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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 5-3: Safety requirements for grid-integrated EES systems —
Performing unplanned modification of electrochemical based system

FOREWORD

p-operation on all questions concerning standardization in the electrical and electronic fieldssy To this end
addition to other activities, IEC publishes International Standards, Technical Specifications,/Technical Ref

eparation is entrusted to technical committees; any IEC National Committee interested\in the subject deal

ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatidg

04 Ws3IT VIO A

terested IEC National Committees.

=

ommittees in that sense. While all reasonable efforts are made*to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for\the way in which they are used or foi
isinterpretation by any end user.
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Esessment services and, in some areas, acegss to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the“latest edition of this publication.
o liability shall attach to IEC or its directors, employees, servants or agents including individual expertd
her damage of any nature .whatsoever, whether direct or indirect, or for costs (including legal fees

kpenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any other
ublications.

> Voo 3Z > O

=

dispensable for the correct application of this publication.

Poet

EC draws attention to the possibility that the implementation of this document may involve the use g
htent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),

= O

= 3

e latest information, which may be obtained from the patent database available at https://patents.iec.ch
hallnet/be held responsible for identifying any or all such patent rights.

(2]

This International Standard is to be used in conjunction with IEC 62933-5-2:2020.

The text of this International Standard is based on the following documents:

Draft Report on voting

120/331/FDIS 120/335/RVD

023

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization,compfising
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote‘internafional

and
orts,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC\Rublication(s)”). [Their

with

ay participate in this preparatory work. International, governmental and non-governmental organizations ligising

n for

tandardization (ISO) in accordance with conditions determined by agreement-between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as‘hearly as possible, an internafional
bnsensus of opinion on the relevant subjects since each technical ,committee has representation from all

EC Publications have the form of recommendations for internatiofal use and are accepted by IEC Nafional

IEC
any

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicgtions
nsparently to the maximum extent possible in their national and regional publications. Any divergence betjveen
hy IEC Publication and the corresponding national pr regional publication shall be clearly indicated in the lptter.

EC itself does not provide any attestation of conformity. Independent certification bodies provide confofrmity

any

and

embers of its technical committees and IEC National Committees for any personal injury, property damape or

and
IEC

ttention is drawn to the.Normative references cited in this publication. Use of the referenced publications is

f (a)
ts in
hich

ay be required to implement this document. However, implementers are cautioned that this may not repr¢sent

IEC

‘age

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this International Standard is English.

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

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

The[committee has decided that the contents ol this document will remain unchanged unti] the
stahbility date indicated on the IEC website under webstore.iec.ch in the data related, to| the
spegific document. At this date, the document will be

e feconfirmed,
e \ithdrawn, or

e flevised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be usefukfor the correct understanding
of jts contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The initial design or planning cannot cover all modifications that are made to a BESS over its
lifetime. Unplanned modifications entail a careful evaluation of their potential impact on the
safety of the BESS.

This document provides safety requirements, considerations and procedures when unplanned
modifications of the BESS are carried out.

Appropriate attention is given to safety issues in the relative redesign, installation,
commissioning, operation and maintenance phases during such modification activitiesof the
BESS.

Unplanned modifications which are dealt with in this document are:

. hanges in energy storage capacity;

e ¢hanges of chemistries, design and manufacturer of the accumulation“subsystem;
e ¢hanges of a subsystem component using non-OEM parts;

e ¢hanges to the mode of operation;

. hanges of the installation site;

. hanges in an accumulation subsystem due to an installation of reused or repurpgsed
batteries.
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 5-3: Safety requirements for grid-integrated EES systems —

Performing unplanned modification of electrochemical based system

1

Scope

This

modifications. Such modifications can involve one or more of the following:

Any

This
BES
in B

2

The
cony
For

amgndments) applies.

IEC
eled

app

IEC
test

batteries.

part of IEC 62933 applies to those instances when a BESS undergoes unplarn

hanges in energy storage capacity;

hanges of chemistries, design and manufacturer of the accumulation subsystem;
hanges of a subsystem component using non-OEM parts,

hanges to the mode of operation,

hanges of the installation site, or

hanges in an accumulation subsystem due to an installation of reused or repurpg

such modification can impair the original state of safety of the BESS.

document complements IEC 62933-5-2, which“relates to the overall safety aspects
S. The requirements covered by this document are applied in addition to the requirem
C 62933-5-2 in accordance with each situation.

