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GENERAL REQUIREMENTS AND METHODS OF TESIT -
Part 2: On-grid applications

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 4EGC"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 interfiational 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, IEG’ 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 cammittees and IEC National Committees for any personal injury, property damage or
other damage of any {xature 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.

IEC draws “attention to the possibility that the implementation of this document may involve the use of (a)
patent(s)\IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect-thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 61427-2 edition 1.1 contains the first edition (2015-08) [documents 21/862/FDIS and
21/863/RVD] and its amendment 1 (2024-03) [documents 21/1179/FDIS and 21/1194/RVD].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 61427-2 has been prepared by IEC technical committee 21:
Secondary cells and batteries.

A list of all parts in the IEC 61427 series, published under the general title Secondary cells
and batteries for renewable energy storage — General requirements and methods of test, can
be found on the IEC website.

C nirnr\fi\lnc’ Part 2.

The committee has decided that the contents of this document and its amendment 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, or

e revised.

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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SECONDARY CELLS AND BATTERIES
FOR RENEWABLE ENERGY STORAGE -
GENERAL REQUIREMENTS AND METHODS OF TEST

Part 2: On-grid applications

1 Scope

This part of IEC 61427 relates to secondary batteries used in on-grid Electrical‘-Energy
Storage (EES) applications and provides the associated methods of test for the verification of
their endurance, properties and electrical performance in such applications. Thé.test methods
are essentially battery chemistry neutral, i.e. applicable to all secondary batterytypes.

On-grid applications are characterized by the fact that batteries are iconnected, via power
conversion devices, to a regional or nation- or continent-wide elegctricity grid and act as
instantaneous energy sources and sinks to stabilize the grid’s pefformance when randomly
major amounts of electrical energy from renewable energy sources are fed into it.

Related power conversion and interface equipment is not covered by this part of IEC 61427.

2 Normative references

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

None.

3 Terms and definitions
For the purposes of thissrdocument, the following terms and definitions apply.

3.1
accuracy
<of a measurihg instrument>

qualityéwhich characterizes the ability of a measuring instrument to provide an indicated value
close.to a true value of the quantity to be measured

Note 1 to entry: This term is used in the “true” value approach.

Note 2 to entry: Accuracy is better when the indicated value is closer to the corresponding true value.

[SOURCE: IEC 60050-311:2001, 311-06-08]

3.2

accuracy class

category of measuring instruments, all of which are intended to comply with a set of
specifications regarding uncertainty

[SOURCE: IEC 60050-311:2001, 311-06-09]
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3.3
ambient temperature
average temperature of the air or another medium in the vicinity of the equipment

Note 1 to entry - During the measurement of the ambient temperature the measuring instrument/probe should be
shielded from draughts and radiant heating.

[SOURCE: IEC 60050-826:2004, 826-10-03]

3.4

maximum ambient temperature

<for battery operation> highest ambient temperature at which the battery is operabléy.and
should perform according to specified requirements

[SOURCE: IEC 60050-426:2008, 426-20-17, modified — In the definition, “trace~heating” has
been replaced with “battery”.]

3.5

minimum ambient temperature

<for battery operation> lowest ambient temperature at which the battery is operable and
should perform according to specified requirements

[SOURCE: IEC 60050-426:2008, 426-20-20, modified — Inihe definition, “trace heating” has
been replaced with “battery”.]

3.6

ampere hour

quantity of electrical charge obtained by integrating the current in amperes with respect to
time in hours

Note 1 to entry: The Sl unit for electric charge ‘issthe coulomb (1 C = 1 As) but in practice it is usually expressed
in ampere hours (Ah).

3.7

battery

two or more cells fitted with devices necessary for use, for example case, terminals, marking
and protective devices

[SOURCE: IEC 60050-482:2004, 482-01-04, modified — In the definition, “one” has been
replaced with “two™.]

3.8

battery management system

BMS

batteryymanagement unit

BMU

electronic system associated with a battery which monitors and/or manages its state,
Calculates secondary data, reports that data and/or controls its environment to influence the

patiery s perrormance and/or service life

Note 1 to entry: The function of the battery management system can be fully or partially assigned to the battery
pack and/or to equipment that uses this battery.

Note 2 to entry: A battery management system is also called a "battery management unit" (BMU).
Note 3 to entry: This note applies to the French language only.

Note 4 to entry: This note applies to the French language only.



https://iecnorm.com/api/?name=2f888cd193bfe96d16d4881ad0bac772

IEC 61427-2:2015+AMD1:2024 CSV -9- REDLINE VERSION
© IEC 2024

3.9

idle state

<of a battery system> state of a battery which is fully functional but not actively delivering or
absorbing energy

Note 1 to entry: Such a system can deliver and absorb energy on demand with a reaction time as required by the
application.

Lo
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3.10

battery support system

BSS

group of interconnected and interactive parts that perform an essential task as a component
of a battery system

Note 1 to entry: Such systems are for example electrolyte storage tanks and circulation pumps, cooling and
heating devices, exhaust gas abatement systems, fire extinguishers, spill catchment systems,\8afety barriers, racks
and similar facilities.

Note 2 to entry: This note applies to the French language only.

3.11

capacity

<of cells and batteries> quantity of electric charge which a cell or battery can deliver under
specified discharge conditions

Note 1 to entry: The Sl unit for electric charge, or quantity of‘electricity, is the coulomb (1 C = 1 As) but in
practice, capacity is usually expressed in ampere hours (Ah).

[SOURCE: IEC 60050-482:2004, 482-03-14, ,madified — In the definition, “quantity of’ has
been added.]

3.12

charging

<of a battery> operation during which a secondary battery is supplied with electric energy
from an external circuit which results in chemical changes within the cell and thus the storage
of energy as chemical energy

Note 1 to entry: A charge operation is defined by its maximum voltage, current, duration and other conditions as
specified by the manufactucer.

[SOURCE: IEC 60050-482:2004, 482-05-27, modified — Note 1 to entry has been added.]

3.13

constant power charge

<of a baftery> operation in which the charge power input, i.e. the product of charge current
and_(charge voltage, is held constant and where the current and voltage freely adjust
according to polarization effects of the battery

314

discharge
operation by which a battery delivers, to an external electric circuit and under specified
conditions, electric energy produced in the cells

[SOURCE: IEC 60050-482:2004, 482-03-23]

3.15

constant power discharge

<of a battery> operation in which the discharge power output, i.e. the product of discharge
current and discharge voltage, is held constant and where the current and voltage freely
adjust according to polarization effects of the battery
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3.16
electrolyte
substance containing mobile ions that render it ionically conductive

Note 1 to entry: The electrolyte may be a liquid, solid or a gel.

[SOURCE: IEC 60050-482:2004, 482-02-29]

3.17

endurance

<of a battery> numerically defined performance during a given test simulating specified
conditions of service

[SOURCE: IEC 60050-482:2004, 482-03-44]

3.18

endurance test

<of a battery> test carried out over a time interval to investigate hew)the properties are
affected by the application of stated stresses and by their timé \duration or repeated
application

[SOURCE: IEC 60050-151:2001, 151-16-22, modified — “<ofla battery>" has been added
before the definition and “of an item” has been deleted from'the definition.]

3.19
energy
<of a battery> energy which a battery delivers under specified conditions

Note 1 to entry: The Sl unit for energy is the joulen(1 J =1 Ws) but in practice, energy of a battery is usually
expressed in watt hours (Wh) (1 Wh = 3 600 J).

Note 2 to entry: Such energy content is generally determined with a constant power (W) discharge.

Note 3 to entry: k or M are unit prefixesiin the metric system denoting multiplication of the unit by one thousand
(k) or one million (M).

[SOURCE: IEC 60050-482:2004, 482-03-21, modified —Notes 2 and 3 to entry have been
added.]

3.20

actual energy

<of a battery>-energy content value, determined experimentally at a defined instant of time
with a constant power discharge at a specified rate to a specified final voltage and at a
specified temperature

Note 1 _to entry: This value is expressed in watt hours (Wh) and varies over the operational cycle or life of the
battery.

321

end-of-discharge voltage

cut-off voltage

end-point-voltage

Utinal

<of a battery> specified voltage of a battery at which the battery discharge is terminated

[SOURCE: IEC 60050-482:2004, 482-03-30]
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3.22

flow cell

secondary cell characterized by the spatial separation of the electrode from the fluid volumes
which contain active materials

Note 1 to entry: The fluids, consisting of liquids, solutions, suspensions or gases, flow separately through the
electrode spaces.

Note-2 to - _aontri A _flow. caoll _in \which ong of thao aotivg mataoriale 1o daonandinag on thao coctatg of chaorag o caolid
g g 4 ) A

J
deposited on one of the electrodes, is called a hybrid flow cell.

3.23

flow battery

two or more flow cells electrically connected in series and including all componentscfor’ their
use as an electrochemical energy storage system

Note 1 to entry: The components can be tanks, pumps, thermal and battery management syste€ms, piping and
similar.

3.24

frequency regulation service

<with batteries> regulation mode of the electrical power grid with”energy drawn from or
supplied to batteries to maintain the system frequency within defined limits

Note 1 to entry: This balancing of the temporal variations of grid frequenCy occurs typically over time periods of
the order of seconds to minutes.

3.25

full charge

<of a battery> state of charge wherein the battery has been completely charged in accordance
with the manufacturer’s recommended charging)conditions.

3.26

full-sized battery

FSB

complete battery that meets the\ absolute requirements of power capability and energy
content, as defined in the respective endurance test clauses

Note 1 to entry: This battery is“an assembly of n cells, modules or stacks and is equipped with the relative BMS
and BSS as needed.

Note 2 to entry:  This note applies to the French language only.

3.27

laboratory test

<of a battery> test made under prescribed and controlled conditions that may or may not
simulatefield conditions

[SOURCE: IEC 60050-192:2015, 192-09-05]

3.28

load following service
<with batteries> regulation mode of the electrical power grid with energy drawn from or
supplied to batteries to compensate for temporary variations in load demand

Note 1 to entry: This balancing of the temporary variations of grid load demand occurs typically over time periods
of the order of a few minutes to one hour.

3.29

module

standardized and interchangeable assembly of cells connected in series and/or parallel and
associated hardware designed for easy assembly into a commercial battery
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3.30

operating voltage range

operating voltage limits

<of a battery> voltage range, as declared by the manufacturer, in which the battery is to be
operated and performs according to specifications

3.31
maximum operating voltage

upper voltage limit

Umax
<of a battery> upper limit of the voltage range in which the battery is operable and performs
according to specifications

3.32

minimum operating voltage

lower voltage limit

Umin

<of a battery> lower limit of the voltage range in which the battery is_operable and performs
according to specification

3.33

peak-power shaving service

load levelling service

<with batteries> process of energy demand management consisting of supplementing the
energy in a localized power grid, during periods of excessive demand or instantaneous high
electricity costs, with energy drawn from a battery

Note 1 to entry: The energy utilized to “shave off” the démand peak is recharged into the battery in periods of low
energy demand or cheap energy supply.

Note 2 to entry: This demand peak-shaving activity.lasts typically over time periods of one to several hours.

3.34

PV energy storage time-shift service

<with batteries> process of energy demand management consisting of storing photovoltaic
energy in a battery for a time deferred release into a localized power grid

Note 1 to entry: This energy-demand management occurs typically with a 24 h day/night rhythm.

3.35

performance

<of a batterys+characteristics defining the ability of the battery to achieve the intended
function

[SOURCE: IEC 60050-311:2001, 311-06-11, modified — In the definition, “measuring
instrument” has been replaced with “battery”.]
3:36

— performance test

test carried out to determine the electrical characteristics of a battery

3.37

secondary cell

<electrochemical> basic manufactured unit of an electrochemical system capable of storing
electric energy in chemical form and delivering that electrical energy back by reconversion of
its stored chemical energy.

[SOURCE: IEC 60050-811:1991, 811-20-01, modified]
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3.38
service life
<of a battery> total period of useful life of a cell or battery in operation

Note 1 to entry: For secondary cells and batteries, the service life may be expressed in time, number of
charge/discharge cycles, or total throughput in ampere hours (Ah).

[SOURCE: IEC 60050-482:2004, 482-03-46, modified — Note 1 to entry has been deleted.]

3.39

maximum service temperature

maximum operating temperature

maximum permissible temperature

<of a battery> highest temperature which the battery is allowed to attain in normal use as a
result of ambient temperatures, induced heat and heat caused by the battery itself

[SOURCE: IEC 60050-442:1998, 442-06-41, modified — In the definition, “conhecting device”
has been replaced with “battery”.]

3.40

minimum service temperature

minimum operating temperature

minimum permissible temperature

<of a battery> lowest temperature which the battery is allowed to attain in normal use as a
result of ambient temperatures and forced cooling

3.41

stack

<of a flow battery> two or more flow cells connected in series or in parallel with associated
electrical connections and fluid piping

3.42

state of charge

SoC

<of a battery> amount of stored”charge in ampere hours (Ah) or energy in watt hours (Wh)
related to the actual capacity,or energy content

Note 1 to entry: This definition is applicable throughout and only to this part of IEC 61427.
Note 2 to entry: State.of Charge is expressed as a percentage.

Note 3 to entry: /This note applies to the French language only.

3.43

target operational state of charge

SOCOT

<ofia'battery> pre-defined state of charge to which the energy storage system is driven by a
controller or BMS under pre-defined conditions

Note 1 to entry: This SoC, is to be attained or/and maintained when bidirectional energy transfers to and from
the battery are to be achieved within set voltage and SoC limits.

Note 2 to entry: State of charge is expressed as a percentage.

Note 3 to entry: SoCg; is typically the desired or recommended average operating SoC during the specified

application scenario. It is selected to improve electrical energy storage (EES) system performance and/or improve
the EES system service life in the specified application.
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3.44

test

<of a battery> technical operation that consists of the determination of one or more
characteristics of a given battery according to a specified procedure

Note 1 to entry: A test is carried out to measure or classify a characteristic of a property of a battery by applying
to the battery a set of environmental and operating conditions and/or requirements.
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3.45
test object
item submitted to a test, including any accessories, unless otherwise specified

[SOURCE: IEC 60050-151:2001, 151-16-28]

3.46

test object battery

TOB

assembly of x x 1/n units consisting of cells, modules or stacks of the full-sized battery (FSB),
which when assembled in » units, form the FSB which meets) the absolute requirements of
power capability and energy content as defined in the respective endurance test clauses

Note 1 to entry: The test object battery (TOB) is fully representative of the full-sized battery (FSB) in terms of
scalability so that obtained test results can be generalized accurately to the FSB.

Note 2 to entry: The TOB is equipped with the relative BMS and BSS as needed.

Note 3 to entry: This note applies to the French languageonly.

3.47

time-shift service

<with batteries> process of energy demmand management consisting in providing to the grid, at
suitable moments, energy stored in batteries at times of ample production or weak demand

Note 1 to entry: This supplying of energy to the grid occurs over time periods typically of the order of a few hours,
days or even seasons.

4 General considerations

The supply of energy from renewable energy sources such as wind, solar radiation or tidal
forces is characterized by a high degree of intermittency and a low degree of predictability.
When their‘output is fed into the power transmission and distribution grid, overload and
instability-conditions may develop which make it highly desirable to use rechargeable
batteriesto temporarily store this energy and then release it in a controlled fashion to smooth
and'stabilize the flow of power in the grid.

Such instabilities and imbalances in power grids may also result when insufficient power

generation capability 1S present.

The aim of this part of IEC 61427 is to advise and guide future system operators to identify
and select suitable rechargeable batteries for grid-connected electrical energy storage (EES).
This process will be aided by a set of common test methods that quantify the capability of
battery systems of different chemistries and designs in a particular application scenario.

The requirements for battery endurance and electrical performance are linked to the specific
EES scenarios to be implemented for the management of excess energy in the grid and the
associated capital and operating expenditures for such an installation.
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These requirements, expressed as energy efficiency, service life, cumulated energy
throughput, installation space and similar, are highly variable since they are eminently
application-scenario related and furthermore strongly tied to local costs/benefits and payback
time considerations.

Therefore, this part of IEC 61427 does not define these requirements but offers instead test
methods to determine and compare the endurance and electrical performance of the
candidate storage systems.

All EES batteries have to exhibit safe behaviour. Proper design and associated qualification
testing by the battery manufacturers shall ensure this at all levels from the cell to the oyerall
system level.

An informal listing of hazards associated with batteries and battery installations is\included in
this part of IEC 61427. This list should help in the assessment of the possible réactions of the
batteries when they are exposed to abnormal and abusive service conditions.

5 General test conditions

5.1 Accuracy of measuring equipment
5.1.1 Voltage measurements

The instruments used shall be of an accuracy class of at’least 0,5 (%) or better.

5.1.2 Current measurements

The instruments used shall be of an accuracy<lass of at least 0,5 (%) or better.

NOTE Particular attention has to be given to ‘the accuracy of current measurement and current-over-time
integration devices as any degraded accuracy“or instability can negatively impact the effectiveness of SoC
stabilization routines.

5.1.3 Temperature measurements

The instrument used shall have a resolution of 0,5 K. The accuracy of the instrument shall be
+2 K or better.

5.1.4 Time measurements

The instrumentwsed shall have a resolution of 1 s and an accuracy of 0,1 % of the measured
time interval.

5.2 Test object considerations

Thisypart of IEC 61427 and the resulting test results are intended to assist the future operator
of an electrical energy storage system in the selection of the most suitable battery for the
farget application by providing comparable data of candidate systems.

The battery system to be tested shall include the cells or modules or stacks and, when they
are essential for the operation of the battery, the battery management system (BMS) and
battery support systems (BSS).

The boundary of this battery system is outlined by the dotted line in Figure 1.
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Battery
management
system
BMS
T Full-sized
/ battery
(FSB)

Battery according to

support  |— IEC 61427 -2
system

BSS

Cells or modules or
stacks

Power conversion system

IEC
Figure 1 — Boundary of the full-sized battery (FSB)

Power conversion systems and components and associated interfaces are not within the
scope of this part of IEC 61427 and are .not necessarily present when the tests, according to
Clauses 6 and 7, are carried out.

5.3 Test object battery selection and size considerations

The battery systems offered by the manufacturers for on-grid electric energy storage reflect
the intrinsic constraints of*each cell chemistry and design as well as the specific needs of the
target application or service. Such batteries range typically from a few kilowatts to up to
50 MW in power capability and up to 100 MWh in energy content. No common size
exemplifying each prespective cell chemistry is yet available.

