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\p Part 1: Monitoring
% FOREWORD

1) The |nternatiorgaectrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national el echnical committees (IEC National Committees). The object of IEC is to promote
international co-o ion on all questions concerning standardization in the electrical and electronic fields. To
this end and in addi to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, ly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their tion is entrusted to technical committees; any IEC National Committee interested
in the subject dealt wi y participate in this preparatory work. International, governmental and non-
governmental organizatio idising with the IEC also participate in this preparation. IEC collaborates closely
with the International Org iop for Standardization (ISO) in accordance with conditions determined by
agreement between the two o 1zations.

*
2) The formal decisions or agreementg#of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the rel subjects since each technical committee has representation from all
interested IEC National Committee

3) IEC Publications have the form of rec ndations for international use and are accepted by IEC National
Committees in that sense. While all re able efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be h responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity,é‘ ational Committees undertake to apply IEC Publications
transparently to the maximum extent possible eir national and regional publications. Any divergence
between any IEC Publication and the correspond tional or regional publication shall be clearly indicated in

the latter. .

5) IEC itself does not provide any attestation of confor( dependent certification bodies provide conformity
assessment services and, in some areas, access to |IEC rks 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 t blication.

7) No liability shall attach to IEC or its directors, employees, serv or agents including individual experts and
members of its technical committees and IEC National Commi or any personal injury, property damage or
other damage of any nature whatsoever, whether direct or IFdir, 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 publicatio
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC BuBhcation may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such tapights.

@ of the referenced publications is

International Standard IEC 61724-1 has been prepared by IEC techni@committee 82: Solar
photovoltaic energy systems. O,

This first edition cancels and replaces the first edition of IEC 61724, publiséin 1998. This
edition constitutes a technical revision. ﬁ

This edition (in conjunction with IEC TS 61724-2:2016 and IEC TS 61724-3:2016) 4 es the
following significant technical changes with respect to IEC 61724:

PV system monitoring. IEC TS 61724-2 and |IEC TS 61724-3 address performa

a) IEC 61724 is now written with multiple parts. This document is IEC 61724-1, ad rm
analysis based on the monitoring data.

b) Three classes of monitoring systems are defined corresponding to different levels of
accuracy and different intended applications.

c) Required measurements for each class of monitoring system are stated, along with the
required number and accuracy of sensors.
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d) Options for satellite-based irradiance measurement are provided.
e) Soiling measurement is introduced.

f) w performance metrics are introduced, including temperature compensated
peformance ratios and others.

g) ous recommendations and explanatory notes are included.

The te@ this standard is based on the following documents:

FDIS Report on voting

O 82/1215/FDIS 82/1248/RVD

Full information voting for the approval of this International Standard can be found in
the report on votinggi ated in the above table.

This document has bee@afted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the%@ﬁ% series, published under the general title Photovoltaic
system performance, can be O}W)’on the IEC website.

The committee has decided that&g}e contents of this document will remain unchanged until the
stability date indicated on the IEC @ite under "http://webstore.iec.ch" in the data related to
the specific document. At this date, tie document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or L/‘

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

e amended.

<%
®
.
%

©

S
<
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INTRODUCTION

This\ International Standard defines classes of photovoltaic (PV) performance monitoring
s and serves as guidance for various monitoring system choices.

Figu /l’llustrates possible major elements comprising different PV system types. The PV
array include both fixed axis and tracking systems and both flat plate and concentrator
system&¥Module-level electronics, if present, may be a component of the monitoring system.

For simplic; e main clauses of this document are written for grid-connected systems
without loca , energy storage, or auxiliary sources, as shown by the bold lines in
Figure 1. Anne cludes details for systems with additional components.
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P —oa D((S:) i i source(s) | i source(s) | i tnergy PV array :
pyooon it i onDC i onDc i | Storage ;
i P 8 P :
fy SeisemsEsesmsesses £ .- - B 4 ./.'

> <

Y,
Key
RNE renewable energy @:

PCE power conditioning equipment
BDI bi-directional inverter @
GCIl  grid-connected inverter

Bold lines denote simple grid-connected system without local loads, energy storage, or auxiliary sources.

Figure 1 — Possible elements of PV systems

The purposes of a performance monitoring system are diverse and can include the following:
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e identification of performance trends in an individual PV system;

e localization of potential faults in a PV system;

. parison of PV system performance to design expectations and guarantees;
° ?parison of PV systems of different configurations; and

*

@arison of PV systems at different locations.