Normative references

following documents are referred to in the text in such a way that some or all of their con
titutes requirements of thissdocument. For dated references, only the edition cited app
undated references, the* latest edition of the referenced document (including

62619:2022, Secondary cells and batteries containing alkaline or other non-
trolytes — Safetyrequirements for secondary lithium cells and batteries, for use in indug
ications

62933=2-1:2017, Electrical energy storage (EES) systems — Part 2-1: Unit parameters
ngrmethods — General specification

ned

sed

of a
ents

tent
ies.
any

acid
trial

and

IEC 62933-5-2:2020, Electrical energy storage (EES) systems — Part 5-2: Safety requirements
for grid-integrated EES systems — Electrochemical-based systems

IEC

IEC

T u
2y

63330", General requirements for repurposing of secondary batteries

633382, General guidance on reuse and repurposing of secondary cells and batteries

nder preparation. Stage at the time of publication: IEC AFDIS 63330:2023.
nder preparation. Stage at the time of publication: IEC CDV 63338:2023.
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Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

3.1

EC Electropedia: available at https://www.electropedia.org/

SO Online browsing platform: available at https://www.iso.org/obp

battlery operating range

rande of parameters to ensure the safe use of the accumulation subsystem

Note|1 to entry: Examples of parameters are voltage, current, temperature, SOC, SOE and so ém:

3.2

critical stakeholder

sta&ieholder (IEV 904-01-10) related to the part or component whose modification, installation,
or removal affects the safe operation of the BESS

3.3

unpjanned modification

modification that has not been intended to be carried out or planned prior to the stagt of
operation of the BESS

Note|1 to entry: |IEC 62933-5-2:2020, 7.13.1, “Operation and maintenance” deals with a planned modification

3.4

OEM part

part[supplied to or by an original equipment manufacturer (OEM)

Note|1 to entry: OEM parts are generally used to manufacture new equipment and can also be purchased for
mainjenance and repair.

Note|2 to entry: A part that is not an\OEM part is called “non-OEM part”.

3.5

relocation

<of gn EES system>'moving of an installation physically from its current location which reqyires
discpnnecting fromithe initial point of connection (POC) and connecting it at new location to
another POC

3.6

reused battery

batteryithat is used again in the same application as it was used for when commissioned the
first Time

3.7

repurposed battery
battery that is used again in a different application as it was used for when commissioned the

first

3.8
resi

time

dual usable period

actual or estimated remaining length of service life
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3.9
safety margin

<of an EES system> margin defined within the battery operating range considering the system
application, environmental conditions and so on for safe operation of the BESS

3.10
safe-operating range

<of an EES system> range excluding the safety margin from the battery operating range

4 General requirements on performing unplanned modifications

The|BESS, including the batteries, can be exposed to the following changes in safety cenditjons

duripg its operation:

1) ¢hanges due to changes in the surrounding environment,

2) ¢hanges due to unplanned modifications of the BESS,

3) ¢hanges due to ageing, and

4) ¢hanges due to modifications planned at the time of the initial deSign.

Thig document describes the safety measures that shall be taken for BESS in the event of items

1) apd 2) above. The events of items 3) and 4) should be consgidered and addressed at the {i

of initial design of the BESS, which is under the scope of IEC.62933-5-2.

NOTE 1 The modifications that occur in the BESS can be at thecedmponent, subsystem or system level. While the
primgry focus of this document is on changes in safety and theirgvaluation at the system level, the process can also
requife evaluation at the component or subsystem level (e.gs interactions between subsystems).

Figure 1 shows the modifications that affect safety, which are made by the subdivisio

n of

chamges in item 1) and item 2). This document-deals with the modifications shown in the y¢gllow

boxg¢s in Figure 1.

Unplanned modification

Changes in surroinding

Changes to BESS

environment
| |
. ! [
\ \ | \ ‘
Changes of \ Changes to Accumulation Subsystem
ingtallation site Sg;;o;zg;ng reL?JvI\;?i(r)n mode of operation subsystem compgnents
Clause 8 ¢ Clause 7
|‘ [ [
¢h . Changes of chemistry, Changes in an accumulation Changes of
B [l - design and manufacturer of | | subsystem due to an installation a system components
Subclause 5.2 or R ©
UbCIUSER Subclause 5.3 Clause 9 Clause 6

Figure 1 — Major modifications and their classification

IEC

An unplanned modification of a BESS can result in conditions where multiple safety related
conditions are potentially affected at the same instance.