When the manufacturer or end-user carries out the testing of a battery system to generate
data in compliance with this part of IEC 61427, freedom shall be granted to choose that
design, . model and size which is most suitable for yielding the endurance and electrical
performance needed for the selected application or service. These applications or services
are ‘exemplified by the endurance tests specified in 6.2 through 6.5. These battery sizes and
layouts may vary from one cell chemistry or application to another.
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Actual manufacturer defined full-sized

g battery (FSB) formed of n cells, modules

Step 1 or stacks and meet;r;g the requirements

of clause 6.2 and/or 6.3
and/or 6.4 and/or 6.5
Actual manufacturer defined
test object battery (TOB)
Step 2 for the determination tests
according to 6.x and\7x

IEC

Figure 2 — Two-step selection process of the testobject battery (TOB)

In order to assure the generation of comparable test datd, the following constraints shall be
respected.

Throughout this part of IEC 61427 the relevantbatteries are defined as below.

Full-sized battery (FSB) — The FSB shall-COnsist of the complete battery that meets the
absolute requirements of power capability‘and energy content as defined in 6.2 or 6.3 or
6.4 or 6.5, as applicable. This batterymay be an assembly of n cells, modules or stacks
and shall be equipped with the relevant BMS and BSS as needed. Thus up to five different
FSBs may be defined.

Test object battery (TOB) = The TOB and its associated BMS and BSS shall be
representative of each of the FSBs above in terms of scalability of endurance and
performances so that testresults can be extrapolated accurately and hence demonstrate
the performance of the(ESB. The TOB shall be an assembly of x x 1/n cells, modules or
stacks as present in‘the above FSB. The minimum number x is defined in the relevant test
clause. Unless otherwise specified, all the tests shall be carried out on this TOB.

The steps to define this TOB are outlined in Figure 2.

All the TOB? utilized for the verification of the behaviour in the selected application
service, @as-exemplified by test 6.2 or 6.3 or 6.4 or 6.5, shall be of the same size, design
and features. No ad-hoc adaptation of the design, just to meet a particular test
envinonment, is permitted.

Any BMS and BSS essential for the operation of the TOB shall be included.

Only those endurance tests for which the battery is designed/specified shall be carried
out.

5.4

When an available battery-based EES system with different power capability and/or
energy content requires testing for compliance with the clauses of this part of IEC 61427,
then such a choice is permitted provided that all other provisions are fulfilled and this
deviation is stated in the test documentation.

Test plan

The following provisions apply.

The tests for the verification of the suitability of a battery, for a particular application
scenario, shall be accomplished with not more than two individual and identical TOBs.
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e TOB 1 shall be used to carry out the relevant endurance test 6.2 or 6.3 or 6.4 or 6.5 and
the associated nested performance tests 7.2 through 7.5. See also Figure 3, Figure 4 and
Figure 5.

‘ Select EES service condition ‘
I 1

| Select FSB ‘

=
Select TOB
| |

Cogenerated @ 1' ' ' !
test data ! | i |
,,,,,4;, :;7‘: -:‘;
5 | ! | Performance
: 3 ; 3 — fest-data
@—————vjlf— R e B e e B e EIEE =

Enduranée @Test clauses
test data

IEC

Figure 3 — Workflow for the determination of endurance properties and electrical
performance of the TOB as governed by the sequence of
test data-generation within 6.2 to 6.5

6.2 - 6.3 -6.4-6.5 Endurance test

7.2 7.3 7.4 7.4 7.5 6.x
Actual energy Energy efficiency Energy efficiency Energy efficiency Heat generation Endurance test
content at 25 °C at 25°C at min. ambient at max. ambient at max. ambient continuation

- —ptemperature  _Ljtemperature  _LlLjtemperature  _Llyat25°C

IEC

NOTE 1 The 'details of the performance test are specified in 7.2 through 7.5.
NOTE 2{_The performance tests 7.2 to 7.5 are sequential and combined with the relevant endurance test.

NOIEL3" The test profile used in the performance tests 7.3 to 7.5 is that of the relative endurance test.

Figure 4 — Sequence of performance tests carried out

U U A

e TOB 2 shall be used to carry out the low-stress-level performance test 7.6 (Energy
requirement in idle state), which could precede any endurance test allowing ultimately to
reduce the number of TOBs, per application scenario verification, to a single TOB. The
number of TOBs eventually used shall be reported in Table 1.

e Subclause 7.1 requires the summarizing of data and does not require an additional TOB.

e The test conditions of 7.4, and associated subclause 7.5, keep the TOB within acceptable
thermal stress levels at the manufacturer’s specified lowest and highest ambient
temperatures. At these temperatures the battery is declared operable by the manufacturer
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and performs according to specified requirements; thus, no additional TOB is needed for
these tests.

e The manufacturer shall carry out only those endurance tests for which the FSB, and by
derivation the TOB, has been designed/specified.

e An endurance test can be terminated at any moment when the battery manufacturer has
demonstrated the declared service life of the FSB design with a robust extrapolation of the
energy acceptance and delivery capability, over time, of the TOB.

e Relevant changes in materials and design of an FSB which impact endurance or
performance shall be evaluated for their bearing on the test results in Clauses 6 and 7 _By
repeating the tests most likely to be impacted by the change.
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Fully recharge the battery according to the
> manufacturer’s specifications

Discharge the battery to the manufacturer’'s
specified SoCort level for on-grid energy
storage service

¥

Detfine the test-object battery (1OB) as x x 1/n of
the FSB and the fractional power levels yyy/n and
in pertinent zzz/n in kKW

v

Determine the actual energy content of the TOB in
kWh with a constant power discharge of x x yyy/n
kW at +25 °C to the manufacturer specified final

voltage Ufinal or BMS limit

v

Fully recharge the battery according to the
manufacturer’s specifications

Discharge the battery to the manufacturer’'s
specified SoCorT level for on-grid energy storage
service.

Declare this SoCorT level and report how to attain
and monitor it

Define the appropriate manufacturer’s specified

upper Umax and lower Umin voltage limits not to be
exceeded during endurance cycle test

v

Select and declare the appropriate

SoCoT maintenance routine relevant for the
invoked endurance test clause

Carry out the constant power discharge/charge
cycle routine relevant for the invoked
endurance test clause

L 2

Monitor and record

Umax, Umin, elapsed cycles
Energy and capacity input andjoutput

Endurance

Any limit
NO cycle life exceeded again
demonstrated in a set Nr of

? cycles?

Record total number of cycles achieved
Pronounce the battery at the end of its service
life

L

L» Report the total number of endurance duty cycles <
- achieved/carried out
Carry out the constant power discharge/ charge
cycle routine relevant for the invoked endurance L *
test clause and once the therein-nested
performance test 7.2 through 7.5 Utilize the recorded energy input and output data
* for clause 7.x properties determinations
Monitor and record *
Umax, Umin, elapsed cycles
Energy and capacity input and output STOP
endurance test
- Stop endurance cycle routine and
Any spec_lfl(?d carry out the manufacturer’s specified routine to
voltage limit o
exceeded? recover the.energy. storage capability
Report details of this recovery method
NO Endurance YES
cycle life
demonstrated?
IEC

Figure 5 — Workflow and decision tree for endurance tests 6.2 through 6.5
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6 Battery endurance

6.1 General

The endurance tests in this part of IEC 61427 are intended to determine the suitability of the
battery design to accept and deliver energy under experimental conditions that reproduce in a
simplified way the duty the battery will be expected to perform in on-grid energy storage
applications.

The key stress factors in such a service are

a) the charge and discharge power levels per available energy content,
b) the operation in a state of charge (SoC) of less than 100 %, and

c) the large number of duty cycles to be accomplished over the service life.

The test conditions are formulated to quantify the battery endurance in the following four
application scenarios: frequency-regulation, load-following, peak-power shaving and
photovoltaic energy storage time-shift duty.

The highly random energy transfer to and from the battery inf on-grid energy storage is
simulated with more simplified energy exchange routines.

It is recognized that the individual energy exchange routinés chosen may not replicate exactly
all the service conditions in the field, which is typical of {aboratory tests.

The regular use of these tests, for product develepment and for qualification purposes, will
nevertheless guide the manufacturer and EES{system operator in developing and selecting
the proper battery.

Since the publication of this document)ih 2015, details of a complex pattern of energy
exchange in frequency-regulation duty, at 4 s intervals and over a 24 h period, have been
published by Pacific Northwest National Laboratory (PNNL) and Sandia National Laboratories
(SAND) in the PNNL-22010 Rev 2ASAND 2016-3078 R Report.

In Annex B (informative) details of this energy exchange profile are made available for
evaluating, if useful, the Service-induced decay of battery performance also with a more
randomized usage pafté€rn compared to that offered by the symmetric 6.2 profile.

6.2 Test for endurance in frequency-regulation service
The test conditions are as follows.

a) The-manufacturer shall select and define a full-sized battery (FSB) which is able to

1) supply and accept continued 500 kW and 1 000 kW constant power pulses as per j)
within the battery operating voltage limits specified by the manufacturer and when the
battery is thermally equilibrated at an ambient temperature of +25 °C, and

2) tuiwatc bubil ClIciyy tlallbfclb |||uitipic tilllcb | %Al iIUUI cJIIQI 24“ Pl ddy VVit;lUut
exceeding the manufacturer’s specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a FSB.
This value is termed n.

¢) The manufacturer shall define the fraction of power (500/r) kW and (1 000/n) kW such a
cell, module or stack will deliver or accept when it is part of the FSB and this battery
meets the conditions of 1) to 2) in 6.2 a).

d) The manufacturer shall assemble with x of such cells, modules or stacks the appropriate
TOB having at least

1) four (4) cells in series (only if these cells are commercialized individually),
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2) one or more modules that result in at least four (4) cells in series,
or
3) one stack with at least four (4) flow cells in series,
and incorporate the relevant BMS and BSS peripherals.

When a battery based EES system with different power capability and/or energy content

g)
h)

requires testing for compliance with this part of IEC 61427, then such choice is acceptable
provided that all other provisions are fulfiled and this deviation is stated in the test
documentation.

The actual energy content £ (in kWh) of this TOB, after the manufacturer specified" full
charge and thermal equilibration in air at +25 °C + 3 K ambient temperatures,'shall be
determined with a constant power discharge at the (x x 500/n) kW power levekto“the final
voltage Uy, OF to the BMS mandated discharge limit as specified by the manufacturer so

as to generate the data as required in 7.2.
The TOB shall then be fully recharged according to the manufacturer’'s-specifications.

The TOB shall then be discharged to such a target operational state of charge (SoCqt)
that it can repetitively deliver and accept the fractional powerand energy levels without
exceeding the manufacturer’s specified operating voltage limits.

The manufacturer shall report this target operational state of charge (SoCgy) level,
expressed as a percentage of the actual energy content ‘as determined in f), and ways to
achieve it in Table 1.

The TOB shall then be submitted, at an ambient temperature of +25 °C + 3 K, to a
continuous sequence of discharge/charge pulses defined in 1) through 8) and associated
SoCqt adjustment profiles a or b or ¢c. The minimum and maximum battery voltage and the

cumulative discharged and charged capagity (in Ah) and energy (in kWh) of the TOB shall
be monitored and recorded.

1) Discharge for 2 min with constantpower at the fractional power level of (x x 500/n) in
kW.

2) Discharge for 1 min with cohstant power at the fractional power level of (x x 1 000/n) in
kW.

3) Charge for 2 min with constant power at the fractional power level of (x x 500/r) in kKW.

4) Charge for 1 min with constant power at the fractional power level of (x x 1 000/n) in
kW.

5) Discharge.for 1 min with constant power at the fractional power level of (x x 1 000/r) in
kW.

6) Discharge for 2 min with constant power at the fractional power level of (x x 500/n) in
KW,

7)~Charge for 1 min with constant power at the fractional power level of (x x 1 000/x) in
kW.

8) Charge for

Z min with constant power at the iractional power level of (x x 500/z  a) in KW Where a
is the additional power i.e. energy needed to maintain the target operational state of
charge SOCqt. The manufacturer shall specify and report the value a in Table 1. The
value of (x x 500/n + a) in kW shall be equal to or less than (x x 1 000/r) in kW (see,
for example, Figure 6 — Profile a).

or
(2 + ¢) min with constant power at the fractional power level of (x x 500/n) in kW where

t is the additional time of charge needed to maintain the target operational state of
charge SOCyt. The manufacturer shall specify and report the value ¢ (see, for

example, Figure 7 — Profile b) in Table 1.
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or

2 min with constant power at the fractional power level of (x x 500/x) in kW and every
K cycles, i.e. number of completed pulse discharge and charge cycles, 1 through 8,
carry out a SoCqt maintenance charge with a power not larger than (x x 1 000/x) in
kW and a duration as specified by the manufacturer. The manufacturer shall specify
and report the value K and the power level and duration of this SoCqyr maintenance
charge (see, for example, Figure 8 — Profile c) in Table 1.

Return to 1) and perform 1) to 8) 840 times to sequentially generate the test data
according to 7.3 followed by those according to 7.4 and 7.5. See also Figure 4.

1500
. Additional power/energy
Two stepé::anrzteant power for SoCo; stabilization
1000 — . / :
R ] . )
500 ——¢ Repetitive /// /

12 min duty cycle
routine

Power in kW from/to the FSB

13 14
-500
-1000 12 min duration I
Two-step constant power frequency regulation
discharge ' duty CyCle
-1500 - . -
Time in minutes
IEC

Figure 6 — Frequency regulation service test routine profile (6.2) — Profile a
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Figure 7 — Frequency regulation service test. routine profile (6.2) — Profile b
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Figure 8 — Frequency regulation service test routine profile (6.2) — Profile c

k) If the TOB voltage in j) exceeds the manufacturer’s defined limits of operating voltages
then the energy delivery or acceptance capability of the TOB, and by derivation that of the

FSB, shall be considered degraded. Figure 9 gives a schematic view of the evolution of
battery voltage.
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Figure 9 — Schematic view of the evolution of battery voltage over time
during cycling with constant power discharge and charge pulses

) The cycling shall then be .stopped and an attempt made to restore the capability of the
TOB according to the manufacturer’s specification. The details of this operation to recover
the energy storage capability shall be reported in Table 1.

A new set of operations h) through j) shall then be initiated. If the TOB voltage in j)
exceeds the manufacturer’s defined operating voltage limits again within 120 sequences j)
items 1) to 8) (=24 h), then the energy delivery or acceptance capability of the TOB, and
by derivation.that of the FSB, shall be considered irreversibly degraded and the TOB as
having reached the end of its service life. Otherwise the cycle sequence specified in

sequence)j) shall be continued as specified or until the next occurrence of exceeding a
limiting\value as described in k).

3

The“endurance of the TOB, in a particular application scenario, is defined by the total

Aumber of completed sequences of j) items 1) to 8) before end-of-service life according to
m) is reached.

) The energy pffir‘ipnr‘y dnring these endurance test segments shall bhe determined

according to 7.3 or 7.4 and reported in Table 6 and Table 7, respectively.

p) The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

q) Ifinj) the SoCyt maintenance is achieved with the profile ¢), then the integration duration

shall be adapted in such a manner that at least one such SoCyt maintenance charge
event c) is included.

ry At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.2, this endurance test shall be
resumed at g) and carried out by ignoring section 9) and o), p) and q) until the TOB is
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declared irreversibly degraded or the battery manufacturer has demonstrated the declared
service life of the FSB design with a robust extrapolation of the energy acceptance and
delivery capability, over time, of the TOB.

See Annex B for supplemental test profile for frequency regulation duty service.

6.3 Test for endurance in load-following service

I'he test conditions are as follows.

a) The manufacturer shall select and define a full-sized battery (FSB) which is able to

1) supply and accept continued 180 kW and 360 kW constant power pulses as-per j)
within the battery operating voltage limits specified by the manufacturer and when the
battery is thermally equilibrated at an ambient air temperature of +25 °C, and

2) tolerate such energy transfers multiple times per hour and 24 h per _Jday without
exceeding the manufacturer’s specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a FSB.
This value is termed n.

c) The manufacturer shall define the fraction of power (180/n) kW and (360/n) kW such a
cell, module or stack will deliver or accept when it is part, ofi.the FSB and this battery
meets the conditions of 1) to 2) in 6.3 a).

d) The manufacturer shall assemble with x of such cells, modules or stacks the appropriate
TOB having at least

1) four (4) cells in series (only if these cells are commercialized individually),
or

2) one or more modules with at least four (4 cells in series,

or

3) one stack with at least four (4) flow)cells in series,

and incorporate the relevant BMS-and BSS peripherals.

e) When a battery based EES system with different power capability and/or energy content
requires testing for compliance with this part of IEC 61427, then such choice is acceptable
provided that all other provisions are fulfilled and this deviation is stated in the test
documentation.

f) The actual energy. Content £ (in kWh) of this TOB, after the manufacturer specified full
charge and therfmal equilibration in air at +25 °C + 3 K ambient temperature, shall be
determined with.a constant power discharge at the (x x 180/n) kW power level to the final
voltage Ujngior to the BMS mandated discharge limit as specified by the manufacturer so

as to generate the data as required in 7.2.
g) The TOB shall then be fully recharged according to the manufacturer’s specifications.
h) The TOB shall then be discharged to such a target operational state of charge (SoCqq)

that it can repetitively deliver and accept the fractional power and energy levels without
exceeding the manufacturer’s specified operating voltage limits.

1) The manufacturar chall ranart thic tarnat Anaratinnal otata Af ~rharana (SAC > leval
H HRe—Hahdaetdrer—Shar—Fepot—HS—afFgetr—oepeatoRar—State—or—6harge— o0 og)—eves

expressed as percentage of the actual energy content as determined in f), and ways to
achieve it in Table 1.

j) The TOB battery shall then be submitted, at an ambient temperature of +25°C £3K, to a
continuous sequence of discharge/charge pulses defined in 1) through 8) and associated
SoCqt adjustment profiles a or b or c. The minimum and maximum battery voltage and
the cumulative discharged and charged capacity (in Ah) and energy (in kWh) of the TOB
shall be monitored and recorded.

1) Discharge for 8 min with constant power at the fractional power level of (x x 180/n) in
kW.
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2)

3)
4)
5)

Discharge for 4 min with constant power at the fractional power level of (x x 360/x) in
kW.

Charge for 8 min with constant power at the fractional power level of (x x 180/n) in kW.
Charge for 4 min with constant power at the fractional power level of (x x 360/n) in KW.

Discharge for 4 min with constant power at the fractional power level of (x x 360/xr) in
kW.

0)

7)
8)

Discharge tor ¢ min with constant power at the fractional power level of (x x 180/x) In
kW.

