 4 g F= Y (A 7= T =Y £ (=Y o] 8
3 Terms and definitioNs . ... 8
4  Test scope, schedule and duration ... 11
5 Equipment and measuremMents ... ...t 11
T oY o =Y o [ - 12
6.1 L0 LY T 12

6.2 Calculation and documentation of predicted energy and the method that will
be used to calculate the expected energy ........oooiiiiiiiiii 14
6.2.1 7= 1= = Y 14
6.2.2 Definition of test boundary to align with intended system boundary ............... 14
6.2.3 Definition of the meteorological inputs used for the prediction....................... 15
6.2.4 Definition of the PV inputs used for the prediction..................... 15
6.2.5 Definition of measured data that will be collected during the test................... 16
6.2.6 Definition of the model calculations ............coooiiiiiiiii 17
6.2.7 Predicted energy for the specified system and time period ............................ 18
6.2.8 Uncertainty definifion ... 18
6.3 Measurement of data. ... ..o 19
6.4 Identification of data associated with unavailability......................ocon 19

6.5 Identification of erroneous data and replacement or adjustment of such data
and preparation of model input dataset ..o 19
6.5.1 LY 1= = 19
6.5.2 Data checks for each data stream .........cooiiiiiii i 20
6.5.3 Shading of irradianCe SENSOI ... ...c.uii i 20
6.5.4 Calibration @CCUraCy .....ccoiviiiiii i 21
6.5.5 Final CReCK ..o e 21
6.5.6 Using data from multiple SENSOrs.........ciiiiiiii e 21
6.5.7 Substitution of back-up data for erroneous or missing data ........................... 22
6.5.8 Out-of-range data or data that are known to be incorrect.............................. 22
6.5.9 MiISSING Aata ..viiniii e 22
6.5.10 Partially missing data or partial unavailability..............cc.coooi 22
6.5.11 Curtailment because of external requirement ..., 23
6.5.12 Inverter clipping (constrained operation)...........cccoiiiiiiiiiiiiiii 23
6.5.13 Planned outage or force majeure ... .. ..o 23
6.5.14 Grid support events (e.g. deviation from unity power factor).......................... 23
6.6 Calculation of expected ENergy ... ..o 23
6.6.1 BNl e e 23
6.6.2 MEASUIE INPULS ... e e 24
6.6.3 Acceptability of data........ooo i 24
6.6.4 Time interval CONSISTENCY .....iuiiiie e 24
6.6.5 Time stamp alignment ... 24
6.6.6 Calculate expected energy during times of unavailability............................... 24
6.6.7 Calculate expected energy during times of availability....................ccooiiinni, 24
6.6.8 Calculate total expected energy.......cooiiiiiii i 24
6.6.9 ANalyse diSCrePaANCIES. ... e e 24



PD IEC/TS 61724-3:2016

IEC TS 61724-3:2016 © IEC 2016 -3-
6.7 Calculation of measured ENEergy ... ..o 25
6.8 Calculation of metrics from measured data ..o 25
6.8.1 Calculation of energy performance index and availability ............................. 25
6.8.2 Calculation of capacity factor....... ..o 25
6.8.3 Calculation of performance ratio.............cooiiiiiiiiii 26
6.9 Uncertainty analySis ... ..o 26
7  Test procedure documentation ... .. ..o 27
G T 1= 1= A 4 =YY o 27
Annex A (informative) Example calculation — Calculations for the energy performance
1T To7= = ST UPT PP 29
271 o] o Yo |- o 4|V PN 30

Figure 1 — Schematic showing relationship of predicted, expected, and measured
energies to reflect how the model is applied consistently to historical and measured
WEBATN BT dala. .. . e e 14

Table 1 — Example PV performance input parameters to the model for the initial

=T L3 1o o TN 15
Table 2 — Example table documenting the meteorological and other input parameters

to the model for the calculation of the expected energy..........coooiiiii 17
Table 3 — Example of data filtering criteria, to be adjusted according to local conditions........ 20

Table A.1 — Fictitious data to demonstrate calculation ..., 29



1)

9)

PD IEC/TS 61724-3:2016
-4 - IEC TS 61724-3:2016 © IEC 2016

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEM PERFORMANCE -
Part 3: Energy evaluation method

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.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 61724-3, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.

IEC 61724-1, IEC TS 61724-2 and IEC TS 61724-3 cancel and replace the first edition of
IEC 61724, issued in 1998, and constitute a technical revision.
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The main technical changes with regard to the first edition of IEC 61724 (1998) are as follows:

— This first edition of IEC TS 61724-3 provides a method for quantifying the annual energy
generation for a PV plant relative to that expected for the measured weather.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/1069/DTS 82/1121/RVC

Full information on the voting for the approval of this technical specification 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 61724 series, published under the general title Photovoltaic
system performance, can be found on the IEC website.