In such an event, the impact on safety of the individual modifications is to be assessed and all
the resulting risk mitigation actions are to be implemented. The detailed requirements of
assessment or measures, etc., are described in Clause 5 to Clause 9 of this document.
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A wide range of stakeholders are involved in the modification process. Examples of
stakeholders are shown in Table 1. The requirements described in this document shall be met
as appropriate in cooperation with the stakeholders.

NOTE 2 Responsibility for ensuring the BESS safety depends on each case and local regulations.

Table 1 — Examples of relevant stakeholders

Type of stakeholders Specific examples of stakeholders
Owner
Ownpesship
User
Operator
Opgration

Service provider

Project manager and administrator

Overall system integrator

Endineering, procurement and construction (EPC)
Subsystem integrator

Integrator performingymodification *

Component manufacturer

Component vendor

Component
Additienal component manufacturer *

Additional component vendor *

Certification authority of original parts

Certification body
Certification authority of additional parts *

Local government

Locgl

Fire-fighting agency

NOTE The stakeholders with “*” marking can be involved in cases where there are modifications with additignal
par{s (e.g. Clause 5, Clause 6 and Clause 9).

5 [|Changes to an’accumulation subsystem

5.1 General

Thelintehtion of Clause 5 is to describe safety requirements, considerations and processgs to
follow for situations where changes are made to an accumulation subsystem in a BESS.

Clause 5 describes the requirements when an accumulation subsystem (see Figure 2)
undergoes unplanned modifications.
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Communication subsystem

Management subsystem <3 Communication
interface

1
Protection subsystem :
1

|
I
A l
R N I
: . Auxiliary
—— connection -6) Auxiliary POC
C-E] errmtar
i !
: : Fasssssssnssnnnnns . |
: : : 1
Primary subsystem I
G y Vi v :
H i .
1 Accumulation Power 1 Primary \
: subsystem conversion i conne_ction Primary POC
1 subsystem : terminal 1
1
|

IEC

NOTE "POC” means “point of connection”.

Figure 2 — Example of BESS architecture

Thelunplanned modifications of the accumulation stbsystem described in Clause 5 are:

5.2

5.2.

hanges in energy storage capacity;
hanges of chemistry and design of an accumulation subsystem.

Changes in energy storage capacity

( General

Subflause 5.2 specifies the safety requirements, considerations and processes for situat
whefe the energy storage capacity of the electrochemical accumulation subsystem is chan

The|energy storage capacity of the BESS can be modified when batteries are removed d(

thei

failures or added-to meet a higher energy demand or a modified operating mode.

NOTE “Energy storage capacity of the BESS” means the total energy capacity of electrochemical accumul
subsystems.

Such changes modify the voltage versus time profile during discharge and charge and pos;

brin

j-thie batteries to voltage, temperature and SOC values that were not originally planne

ons
jed.

e to

ation

Libly
.

This can mean that the existing safety measures become inadequate and the safety of the
BESS can be impaired.

The possible negative consequences of capacity changes are:

a)
b)

c)

dielectric breakdowns and loss of the electrical insulation levels resulting in dangerous

voltages on operator-accessible surfaces;

electric shock risks arising from changes causing malfunction of protective measures
devices;

and

increases of the fire load level necessitating adjustment of firefighting measures and their

capabilities;
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g)
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i)
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increases in the amount of thermal energy released by the accumulation subsystem to be
handled by the heat, ventilation and air conditioning (HVAC);

increases of the quantity of chemicals to be handled in an emergency;

voltage and capacity imbalances between aged and new batteries causing accelerated
ageing;

management/control subsystem errors when the batteries that are added to increase
capacity have different operating conditions and are installed in the same
management/control section as existing batteries;

increases in the occurrence of operator and maintenance personnel mistakes;

decreases in available space for operator and maintenance engineer to do work propefly.

The|risk assessment shall be done in accordance with IEC 62933-5-2 in the first\stage of
planning and before any other work, and the necessary corrective measures..concerping

harqware and software shall be undertaken in accordance with the assessment results.

5.2.p Safety requirements in the redesign phase

In order to maintain the safety level of the BESS, the following actions are required in| the

redgsign phase:

If the BESS shall be updated to reflectithe capacity modification.
Inc

The safety level of the capacity-modified BESS shall not be less than that present prigr to
he modification.
[
[

the change of capacity results in a change of (the BESS category as defined in
EC 62933-5-2:2020, Table 1, then the appropriate safety measures shall be implemepted
in the modified BESS.