Charge for 4 min with constant power at the fractional power level of (x x 360/n) in KW.
Charge for

8 min with constant power at the fractional power level of (x x 180/n + a) in kW where a
is the additional power, i.e. energy needed to maintain the target operational state of
charge (SoCqt). The manufacturer shall specify and report the value a.in"Table 1. The

value of (x x 180/n + a) in kW shall be equal to or less than (x x 360/x) in kW (see, for
example, Figure 10 — Profile a).
or

(8 + ¢) min with constant power at the fractional power leve] lof (x x 180/n) in kW where
t is the additional time of charge needed to maintain/the target operational state of
charge (SoCgt). The manufacturer shall specify and“report the value ¢ (see, for

example, Figure 11 — Profile b) in Table 1.
or

8 min with constant power at the fractional power level of (x x 180/xn) in kW and every
K cycles, i.e. number of completed pulse, discharge and charge cycles 1) through 8),
carry out a SoCqt maintenance charge with a power not larger than (360/x) in kW and

a duration as specified by the manufacturer. The manufacturer shall specify and report
the value K and the power level and duration of this SoCyt maintenance charge (see,

for example, Figure 12 — Profiles¢c) in Table 1.

Return to 1) and perform 1)-to 8) 210 times to sequentially generate the test data
according to 7.3 followed-by those according to 7.4 and 7.5. See also Figure 4.
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Figure 10 — Load-following service test routine profile (6.3) — Profile a
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Figure 11 — Load-following service test routine profile (6.3) — Profile b
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Figure 12 — Load-following service test roufine profile (6.3) — Profile ¢

If the TOB voltage in j) exceeds the manufacturer’'s defined limits of operating voltages,
then the energy delivery or acceptance capability of the TOB, and by derivation that of the
FSB, shall be considered degraded.

The cycling shall then be stopped and an attempt made to restore the capability of the
TOB according to the manufacturer’s\specification. The details of this operation to recover
the energy storage capability shathbe reported in Table 1.

A new set of operations h) through j) shall then be initiated. If the test TOB voltage in j)
exceeds the manufacturer's‘defined operating voltage limits again within 60 sequences j)
items 1) to 8) (= 48 h), then the energy delivery or acceptance capability of the TOB, and
by derivation that of the“FSB, shall be considered irreversibly degraded and the TOB as
having reached the-end of its service life. Otherwise the cycle sequence specified in
sequence j) shali-be continued until the next occurrence of exceeding a limiting value as
described in k).

The endurance of the TOB, in a particular application scenario, is defined by the total
number ofsecompleted sequences of j) items 1) to 8) before end-of-service life according to
m) is reached.

The/energy efficiency during these endurance test segments shall be determined
according to the provisions of 7.3 or 7.4 and reported in Table 6 and Table 7, respectively.

The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

If in j) the SoCqt maintenance is achieved with the profile c), then the integration duration
shall be adapted in such a manner that at least one such SoCqr maintenance charge
event c) is included.

At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.3, this endurance test shall be
resumed at g) and carried out by ignoring section 9) and o), p) and q) until the TOB is
declared irreversibly degraded or the battery manufacturer has demonstrated the declared
service life of the FSB design with a robust extrapolation of the energy acceptance and
delivery capability, over time, of the TOB.
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6.4 Test for endurance in peak-power shaving service
The test conditions are as follows.

a) The manufacturer shall select and define a full-sized battery (FSB) which is able to

1) supply multiple 500 kW constant power discharge pulses as per 6.4 i) within the
battery operating voltage limits specified by the manufacturer and when the battery is
thermally equilibrated at an ambient air temperature of +25 °C, and

2) tolerate such energy transfers every day without exceeding the manufacturer’s
specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a{ESB.
This value is termed n.

c) The manufacturer shall define the fraction of power (500/n) kW such a cell, ‘module or
stack will deliver or accept when it is part of the FSB and this battery meets<he conditions
of 1) to 2) in 6.4 a).

d) The manufacturer shall assemble with x of such cells, modules or stagks the appropriate
TOB having at least
1) four (4) cells in series (only if these cells are commercialized individually),
or
2) one or more modules with at least four (4) single cells in|series,
or
3) one stack with at least four (4) flow cells in serijes,
and incorporate the relevant BMS and BSS peripherals.

e) When a battery based EES system with different power capability and/or energy content
requires testing for compliance with this)part of IEC 61427, then such a choice is
acceptable provided that all other provisions are fulfilled and this deviation is stated in the
test documentation.

f) The actual energy content E (in kWh) of this TOB, after the manufacturer specified full
charge and thermal equilibration ‘in air at +25 °C = 3 K ambient temperature, shall be
determined with a constant pdwer discharge at the (x x 500/n) kW power level to the final
voltage Uy, OF to the BMS.mandated discharge limit as specified by the manufacturer so
as to generate the data as required in 7.2.

g) The TOB shall then be-fully recharged according to the manufacturer’s specifications.

h) The manufacturér,shall report the target operational state of charge (SoCgt) level and
ways to achieve.it in Table 1.

i) The TOB battery shall then be submitted, at an ambient temperature of +25 °C + 3 K, to a
sequence) of discharge/open-circuit/charge events defined in 1) through 5) without
exceeding the manufacturer’s specified operating voltage limits. The minimum and
maximum battery voltage and the cumulative discharged and charged capacity (in Ah) and
energy (in kWh) of the TOB shall be monitored and recorded.

1) Discharge for 180 min with constant power at the fractional power level of (x x 500/n)
in KW (example of morning peak-power shaving activity). The test profile is as shown,

for example, in Figure 13.
2) Do not deliver energy for 180 min.

If the BMS or BSS is powered directly by the battery then the battery can supply this
energy also during the “off-power” period of step 2 and step 4. This amount of energy
shall be taken into account in the efficiency calculation as below (7.3 and 7.4).

3) Discharge for 180 min with constant power at the fractional power level of (x x 500/n)
in kW (example of afternoon peak power shaving activity).

4) Do not deliver energy for 60 min.
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5) Charge for not more than 840 min with a fractional power level not greater than
(x x 500/n) in kW, maximum voltage and total energy input as specified by the
manufacturer. After not more than 840 min the battery shall have reached again a
SoCqt as specified by the manufacturer. The recharge parameters shall be reported in

Table 1.

6) Return to 1) and perform 1) to 5) seven times to sequentially generate the test data
according to 7.3 followed by those according to 7.4 and 7.5. See also Figure 4.

600

Daily recharge at constant power [
of (v x 500/n) KW maximum
for 840 min maximum to appropriate '.:
energy and SoCgy level -

400

Repetitiv
duty cycle routine
24 h maximum

1600 720 840 960 1080 12001320 1440 1560

-200

Power in kW from/to FSB

¢ 2747h duration
peak-power shaving duty cycle

-400

-600

Time in minutes

IEC

Figure 13 — Daily peakspower shaving service test routine profile (6.4)

If the TOB voltage in i)_exceeds the manufacturer’s defined limits of operating voltages
then the energy delivery’or acceptance capability of TOB, and by derivation that of the
FSB, shall be considered degraded.

The cycling shall then be stopped and an attempt made to restore the capability of the
TOB according'to the manufacturer’s specification. The details of this operation to recover
the energy_storage capability shall be reported in Table 1.

A new sgt,of operations g) through i) shall then be initiated. If the test object battery TOB
voltage. in i) exceeds the manufacturer's defined operating voltage limits again within
seven*sequences i) items 1) to 5) (= 1 week), then the energy delivery capability of the
JOB, and by derivation that of the FSB, shall be considered irreversibly degraded and the
TOB as having reached the end of its service life. Otherwise the cycle sequence
described in sequence i) shall be continued until the next occurrence of exceeding a
limiting value as described in i).

n)

0)

%))

The endurance of the TOB, in a particular application scenario, is defined by the total
number of completed sequences of i) items 1) to 5) before end-of-service life according to
l) is reached.

The energy efficiency during these endurance test segments shall be determined
according to 7.3 and 7.4 and reported in Table 6 and Table 7 respectively.

The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.4, this endurance test shall be
resumed at g) and carried out by ignoring section 6) and n) and o) until the TOB is
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declared irreversibly degraded or the battery manufacturer has demonstrated the declared
service life of the FSB design with a robust extrapolation of the energy acceptance and
delivery capability, over time, of the TOB.

6.5 Test for endurance in photovoltaic energy storage, time-shift service

The test conditions are as follows:

) which is ahlg to

1) accept daily photovoltaic energy at a constant power level of either 3 kW and 1,5 kW
or 30 kW and 15 kW as per j) within the battery operating voltage limits specified by
the manufacturer and when the battery is thermally equilibrated at an ambient air
temperature of +25 °C,

2) deliver the stored photovoltaic energy at power levels of 3 kW or 30 kW, and

3) tolerate such energy transfers every day without exceeding the wmanufacturer’s
specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a FSB.
This value is termed n.

c) The manufacturer shall define the fraction of power (3/n) kW, 0r/(30/n) kW such a cell,
module or stack will accept and deliver when it is part of the FSB and this battery meets
the conditions of 1) to 3) in 6.5 a).

d) The manufacturer shall assemble with x of such cells,. modules or stacks the appropriate
TOB having at least

1) four (4) cells in series (only if these cells are commercialized individually),
or

2) one or more modules with at least four (4). cells in series,

or

3) one stack with at least four (4) flew)cells in series,

and incorporate the relevant BMS-~and BSS peripherals.

e) When a battery based EES system with different power capabilities and/or energy content
requires testing for compliance with this part of IEC 61427, then such a choice is
acceptable provided that alt other provisions are fulfilled and this deviation is stated in the
test documentation.

f) The actual energy.content £ (in kWh) of this TOB, after the manufacturer specified full
charge and thefmal equilibration in air at +25 °C + 3 K ambient temperature, shall be
determined with-.a constant power discharge at the (x x 3/n) or (x x 30/n) kW power level to
the final vQltage Uy,, or to the BMS mandated discharge limit as specified by the

manufacturer so as to generate the data as required in 7.2.
g) The TQB shall then be fully recharged according to the manufacturer’s specifications.

h) The*TOB shall then be discharged to such a target operational state of charge (SoCqt) so

that it can accept the fractional power and energy levels without exceeding the
manufacturer’s specified operating voltage limits.

Tl £ 4+ o Ll PR P 4 + i l 'y £ o (O O A | | pu |
) e TIrarmuTacturcT —STidim TCpuUT T S tdiryo T upTTliauulTar StatTc U LiTalyt \\JU\JOT} TCVTT alld

ways to achieve it in Table 1.

j)  The TOB battery shall then be submitted, at an ambient temperature of +25 °C +3 K, to a
sequence of discharge/open-circuit/charge events defined in 1) through 5). The minimum
and maximum battery voltage and the cumulative discharged and charged capacity (in Ah)
and energy (in kWh) of the TOB shall be monitored and recorded.

1) Charge for 240 min with constant power at the fractional power level of (x x 3/n) or
(x x 30/n) KW (photovoltaic energy storage activity). The test profile is as shown, for
example, in Figure 14 and Figure 15.
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2)

3)

Charge for 120 min with constant power at the fractional power level of 0,5(x x 3/n) or
0,5(x x 30/n) kW (photovoltaic energy storage activity).

Do not receive or deliver power for 60 min.

NOTE The two-step constant power PV energy storage profile reflects in part the somewhat bell-shaped
profile of the energy output of solar cells during the day.

If the BMS or BSS is powered directly by the battery then this energy can be supplied
by the battery also during the “off-power” period of step 3_This amount of energy shall

5)

6)

be taken in account in the efficiency calculation as below (7.3 and 7.4).

Discharge with constant power at the fractional power level of (x x 3/n) or (x x 30/n) KW
(stored photovoltaic energy use activity) until the manufacturer specified final voltage
(Utinal), SoCqt (%) or discharged energy (kWh) or capacity (Ah) level is reached and
the battery can again accept, during the next daylight period, PV energy, for the

duration and power levels defined in 1) and 2) above. The discharge parameters shall
be reported in Table 1.

At the termination of the discharge as per 4), do not receive or deliver power for the
remaining time to 1 440 min (24 h) elapsed cycle time.

Return to 1) and perform 1) to 5) seven times to sequentially. generate the test data
according to 7.3 followed by those according to 7.4 and 7.5~Se€é also Figure 4.

Daily PV energy storage >4 .
in two steps at constant-power 24/h duration PV energy
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-2 constant power of (xx3/n) kKW ————
to appropriate SoC level in
N 1020 min maximum
-3
. -4
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IEC

Figure 14 — Daily photovoltaic energy storage time-shift
service test routine (6.5) — 3 kW
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Figure 15 — Daily photovoltaic energy storage time-shift
service test routine (6.5) — 30 kW

If the TOB cannot accept the specified en€rgy at the power level defined in j) without
exceeding the manufacturer’'s defined eperating voltage limits, then the energy storage
capability of the TOB, and by derivation, that of the FSB, shall be considered degraded.

The cycling shall then be stopped and an attempt made to restore the capability of the
TOB according to the manufacturef’s specification. The details of this operation to recover
the energy storage capability shall be reported in Table 1.

A new set of operations j) shall then be initiated. If the test TOB voltage in j) exceeds the
manufacturer’s defined operating voltage limits again within seven sequences j) items 1)
to 5) (1 week), then thé&.energy acceptance capability of the TOB, and by derivation that of
the FSB, shall be considered irreversibly degraded and the battery as having reached the
end of its service\life. Otherwise the cycle sequence described in sequence j) shall be
continued until the next occurrence of exceeding a limiting value as described in k).

The enduranee of the TOB, in a particular application scenario, is defined by the total
number ef.completed sequences of j) items 1) to 5) before end-of-service life according to
m) is reached.

The -energy efficiency during these endurance test segments shall be determined
according to 7.3 or 7.4 and reported in Table 6 and Table 7, respectively.

The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

q)

At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.5, this endurance test shall be
resumed at g) and carried out ignoring section 6) and o) and p) until the TOB is declared
irreversibly degraded or the battery manufacturer has demonstrated the declared service
life of the FSG designs with a robust extrapolation of the energy acceptance and delivery
capability, over time, of the TOB.
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7 Battery properties and electrical performance

71 Declaration of the system properties

The key features of the full-sized battery (FSB) and test object battery (TOB) of 6.2 through
6.5, as available from the manufacturer or determined experimentally, shall be reported in
Tables 1, 2, 3 and 4 with appropriate accuracy.
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Table 1 — Summary of endurance test related electrical property
data of the full-sized (FSB) and the test object (TOB) battery
Battery of subclause
Properties Unit
6.2 6.3 6.4 6.5 6.5
Declared FSB capability KW ﬁogotg 180 to 360 500 3 30
Declared energy content £ in kWh of KW 00 180 00 3 30
the FSB at the indicated power level KWh
FSB formed of n cells, modules or
stacks "
TOB formed of (x x 1/n) cells, 5
modules or stacks
Manufacturer’s specified method to . . . ) )
achieve full charge of the TOB n/a Describe Describe Describe Describe Describe
Minimum (U,,;,) and maximum (U, ,.) min
operating voltage of TOB
Vmax
Fractional discharge power level in kW
x x kW/n and actual energy content £
in kWh of the TOB when discharged kWh
according to subclauses 6.x item f) v
and 7.2 at +25 °C + 3 K ambient
temperature to Uy, or to the BMS BMS
mandated discharge limit Yes
No
Total number of endurance
sequences i) or j) achieved with the
TOB until the end-of-life limit of item No.
I) or m) in subclauses 6.x was
reached
Target operational state of charge %
level (SoC;) of TOB as a percentage KW
of the actual energy content £ and n/a
ways to achieve it in the endurance \
test of 6.2, 6.3 and 6.5 i
Manufacturer recommended(SoC; kW
maintenance procedure(fon the TOB KWh
used in 6.2 j) 8) and 6:3 j) 8)
i / / /
(Values a or t or &, "kW, kWh and min n'a n'a n'a
time) No.
Profile a, b%er c Profile
. . %
Peaképower shaving duty 6.4 i)
recharge parameters of the TOB as kW
specified by the manufacturer - n/a n/a n/a n/a
min
(Values of SoCq, kW, time, V)
. . %
PV energy storage time-shift duty
6.5 j) 4) discharge parameters of the kW
TOB as specified by the manufacturer - n/a n/a n/a
min
(Values of SoCOT, kW, time, V)
\Y
Method to recover the energy storage | kW
capability of the TOB as used in 6.x 1) v
or k) and as specified by the
manufacturer min
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Battery of subclause

6.2 6.3 6.4 6.5 6.5

Properties Unit

Endurance and performance tests
carried were carried out on » number No.
of TOB’s

TOB operated with a dedicated BMS Yes
and/or BSS No

Table 2 — Summary of physical dimension data of the full-sized battery (FSB)

Battery of subclause

Properties Unit
6.2 6.3 6.4 6.5 6.5

Declared FSB capability kW | 500 to 1 000 | 180 to 360 500 3 30

Battery (FSB) — operated with a Yes
dedicated BMS and/or BSS No

Battery (FSB) — projected footprint P
with BMS and BSS installed

Battery (FSB) — weight with BMS K
and BSS installed 9

Battery (FSB) — height with BMS
and BSS installed

Table 3 — Summary description/of the full-sized battery (FSB)

Battery of subclause

Properties Unit

6.2 6.3 6.4 6.5 6.5

Declared FSB capability kW | 500sto 1 000 | 180 to 360 500 3 30
Battery chemistry n/a
Brand or model name nfa
Type designation n/a
Manufacturer n/a
Hardware and software gersion n/a
Any other useful infarmation n/a

Table 4 —- Summary description of the test-object battery (TOB)

The required description shall allow understanding of the test object battery (TOB) by listing and illustrating its
design features and characteristics so as to be able to extrapolate its performance to that of the full-sized
battery (FSB).

TOB of 6.2 (Description) (Add pages)
TOB of 6.3 (Description) (Add pages)
TOB of 6.4 (Description) (Add pages)
TOB of 6.5 3 kW (Description) (Add pages)
TOB of 6.5 30 kW (Description) (Add pages)
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7.2 Determination of energy content at +25 °C ambient temperature
The discharge performance data of the TOB thermally equilibrated at +25 °C + 3 K ambient

temperature shall be determined and reported. These data shall be cogenerated during the
execution of the endurance tests of 6.2 through 6.5 and item f).

The test shall be carried out with a TOB and its subsystems of the size identified in 5.3 and
the data reported in Table 5.

Table 5 — Summary of the constant power discharge performance
of the TOB at an ambient temperature of +25 °C £+ 3 K

Battery of subclause

Properties Unit
6.2 6.3 6.4 6.5 6.5

Declared discharge power
capability of the full-sized battery | kW 500 180 500 3 30
(FSB)
Fractional discharge power level kW
x x kW/n and actual energy
content £ in kWh of the TOB —

when discharged at +25 °C + 3 K Vv
ambient temperature to Uy ., or

BMS mandated (Yes/No) Yes
discharge termination No

TOB open-circuit voltage at
+25 °C = 3 K ambient
temperature and fully-charged \Y
prior to the discharge with
constant power

TOB final discharge voltage
(Ufinal)

TOB voltage after 10 % of the
duration of the constant power \%
discharge

TOB voltage after 50 % of the
duration of the constant power W
discharge

Current after 10 % of the duration
of the constant power discharge

Current at Uy, ., or at thesBMS
mandated dischargettermination

Total duration of the constant
power dischargejto Uy ., or to the

BMS mandated discharge
termination

min

Actuakenergy E discharged from

the TOB L

Actual capacity discharged from
the TQR dllring the determination AR

of energy content £

7.3 Determination of the energy efficiency during endurance tests at +25 °C ambient
temperature

The energy storage efficiency of the TOB shall be determined at +25 °C + 3 K ambient
temperature and reported. These data shall be cogenerated during the execution of the
endurance tests of 6.2 through 6.5 starting with item g) and over 840, 210, 7 and 7 repetitions
of sequence i) (6.4) or j) (6.2, 6.3 and 6.5), respectively.
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The test shall be carried out with a TOB and its subsystems of the size identified in 5.3 and as
shown schematically in Figure 16.

