IEC TS 62933-2-2

Edition 1.0 2022-04

TECHNICAL
SPECIFICATION

colour
inside

Electrical energy storage (EES) systems —
Part 2-2: Unit parameters and testing methods — Application and performance
testing

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 13.020.30 ISBN 978-2-8322-1104-1

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

® Registered trademark of the International Electrotechnical Commission



-2- IEC TS 62933-2-2:2022 © |[EC 2022

CONTENTS

O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
1 1T o 1= S 8
2 NOrMative referENCES .. o 8
3  Terms, definitions and abbreviated terms ... 8
3.1 Terms and definifioNS .. ..o 8
3.2 AbDbreviated termMS ... .. 9

4 Application of EES Sy Stem ... 9
4.1 L= 7= =Y 9
4.2 Class A apPliCatiONS ... 9
4.2.1 L =Yo [ UT=Y o oy YA oo o} o ] IFU 9
4.2.2 Primary/secondary/tertiary frequency control ............cooooiiiiiiiiii 9
4.2.3 Fluctuation reduction of PV and wind farms ...........c.coiiiiiiiiiiii e, 10
4.2.4 Reactive-power voltage Control..........coooiiiiiiii e 10
4.2.5 Voltage sag mitigation ... 10

4.3 Class B appliCations .....c.oiiiii e 10
4.3.1 Peak Shaving .. ... 10
4.3.2 Renewable firming ... 10
4.3.3 ISIanNded Grid. ... oo 11

4.4 Class C appliCatioNSs ....c..iiiie e 11

5 Parameter testing methods for application ... 11
5.1 Param et er 1SS oo 11
5.1.1 LT o= = | P 11
51.2 Actual energy CapaCity......ccoiuiiiii e 11
5.1.3 Roundtrip effiCienCy ... 11
5.1.4 Step response time and ramp rate ... 12
5.1.5 Auxiliary power CONSUMPLION ... e e 12
5.1.6 Self-diSCharge .. ... 12
51.7 1T L PR 12

5.2 Duty cycle performance tests ... ..o 12
5.2.1 LY o= = | P 12
5.2.2 Duty cycle roundtrip effiCiencCy ..o, 12
5.2.3 Reference signal tracking ..o 12

5.3 Test items for each application ..o 14

6  Duty cycle for specific applications ... ..o 15
6.1 LT a1 = PP 15
6.2 FrequenCy CONrOL ... oo e 15
6.2.1 Frequency control duty CYCIe . ..o 15
6.2.2 Primary/secondary/tertiary frequency control duty cycle............ccooooviiiiann. 16
6.2.3 Deviation control of freqQUENCY ......coviiniiiii e, 18

6.3 Fluctuation reduction of PV and wind farm ..o, 20
6.4 Reactive-power voltage CoNtrol ...........oooouiiiiiii e 22
6.5 Voltage sag Mitigation. .. ... 23
6.6 PeaK SNaVING ..o 26
6.6.1 “One charge-one discharge” Mode..........coouiiiiiiiiiie e 26

6.6.2 “Two charges-two discharges” mode..........ccoiviiiiiiiiii 28



IEC TS 62933-2-2:2022 © |[EC 2022 -3-

6.7 ReNEeWabIe firMiNg ... e 29
6.8 [SIaNded Grid .. ..o e 30
6.9 BaCK-UD POWT ..t 32
6.9.1 GBNEIAL . 32
6.9.2 Grid oUtagE teSt .. e 32
6.9.3 StEP 10ad 1EST . .iviii 32
6.9.4 Unbalanced load test ... ... 33
6.9.5 FUNCHION teS . 33
6.9.6 Grid FTECOVEIY 1St e ittt 33
Annex A (normative) Numerical data for duty cycle ... ..o 34
(27 o] [ To | £=T o] 0 2 PPN 66
Figure 1 — Frequency control duty CYCle ... e 16
Figure 2 — Primary frequency control signal — 24 h duty cycle with 30 s discharge
every half hour shown overa)24 hand b) 2 h ... 17
Figure 3 — Secondary frequency control signal — 24 h duty cycle with 20 min discharge
every hour shown over @) 24 h and b) 3 h. i 18
Figure 4 — Example of droop active power frequency control with a dead band ..................... 19
Figure 5 — Duty cycle of fluctuation reduction of PV (photovoltaic energy systems)............... 20
Figure 6 — Duty cycle of fluctuation reduction of wind farm.............c..co 21
Figure 7 — Duty cycle of fluctuation reduction of wind farm (low standard deviation).............. 21
Figure 8 — Duty cycle of fluctuation reduction of wind farm (average standard
Lo TN = 4o T o ) PPN 22
Figure 9 — Duty cycle of fluctuation reduction of wind farm (high standard deviation) ............ 22
Figure 10 — Reactive-power voltage control test profile ..o, 23
Figure 11 — Voltage sag mitigation test profile (test level: 80 %) ....ccoovieiiiiiiiiiii, 24
Figure 12 — Voltage sag mitigation test profile (test level: 70 %) ....cooevviiiiiiiiiiiiii, 25
Figure 13 — Voltage sag mitigation test profile (test level: 40 %) ....coooiiiiiiiiiiii, 25
Figure 14 — Voltage sag mitigation test profile (testlevel: 0 %) ...cooiiiiiiii 26
Figure 15 — Duty cycle for peak shaving application of “one charge-one discharge”
0 To o [ PP 28
Figure 16 — Duty cycle for peak shaving of “two charges-two discharges” mode.................... 29
Figure 17 — Duty cycle for renewable firming mode ..o 30
Figure 18 — Duty cycle for fluctuation reduction of renewable energy sources (power)
aNd frEQUENCY CONTIOL .o et e e e e e e e e e e e eaaeaaas 31
Figure 19 — Duty cycle for fluctuation reduction of renewable energy sources (power)
Without freqUENCY CONTIOL ... .. e 31
Figure 20 — Duty cycle without fluctuation reduction of renewable energy sources
(PoOWer) Or freqUENCY CONTIOL ... e e 32
Table 1 — Test items for each application ... 15
Table 2 — Reactive-power voltage control test profile ..., 23
Table A.1 — Numerical data of Figure 1 (duty cycle of frequency control ) ............ccooooiinn. 35