The suppliers of the existing BESS shall approve in writing the capacity modification.

The general safety protection systems (e.@», deflagration protection, ventilation subsys{em)

ses where it is difficult to modify oféadd safety measures to an existing BESS due to space

or other restrictions, the following reinforcement of risk reduction measures shall be undertaken:

Inhgrently safe design: Set the-conditions and parameters sufficiently to ensure the safefy of

the

rangde, etc.

can
wal

hccumulation subsystem:"fFor example, narrow the SOC range or the operation temperature

Gua'ers and protection&ifithe prevention of fire propagation at the accumulation subsystem level

ot be ensured,add a protection measure against fire propagation (e.g. fireproof boards or
I5) to preventfire‘propagation at the cubicle, building, or container levels.

Infofmation for-use: Use on-site labels to distinguish between the added accumulgtion

sub

system. and existing one. Set warning devices (audible alerts, visible signals) and remote

alerts to,distinguish between the added one and the existing one so that prompt and accurate

resgonses’ can be made in the event of trouble.

5.2.3 Safety requirements in the installation and commissioning phase

The modification of the capacity of the BESS entails access, by installation personnel, to
components carrying dangerous voltages or containing toxic compounds.

In order to maintain the safety of the BESS and workers, the following actions are required in

the

installation and commissioning phase:

The necessary safety measures for the workers shall be defined prior to the commencement
of work.

All activities shall be assessed in advance for the risk due to live electrical parts that cannot
be adequately protected, and shall comply with live electrical work standards.
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All procedures shall be reviewed to ensure that all activities are carried out in an appropriate
way considering the result of risk assessment, especially from the perspective of work on
live power sources and toxic chemicals. Local regulations can apply.

All procedures shall be reviewed to ensure that only qualified personnel with an
established chain of command and open communication channels to the BESS
operator carry out the work.

If the capacity modification is carried out without powering down the BESS, then all safety
measures listed below are required.

e The batte ing to be modifi
cpmpletion of the modification.

does not carry dangerous voltage.

During installation, the following measures shall be taken:

5.2.

he battery string to be modified shall be broken down in sub-units so that each subiunit

OTE The definition of “dangerous voltages” depends on local regulations.

Appropriate protective measures shall be provided with for workers.

he BESS shall be powered down and all components carrying.dangerous voltage shall be

flully insulated to the appropriate IP and insulation class level.

he enclosure of the BESS, where the modification work.is carried out, shall be free from
any toxic liquid, vapor and gas and well ventilated (during any presence of installgtion
personnel.

ersonal protection equipment (PPE) for protection against hazards in the BESS shall be
ade available to the involved personnel.

The inspection of the correct connection and placement of sensing and monitoring devjices
Ind also of cooling and ventilation aif“channels of the BESS shall be carried o4t in
ccordance with an installation checklist prior to the reactivation.

The BESS control software shall bé.verified that it implements the parameters related tq the
apacity modifications.

(| Safety requirementsfor the operation and maintenance

The|modification of the capacity of the BESS entails a modification of operating conditipns,

opefating procedures and maintenance activities.

Prior to the restart of operation and to minimize risks, the following items of the capagity-
modified BESS and associated operating procedures shall be verified and documented;

+ operation plan (including service life),

+ operating conditions,

+-.monitored items (including parts, subsystem and whole system level),

— inspected items (including parts, subsystem and whole system level),

— education and training,

— emergency procedure training, and

— all hardware and software changes carried out including their sources and specifications.

The documentations shall be reviewed by the critical stakeholders of the BESS and formally
approved.

The revised operation and maintenance instruction document, with a clear identification of
its version and validity, shall be distributed to all stakeholders and the expired version
recalled.
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Changes of chemistries, design and manufacturer of an accumulation subsystem

5.3.1 General

Subclause 5.3.1 specifies the safety requirements, considerations and processes when the
chemistry and design of the electrochemical accumulation subsystem in BESS are changed.

Over its lifetime, a BESS and its batteries can be modified by replacement with or addition of
accumulation subsystems whose chemical and electrochemical make-up and design differ from
the existing ones.

If carried out without adequate precautions, such changes in the electrochemical en
storage system can significantly impair the safety of the modified BESS.

ergy

The| addition of or replacement with a different battery chemistry can involve,a change in

catggory “C”.