The energy storage efficiency factor 5 is defined as the ratio between net energy discharged
(i.e. the difference of discharged energy and the auxiliary (BMS/BSS) energy consumption
during the discharge phase) and the total charged energy (i.e. the sum of the charged energy
and the auxiliary (BMS/BSS) energy consumption during the charge phase) according to the
formula

_ Eout _ Edischarge _Eaux,discharge

Ein Echarge + Eaux,charge

——— = = = =

Battery I
L~ I management
f system T=25°C+3K
BMS
Wh | | | [
Battery
I support
system I
BSS
Cells ormodules or
stacks I
- m e i) des = EEE I .
| ]
} "
Wh
Power conversion system
N

I I I IEC

Figure 16 — Schematic view of the location of the two sets of energy values
(energy to auxiliaries and energy to and from TOB) to be used for the determination

of the energy storage efficiency factor »

This value shall be calculated, from the gathered data, at the beginning and advantageously
also toward the end of the endurance test, to track efficiencies during the course of the
endurance test and reported in Table 6.
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Table 6 — Summary of energy efficiencies determined
in endurance tests at an ambient temperature of +25 °C + 3 K
Battery of subclause
Properties Unit

6.2 6.3 6.4 6.5 6.5
Declared FSB capability kW 500 to 1 000 | 180 to 360 500 3 30
Number of endurance test
sequences 1) or |) over which the
energy efficiency factor n is to be| No. 840 210 7 7 7
determined according to 6.2, 6.3,
6.4, 6.5

Actual number of endurance test
sequences i) or j) over which the
energy efficiency factor 5 has
been determined

No.

Energy consumed by the BMS
and BSS of the TOB during the
reported number of endurance kWh
test sequences i) or j) at +25 °C
+ 3 K ambient temperature

Energy charged into the TOB
during the reported number of
endurance test sequences i) orj)| kWh
at +25 °C + 3 K ambient
temperature

Energy discharged from the TOB
during the reported number of
endurance test sequences i) orj)| kWh
at +25 °C + 3 K ambient
temperature

Energy efficiency factor 5 at the
beginning of the endurance test

n/a
— Eout _ Edischarge_ aux,discharge
Ein Echarge + Eaux,charge
Energy efficiency factor 5 at the
end of the endurance test
n/a

_ Eou: _ Edischarge_ aux,discharge

Ein Echarge + Eaux,charge

NOTE The energy efficiencies are tied to the intrinsic electrochemical reaction efficiencies during discharge and
charge, the energy_ consumed by the auxiliaries and the charging strategy used to maintain the required SoC of

the battery.

7.4 Determination of the energy efficiency during endurance tests at the minimum
and maximum ambient temperature

Tthevenergy storage efficiency of the TOB shall be determined at the manufacturer specified
minimum and maximum ambient temperature at which the battery is operable and performs

arcnrdina +n cnanifind ra~irFamAantc
ST COTroOmgto—Sp et eaTequmr et eSSt

the endurance tests of 6.2 through 6.5 starting with item g) and over 840, 210, 7 and 7
repetitions of sequence i) (6.4) orj) (6.2, 6.3 and 6.5), respectively.

Theoca data chall ha caaonaratad Auirina tha avaciitinn ~Af
St St I e Co gt e ratCt—aurm g e X ecot o1

The test shall be carried out with a TOB and its subsystems of the size identified in 5.3 and
the data reported in Table 7.

a) Prior to the test, the TOB, including any external electrolyte volumes, shall be kept for
24 + 1 h at the manufacturer’s specified minimum ambient temperature within a range of
+ 3 K. This may be achieved by placing the TOB into a temperature-controlled cabinet
with forced airflow or other equivalent means.
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b)

c)

If the temperature limits differ between that admissible during charge or discharge, then a
unique value suitable for both conditions may be chosen.

While still in the cabinet, the TOB shall, starting with item g) of the endurance test
subclause, be submitted to a number of endurance test sequences i) or j) as specified
below:

Subclause 6.2 = 840, Subclause 6.3 = 210, Subclause 6.4 = 7, Subclause 6.5=7

During the execution of test sequences i) or j), the SoCA stabilization conditions of profile

d)

e)

g)

h)

a, b or ¢ shall be adapted, according to the manufacturer's specifications, in such a way.
that the required SoCq level is also reached/maintained at this low ambient temperature:

These conditions shall be reported in Table 8.

At the conclusion of the low-temperature cycle test, the TOB shall be fully ceharged
according to the manufacturer's specifications.

Prior to the test, the TOB, including any external electrolyte volumes, shall then be kept
for 24 + 1 h at the manufacturer’s specified maximum ambient temperatureiwithin a range
of + 3 K. This may be achieved by placing the TOB into a temperature-controlled cabinet
with forced airflow or other equivalent means.

While still in the cabinet, the TOB, starting with item g) of the endurance test clause, shall
be submitted to a number of endurance test sequences i) or j) as specified below:

Subclause 6.2 = 840, Subclause 6.3 = 210, Subclause 6.4 = 7%, Subclause 6.5=7

During the execution of test sequences i) or j), the SoCgy'stabilization conditions of profile

a, b or ¢ shall be adapted, according to the manufacttrer's specifications, in such a way
that the required SoCqop level is also reached/maintained at this high ambient

temperature. These conditions shall be reported.in-Table 9.
The energy storage efficiency factor 4 shall be determined with the formula

Eout Edischarge - Eaux,discharge
]7 = =
Ein Echarge + Eaux,charge

for each of the two temperatures during the relevant and applicable endurance tests and
reported in Table 7.
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Table 7 — Summary of energy efficiencies determined in endurance
cycle tests at the minimum and maximum ambient temperature

Battery of subclause

Properties Unit

6.2 6.3 6.4 6.5 6.5
Declared FSB capability kW 500 to 1 000 | 180 to 360 500 3 30
Number of endurance test
SEqUENCES 1) or J) over which the
energy efficiency factor 7 is to No. 840 210 7 7 7
be determined according to 6.2,
6.3, 6.4, 6.5

Actual number of endurance test
sequences i) or j) over which the
energy efficiency factor 5 has
been determined

Energy consumed by the BMS kWh
and BSS of the TOB during the .

reported number of endurance Crin
sequences i) or j) at minimum

No.

and maximum ambient kWh

temperature o
p Cmax
kWh

Energy charged into the TOB
during the reported number of °Crrin
endurance sequences i) or j) at
minimum and maximum ambient | kWh
temperature °c

kWh

Energy discharged from the
TOB during the reported number | °C;,
of endurance sequences i) or j)
at minimum and maximum kWh

ambient temperature

oCmax
Energy efficiency factor 5 at
minimum ambient temperature
n/a
_ Eout _ Edischarge_ aux,discharge
Ein Echarge +Eaux,charge
Energy efficiency factor 5 at
maximum ambient temperature
n/a

_ Eout _ Edischarge_ aux,discharge

Ein Echarge + Eaux,charge
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Table 8 — Parameters to achieve and maintain the target operational
state of charge, SoCgy, during tests at the minimum ambient temperature

Battery of subclause
Properties Unit
6.2 6.3 6.4 6.5 6.5
Declared FSB capability kW 500 to 1 000| 180 to 360 500 3 30
Minimum (U_. ) and maximum
(U,,ax) OPerating voltage of TOB at X
minimum ambient temperature
SoC, of TOB as a percentage of %
the actual energy content £ and kW
ways to achieve it in the endurance n/a
test of 6.2, 6.3 and 6.5 at minimum \
ambient temperature i
kW
Manufacturer recommended SoC
maintenance procedure for the TOB kWh
used in 6.2 j) 8) and 6.3 j) 8) min n/a n/a n/a
Values a or ¢ or K, kW and time) No
Profil b
rofile a, b or ¢ Profile
Peak-power shaving duty 6.4 item i) %
5) recharge parameters of the TOB
as specified by the manufacturer kW
. n/a nla n/a n/a
(Values of SoC, kW, time, V) min
at minimum ambient temperature \%
PV energy storage time-shift duty %
6.5 j) 4) discharge parameters of the
TOB as specified by the kW
manufacturer i n/a n/a n/a
(Values of SoCOT, kW, time, V)
V
at minimum ambient temperature
Method to recover the energy kW
storage capability of the TOB used
in 6.x I) or k) and as specified by the v
manufacturer
. . min
at minimum ambient temperature
TOB operated with a dedicated BMS Yes
and/or BSS No
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Table 9 — Parameters to achieve and maintain the target operational state
of charge, SoCqy, during tests at the maximum ambient temperature

Battery of subclause
Properties Unit
6.2 6.3 6.4 6.5 6.5
Declared FSB capability kW 500 to 1 000 | 180 to 360 500 3 30
Minimum (U_. ) and maximum
(Upax) OPerating voltage of TOB .
at maximum ambient temperature
SoCq) of TOB as a percentage of %
the actual energy content £ and kW
ways to achieve it in the endurance n/a
test of 6.2, 6.3 and 6.5 at maximum v
ambient temperature i
kW
Manufacturer recommended SoC
maintenance procedure for the TOB kWh
used in 6.2 j) 8) and 6.3 j) 8) min n/a n/a n/a
Values a or ¢ or K, kW and time) No
Profil b
rofile a, b or ¢ Profile
Peak-power shaving duty 6.4 i) 5) %
recharge parameters of the TOB as
specified by the manufacturer kW
. n/a n/a n/a n/a
(Values of SoC, kW, time, V) min
at maximum ambient temperature \
PV energy storage time-shift duty %
6.5 j) 4) discharge parameters of
the TOB as specified by the kW
manufacturer min n/a n/a n/a
(Values of SoCOT, kW, time, V)
\Y
at maximum ambient temperature
Method to recover the energy kW
storage capability of the TOB used
in 6.x 1) or k) and as specified by v
the manufacturer
. . min
at maximum ambient tempgerature
TOB operated with axdedicated BMS Yes
and/or BSS No

7.5 _Determination of waste heat generated during endurance tests at the maximum
ambient temperature

Batteries generate heat when they are in idle state or are being charged and discharged. This
Heat results from electrochemical reaction _enthalpy changes, resistive losses, and from the

energy conversion inefficiencies of secondary systems such as the BMS and BSS.

The amount of energy wasted, and released as heat, by the TOB shall be determined at the
maximum ambient temperature and reported. These data shall be cogenerated during the
execution of the tests in 6.x and 7.4 at the maximum ambient temperature.

The test shall be carried out with a TOB and its subsystems of the size identified in 5.3.
Particular attention shall be placed on the correct scalability of the TOB waste heat value to
that of a FSB.
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Figure 17 — Schematic view of the location of the two sets of energy values

(energy torauxiliaries and energy to and from battery) to be used for
the\determination of the amount of waste heat generated

The amount af heat generated shall be obtained from the integration of the absolute energy
values as shown in Figure 17. The integration shall be carried out over defined endurance test
sequenceshi) and j) as specified in 7.4 and the waste energy value, E,, (in kWh), calculated

with the(formula below and reported in Table 10.

Ey = Z Esupp + zEcharge - ZEdischarge

where

ESUpp

E

charge

Edischarge

is the energy supplied to the BMS/BSS,

is the energy charged into the battery,

is the energy discharged from the battery.

NOTE 1 1 000 Wh of energy correspond to 895 kcal or 3,6 MJ; 1 000 W of power correspond to 895 kcal/h or

3,6 MJ/h.
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Table 10 — Summary of energy released as heat during
endurance tests at the maximum ambient temperature
Battery of subclause
Properties Unit
6.2 6.3 6.4 6.5 6.5

Declared FSB capability kw 500 to 1 000 | 180 to 360 500 3 30
Number of endurance test
Sequences ) over which the
waste energy value, E,, is to be No. 840 210 7 7 7
determined according to 6.2,
6.3, 6.4, 6.5

Actual number of endurance test
sequences i) or j) over which the

waste energy value, E,, factor No.
has been determined

Energy consumed (A) by the kWh
BMS and BSS of the TOB during

the reported number of .
endurance sequences i) or j) at Cnax
maximum ambient temperature

Energy charged (B) into the kWh
TOB during the reported number

of endurance sequences i) or j) .

at maximum ambient Crax

temperature

Energy discharged (C) from the kWh
TOB during the reported number
of endurance sequences i) or j) .

at maximum ambient Crax
temperature

Net energy released as heat by kWh
the TOB over the reported test
sequences i) or j) MJ

EW=A+ch kcal

Comments and remarks
concerning potential heat n/a
release scalability issues

NOTE 2 The energy inputinto BMS and BSS is assumed to result in a 100 % conversion into heat.

The energy loss/heat release values are intended as guidance only and are not constant over
an energy transfer cycle. The time dependency of heat generation intensity should be taken in
consideration'when cooling or heating infrastructure is dimensioned.

7.6 Determination of energy requirements during periods of idle state at +25 °C
ambient temperature

Batteries require energy during periods of idle state to compensate for the self-discharge
losses and cater for the energy needs of the BMS and BSS.

A battery in “idle state” is ready to deliver and absorb energy on demand with a reaction time
as required by the application.

NOTE 1 Such reaction time may vary from few milliseconds (i.e. within the duration of a half sine wave of a.c.
current) to several seconds.

The energy needed by the TOBs, when kept in idle state, shall be determined and reported.

The test shall be carried out with a TOB and its subsystems of the size identified in 5.3.
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The energy required (in kWh) to keep the TOB in the idle state as defined above, shall be
determined over 30 days and at +25 °C + 3 K ambient temperature for each TOB of 6.2
through 6.5. This shall be done by physically monitoring

a) the amount of charge energy needed to keep the TOB at the SoCy level appropriate for
the test sequence i) or j) of the application scenario (6.2 through 6.5),

and

b) ihe elecirical energy consumed by the auxiliaries such as BMS and BSS so to keep ihe
TOB at the SoCqt level appropriate for duty cycle i) or j) of the application scenario (6.2

through 6.5),

and the data reported in Table 11. See also Figure 18.

I I I IS B S S i) - I
I Battery
management
F>—t— Systom 7=25°C + 3K I
BMS
Wh I I
I Battery
support  [——| I
I system
BSS
Cells.or modules or
I stacks I
N S . S - F EEE I .
[
I
Power conversion system
NS

IEC

Figure T8 — Schematic view of the Tocation of the two seis of energy values (energy to
auxiliaries and energy to battery) to be used for the determination of the energy
requirements during periods of idle state of the battery
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Properties

Unit

Battery of subclause

6.2

6.3

6.4

6.5

6.5

Declared FSB capability

kW

500 to 1 000

180 to 360

500

30

Duration of time over which

maintenance energy value E, is
to be determined

days

30

Actual duration of time over
which maintenance energy value
E\, has been determined

days

Energy consumed (A) by the
BMS and BSS of the TOB during
reported number of days in idle
state at +25 °C £ 3 K ambient
temperature so to maintain the
mandated SoC; for endurance

test purposes

kWh

Energy charged (B) into the
TOB during reported number of
days in idle state at +25 °C +

3 K ambient temperature so to
maintain the mandated SoCg;

for endurance test purposes

kWh

Net maintenance energy
required by the TOB in idle state
over the reported period.

Ey=A+B

and per day

kWh

kWh
per day

NOTE The energy requirement values obtained at +25 °C may differ at the higher or lower ambient temperatures.
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Annex A
(informative)

Battery-related hazards

A.1 General

Batteries intended for electrical energy storage can be a source of dangerous voltages,
elevated uncontrollable electrical currents and hazardous and toxic chemicals.

The hazards presented by such batteries have been given the necessary attention atthe cell
and module levels during their development and the product qualification tests. The' individual
battery product standards bear witness to these efforts and their consultation 'is highly
recommended.

However, the sheer size and complexity of the planned battery systems{and their associated
controls make it necessary to conduct a hazard analysis very early in_the planning stage to
assess such hazards and risks.

Several |IEC standards such as |IEC 60812, IEC 61025, the IEC 61508 series,
IEC 60730-1 (Annex H) and other relevant functional safety»standards and methods (FTA,
FMEA) can be used for such assessments.

This assessment should be carried out, prior to product procurement, in close collaboration
with the battery manufacturer, the battery system~builder and integrator and the future EES
system operator.

A.2 Examples

A non-exhaustive list of hazard sotitces and events is listed in Tables A.1 and A. 2. Their
occurrence is tied to the chemistry, the design of the cells and of the full-sized battery and
battery plant.

Table A.1 — Non-exhaustive listing of potential battery-related hazards
to be-taken in consideration in risk assessment activities

Examples of hazards caused by the battery itself

Emission of combustible, toxic or explosive gases

Emission of combustible, toxic or corrosive liquids

Ejection-of-combustible or toxic solids

Graound) short currents

Fire or explosions

Heat damage and associated personal injuries

Loss of system functionality

Electrical arcs and shocks
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Table A.2 — Non-exhaustive listing of potential installation-related
hazards to be taken in consideration in risk assessment activities

Examples of external hazards impacting on the battery

Loss of air-conditioning and battery cooling

Loss of battery room ventilation

Loss of battery heating controls

Loss of battery voltage control functions

Over-discharge of cells due to a ground fault

Overcharge due to control function loss, data drift or software error

Overcurrent due to control function loss, shunt calibration error or drift

Short-circuit in control and diagnostic cabling on the battery

Massive shorts in the power cabling from the battery to the PCS or to the d.c. load

Loss of BMS/BSS functions

Seismic events

Fire in immediate vicinity of the battery

Sprinkler action, drip-water exposure and flooding

Crushing of cells due to rack or building collapse

Vandalism and theft

Operator errors

Improper disposal and recycling of cells and modules
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Annex B
(informative)

Supplemental test profile for frequency regulation duty service

B.1 General

The batteries in on-grid electrical energy storage (EES) applications provide and accept t
energy needed to maintain the mains frequency within specified limits. This exchang
energy results in multiple charge and discharge events per hour in the electrochen’&
active masses of the battery. The order, intensity and duration of these events influe§6bs the
stability and activity of the involved active mass structures and hence the endura of the

batteries. N

O
This additional test procedure for evaluating battery performance under fre@mcy-regulation
service, is based on data acquired by actual monitoring of a r al transmission
organization grid frequency balancing signal by Pacific Northwest Nati&hggfaboratory (PNNL)
and Sandia National Laboratories (SAND) in the USA. q/

14

The balancing signal data are reported in section 5.3.2 Frequegﬁ/ regulation duty cycle of the
document PNNL-22010 Rev 2/ SAND 2016-3078 R, ProtoctlWfor Uniformly Measuring and
Expressing the Performance of Energy Storage Systems dated April 2016. This data is
available as a spreadsheet on the IEC website court of the Pacific Northwest National
Laboratory, operated by Battelle for the U.S. De@ment of Energy. The spreadsheet,
SAND2013-7315P profile details.xlsx can be acce§§ed via TC 21 supporting documents on
the IEC website — www.iec.ch/tc21/supportingdo€dments. This information is given for the
convenience of users of this document and d not constitute an endorsement by IEC of the
data named. Q

N\

N

The complex pattern of energy exch%ﬁ}ge and the associated procedures described in
Clause B.2, can be used as a tool ’g@mplement and reinforce, as appropriate or useful, the
information on the service-induce cay of battery performance gathered with the test profile
in 6.2. The profile in 6.2 rem@§ however the required profile if product comparisons or
qualifications are carried out.A\

xO
The test and associ%%@{est profile specified in Clause B.3 is optional; it is not necessary to

r

carry it out to claim mance with this document.