These diverse purposes give rise to a diverse set of requirements, and different sensors
and/or an methods may be more or less suited depending on the specific objective. For
example, f paring performance to design expectations and guarantees, the focus should
be on syste el data and consistency between prediction and test methods, while for
analysing perfofmance trends and localizing faults, there may be a need for greater resolution
at sub-levels o ystem and an emphasis on measurement repeatability and correlation
metrics rather tha lute accuracy.

The monitoring syste uld be adapted to the PV system's size and user requirements. In

general, larger and m pensive PV systems should have more monitoring points and
higher accuracy sensors smaller and lower-cost PV systems. This document defines
three classifications of |oang system with differentiated requirements which are

appropriate to a range of purpcys.
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PHOTOVOLTAIC SYSTEM PERFORMANCE -

Part 1: Monitoring

A
0%

This part o 61724 outlines equipment, methods, and terminology for performance
monitoring an d’@lysis of photovoltaic (PV) systems. It addresses sensors, installation, and
accuracy for menjiéring equipment in addition to measured parameter data acquisition and
quality checks, c ted parameters, and performance metrics. In addition, it serves as a
basis for other standards which rely upon the data collected.

1

2 Normative refere

The following documents a{r(efe-rred to in the text in such a way that some or all of their
content constitutes requirem f this document. For dated references, only the edition
cited applies. For undated refergﬁs, the latest edition of the referenced document (including
any amendments) applies.

IEC 60050-131, International Electrot%ca/ Vocabulary — Part 131: Circuit theory
IEC 60904-2, Photovoltaic devices — Paer&quirements for photovoltaic reference devices

IEC 60904-3, Photovoltaic devices - Pa :* Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference al irradiance data

IEC 60904-5, Photovoltaic devices — Part 5: Dete jon of the equivalent cell temperature
(ECT) of photovoltaic (PV) devices by the open-circuit volfage method

@arity measurement

IEC TS 61836, Solar photovoltaic energy systems — Terms, Q itions and symbols

IEC 60904-10, Photovoltaic devices — Part 10: Metho

IEC 61557-12, Electrical safety in low voltage distribution syst(‘ p to 1 000 V a.c. and
1500 V d.c. — Equipment for testing, measuring or monitorin@J otective measures —
Part 12: Performance measuring and monitoring devices (PMD) /lé

IEC 62053-21, Electricity metering equipment (a.c.) — Particular require — Part 21: Static
meters for active energy (classes 1 and 2) 5
IEC 62053-22, Electricity metering equipment (a.c.) — Particular requirements —, t 22: Static

meters for active energy (classes 0,2 S and 0,5 S) Q
IEC 62670-3, Photovoltaic concentrators (CPV) — Performance testing — Part 3: P fﬂance
measurements and power rating

IEC 62817:2014, Photovoltaic systems — Design qualification of solar trackers KS\

ISO/IEC Guide 98-1, Uncertainty of measurement — Part 1: Introduction to the expression of
uncertainty in measurement
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ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

I%BO, Solar energy — Specification and classification of instruments for measuring
h n%herical solar and direct solar radiation

*

ISO Q@So/ar energy — Vocabulary
ISO 9846, energy — Calibration of a pyranometer using a pyrheliometer

ISO 9847, S%nergy — Calibration of field pyranometers by comparison to a reference

pyranometer :

WMO No. 8, Guide @teoro/ogica/ instruments and methods of observation

ASTM G183, Standar@fctice for Field Use of Pyranometers, Pyrheliometers and UV

Radiometers

3 Terms and definitions {S\

For the purposes of this docume e terms and definitions given in IEC 60050-131, IEC
TS 61836, 1ISO 9488 and the following apply.

ISO and IEC maintain terminologica@ases for use in standardization at the following

addresses: ®

e |EC Electropedia: available at http://www.& epedia.org/
e |SO Online browsing platform: available at @www.iso.org/obp

3.1 @
sample

data acquired from a sensor or measuring device

3.2 ¢ Q
sampling interval O
Q.

time between samples

3.3 @
record /

data recorded and stored in data log, based on acquired samples

3.4 Q

recording interval

T o)

time between records \L

3.5 @
report z

aggregate value based on series of records @

3.6
reporting period
time between reports
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