The|definition of "different battery chemistry" does not always depend on-the definition in
catggory “C” of IEC 62933-5-2. There are often multiple chemistries withina a particular categ
that|can impact the BESS when mixed during a modification even theugh still falling within

the
ory
the

samje category. Examples of different batteries chemistry modifications that do or do-not impact

their categorization are shown in Table 2.

Table 2 — Examples of different batteries chemistry
modifications and their categorization

C3gse No. Detail Change of category “C”

Cade 1 Replacement of a part of the accumulationsubsystem, which No change in category “C”
is composed of Mn-based lithium-ion batteries with NMC L . y
(nickel-manganese-cobalt) lithium-ion(batteries (Remains in category “C-A")

Cade 2 Replacement with a battery whoseimodel number has No change in category “C”
changed due to discontinuation

Cade 3 Addition to an accumulatiomsubsystem of a category “C-B” to | Change from category “C-A” tp
a category “C-A” BESS category “C-Z"

The|multiplication of designs and chemistries of the accumulation subsystem presentin a BESS
resylts in a related jncrease in failure scenarios and hence the necessity for implementing

mulfiple safety measures in parallel.

The|possible negative consequences of installing an electrochemical accumulation subsygtem

whigh has a(different chemistry or design, or both, from the existing one are:

a)
b)
c)
d)

e)

f)
g)

rectric shock risks arising from malfunctions of protective measures and devices caysed

y\imcompatibilities of new and existing accumulation subsystem;

a change of the fire load level necessitating adjustment of firefighting measures and their

capabilities;

a change of the amount of thermal energy released by the accumulation subsystem to
handled by heat, ventilation and air conditioning (HVAC);

a change of the chemicals and their quantity to be handled in an emergency;

be

management/control subsystem errors when the batteries that are added to increase
capacity have different specifications and are installed in the same management/control

section as existing batteries;

increase in the occurrence of operator and maintenance personnel mistakes; and

decrease in available space for operator and maintenance engineer to do work properly.
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The risk assessment shall be done in accordance with IEC 62933-5-2 in the first stage of
planning and before any other work, and the necessary corrective measures concerning
hardware and software shall be undertaken in accordance with the assessment results.

5.3.2 Safety requirements in the redesign phase

In order to maintain the safety level of the BESS, the following actions are required in the
redesign phase:

e The safety level of the chemistry and design of the accumulation subsystem’s modified
BESS shall not be less than that present prior to the modification.

If the change of chemistry and design of the accumulation subsystem results in a change of
he BESS category as defined in IEC 62933-5-2:2020, Table 1, then the appropfiate
andated safety measures shall be implemented in the modified BESS.

e The suppliers of the existing BESS shall confirm the modification of thechémistry |and
esign of the accumulation subsystem in the BESS and make a judgement’on whether the
%odification can be performed. The modification shall not be performedwuntess the suppliers
pprove the implementation of the modification from a safety perspective.

e \When installing accumulation subsystems which have a different-chemistry category| “C”
Iom the existing one, the section where the accumulation subsystem is installed shall be
perated separately with its own and independent control and auxiliary subsystem.

e The general safety protection systems (e.g., deflagration\protection, ventilation subsys{em)
f the BESS shall be updated to reflect the presence of\a new chemistry and design of the
ccumulation subsystem.

Whare it is difficult to modify or add safety measures 'to an existing BESS due to installgtion
spag¢e or other restrictions, the following additional risk reduction measures shall|l be
implemented:

Inhgrently safe design: Set the conditions "and parameters sufficiently to ensure the safefy of
the |accumulation subsystem. For example, narrow the SOC range or the operatipnal
temperature range, etc.

Gua'ers and protection: If the prevention of fire propagation at the accumulation subsystem level
canmot be ensured, add a protection measure against fire propagation (e.g. fireproof boards or
wallg) to prevent fire propagation at the cubicle, building, or container levels.

Infofmation for use: Use_ on-site labels to distinguish between the added accumulgtion
subgystem and the existing one. Set warning devices (audible alerts, visible signals) and remote
alerts to distinguish-between the added one and the existing one so that prompt and accurate
resgonses can be made in the event of trouble.