However, if this@st'is carried out, it shall be executed as specified in Clause B.3.

B.2 T %nnex B profile for evaluating battery endurance in
$tequency-regulation duty

%Annex B profile consists of a sequence of 2 h average and 2 h aggressive signal levels
\Qe lecting the deviation from the grid frequency dead band and the resulting demand to deliver

Clicryy fIUIII Ul btUIU iII t;lb‘ IlettUly Uf tiIU fquucllby-lb‘guidtiUll appiibatiun. Edbil biglldi
specifies a constant power level for a duration of 4 s resulting in 1 800 signal levels per 2 h
period. The adjective of average and aggressive reflects the intensity of the energy flow to
and from the battery.

Over 24 h, the Annex B duty cycle consists of a sequence with three 2-h duration average
signal deviation levels, one 2-h duration aggressive signal deviation level, three 2-h duration
average signal deviation levels, one 2-h duration aggressive signal deviation level and four 2-
h duration average signal deviation levels. The values of average and aggressive deviation
signal level, forming the 24 h duty cycle as shown in Figure B.1, are listed in the
abovementioned spreadsheet on the IEC website.
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SOURCE: Figure reproduced from PNNL-22010 Rev 2/ SAND 2016-3078 R, wi che permission of Pacific
Northwest National Laboratory, operated by Battelle for the U.S. Department of En

Figure B.1 — 24 h sequence of the Annex B profile for a sqﬁl’emental evaluation of the
service-induced performance decay of a battery in fr% ncy-regulation service

The exchanged power 7 is normalized with respect to rated power of the EES application
where the positive value represents a discharge fron\ battery and negative value a charge
into the battery. O

The longest duration at full discharge powe@ =1,0 is 52 s. The daily averaged power level
is 30 % of the rated power capability of thia ES system. The amount of energy charged daily
into the battery (Wh-in) is equal to the mount of energy discharged (Wh-out).

This will result, due to a roundtnp i@ efficiency of < 1,0, in a slow walk-down of the battery
capacity over time requiring perigdic auxiliary charge energy input to re-establish the proper
target level of operational sta @f charge (SoCqt) required to fulfil all peak power demands.
The SoCqt level is specmtdor each type of battery and application and is specified by the
battery manufacturer. N~

.

It is recommended, gdt the machine instructions or commands for the power levels during a
full 24 h-durati uty cycle be broken down into the appropriate consecutive sequences of
2 h with 1 80§ﬂal levels each. This facilitates the upload and the execution of the power
level settin@ ructions by the control unit of the battery cycling equipment.

The @composite 24 h instruction set is the following.

the 24 h sequence

AN

- GU tU data act Uf d 2 h SCTYUTITILT at avilayc puUwcTI :CVU: alld CAUbutU DUt 3 tIIIIUD,
— Go to data set of a 2 h sequence at aggressive power level and execute set 1 time,
— Go to data set of a 2 h sequence at average power level and execute set 3 times,
— Go to data set of a 2 h sequence at aggressive power level and execute set 1 time,
— Go to data set of a 2 h sequence at average power level and execute set 4 times,

Stop the 24 h sequence.
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B.3 Test procedure
B.3.1 Annex B is informative in nature, i.e., it is given for information purposes only.

The test given in this Clause B.3 is optional; it is not necessary to carry it out to claim
conformance with this document.

However, IT this 1est IS carried out, It shall be executed as speciiied In Clause b.Js.

The procedure makes reference to the requirements in Clause 5 and Clause 6 of (E)?
document in order to provide boundary conditions comparable to those required for teﬁ?«mth
the profile in 6.2.

B.3.2 The full-sized battery (FSB) shall be selected according to 5.3 '\ meet the
bidirectional absolute power level requirements of # = 1,0 or 1 000 kW of th posite 24 h
Annex B profile at the selected initial SoCyt and within the voltage Iimi@Specified by the
manufacturer. The battery shall be operated at an ambient temperature 6D+ 25°C+3 Koras
appropriate for the battery design. q/Q

B.3.3 The manufacturer shall report how many cells, moduleﬂo stacks make up such an
FSB. This value is termed n. 9
A

B.3.4 The manufacturer shall define the fraction of poc‘f)l 1 000 / n) KW such a cell, module
or stack will deliver or accept when it is part of the F d this battery meets the condition in
B.3.2.

O

B.3.5 The manufacturer shall assemble x of such cells, modules or stacks the
appropriate test object battery (TOB) havmg@t east:

1) four (4) cells in series (only if th&) cells are commercialized individually),

or ¥

2) one or more modules that@sult in at least four (4) cells in series,
.\Q)

or )

3) one stack with at Ie’&Q four (4) flow cells in series,
and incorporate th%fe evant BMS and BSS peripherals.

B.3.6 When a attery based EES application with different power capability and/or energy
content is re to be tested in accordance with this Annex B, then such a choice is
acceptable ded that all other testing provisions are fulfilled and this deviation is stated in

the test (@ entation.

B 3. he actual energy content E (in kWh) of this TOB, after the manufacturer-specified full
and thermal equilibration in air at +25 °C + 3 K ambient temperature or as appropriate

the battery design, shall be determined with a constant power discharge at the
\Q(x 500 / n) kKW power level to the final voltage Uy, or to the BMS mandated discharge limit

as specified by the manufacturer. The energy content value is for comparison purposes as
needed in other clauses.

B.3.8 The TOB shall then be fully recharged according to the manufacturer's specifications.
B.3.9 The TOB shall then be discharged to such a SoCqy that it can repetitively deliver and

accept the fractional power and energy levels of the 24 h Annex B profile without exceeding
the manufacturer's specified operating voltage limits.
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B.3.10 The manufacturer shall report this SoCqt level, expressed as a percentage of the
actual energy content as determined in B.3.7 and ways to achieve it.

B.3.11 The TOB shall then be submitted, at an ambient temperature of +25 °C + 3 K or as
appropriate for the battery design, to a 24 h Annex B profile consisting of a sequence of
average and aggressive power level periods as described in Clause B.2. The battery voltage
and the cumulative discharged and charged capacity (in Ah) and energy (in kWh) of the TOB

shall he monitored and recorded once at the end of each 4 s constant power ngmpnf

B.3.12 After completing a 24 h Annex B test sequence, the TOB shall be immediai&
discharged for 52 s at its actual temperature with a power equivalent to (1 000 / n) kW a e
reached final voltage level monitored and recorded. Qq/

operating voltages then the energy-delivery and energy-acceptance c¢ ility under
frequency-regulation service of the TOB and by derivation that of th?\ shall be
considered degraded and the procedure B.3.14 carried out. X

N
B.3.14 The proper functioning of the battery shall be re-estatgdﬁed with a charge or
discharge whose power levels shall not exceed (1 000/ n) The voltage levels
encountered in this charge or discharge shall not exceed “upper and lower limits of
operating voltages defined for the Annex B profile. The& ditions of this performance
recovery action shall be specified by the manufacturer an take into consideration commercial
viability, contractual and timing constraints in frequency@ lation service.

B.3.13 If the TOB voltage in B.3.11 and B.3.12 exceeds the upper am@r limits of
SB,

B.3.15 Suggested metrics for the evaluation of ﬂ\e\performance of a battery in simulated
frequency-regulation service with the 24 h Anne((é%rofile sequence are:

1) Energy content level of the TOB as dete@@ed in B.3.7.

2) Voltage levels of the battery during g\h Annex B profile sequence.

3) Cumulated amount of capacity disgharged in a 24 h Annex B profile sequence from the
battery. QA

4) Cumulated amount of capa¢ity charged in a 24 h Annex B profile sequence into the
battery. K\

5) SoCgt level at the conb@sion of each 24 h Annex B profile sequence.

6) Number of 24 hé’@@éx B profile sequences carried out before conditions of B.3.13 are
encountered.

7) Plot of the%h’ieved number of Annex B profile sequences vs elapsed days in the
t.

endurancete

8) Amou gf’energy (kWh) consumed to re-establish proper functioning of the battery as per
B.3

9) tion in minutes of the B.3.14 activity before the battery returns to regular Annex B
ofile-based frequency-regulation service.

\<¢E)) Power levels in the form of a W vs time profile of the B.3.14 activity.

11) Ampere hour capacity as per B.3.7 and/or internal resistance of the battery at selected
intervals to quantify capacity or internal conductivity degradation.

12) Any battery design-specific parameter revealing its actual status of health, or inversely, its
degree of performance degradation.

B.3.16 The endurance test steps B.3.11 to B.3.14 shall be carried until the planned service
life and commercial viability of the battery in frequency-regulation service has been
demonstrated based on the data gathered and analysed as per B.3.15.
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B.4 Examples of data acquired with the 6.2 and the 24 h Annex B sequence

Figure B.2 and Figure B.3 show examples of a graphical display of selected battery data
acquired with the 6.2 c profile and the 24 h Annex B profile sequences. A same battery type
was submitted to test conditions simulating frequency-regulation duty and in both cases the
acquired data revealed charge acceptance issues.

Wihaon + tod aanth th 8.2 o ne~fil thic A~f: racotar: d by _occoalatina oo

o H aelanoyvido o = aehaora
VVITOT tCOtC T wviIth I O e Oz O PToTHCT IS GCTCTCTiCy 1o CratactCTiZzCU— oy coStaratniyg Ot oot gt

voltages which inhibit full SoCgot adaptations within the voltage window of the
frequency-regulation installation.

When tested with the Annex B sequence profile, a decaying charge acceptance and 8QCq is

observed that results in reduced operating time in frequency-regulation duty- before a
performance recovery action becomes again necessary.

If not corrected, these deficiencies impair the commercial viability of the frequency-regulation
plant equipped with this type of battery.

Evolution of battery voltage with IEC 6.2 profile

Onset of charge
acceptance problems

Battery voltage

Elapsed time (s) in IEC 6.2 cycle test IEC

Figure B.2 — Development of excessive on-charge voltage levels after about 40 days of
simulated frequency-regulation with the 6.2 c profile
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Evolution of state of charge with Annex B profile
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IEC

Figure B.3 — Decay of charge acceptance resulting, after about 20 days, in the need for
an increased number of SoCq1 recovery actions when testedwith the Annex B

sequence profile
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prepared for user convenience.

GENERAL REQUIREMENTS AND METHODS OF TESIT -
Part 2: On-grid applications

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 4EGC"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 interfiational 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, IEG’ 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 cammittees and IEC National Committees for any personal injury, property damage or
other damage of any {xature 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.

IEC draws “attention to the possibility that the implementation of this document may involve the use of (a)
patent(s)\IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect-thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 61427-2 edition 1.1 contains the first edition (2015-08) [documents 21/862/FDIS and
21/863/RVD] and its amendment 1 (2024-03) [documents 21/1179/FDIS and 21/1194/RVD].

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 61427-2 has been prepared by IEC technical committee 21:
Secondary cells and batteries.

A list of all parts in the IEC 61427 series, published under the general title Secondary cells
and batteries for renewable energy storage — General requirements and methods of test, can
be found on the IEC website.

C nirnr\fi\lnc’ Part 2.

The committee has decided that the contents of this document and its amendment 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, or

e revised.

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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SECONDARY CELLS AND BATTERIES
FOR RENEWABLE ENERGY STORAGE -
GENERAL REQUIREMENTS AND METHODS OF TEST

Part 2: On-grid applications

1 Scope

This part of IEC 61427 relates to secondary batteries used in on-grid Electrical‘-Energy
Storage (EES) applications and provides the associated methods of test for the verification of
their endurance, properties and electrical performance in such applications. Thé.test methods
are essentially battery chemistry neutral, i.e. applicable to all secondary batterytypes.

On-grid applications are characterized by the fact that batteries are iconnected, via power
conversion devices, to a regional or nation- or continent-wide elegctricity grid and act as
instantaneous energy sources and sinks to stabilize the grid’s pefformance when randomly
major amounts of electrical energy from renewable energy sources are fed into it.

Related power conversion and interface equipment is not covered by this part of IEC 61427.

2 Normative references

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

None.

3 Terms and definitions
For the purposes of thissrdocument, the following terms and definitions apply.

3.1
accuracy
<of a measurihg instrument>

qualityéwhich characterizes the ability of a measuring instrument to provide an indicated value
close.to a true value of the quantity to be measured

Note 1 to entry: This term is used in the “true” value approach.

Note 2 to entry: Accuracy is better when the indicated value is closer to the corresponding true value.

[SOURCE: IEC 60050-311:2001, 311-06-08]

3.2

accuracy class

category of measuring instruments, all of which are intended to comply with a set of
specifications regarding uncertainty

[SOURCE: IEC 60050-311:2001, 311-06-09]
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3.3
ambient temperature
average temperature of the air or another medium in the vicinity of the equipment

Note 1 to entry - During the measurement of the ambient temperature the measuring instrument/probe should be
shielded from draughts and radiant heating.

[SOURCE: IEC 60050-826:2004, 826-10-03]

3.4

maximum ambient temperature

<for battery operation> highest ambient temperature at which the battery is operabléy.and
should perform according to specified requirements

[SOURCE: IEC 60050-426:2008, 426-20-17, modified — In the definition, “trace~heating” has
been replaced with “battery”.]

3.5

minimum ambient temperature

<for battery operation> lowest ambient temperature at which the battery is operable and
should perform according to specified requirements

[SOURCE: IEC 60050-426:2008, 426-20-20, modified — Inihe definition, “trace heating” has
been replaced with “battery”.]

3.6

ampere hour

quantity of electrical charge obtained by integrating the current in amperes with respect to
time in hours

Note 1 to entry: The Sl unit for electric charge ‘issthe coulomb (1 C = 1 As) but in practice it is usually expressed
in ampere hours (Ah).

3.7

battery

two or more cells fitted with devices necessary for use, for example case, terminals, marking
and protective devices

[SOURCE: IEC 60050-482:2004, 482-01-04, modified — In the definition, “one” has been
replaced with “two™.]

3.8

battery management system

BMS

batteryymanagement unit

BMU

electronic system associated with a battery which monitors and/or manages its state,
Calculates secondary data, reports that data and/or controls its environment to influence the

patiery s perrormance and/or service life

Note 1 to entry: The function of the battery management system can be fully or partially assigned to the battery
pack and/or to equipment that uses this battery.

Note 2 to entry: A battery management system is also called a "battery management unit" (BMU).
Note 3 to entry: This note applies to the French language only.

Note 4 to entry: This note applies to the French language only.
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3.9

idle state

<of a battery system> state of a battery which is fully functional but not actively delivering or
absorbing energy

Note 1 to entry: Such a system can deliver and absorb energy on demand with a reaction time as required by the

application.
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3.10

battery support system

BSS

group of interconnected and interactive parts that perform an essential task as a component
of a battery system

Note 1 to entry: Such systems are for example electrolyte storage tanks and circulation pumps, cooling and
heating devices, exhaust gas abatement systems, fire extinguishers, spill catchment systems,\8afety barriers, racks
and similar facilities.

Note 2 to entry: This note applies to the French language only.

3.11

capacity

<of cells and batteries> quantity of electric charge which a cell or battery can deliver under
specified discharge conditions

Note 1 to entry: The Sl unit for electric charge, or quantity of‘electricity, is the coulomb (1 C = 1 As) but in
practice, capacity is usually expressed in ampere hours (Ah).

[SOURCE: IEC 60050-482:2004, 482-03-14, ,madified — In the definition, “quantity of’ has
been added.]

3.12

charging

<of a battery> operation during which a secondary battery is supplied with electric energy
from an external circuit which results in chemical changes within the cell and thus the storage
of energy as chemical energy

Note 1 to entry: A charge operation is defined by its maximum voltage, current, duration and other conditions as
specified by the manufactucer.

[SOURCE: IEC 60050-482:2004, 482-05-27, modified — Note 1 to entry has been added.]

3.13

constant power charge

<of a bafttery> operation in which the charge power input, i.e. the product of charge current
and_(charge voltage, is held constant and where the current and voltage freely adjust
according to polarization effects of the battery

314

discharge
operation by which a battery delivers, to an external electric circuit and under specified
conditions, electric energy produced in the cells

[SOURCE: IEC 60050-482:2004, 482-03-23]

3.15

constant power discharge

<of a battery> operation in which the discharge power output, i.e. the product of discharge
current and discharge voltage, is held constant and where the current and voltage freely
adjust according to polarization effects of the battery
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3.16
electrolyte
substance containing mobile ions that render it ionically conductive

Note 1 to entry: The electrolyte may be a liquid, solid or a gel.

[SOURCE: IEC 60050-482:2004, 482-02-29]

3.17

endurance

<of a battery> numerically defined performance during a given test simulating specified
conditions of service

[SOURCE: IEC 60050-482:2004, 482-03-44]

3.18

endurance test

<of a battery> test carried out over a time interval to investigate hew)the properties are
affected by the application of stated stresses and by their timé \duration or repeated
application

[SOURCE: IEC 60050-151:2001, 151-16-22, modified — “<ofla battery>" has been added
before the definition and “of an item” has been deleted from'the definition.]

3.19
energy
<of a battery> energy which a battery delivers under specified conditions

Note 1 to entry: The Sl unit for energy is the joulen(1 J =1 Ws) but in practice, energy of a battery is usually
expressed in watt hours (Wh) (1 Wh = 3 600 J).

Note 2 to entry: Such energy content is generally determined with a constant power (W) discharge.