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

e transformed into an International standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

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 performance of a PV system is dependent on the weather, seasonal effects, and other
intermittent issues, so demonstrating that a PV system is performing as predicted requires
determining that the system functions correctly under the full range of conditions relevant to
the deployment site. IEC 62446 describes a procedure for ensuring that the plant is
constructed correctly and powered on properly by verification through incremental tests, but
does not attempt to verify that the output of the plant meets the design specification.
IEC 61724-1 defines the performance data that may be collected, but does not define how to
analyze that data in comparison to predicted performance. IEC TS 61724-2 and
ASTM E2848-11 describe methods for determining the power output of a photovoltaic system,
and are intended to document completion and system turn on, and report a short term power
capacity measurement of a PV system, but are not intended for quantifying performance over
all ranges of weather or times of year. IEC 62670-2 also describes how to measure the
energy from a CPV plant, but does not describe how to compare the measured energy with a
model.

The method described in this Technical Specification is intended to address testing of a
specific deployed PV system over the full range of relevant operating conditions and for a
sustained time (generally a complete year) to verify long-term expectations of energy
production to capture all types of performance issues, including not only response to different
weather conditions, but also outages or instances of reduced performance of the plant that
may arise from grid requirements, operational set points, hardware failure, poor maintenance
procedures, plant degradation, or other problems. The performance of the system is
characterized both by quantifying the energy lost when the plant is not functioning
(unavailable) and the extent to which the performance meets expectations when it is
functioning.

Multiple aspects of PV system performance are dependent on both the weather and the
system quality, so it is essential to have a clear understanding of the system being tested. For
example, the module temperature is primarily a function of irradiance, ambient temperature,
and wind speed; all of which are weather effects. However, the module-mounting
configuration also affects the module temperature, and the mounting is an aspect of the
system that is being tested. This technical specification presents a best-practice process for
test development and clarifies how measurement choices can affect the outcome of the test
so that users can benefit from streamlined test design with consistent definitions, while still
allowing flexibility in the application of the test so as to accommodate as many unique
installations as possible.

IECRE’s Annual PV Project Performance Certificate incorporates measurements from this
Technical Specification. Although this technical specification allows application in multiple
ways, to maintain a consistent definition of the meaning of the IECRE certificate, when this
technical specification is used for measurements for IECRE reporting, the method may be
required to use a minimum level of accuracy for the measurements or other details as
documented by IECRE.



PD IEC/TS 61724-3:2016
IEC TS 61724-3:2016 © IEC 2016 -7-

PHOTOVOLTAIC SYSTEM PERFORMANCE -

Part 3: Energy evaluation method

1 Scope

This part of IEC 61724, which is a Technical Specification, defines a procedure for measuring
and analyzing the energy production of a specific photovoltaic system relative to expected
electrical energy production for the same system from actual weather conditions as defined by
the stakeholders of the test. The method for predicting the electrical energy production is
outside of the scope of this technical specification. The energy production is characterized
specifically for times when the system is operating (available); times when the system is not
operating (unavailable) are quantified as part of an availability metric.

For best results, this procedure should be used for long-term performance (electrical energy
production) testing of photovoltaic systems to evaluate sustained performance of the system
over the entire range of operating conditions encountered through the duration of the test
(preferably one year). Such an evaluation provides evidence that long-term expectations of
system energy production are accurate and covers all environmental effects at the site. In
addition, for the year, unavailability of the system (because of either internal or external
causes) is quantified, enabling a full assessment of electricity production.

In this procedure, inverter operation and other status indicators of the system are first
analyzed to find out whether the system is operating. Times when inverters (or other
components) are not operating are characterized as times of unavailability and the associated
energy loss is quantified according to the expected energy production during those times. For
times when the system is operating, actual photovoltaic system energy produced is measured
and compared to the expected energy production for the observed environmental conditions,
quantifying the energy performance index, as defined in IEC 61724-1. As a basis for this
evaluation, expectations of energy production are developed using a model of the PV system
under test that will serve as the guarantee or basis for the evaluation and is agreed upon by
all stakeholders of the project. Typically, the model is complex and includes effects of shading
and variable efficiency of the array, but the model can also be as simple as a performance
ratio, which may be more commonly used for small systems, such as residential systems.

The procedure evaluates the quality of the PV system performance, reflecting both the quality
of the initial installation and the quality of the ongoing maintenance and operation of the plant,
with the assumption and expectation that the model used to predict performance accurately
describes the system performance. If the initial model is found to be inaccurate, the design of
the system is changed, or it is desired to test the accuracy of an unknown model, the model
may be revised relative to one that was applied earlier, but the model should be fixed
throughout the completion of this procedure.

The aim of this technical specification is to define a procedure for comparing the measured
electrical energy with the expected electrical energy of the PV system. The framework
procedure focuses on items such as test duration, data filtering methods, data acquisition,
and sensor choice. To reiterate, the procedure does not proscribe a method for generating
predictions of expected electrical energy. The prediction method and assumptions used are
left to the user of the test. The end result is documentation of how the PV system performed
relative to the energy performance predicted by the chosen model for the measured weather;
this ratio is defined as the performance index in IEC 61724-1.

This test procedure is intended for application to grid-connected photovoltaic systems that
include at least one inverter and the associated hardware.