5.3.8 Safety requirements in the installation and commissioning phase

access by installation personnel, to components carrying dangerous voltage or containing toxic

The|modification of the chemistry and design of the accumulation subsystem in the BESS entF?aiIs
comipaiinds

In order to maintain the safety of both the BESS and workers, the following actions are required
in the installation and commissioning phase:

e The necessary safety measures for the workers shall be defined prior to the commencement
of work.

e All activities shall be assessed in advance for the risk due to live electrical parts that cannot
be adequately protected, and be made in compliance with the standards related to live
electrical work.

e All procedures shall be reviewed to ensure that all activities are carried out in an
appropriate way considering the result of risk assessment, especially from the perspective
of work on live power sources and toxic chemicals. Local regulations can apply.
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e All procedures shall be reviewed to ensure that only qualified personnel with an
established chain of command and open communication channels to the BESS
operator carry out the work.

If the modification is carried out without powering down the BESS, then all safety measures
listed below are required.

e The battery string to be modified or added shall stay disconnected from any live circuit until
completion of the modification.

e The battery string to be modified shall be broken down into sub-units so that each sub-unit
oes not carry dangerous voltages

Z

OTE The definition of “dangerous voltages” depends on local regulations.

b~

e Appropriate protective measures shall be provided with for workers.

During installation, the following measures shall be taken:
e The BESS shall be powered down and all components carrying dangerdus voltages shall be
flully insulated to the appropriate IP and insulation class level.

e The enclosure of the BESS, where the modification work is carried’out, shall be free from
ny toxic liquid, vapor and gas and well ventilated during @ny presence of installgtion
ersonnel.

ersonal protection equipment (PPE) for protection against hazards in the BESS shall be
ade available to the involved personnel.

e The inspection of the correct connection and placement of sensing and monitoring devjices
s well as cooling and ventilation air channels”of the BESS shall be carried odt in
ccordance with an installation checklist priorito the reactivation.

e The BESS control software shall be verified that it implements the parameters related tq the
modification of the chemistry and desigh(of the accumulation subsystem.

5.3.4 Safety requirements for the operation and maintenance

The|modification of the chemistry.and design of the accumulation subsystem’s modified BESS
entdils a modification of operating conditions, operating procedures and maintenance activities.

e Prior to the restart of operation and to minimize risks, the following items of the chemjstry
nd design of the accumulation subsystem’s modified BESS and associated operdting
Irocedures shall bewverified and documented:

- operation plan (including service life),

+ operatingieonditions,

+ monitored items (including parts, subsystem and whole system level),
+ imspected items (including parts, subsystem and whole system level),

+“\.education and training,

— emergency procedure, and
— all hardware and software changes carried out including their sources and specifications.

e The documentations shall be reviewed by the critical stakeholders of the BESS and formally
approved.

e The revised operation and maintenance instruction document, with a clear identification of
its version and validity, shall be distributed to all stakeholders and the expired version
recalled.
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Changes of a system component using non-OEM parts

General

Clause 6 specifies the safety requirements, considerations and processes when components of
the BESS are changed or modified thought the use non-OEM parts.

Over its service life, a BESS can require repairs, replacements or modifications to parts and

com

Suc[rcihanges can occur with both OEM parts and non-OEM parts whose specifications]

ponents.

and

perfpbrmance differ from that originally specified and installed in the BESS.
The| replacement of safety critical components implemented with non-OEM parts [can
signfficantly impair the safety of the modified BESS if carried out without adequate precautipns.
The|possible negative consequences of replacement or modification using\non-OEM parts[are:
a) electric shock risks arising from changes causing malfunction of.the protective measlres
nd devices;
b) damage of subsystem or parts caused by specification mismatch;
c) ¢xcessive heat generation caused by specification mismateh; and
d) increase in the occurrence of operator and maintenance personnel mistakes.
Whan safety relevant BESS components are replaced’with non-OEM parts, a confirmatign of
comjpatibility is important.
Examples of safety relevant subsystems and.components are shown in Table 3.
Table 3 — Examples of subsystem and safety relevant components
Subsystems Components
Manpagement subsystem System controller or energy management, or both
Archival data storage
Corpmunication subsystem Communication and monitoring system
Archival data storage
Profection subsystem Access control and intrusion warning system
Auxiliary subsystem Fire and smoke detection
Fire suppression and extinguishing system
Power conyersion subsystem Converter and control logic
Othgrs HVAC system
Fuses
Personal protective equipment (PPE)

The following shall be confirmed to judge whether the non-OEM parts have enough conformity

with

the BESS in advance of deployment:

e specification of the BESS,

e operating conditions, and

e characteristics of the accumulation subsystem.
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The risk assessment shall be done in accordance with IEC 62933-5-2 in the first stage of
planning and before any other work, and the necessary corrective measures concerning
hardware and software shall be undertaken in accordance with the assessment results.