Note 3 to entry: k or M are unit prefixesiin the metric system denoting multiplication of the unit by one thousand
(k) or one million (M).

[SOURCE: IEC 60050-482:2004, 482-03-21, modified —Notes 2 and 3 to entry have been
added.]

3.20

actual energy

<of a battery>-energy content value, determined experimentally at a defined instant of time
with a constant power discharge at a specified rate to a specified final voltage and at a
specified temperature

Note 1 _to entry: This value is expressed in watt hours (Wh) and varies over the operational cycle or life of the
battery.

321

end-of-discharge voltage

cut-off voltage

end-point-voltage

Utinal

<of a battery> specified voltage of a battery at which the battery discharge is terminated

[SOURCE: IEC 60050-482:2004, 482-03-30]
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3.22

flow cell

secondary cell characterized by the spatial separation of the electrode from the fluid volumes
which contain active materials

Note 1 to entry: The fluids, consisting of liquids, solutions, suspensions or gases, flow separately through the
electrode spaces.

Note-2 to - _aontri A _flow. caoll _in \which ong of thao aotivg mataoriale 1o daonandinag on thao coctatg of chaorag o caolid
g g 4 ) A

J
deposited on one of the electrodes, is called a hybrid flow cell.

3.23

flow battery

two or more flow cells electrically connected in series and including all componentscfor’ their
use as an electrochemical energy storage system

Note 1 to entry: The components can be tanks, pumps, thermal and battery management syste€ms, piping and
similar.

3.24

frequency regulation service

<with batteries> regulation mode of the electrical power grid with”energy drawn from or
supplied to batteries to maintain the system frequency within defined limits

Note 1 to entry: This balancing of the temporal variations of grid frequenCy occurs typically over time periods of
the order of seconds to minutes.

3.25

full charge

<of a battery> state of charge wherein the battery has been completely charged in accordance
with the manufacturer’s recommended charging)conditions.

3.26

full-sized battery

FSB

complete battery that meets the\ absolute requirements of power capability and energy
content, as defined in the respective endurance test clauses

Note 1 to entry: This battery is“an assembly of n cells, modules or stacks and is equipped with the relative BMS
and BSS as needed.

Note 2 to entry:  This note applies to the French language only.

3.27

laboratory test

<of a battery> test made under prescribed and controlled conditions that may or may not
simulatefield conditions

[SOURCE: IEC 60050-192:2015, 192-09-05]

3.28

load following service
<with batteries> regulation mode of the electrical power grid with energy drawn from or
supplied to batteries to compensate for temporary variations in load demand

Note 1 to entry: This balancing of the temporary variations of grid load demand occurs typically over time periods
of the order of a few minutes to one hour.

3.29

module

standardized and interchangeable assembly of cells connected in series and/or parallel and
associated hardware designed for easy assembly into a commercial battery
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3.30

operating voltage range

operating voltage limits

<of a battery> voltage range, as declared by the manufacturer, in which the battery is to be
operated and performs according to specifications

3.31
maximum operating voltage

upper voltage limit

Umax
<of a battery> upper limit of the voltage range in which the battery is operable and performs
according to specifications

3.32

minimum operating voltage

lower voltage limit

Umin

<of a battery> lower limit of the voltage range in which the battery is_operable and performs
according to specification

3.33

peak-power shaving service

load levelling service

<with batteries> process of energy demand management consisting of supplementing the
energy in a localized power grid, during periods of excessive demand or instantaneous high
electricity costs, with energy drawn from a battery

Note 1 to entry: The energy utilized to “shave off” the démand peak is recharged into the battery in periods of low
energy demand or cheap energy supply.

Note 2 to entry: This demand peak-shaving activity.lasts typically over time periods of one to several hours.

3.34

PV energy storage time-shift service

<with batteries> process of energy demand management consisting of storing photovoltaic
energy in a battery for a time deferred release into a localized power grid

Note 1 to entry: This energy-demand management occurs typically with a 24 h day/night rhythm.

3.35

performance

<of a batterys+characteristics defining the ability of the battery to achieve the intended
function

[SOURCE: IEC 60050-311:2001, 311-06-11, modified — In the definition, “measuring
instrument” has been replaced with “battery”.]
3:36

— performance test

test carried out to determine the electrical characteristics of a battery

3.37

secondary cell

<electrochemical> basic manufactured unit of an electrochemical system capable of storing
electric energy in chemical form and delivering that electrical energy back by reconversion of
its stored chemical energy.

[SOURCE: IEC 60050-811:1991, 811-20-01, modified]
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3.38
service life
<of a battery> total period of useful life of a cell or battery in operation

Note 1 to entry: For secondary cells and batteries, the service life may be expressed in time, number of
charge/discharge cycles, or total throughput in ampere hours (Ah).

[SOURCE: IEC 60050-482:2004, 482-03-46, modified — Note 1 to entry has been deleted.]

3.39

maximum service temperature

maximum operating temperature

maximum permissible temperature

<of a battery> highest temperature which the battery is allowed to attain in normal use as a
result of ambient temperatures, induced heat and heat caused by the battery itself

[SOURCE: IEC 60050-442:1998, 442-06-41, modified — In the definition, “conhecting device”
has been replaced with “battery”.]

3.40

minimum service temperature

minimum operating temperature

minimum permissible temperature

<of a battery> lowest temperature which the battery is allowed to attain in normal use as a
result of ambient temperatures and forced cooling

3.41

stack

<of a flow battery> two or more flow cells connected in series or in parallel with associated
electrical connections and fluid piping

3.42

state of charge

SoC

<of a battery> amount of stored”charge in ampere hours (Ah) or energy in watt hours (Wh)
related to the actual capacity,or energy content

Note 1 to entry: This definition is applicable throughout and only to this part of IEC 61427.
Note 2 to entry: State.of Charge is expressed as a percentage.

Note 3 to entry: /This note applies to the French language only.

3.43

target operational state of charge

SOCOT

<ofia'battery> pre-defined state of charge to which the energy storage system is driven by a
controller or BMS under pre-defined conditions

Note 1 to entry: This SoC, is to be attained or/and maintained when bidirectional energy transfers to and from
the battery are to be achieved within set voltage and SoC limits.

Note 2 to entry: State of charge is expressed as a percentage.

Note 3 to entry: SoCg; is typically the desired or recommended average operating SoC during the specified

application scenario. It is selected to improve electrical energy storage (EES) system performance and/or improve
the EES system service life in the specified application.
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3.44

test

<of a battery> technical operation that consists of the determination of one or more
characteristics of a given battery according to a specified procedure

Note 1 to entry: A test is carried out to measure or classify a characteristic of a property of a battery by applying
to the battery a set of environmental and operating conditions and/or requirements.
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3.45
test object
item submitted to a test, including any accessories, unless otherwise specified

[SOURCE: IEC 60050-151:2001, 151-16-28]

3.46

test object battery

TOB

assembly of x x 1/n units consisting of cells, modules or stacks of the full-sized battery (FSB),
which when assembled in » units, form the FSB which meets) the absolute requirements of
power capability and energy content as defined in the respective endurance test clauses

Note 1 to entry: The test object battery (TOB) is fully representative of the full-sized battery (FSB) in terms of
scalability so that obtained test results can be generalized accurately to the FSB.

Note 2 to entry: The TOB is equipped with the relative BMS and BSS as needed.

Note 3 to entry: This note applies to the French languageonly.

3.47

time-shift service

<with batteries> process of energy demmand management consisting in providing to the grid, at
suitable moments, energy stored in batteries at times of ample production or weak demand

Note 1 to entry: This supplying of energy to the grid occurs over time periods typically of the order of a few hours,
days or even seasons.

4 General considerations

The supply of energy from renewable energy sources such as wind, solar radiation or tidal
forces is characterized by a high degree of intermittency and a low degree of predictability.
When their‘output is fed into the power transmission and distribution grid, overload and
instability-conditions may develop which make it highly desirable to use rechargeable
batteriesto temporarily store this energy and then release it in a controlled fashion to smooth
and'stabilize the flow of power in the grid.

Such instabilities and imbalances in power grids may also result when insufficient power

generation capability 1S present.

The aim of this part of IEC 61427 is to advise and guide future system operators to identify
and select suitable rechargeable batteries for grid-connected electrical energy storage (EES).
This process will be aided by a set of common test methods that quantify the capability of
battery systems of different chemistries and designs in a particular application scenario.

The requirements for battery endurance and electrical performance are linked to the specific
EES scenarios to be implemented for the management of excess energy in the grid and the
associated capital and operating expenditures for such an installation.
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These requirements, expressed as energy efficiency, service life, cumulated energy
throughput, installation space and similar, are highly variable since they are eminently
application-scenario related and furthermore strongly tied to local costs/benefits and payback
time considerations.

Therefore, this part of IEC 61427 does not define these requirements but offers instead test
methods to determine and compare the endurance and electrical performance of the
candidate storage systems.

All EES batteries have to exhibit safe behaviour. Proper design and associated qualification
testing by the battery manufacturers shall ensure this at all levels from the cell to the oyerall
system level.

An informal listing of hazards associated with batteries and battery installations is\included in
this part of IEC 61427. This list should help in the assessment of the possible réactions of the
batteries when they are exposed to abnormal and abusive service conditions.

5 General test conditions

5.1 Accuracy of measuring equipment
5.1.1 Voltage measurements

The instruments used shall be of an accuracy class of at’least 0,5 (%) or better.

5.1.2 Current measurements

The instruments used shall be of an accuracy<lass of at least 0,5 (%) or better.

NOTE Particular attention has to be given to ‘the accuracy of current measurement and current-over-time
integration devices as any degraded accuracy“or instability can negatively impact the effectiveness of SoC
stabilization routines.

5.1.3 Temperature measurements

The instrument used shall have a resolution of 0,5 K. The accuracy of the instrument shall be
+2 K or better.

5.1.4 Time measurements

The instrumentwsed shall have a resolution of 1 s and an accuracy of 0,1 % of the measured
time interval.

5.2 Test object considerations

Thisypart of IEC 61427 and the resulting test results are intended to assist the future operator
of an electrical energy storage system in the selection of the most suitable battery for the
farget application by providing comparable data of candidate systems.

The battery system to be tested shall include the cells or modules or stacks and, when they
are essential for the operation of the battery, the battery management system (BMS) and
battery support systems (BSS).

The boundary of this battery system is outlined by the dotted line in Figure 1.
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Battery
management
system
BMS
T Full-sized
/ battery
(FSB)

Battery according to

support  |— IEC 61427 -2
system

BSS

Cells or modules or
stacks

Power conversion system

IEC
Figure 1 — Boundary of the full-sized battery (FSB)

Power conversion systems and components and associated interfaces are not within the
scope of this part of IEC 61427 and are .not necessarily present when the tests, according to
Clauses 6 and 7, are carried out.

5.3 Test object battery selection and size considerations

The battery systems offered by the manufacturers for on-grid electric energy storage reflect
the intrinsic constraints of‘each cell chemistry and design as well as the specific needs of the
target application or service. Such batteries range typically from a few kilowatts to up to
50 MW in power capability and up to 100 MWh in energy content. No common size
exemplifying each prespective cell chemistry is yet available.

When the manufacturer or end-user carries out the testing of a battery system to generate
data in compliance with this part of IEC 61427, freedom shall be granted to choose that
design, . model and size which is most suitable for yielding the endurance and electrical
performance needed for the selected application or service. These applications or services
are ‘exemplified by the endurance tests specified in 6.2 through 6.5. These battery sizes and
layouts may vary from one cell chemistry or application to another.
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Actual manufacturer defined full-sized

g battery (FSB) formed of n cells, modules

Step 1 or stacks and meet;r;g the requirements

of clause 6.2 and/or 6.3
and/or 6.4 and/or 6.5
Actual manufacturer defined
test object battery (TOB)
Step 2 for the determination tests
according to 6.x and\7x

IEC

Figure 2 — Two-step selection process of the testobject battery (TOB)

In order to assure the generation of comparable test datd, the following constraints shall be
respected.

Throughout this part of IEC 61427 the relevantbatteries are defined as below.

Full-sized battery (FSB) — The FSB shall-cOnsist of the complete battery that meets the
absolute requirements of power capability“and energy content as defined in 6.2 or 6.3 or
6.4 or 6.5, as applicable. This batterymay be an assembly of n cells, modules or stacks
and shall be equipped with the relevant BMS and BSS as needed. Thus up to five different
FSBs may be defined.

Test object battery (TOB) = The TOB and its associated BMS and BSS shall be
representative of each of the FSBs above in terms of scalability of endurance and
performances so that testresults can be extrapolated accurately and hence demonstrate
the performance of theESB. The TOB shall be an assembly of x x 1/n cells, modules or
stacks as present in'the above FSB. The minimum number x is defined in the relevant test
clause. Unless otherwise specified, all the tests shall be carried out on this TOB.

The steps to define this TOB are outlined in Figure 2.

All the TOB? utilized for the verification of the behaviour in the selected application
service, as-exemplified by test 6.2 or 6.3 or 6.4 or 6.5, shall be of the same size, design
and features. No ad-hoc adaptation of the design, just to meet a particular test
envinonment, is permitted.

Any BMS and BSS essential for the operation of the TOB shall be included.

Only those endurance tests for which the battery is designed/specified shall be carried
out.

5.4

When an available battery-based EES system with different power capability and/or
energy content requires testing for compliance with the clauses of this part of IEC 61427,
then such a choice is permitted provided that all other provisions are fulfilled and this
deviation is stated in the test documentation.

Test plan

The following provisions apply.

The tests for the verification of the suitability of a battery, for a particular application
scenario, shall be accomplished with not more than two individual and identical TOBs.
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e TOB 1 shall be used to carry out the relevant endurance test 6.2 or 6.3 or 6.4 or 6.5 and
the associated nested performance tests 7.2 through 7.5. See also Figure 3, Figure 4 and
Figure 5.

‘ Select EES service condition ‘
I 1

| Select FSB ‘

=
Select TOB
| |

Cogenerated @ 1' ' ' !
test data ! | i |
,,,,,4;, :;7‘: -:‘;
5 | ! | Performance
: 3 ; 3 — fest-data
@—————vjlf— R e B e e B e EIEE =

Enduranée @Test clauses
test data

IEC

Figure 3 — Workflow for the determination of endurance properties and electrical
performance of the TOB as governed by the sequence of
test data-generation within 6.2 to 6.5

6.2 - 6.3 -6.4-6.5 Endurance test

7.2 7.3 7.4 7.4 7.5 6.x
Actual energy Energy efficiency Energy efficiency Energy efficiency Heat generation Endurance test
content at 25 °C at 25°C at min. ambient at max. ambient at max. ambient continuation

- —ptemperature  _Ljtemperature  _LlLjtemperature  _Llyat25°C

IEC

NOTE 1 The 'details of the performance test are specified in 7.2 through 7.5.
NOTE 2{_The performance tests 7.2 to 7.5 are sequential and combined with the relevant endurance test.

NOIEL3" The test profile used in the performance tests 7.3 to 7.5 is that of the relative endurance test.

Figure 4 — Sequence of performance tests carried out

U U A

e TOB 2 shall be used to carry out the low-stress-level performance test 7.6 (Energy
requirement in idle state), which could precede any endurance test allowing ultimately to
reduce the number of TOBs, per application scenario verification, to a single TOB. The
number of TOBs eventually used shall be reported in Table 1.

e Subclause 7.1 requires the summarizing of data and does not require an additional TOB.

e The test conditions of 7.4, and associated subclause 7.5, keep the TOB within acceptable
thermal stress levels at the manufacturer’s specified lowest and highest ambient
temperatures. At these temperatures the battery is declared operable by the manufacturer
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and performs according to specified requirements; thus, no additional TOB is needed for
these tests.

e The manufacturer shall carry out only those endurance tests for which the FSB, and by
derivation the TOB, has been designed/specified.

e An endurance test can be terminated at any moment when the battery manufacturer has
demonstrated the declared service life of the FSB design with a robust extrapolation of the
energy acceptance and delivery capability, over time, of the TOB.

e Relevant changes in materials and design of an FSB which impact endurance or
performance shall be evaluated for their bearing on the test results in Clauses 6 and 7 _By
repeating the tests most likely to be impacted by the change.
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Fully recharge the battery according to the
> manufacturer’s specifications

Discharge the battery to the manufacturer’'s
specified SoCort level for on-grid energy
storage service

¥

Detfine the test-object battery (1OB) as x x 1/n of
the FSB and the fractional power levels yyy/n and
in pertinent zzz/n in kKW

v

Determine the actual energy content of the TOB in
kWh with a constant power discharge of x x yyy/n
kW at +25 °C to the manufacturer specified final

voltage Ufinal or BMS limit

v

Fully recharge the battery according to the
manufacturer’s specifications

Discharge the battery to the manufacturer’'s
specified SoCorT level for on-grid energy storage
service.

Declare this SoCorT level and report how to attain
and monitor it

Define the appropriate manufacturer’s specified

upper Umax and lower Umin voltage limits not to be
exceeded during endurance cycle test

v

Select and declare the appropriate

SoCoT maintenance routine relevant for the
invoked endurance test clause

Carry out the constant power discharge/charge
cycle routine relevant for the invoked
endurance test clause

L 2

Monitor and record

Umax, Umin, elapsed cycles
Energy and capacity input andjoutput

Endurance

Any limit
NO cycle life exceeded again
demonstrated in a set Nr of

? cycles?

Record total number of cycles achieved
Pronounce the battery at the end of its service
life

L

L» Report the total number of endurance duty cycles <
- achieved/carried out
Carry out the constant power discharge/ charge
cycle routine relevant for the invoked endurance L *
test clause and once the therein-nested
performance test 7.2 through 7.5 Utilize the recorded energy input and output data
* for clause 7.x properties determinations
Monitor and record *
Umax, Umin, elapsed cycles
Energy and capacity input and output STOP
endurance test
- Stop endurance cycle routine and
Any spec_lfl(?d carry out the manufacturer’s specified routine to
voltage limit o
exceeded? recover the.energy. storage capability
Report details of this recovery method
NO Endurance YES
cycle life
demonstrated?
IEC

Figure 5 — Workflow and decision tree for endurance tests 6.2 through 6.5
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6 Battery endurance

6.1 General

The endurance tests in this part of IEC 61427 are intended to determine the suitability of the
battery design to accept and deliver energy under experimental conditions that reproduce in a
simplified way the duty the battery will be expected to perform in on-grid energy storage
applications.

The key stress factors in such a service are

a) the charge and discharge power levels per available energy content,
b) the operation in a state of charge (SoC) of less than 100 %, and

c) the large number of duty cycles to be accomplished over the service life.

The test conditions are formulated to quantify the battery endurance in the following four
application scenarios: frequency-regulation, load-following, peak-power shaving and
photovoltaic energy storage time-shift duty.

The highly random energy transfer to and from the battery inf on-grid energy storage is
simulated with more simplified energy exchange routines.