Table A.2 — Numerical data of Figure 5 (duty cycle of fluctuation reduction of PV
(photovoltaic €Nergy SYSTEMS) ) oouiieiii i 40

Table A.3 — Numerical data of Figure 7 (duty cycle of fluctuation reduction of wind
farm (low standard deviation)).... ... 44



-4 - IEC TS 62933-2-2:2022 © |[EC 2022

Table A.4 — Numerical data of Figure 8 (duty cycle of fluctuation reduction of wind

farm (average standard deviation)) ... 45
Table A.5 — Numerical data of Figure 9 (duty cycle of fluctuation reduction of wind

farm (high standard deviation)) ... 46
Table A.6 — Numerical data of Figure 17 (duty cycle for renewable firming mode)................. 47

Table A.7 — Numerical data of Figure 18 (duty cycle for fluctuation reduction of
renewable energy sources (power) and frequency control)..........ccooeiiiiiiii i 51

Table A.8 — Numerical data of Figure 19 (duty cycle for fluctuation reduction of
renewable energy sources (power) without frequency control) ... 56

Table A.9 — Numerical data of Figure 20 (duty cycle without fluctuation reduction of
renewable energy sources (power) or frequency CONtrol) ........ccooeiiiiiiiiiii i, 61



IEC TS 62933-2-2:2022 © |[EC 2022 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 2-2: Unit parameters and testing methods —
Application and performance testing

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.

IEC 62933-2-2 has been prepared by IEC technical committee TC 120: Electrical Energy
Storage (EES) Systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

120/249/DTS 120/264A/RVDTS

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

The language used for the development of this Technical Specification is English.



-6 - IEC TS 62933-2-2:2022 © |[EC 2022

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

A list of all parts in the IEC 62933 series, published under the general title Electrical energy
storage (EES) systems, can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

amended.

IMPORTANT - The "colour inside" logo on the cover page of this document 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.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION

Considering the wide variety of applications of EES systems, it is becoming important to define
the typical application of each EES system depending on its purpose and control types, and
also important to define the corresponding performance testing methods and procedures of the
EES system.

IEC 62933-2-1 describes the general specification of unit parameters and testing methods for
EES systems, in which details of duty cycles for typical grid applications and the associated
performance metrics and testing methods are not covered.

This part of IEC 62933 focuses on developing generic duty cycles for applications, identifying
relevant performance metrics and developing performance testing methods and procedures for
EES systems.
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 2-2: Unit parameters and testing methods —
Application and performance testing

1 Scope

This part of IEC 62933 defines testing methods and duty cycles to validate the EES system’s
technical specification for the manufacturers, designers, operators, utilities and owners of the
EES systems which evaluate the performance of the EES systems for various applications. The
following items are covered in this document. The energy storage devices and technologies are
outside the scope of this document:

— application;

— performance testing methods;

— duty cycles for specific application.

This document will be used as a reference when selecting testing items and their corresponding
evaluation methods.

This document considers applications such as:

e frequency control;

e primary/secondary/tertiary frequency control;
e fluctuation reduction of PV and wind farm;

e reactive-power voltage control;

e power quality events mitigation;

e peak shaving;

e renewable firming;

e back-up power;

e islanded grid.
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 62933-1, Electrical energy storage (EES) systems — Part 1: Vocabulary

IEC 62933-2-1, Electrical energy storage (EES) systems — Part 2: Unit parameters and testing
methods — General specification