It is recognized that the individual energy exchange routinés chosen may not replicate exactly
all the service conditions in the field, which is typical of {aboratory tests.

The regular use of these tests, for product develepment and for qualification purposes, will
nevertheless guide the manufacturer and EES{system operator in developing and selecting
the proper battery.

Since the publication of this document)in 2015, details of a complex pattern of energy
exchange in frequency-regulation duty, at 4 s intervals and over a 24 h period, have been
published by Pacific Northwest National Laboratory (PNNL) and Sandia National Laboratories
(SAND) in the PNNL-22010 Rev 2ASAND 2016-3078 R Report.

In Annex B (informative) details of this energy exchange profile are made available for
evaluating, if useful, the service-induced decay of battery performance also with a more
randomized usage pattern compared to that offered by the symmetric 6.2 profile.

6.2 Test for endurance in frequency-regulation service
The test conditions are as follows.

a) The-manufacturer shall select and define a full-sized battery (FSB) which is able to

1) ssupply and accept continued 500 kW and 1 000 kW constant power pulses as per j)
within the battery operating voltage limits specified by the manufacturer and when the
battery is thermally equilibrated at an ambient temperature of +25 °C, and

2) tUiCldtb bubil ClIciyy tlallafblb |||uitipic tilllcb Pl iIUUI cllluI 24“ |94 day VVit;lUut
exceeding the manufacturer’s specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a FSB.
This value is termed n.

¢) The manufacturer shall define the fraction of power (500/n) kW and (1 000/n) kW such a
cell, module or stack will deliver or accept when it is part of the FSB and this battery
meets the conditions of 1) to 2) in 6.2 a).

d) The manufacturer shall assemble with x of such cells, modules or stacks the appropriate
TOB having at least

1) four (4) cells in series (only if these cells are commercialized individually),
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or
2) one or more modules that result in at least four (4) cells in series,
or
3) one stack with at least four (4) flow cells in series,
and incorporate the relevant BMS and BSS peripherals.

When a battery based EES system with different power capability and/or energy content

g)
h)

requires testing for compliance with this part of IEC 61427, then such choice is acceptable
provided that all other provisions are fulfiled and this deviation is stated in the test
documentation.

The actual energy content £ (in kWh) of this TOB, after the manufacturer specified" full
charge and thermal equilibration in air at +25 °C + 3 K ambient temperatures,'shall be
determined with a constant power discharge at the (x x 500/n) kW power levekto“the final
voltage Uy, OF to the BMS mandated discharge limit as specified by the manufacturer so

as to generate the data as required in 7.2.
The TOB shall then be fully recharged according to the manufacturer’'s-specifications.

The TOB shall then be discharged to such a target operational state of charge (SoCqt)
that it can repetitively deliver and accept the fractional powerand energy levels without
exceeding the manufacturer’s specified operating voltage limits.

The manufacturer shall report this target operational state of charge (SoCgy) level,
expressed as a percentage of the actual energy content ‘as determined in f), and ways to
achieve it in Table 1.

The TOB shall then be submitted, at an ambient temperature of +25 °C + 3 K, to a
continuous sequence of discharge/charge pulses defined in 1) through 8) and associated
SoCqt adjustment profiles a or b or ¢c. The minimum and maximum battery voltage and the

cumulative discharged and charged capagity (in Ah) and energy (in kWh) of the TOB shall
be monitored and recorded.

1) Discharge for 2 min with constantpower at the fractional power level of (x x 500/n) in
kW.

2) Discharge for 1 min with cohstant power at the fractional power level of (x x 1 000/n) in
kW.

3) Charge for 2 min with constant power at the fractional power level of (x x 500/r) in kKW.

4) Charge for 1 min with constant power at the fractional power level of (x x 1 000/n) in
kW.

5) Discharge.for 1 min with constant power at the fractional power level of (x x 1 000/r) in
kW.

6) Discharge for 2 min with constant power at the fractional power level of (x x 500/n) in
KW,

70~Charge for 1 min with constant power at the fractional power level of (x x 1 000/x) in
kW.

8) Charge for

Z min with constant power at the iractional power level of (x x 500/z  a) in KW Where a
is the additional power i.e. energy needed to maintain the target operational state of
charge SOCqt. The manufacturer shall specify and report the value a in Table 1. The
value of (x x 500/n + a) in kW shall be equal to or less than (x x 1 000/r) in kW (see,
for example, Figure 6 — Profile a).

or
(2 + ¢) min with constant power at the fractional power level of (x x 500/n) in kW where

t is the additional time of charge needed to maintain the target operational state of
charge SOCyt. The manufacturer shall specify and report the value ¢ (see, for

example, Figure 7 — Profile b) in Table 1.
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or

2 min with constant power at the fractional power level of (x x 500/x) in kW and every
K cycles, i.e. number of completed pulse discharge and charge cycles, 1 through 8,
carry out a SoCqt maintenance charge with a power not larger than (x x 1 000/x) in
kW and a duration as specified by the manufacturer. The manufacturer shall specify
and report the value K and the power level and duration of this SoCqyr maintenance
charge (see, for example, Figure 8 — Profile c) in Table 1.

Return to 1) and perform 1) to 8) 840 times to sequentially generate the test data
according to 7.3 followed by those according to 7.4 and 7.5. See also Figure 4.
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Figure 6 — Frequency regulation service test routine profile (6.2) — Profile a
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Figure 7 — Frequency regulation service test routine profile (6.2) — Profile b
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Figure 8 — Frequency regulation service test routine profile (6.2) — Profile c

If the TOB voltage in j) exceeds the manufacturer’s defined limits of operating voltages
then the energy delivery or acceptance capability of the TOB, and by derivation that of the
FSB, shall be considered degraded. Figure 9 gives a schematic view of the evolution of
battery voltage.
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Figure 9 — Schematic view of the evolution of battery voltage over time
during cycling with constant power discharge and charge pulses

) The cycling shall then be .stopped and an attempt made to restore the capability of the
TOB according to the manufacturer’s specification. The details of this operation to recover
the energy storage capability shall be reported in Table 1.

m) A new set of operations h) through j) shall then be initiated. If the TOB voltage in j)
exceeds the manufacturer’s defined operating voltage limits again within 120 sequences j)
items 1) to 8) (=24 h), then the energy delivery or acceptance capability of the TOB, and
by derivation.that of the FSB, shall be considered irreversibly degraded and the TOB as
having reached the end of its service life. Otherwise the cycle sequence specified in

sequence)j) shall be continued as specified or until the next occurrence of exceeding a
limiting\value as described in k).

n) The“endurance of the TOB, in a particular application scenario, is defined by the total

Aumber of completed sequences of j) items 1) to 8) before end-of-service life according to
m) is reached.

n) The energy pffir‘ipnr‘y dnring these endurance test segments shall bhe determined

according to 7.3 or 7.4 and reported in Table 6 and Table 7, respectively.

p) The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

q) Ifinj) the SoCyt maintenance is achieved with the profile ¢), then the integration duration

shall be adapted in such a manner that at least one such SoCyt maintenance charge
event c) is included.

ry At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.2, this endurance test shall be
resumed at g) and carried out by ignoring section 9) and o), p) and q) until the TOB is
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declared irreversibly degraded or the battery manufacturer has demonstrated the declared
service life of the FSB design with a robust extrapolation of the energy acceptance and
delivery capability, over time, of the TOB.

See Annex B for supplemental test profile for frequency regulation duty service.

6.3 Test for endurance in load-following service

I'he test conditions are as follows.

a) The manufacturer shall select and define a full-sized battery (FSB) which is able to

1) supply and accept continued 180 kW and 360 kW constant power pulses as-per j)
within the battery operating voltage limits specified by the manufacturer and when the
battery is thermally equilibrated at an ambient air temperature of +25 °C, and

2) tolerate such energy transfers multiple times per hour and 24 h per _Jday without
exceeding the manufacturer’s specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a FSB.
This value is termed n.

c) The manufacturer shall define the fraction of power (180/n) kW/and (360/n) kW such a
cell, module or stack will deliver or accept when it is part, ofi.the FSB and this battery
meets the conditions of 1) to 2) in 6.3 a).

d) The manufacturer shall assemble with x of such cells, modules or stacks the appropriate
TOB having at least

1) four (4) cells in series (only if these cells are cgmmercialized individually),
or

2) one or more modules with at least four (4 cells in series,

or

3) one stack with at least four (4) flow)cells in series,

and incorporate the relevant BMS-and BSS peripherals.

e) When a battery based EES system with different power capability and/or energy content
requires testing for compliance with this part of IEC 61427, then such choice is acceptable
provided that all other provisions are fulfilled and this deviation is stated in the test
documentation.

f) The actual energy. Content £ (in kWh) of this TOB, after the manufacturer specified full
charge and thefmal equilibration in air at +25 °C + 3 K ambient temperature, shall be
determined with.a constant power discharge at the (x x 180/n) kW power level to the final
voltage Uyngi-or to the BMS mandated discharge limit as specified by the manufacturer so

as to generate the data as required in 7.2.
g) The TOB shall then be fully recharged according to the manufacturer’s specifications.
h) The TOB shall then be discharged to such a target operational state of charge (SoCqq)

that it can repetitively deliver and accept the fractional power and energy levels without
exceeding the manufacturer’s specified operating voltage limits.

1) The manufacturar chall ranart thic tarnat Anaratinnal otata Af ~rharana (SAC > leval
H HRe—Hahdaetdrer—Shar—Fepot—HS—afFgetr—oepeatoRar—State—or—6harge— o0 og)—eves

expressed as percentage of the actual energy content as determined in f), and ways to
achieve it in Table 1.

j) The TOB battery shall then be submitted, at an ambient temperature of +25°C £3K, to a
continuous sequence of discharge/charge pulses defined in 1) through 8) and associated
SoCqt adjustment profiles a or b or c. The minimum and maximum battery voltage and
the cumulative discharged and charged capacity (in Ah) and energy (in kWh) of the TOB
shall be monitored and recorded.

1) Discharge for 8 min with constant power at the fractional power level of (x x 180/n) in
kW.
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2)

3)
4)
5)

Discharge for 4 min with constant power at the fractional power level of (x x 360/x) in
kW.

Charge for 8 min with constant power at the fractional power level of (x x 180/n) in kW.
Charge for 4 min with constant power at the fractional power level of (x x 360/n) in kKW.

Discharge for 4 min with constant power at the fractional power level of (x x 360/xr) in
kW.

0)

7)
8)

Discharge tor ¢ min with constant power at the fractional power level of (x x 180/n) In
kW.

Charge for 4 min with constant power at the fractional power level of (x x 360/n) in KW.
Charge for

8 min with constant power at the fractional power level of (x x 180/n + a) in kW where a
is the additional power, i.e. energy needed to maintain the target operational state of
charge (SoCqt). The manufacturer shall specify and report the value a.in"Table 1. The

value of (x x 180/n + a) in kW shall be equal to or less than (x x 360/x) in kW (see, for
example, Figure 10 — Profile a).
or

(8 + ¢) min with constant power at the fractional power leve] lof (x x 180/n) in kW where
t is the additional time of charge needed to maintain/the target operational state of
charge (SoCgt). The manufacturer shall specify and“report the value ¢ (see, for

example, Figure 11 — Profile b) in Table 1.
or

8 min with constant power at the fractional power level of (x x 180/xn) in kW and every
K cycles, i.e. number of completed pulse, discharge and charge cycles 1) through 8),
carry out a SoCqt maintenance charge with a power not larger than (360/x) in kW and

a duration as specified by the manufacturer. The manufacturer shall specify and report
the value K and the power level and duration of this SoCyt maintenance charge (see,

for example, Figure 12 — Profiles¢c) in Table 1.

Return to 1) and perform 1)-to 8) 210 times to sequentially generate the test data
according to 7.3 followed-by those according to 7.4 and 7.5. See also Figure 4.
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Figure 12 — Load-following service test roufine profile (6.3) — Profile ¢

If the TOB voltage in j) exceeds the manufacturer's defined limits of operating voltages,
then the energy delivery or acceptance capability of the TOB, and by derivation that of the
FSB, shall be considered degraded.

The cycling shall then be stopped and an attempt made to restore the capability of the
TOB according to the manufacturer’s\specification. The details of this operation to recover
the energy storage capability shatkbe reported in Table 1.

A new set of operations h) through j) shall then be initiated. If the test TOB voltage in j)
exceeds the manufacturer's‘defined operating voltage limits again within 60 sequences j)
items 1) to 8) (= 48 h), then the energy delivery or acceptance capability of the TOB, and
by derivation that of the“FSB, shall be considered irreversibly degraded and the TOB as
having reached the-gnd of its service life. Otherwise the cycle sequence specified in
sequence j) shali-be continued until the next occurrence of exceeding a limiting value as
described in k).

The endurance of the TOB, in a particular application scenario, is defined by the total
number ofsecompleted sequences of j) items 1) to 8) before end-of-service life according to
m) is reached.

Theé/energy efficiency during these endurance test segments shall be determined
according to the provisions of 7.3 or 7.4 and reported in Table 6 and Table 7, respectively.

The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

If in j) the SoCqt maintenance is achieved with the profile c), then the integration duration
shall be adapted in such a manner that at least one such SoCqr maintenance charge
event c) is included.

At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.3, this endurance test shall be
resumed at g) and carried out by ignoring section 9) and o), p) and q) until the TOB is
declared irreversibly degraded or the battery manufacturer has demonstrated the declared
service life of the FSB design with a robust extrapolation of the energy acceptance and
delivery capability, over time, of the TOB.



https://iecnorm.com/api/?name=2f888cd193bfe96d16d4881ad0bac772

FINAL VERSION - 30 - IEC 61427-2:2015+AMD1:2024 CSV
© IEC 2024

6.4 Test for endurance in peak-power shaving service
The test conditions are as follows.

a) The manufacturer shall select and define a full-sized battery (FSB) which is able to

1) supply multiple 500 kW constant power discharge pulses as per 6.4 i) within the
battery operating voltage limits specified by the manufacturer and when the battery is
thermally equilibrated at an ambient air temperature of +25 °C, and

2) tolerate such energy transfers every day without exceeding the manufacturer’s
specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a{ESB.
This value is termed n.

c) The manufacturer shall define the fraction of power (500/n) kW such a cell, ‘mo6dule or
stack will deliver or accept when it is part of the FSB and this battery meets<he conditions
of 1) to 2) in 6.4 a).

d) The manufacturer shall assemble with x of such cells, modules or stagks the appropriate
TOB having at least
1) four (4) cells in series (only if these cells are commercialized individually),
or
2) one or more modules with at least four (4) single cells in|series,
or
3) one stack with at least four (4) flow cells in serijes,
and incorporate the relevant BMS and BSS peripherals.

e) When a battery based EES system with different power capability and/or energy content
requires testing for compliance with this)part of IEC 61427, then such a choice is
acceptable provided that all other provisions are fulfilled and this deviation is stated in the
test documentation.

f) The actual energy content E (in kWh) of this TOB, after the manufacturer specified full
charge and thermal equilibration ‘in air at +25 °C + 3 K ambient temperature, shall be
determined with a constant pdwer discharge at the (x x 500/n) kW power level to the final
voltage Uy, OF to the BMS.mandated discharge limit as specified by the manufacturer so
as to generate the data as required in 7.2.

g) The TOB shall then be-fully recharged according to the manufacturer’s specifications.

h) The manufacturér,shall report the target operational state of charge (SoCgt) level and
ways to achieve.it in Table 1.

i) The TOB battery shall then be submitted, at an ambient temperature of +25 °C + 3 K, to a
sequence) of discharge/open-circuit/charge events defined in 1) through 5) without
exceeding the manufacturer’s specified operating voltage limits. The minimum and
maximum battery voltage and the cumulative discharged and charged capacity (in Ah) and
energy (in kWh) of the TOB shall be monitored and recorded.

1) Discharge for 180 min with constant power at the fractional power level of (x x 500/n)
in KW (example of morning peak-power shaving activity). The test profile is as shown,

for example, in Figure 13.
2) Do not deliver energy for 180 min.

If the BMS or BSS is powered directly by the battery then the battery can supply this
energy also during the “off-power” period of step 2 and step 4. This amount of energy
shall be taken into account in the efficiency calculation as below (7.3 and 7.4).

3) Discharge for 180 min with constant power at the fractional power level of (x x 500/n)
in kW (example of afternoon peak power shaving activity).

4) Do not deliver energy for 60 min.
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5) Charge for not more than 840 min with a fractional power level not greater than
(x x 500/n) in kW, maximum voltage and total energy input as specified by the
manufacturer. After not more than 840 min the battery shall have reached again a
SoCqt as specified by the manufacturer. The recharge parameters shall be reported in

Table 1.

6) Return to 1) and perform 1) to 5) seven times to sequentially generate the test data
according to 7.3 followed by those according to 7.4 and 7.5. See also Figure 4.
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Figure 13 — Daily peakspower shaving service test routine profile (6.4)

If the TOB voltage in i)_exceeds the manufacturer’s defined limits of operating voltages
then the energy delivery’or acceptance capability of TOB, and by derivation that of the
FSB, shall be considered degraded.

The cycling shall then be stopped and an attempt made to restore the capability of the
TOB according'to the manufacturer’s specification. The details of this operation to recover
the energy_storage capability shall be reported in Table 1.

A new sgt,of operations g) through i) shall then be initiated. If the test object battery TOB
voltage. in i) exceeds the manufacturer's defined operating voltage limits again within
seven*sequences i) items 1) to 5) (= 1 week), then the energy delivery capability of the
JOB, and by derivation that of the FSB, shall be considered irreversibly degraded and the
TOB as having reached the end of its service life. Otherwise the cycle sequence
described in sequence i) shall be continued until the next occurrence of exceeding a
limiting value as described in i).

n)

0)

9]

The endurance of the TOB, in a particular application scenario, is defined by the total
number of completed sequences of i) items 1) to 5) before end-of-service life according to
l) is reached.

The energy efficiency during these endurance test segments shall be determined
according to 7.3 and 7.4 and reported in Table 6 and Table 7 respectively.

The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.4, this endurance test shall be
resumed at g) and carried out by ignoring section 6) and n) and o) until the TOB is
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declared irreversibly degraded or the battery manufacturer has demonstrated the declared
service life of the FSB design with a robust extrapolation of the energy acceptance and
delivery capability, over time, of the TOB.

6.5 Test for endurance in photovoltaic energy storage, time-shift service

The test conditions are as follows:

) which is ahlg to

1) accept daily photovoltaic energy at a constant power level of either 3 kW and 1,5 kW
or 30 kW and 15 kW as per j) within the battery operating voltage limits specified by
the manufacturer and when the battery is thermally equilibrated at an ambient air
temperature of +25 °C,

2) deliver the stored photovoltaic energy at power levels of 3 kW or 30 kW, and

3) tolerate such energy transfers every day without exceeding the wmanufacturer’s
specified operating voltage limits.

b) The manufacturer shall report how many cells, modules or stacks make up such a FSB.
This value is termed n.

c) The manufacturer shall define the fraction of power (3/n) kW, or/(30/z) kW such a cell,
module or stack will accept and deliver when it is part of the FSB and this battery meets
the conditions of 1) to 3) in 6.5 a).

d) The manufacturer shall assemble with x of such cells, modules or stacks the appropriate
TOB having at least

1) four (4) cells in series (only if these cells are commercialized individually),
or

2) one or more modules with at least four (4). cells in series,

or

3) one stack with at least four (4) flew)cells in series,

and incorporate the relevant BMS-~and BSS peripherals.

e) When a battery based EES system with different power capabilities and/or energy content
requires testing for compliance with this part of IEC 61427, then such a choice is
acceptable provided that alt other provisions are fulfilled and this deviation is stated in the
test documentation.

f) The actual energy.content £ (in kWh) of this TOB, after the manufacturer specified full
charge and thefmal equilibration in air at +25 °C + 3 K ambient temperature, shall be
determined with-.a constant power discharge at the (x x 3/n) or (x x 30/n) kW power level to
the final vQltage Uy,, or to the BMS mandated discharge limit as specified by the

manufacturer so as to generate the data as required in 7.2.
g) The TQB shall then be fully recharged according to the manufacturer’s specifications.

h) The*TOB shall then be discharged to such a target operational state of charge (SoCqt) so

that it can accept the fractional power and energy levels without exceeding the
manufacturer’s specified operating voltage limits.

Tl £ 4+ o Ll PR P 4 + i l 'y £ o (O O A | | pu |
) e TIrarmuTacturcT —STidim TCpuUT T S tdiryo T upTTliauulTar StatTc U LiTalyt \\JU\JOT} TCVTT alld

ways to achieve it in Table 1.

j) The TOB battery shall then be submitted, at an ambient temperature of +25 °C +3 K, to a
sequence of discharge/open-circuit/charge events defined in 1) through 5). The minimum
and maximum battery voltage and the cumulative discharged and charged capacity (in Ah)
and energy (in kWh) of the TOB shall be monitored and recorded.

1) Charge for 240 min with constant power at the fractional power level of (x x 3/n) or
(x x 30/n) KW (photovoltaic energy storage activity). The test profile is as shown, for
example, in Figure 14 and Figure 15.
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2)

3)

Charge for 120 min with constant power at the fractional power level of 0,5(x x 3/n) or
0,5(x x 30/n) kW (photovoltaic energy storage activity).

Do not receive or deliver power for 60 min.

NOTE The two-step constant power PV energy storage profile reflects in part the somewhat bell-shaped
profile of the energy output of solar cells during the day.

If the BMS or BSS is powered directly by the battery then this energy can be supplied
by the battery also during the “off-power” period of step 3_This amount of energy shall

5)

6)

be taken in account in the efficiency calculation as below (7.3 and 7.4).

Discharge with constant power at the fractional power level of (x x 3/n) or (x x 30/n) KW
(stored photovoltaic energy use activity) until the manufacturer specified final voltage
(Utinal), SoCqt (%) or discharged energy (kWh) or capacity (Ah) level is reached and
the battery can again accept, during the next daylight period, PV energy, for the

duration and power levels defined in 1) and 2) above. The discharge parameters shall
be reported in Table 1.

At the termination of the discharge as per 4), do not receive or deliver power for the
remaining time to 1 440 min (24 h) elapsed cycle time.

Return to 1) and perform 1) to 5) seven times to sequentially. generate the test data
according to 7.3 followed by those according to 7.4 and 7.5~Se€é also Figure 4.

Daily PV energy storage >4 .
in two steps at constant-power 24/h duration PV energy

storage duty cycle

Repétitive
24 hduty cycle routine

C 180 360 900 1080 1260 1440 1620

Daily PV energy consumption
discharge in one step at

Constant power in kW from/to FSB

-2 constant power of (xx3/n) kKW ————
to appropriate SoC level in
N 1020 min maximum
-3
. -4

Time in minutes

IEC

Figure 14 — Daily photovoltaic energy storage time-shift
service test routine (6.5) — 3 kW
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Daily PV energy storage .
in two steps at constant-power 24 h duration PV energy

storage duty cycle i

k)

P)

Repetitive
24 h duty cycle routine

(§ 180 360 J0 900 1080 1260 1440 1620

-10 |

Daily PV energy consumption
discharge in one step at
constant power of (x x 30/n) KW ——
to appropriate SoC level in ¢

1020 min maximum

Constant power in kW from/to FSH

-20 +

-30 +

-40

Time in minutes

IEC

Figure 15 — Daily photovoltaic energy storage time-shift
service test routine (6.5) — 30 kW

If the TOB cannot accept the specified en€rgy at the power level defined in j) without
exceeding the manufacturer’'s defined eperating voltage limits, then the energy storage
capability of the TOB, and by derivation, that of the FSB, shall be considered degraded.

The cycling shall then be stopped and an attempt made to restore the capability of the
TOB according to the manufacturef’s specification. The details of this operation to recover
the energy storage capability shall be reported in Table 1.

A new set of operations j) shall then be initiated. If the test TOB voltage in j) exceeds the
manufacturer’s defined operating voltage limits again within seven sequences j) items 1)
to 5) (1 week), then thé&.energy acceptance capability of the TOB, and by derivation that of
the FSB, shall be considered irreversibly degraded and the battery as having reached the
end of its service'life. Otherwise the cycle sequence described in sequence j) shall be
continued until the next occurrence of exceeding a limiting value as described in k).

The enduranee of the TOB, in a particular application scenario, is defined by the total
number ef.\completed sequences of j) items 1) to 5) before end-of-service life according to
m) is reached.

The -energy efficiency during these endurance test segments shall be determined
according to 7.3 or 7.4 and reported in Table 6 and Table 7, respectively.

The heat generation at the maximum ambient temperature during the endurance test
segment shall be determined according to 7.5 and reported in Table 10.

q)

At the completion of the determination of energy efficiencies and heat generation
according to 7.3, 7.4 and 7.5 within the endurance test 6.5, this endurance test shall be
resumed at g) and carried out ignoring section 6) and o) and p) until the TOB is declared
irreversibly degraded or the battery manufacturer has demonstrated the declared service
life of the FSG designs with a robust extrapolation of the energy acceptance and delivery
capability, over time, of the TOB.
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7 Battery properties and electrical performance

71 Declaration of the system properties

The key features of the full-sized battery (FSB) and test object battery (TOB) of 6.2 through
6.5, as available from the manufacturer or determined experimentally, shall be reported in
Tables 1, 2, 3 and 4 with appropriate accuracy.
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Table 1 — Summary of endurance test related electrical property
data of the full-sized (FSB) and the test object (TOB) battery
Battery of subclause
Properties Unit
6.2 6.3 6.4 6.5 6.5
Declared FSB capability KW ﬁogotg 180 to 360 500 3 30
Declared energy content £ in kWh of KW 00 180 00 3 30
the FSB at the indicated power level KWh
FSB formed of n cells, modules or
stacks "
TOB formed of (x x 1/n) cells, 5
modules or stacks
Manufacturer’s specified method to . . . ) )
achieve full charge of the TOB n/a Describe Describe Describe Describe Describe
Minimum (U,,;,) and maximum (U, ,.) min
operating voltage of TOB
Vmax
Fractional discharge power level in kW
x x kW/n and actual energy content £
in kWh of the TOB when discharged kWh
according to subclauses 6.x item f) v
and 7.2 at +25 °C + 3 K ambient
temperature to Uy, or to the BMS BMS
mandated discharge limit Yes
No
Total number of endurance
sequences i) or j) achieved with the
TOB until the end-of-life limit of item No.
I) or m) in subclauses 6.x was
reached
Target operational state of charge %
level (SoC;) of TOB as a percentage KW
of the actual energy content £ and n/a
ways to achieve it in the endurance \
test of 6.2, 6.3 and 6.5 i
Manufacturer recommended(SoC; kW
maintenance procedure(fon the TOB KWh
used in 6.2 j) 8) and 6:3 j) 8)
i / / /
(Values a or t or &, "kW, kWh and min n'a n'a n'a
time) No.
Profile a, b%er c Profile
. . %
Peaképower shaving duty 6.4 i)
recharge parameters of the TOB as kW
specified by the manufacturer - n/a n/a n/a n/a
min
(Values of SoCq, kW, time, V)
. . %
PV energy storage time-shift duty
6.5 j) 4) discharge parameters of the kW
TOB as specified by the manufacturer - n/a n/a n/a
min
(Values of SoCOT, kW, time, V)
\Y
Method to recover the energy storage | kW
capability of the TOB as used in 6.x 1) v
or k) and as specified by the
manufacturer min



https://iecnorm.com/api/?name=2f888cd193bfe96d16d4881ad0bac772

	Redline version 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General considerations
	5 General test conditions
	5.1 Accuracy of measuring equipment
	5.1.1 Voltage measurements
	5.1.2 Current measurements
	5.1.3 Temperature measurements
	5.1.4 Time measurements

	5.2 Test object considerations
	5.3 Test object battery selection and size considerations
	5.4 Test plan

	6 Battery endurance 
	6.1 General
	6.2 Test for endurance in frequency-regulation service 
	6.3 Test for endurance in load-following service 
	6.4 Test for endurance in peak-power shaving service 
	6.5 Test for endurance in photovoltaic energy storage, time-shift service 

	7 Battery properties and electrical performance 
	7.1 Declaration of the system properties 
	7.2 Determination of energy content at +25 °C ambient temperature
	7.3 Determination of the energy efficiency during endurance tests at +25 °C ambient temperature
	7.4 Determination of the energy efficiency during endurance tests at the minimum and maximum ambient temperature 
	7.5 Determination of waste heat generated during endurance tests at the maximum ambient temperature 
	7.6 Determination of energy requirements during periods of idle state at +25 °C ambient temperature

	Annex A (informative) Battery-related hazards
	A.1 General
	A.2 Examples

	Annex B (informative) Supplemental test profile for frequency regulation duty service
	B.1 General
	B.2 The Annex B profile for evaluating battery endurance in frequency regulation duty 
	B.3 Test procedure
	B.4 Examples of data acquired with the 6.2 and the 24 h Annex B sequence

	Bibliography
	Figures 
	Figure 1 – Boundary of the full-sized battery (FSB) 
	Figure 2 – Two-step selection process of the test object battery (TOB)
	Figure 3 – Workflow for the determination of endurance properties and electrical performance of the TOB as governed by the sequence of test data generation within 6.2 to 6.5
	Figure 4 – Sequence of performance tests carried out with TOB 1 within an endurance test 6.x 
	Figure 5 – Workflow and decision tree for endurance tests 6.2 through 6.5 
	Figure 6 – Frequency regulation service test routine profile (6.2) – Profile a
	Figure 7 – Frequency regulation service test routine profile (6.2) – Profile b
	Figure 8 – Frequency regulation service test routine profile (6.2) – Profile c
	Figure 9 – Schematic view of the evolution of battery voltage over time during cycling with constant power discharge and charge pulses
	Figure 10 – Load-following service test routine profile (6.3) – Profile a
	Figure 11 – Load-following service test routine profile (6.3) – Profile b
	Figure 12 – Load-following service test routine profile (6.3) – Profile c
	Figure 13 – Daily peak-power shaving service test routine profile (6.4)
	Figure 14 – Daily photovoltaic energy storage time-shift service test routine (6.5) – 3 kW
	Figure 15 – Daily photovoltaic energy storage time-shift service test routine (6.5) – 30 kW 
	Figure 16 – Schematic view of the location of the two sets of energy values (energy to auxiliaries and energy to and from TOB) to be used for the determination of the energy storage efficiency factor η
	Figure 17 – Schematic view of the location of the two sets of energy values (energy to auxiliaries and energy to and from battery) to be used for the determination of the amount of waste heat generated
	Figure 18 – Schematic view of the location of the two sets of energy values (energy to auxiliaries and energy to battery) to be used for the determination of the energy requirements during periods of idle state of the battery
	Figure B.1 – 24 h sequence of the Annex B profile for a supplemental evaluation of the service-induced performance decay of a battery in frequency-regulation service
	Figure B.2 – Development of excessive on-charge voltage levels after about 40 days of simulated frequency-regulation with the 6.2 c profile
	Figure B.3 – Decay of charge acceptance resulting, after about 20 days, in the need for an increased number of SoCOT recovery actions when tested with the Annex B sequence profile

	Tables 
	Table 1 – Summary of endurance test related electrical property data of the full-sized (FSB) and the test object (TOB) battery
	Table 2 – Summary of physical dimension data of the full-sized battery (FSB) 
	Table 3 – Summary description of the full-sized battery (FSB)
	Table 4 – Summary description of the test-object battery (TOB)
	Table 5 – Summary of the constant power discharge performance of the TOB at an ambient temperature of +25 °C ± 3 K
	Table 6 – Summary of energy efficiencies determined in endurance tests at an ambient temperature of +25 °C ± 3 K
	Table 7 – Summary of energy efficiencies determined in endurance cycle tests at the minimum and maximum ambient temperature 
	Table 8 – Parameters to achieve and maintain the target operational state of charge, SoCOT, during tests at the minimum ambient temperature 
	Table 9 – Parameters to achieve and maintain the target operational state of charge, SoCOT, during tests at the maximum ambient temperature 
	Table 10 – Summary of energy released as heat during endurance tests at the maximum ambient temperature
	Table 11 – Summary of energy required during idle state periods at +25 °C ± 3 K ambient temperature
	Table A.1 – Non-exhaustive listing of potential battery-related hazards to be taken in consideration in risk assessment activities
	Table A.2 – Non-exhaustive listing of potential installation-related hazards to be taken in consideration in risk assessment activities


	Final version 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General considerations
	5 General test conditions
	5.1 Accuracy of measuring equipment
	5.1.1 Voltage measurements
	5.1.2 Current measurements
	5.1.3 Temperature measurements
	5.1.4 Time measurements

	5.2 Test object considerations
	5.3 Test object battery selection and size considerations
	5.4 Test plan

	6 Battery endurance 
	6.1 General
	6.2 Test for endurance in frequency-regulation service 
	6.3 Test for endurance in load-following service 
	6.4 Test for endurance in peak-power shaving service 
	6.5 Test for endurance in photovoltaic energy storage, time-shift service 

	7 Battery properties and electrical performance 
	7.1 Declaration of the system properties 
	7.2 Determination of energy content at +25 °C ambient temperature
	7.3 Determination of the energy efficiency during endurance tests at +25 °C ambient temperature
	7.4 Determination of the energy efficiency during endurance tests at the minimum and maximum ambient temperature 
	7.5 Determination of waste heat generated during endurance tests at the maximum ambient temperature 
	7.6 Determination of energy requirements during periods of idle state at +25 °C ambient temperature

	Annex A (informative) Battery-related hazards
	A.1 General
	A.2 Examples

	Annex B (informative) Supplemental test profile for frequency regulation duty service
	B.1 General
	B.2 The Annex B profile for evaluating battery endurance in frequencyregulation duty 
	B.3 Test procedure
	B.4 Examples of data acquired with the 6.2 and the 24 h Annex B sequence

	Bibliography
	Figures 
	Figure 1 – Boundary of the full-sized battery (FSB) 
	Figure 2 – Two-step selection process of the test object battery (TOB)
	Figure 3 – Workflow for the determination of endurance properties and electrical performance of the TOB as governed by the sequence of test data generation within 6.2 to 6.5
	Figure 4 – Sequence of performance tests carried out with TOB 1 within an endurance test 6.x 
	Figure 5 – Workflow and decision tree for endurance tests 6.2 through 6.5 
	Figure 6 – Frequency regulation service test routine profile (6.2) – Profile a
	Figure 7 – Frequency regulation service test routine profile (6.2) – Profile b
	Figure 8 – Frequency regulation service test routine profile (6.2) – Profile c
	Figure 9 – Schematic view of the evolution of battery voltage over time during cycling with constant power discharge and charge pulses
	Figure 10 – Load-following service test routine profile (6.3) – Profile a
	Figure 11 – Load-following service test routine profile (6.3) – Profile b
	Figure 12 – Load-following service test routine profile (6.3) – Profile c
	Figure 13 – Daily peak-power shaving service test routine profile (6.4)
	Figure 14 – Daily photovoltaic energy storage time-shift service test routine (6.5) – 3 kW
	Figure 15 – Daily photovoltaic energy storage time-shift service test routine (6.5) – 30 kW 
	Figure 16 – Schematic view of the location of the two sets of energy values (energy to auxiliaries and energy to and from TOB) to be used for the determination of the energy storage efficiency factor η
	Figure 17 – Schematic view of the location of the two sets of energy values (energy to auxiliaries and energy to and from battery) to be used for the determination of the amount of waste heat generated
	Figure 18 – Schematic view of the location of the two sets of energy values (energy to auxiliaries and energy to battery) to be used for the determination of the energy requirements during periods of idle state of the battery
	Figure B.1 – 24 h sequence of the Annex B profile for a supplemental evaluation of the service-induced performance decay of a battery in frequency-regulation service
	Figure B.2 – Development of excessive on-charge voltage levels after about 40 days of simulated frequency-regulation with the 6.2 c profile
	Figure B.3 – Decay of charge acceptance resulting, after about 20 days, in the need for an increased number of SoCOT recovery actions when tested with the Annex B sequence profile

	Tables 
	Table 1 – Summary of endurance test related electrical property data of the full-sized (FSB) and the test object (TOB) battery
	Table 2 – Summary of physical dimension data of the full-sized battery (FSB) 
	Table 3 – Summary description of the full-sized battery (FSB)
	Table 4 – Summary description of the test-object battery (TOB)
	Table 5 – Summary of the constant power discharge performance of the TOB at an ambient temperature of +25 °C ± 3 K
	Table 6 – Summary of energy efficiencies determined in endurance tests at an ambient temperature of +25 °C ± 3 K
	Table 7 – Summary of energy efficiencies determined in endurance cycle tests at the minimum and maximum ambient temperature 
	Table 8 – Parameters to achieve and maintain the target operational state of charge, SoCOT, during tests at the minimum ambient temperature 
	Table 9 – Parameters to achieve and maintain the target operational state of charge, SoCOT, during tests at the maximum ambient temperature 
	Table 10 – Summary of energy released as heat during endurance tests at the maximum ambient temperature
	Table 11 – Summary of energy required during idle state periods at +25 °C ± 3 K ambient temperature
	Table A.1 – Non-exhaustive listing of potential battery-related hazards to be taken in consideration in risk assessment activities
	Table A.2 – Non-exhaustive listing of potential installation-related hazards to be taken in consideration in risk assessment activities