6.2 Safety requirements in the redesign phase

In order to maintain the safety level of the BESS, the following actions are required in the
redesign phase:

e The safety level of the BESS that is modified with non-OEM parts shall not be less than that
present prior to the modification.

e If the original OEM parts are not available, the suppliers of the existing BESS shall approve
in writing the use of non-OEM parts in the BESS.

. he general safety protection systems (e.g., deflagration protection, ventilation.subsys{em)
f the BESS shall be updated to reflect the presence of non-OEM parts.

e In the sourcing process for non-OEM parts, preference should be given't¢ companies [that
ave a documented quality control and certification system and partsraceability.

6.3 [ Safety requirements in the installation and commissioning,phase

The[modification of BESS with non-OEM parts entails access, by installation personne], to
critical components carrying dangerous voltages.

In ofder to maintain the safety of the BESS and workers,(the following actions are requirdd in
the |nstallation and commissioning phase:

e The necessary safety measures for the workers.shall be defined prior to the commencement
f work.

. Il activities shall be assessed in advancefor the risk due to live electrical parts that capnot
e adequately protected, and be made-in compliance with the standards related to|live
lectrical work.

. Il procedures shall be reviewed.to'ensure that all activities are carried out in an appropfiate
ay considering the result of risk assessment., especially from the perspective of work on
lfve power sources. Local.regulations can apply.

o [l procedures shall be reviewed to ensure that only qualified personnel with an establighed
hain of command and-open communication channels to the BESS operator carry ouf the
ork.

Whgn the modification is carried out without powering down the BESS, then all safety meastres
listed below aretequired:

e The component to be installed or exchanged shall stay disconnected from any live cifcuit
until Completion of the modification.

oes

not carry dangerous voltages.

NOTE The definition of “dangerous voltages” depends on local regulations.

e Appropriate protective measures shall be provided with for workers.

During installation, the following measures shall be taken:

e The BESS shall be powered down and all components carrying dangerous voltages shall be
fully insulated to the appropriate IP and insulation class level.

e When workers are present, the enclosure of the BESS, where the modification work is
carried out, shall be free from any toxic liquid, vapor and gas and well ventilated.

e Personal protection equipment (PPE) for protection against hazards in the BESS shall be
made available to the involved personnel.
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e Prior to the reactivation, an inspection of the correct connection and placement of sensing
and monitoring devices as well as cooling and ventilation air channels of the BESS shall be
carried out in accordance with an installation checklist.

e The BESS control software shall be verified that it implements the parameters related to
considering the presence of non-OEM parts.

e The conformity of non-OEM parts to the BESS shall be verified by the critical stakeholders.
6.4 Safety requirements for the operation and maintenance

The modification of the BESS with non-OEM parts involves a change to the operating conditions,

ope diillg pluu:u'wca anmdmraiterance activities:

e Prior to the restart of operation and to minimize risks, the following items of the madjfied
BESS and associated operating procedures shall be verified and documented;

+ operation plan (including service life),

+ operating conditions,

+ monitored items (including parts, subsystem and whole system lgvel),
+ inspected items (including parts, subsystem and whole system,level),
+ education and training,

+ emergency procedure, and

+ all hardware and software changes carried out including their sources and specificatipns.

e The documentations shall be reviewed by the critical,;stakeholders of the BESS and formally
approved.

e The revised operation and maintenance instrustion document, with a clear identificatign of
irrs version and validity, shall be distributed-to all stakeholders and the expired vergion
ecalled.

7 [Changes to mode of operation

71 General

Clayse 7 specifies the safety\requirements, considerations and processes when the opergting
mode of a BESS is changed-

The|operation of anlinstalled BESS can be modified, for example, by increasing the engrgy
exchange levels and’rates or widening the operating temperature window.

Such changes of operating mode can be implemented via changes in the control softwane of
the BESS«

Such ehanges, which can be achieved with relative ease, can result in increased safety risks to
the BESS that are overlooked.

If the BESS is used for an application that is unplanned in the initial design, the protection and
countermeasures provided in the BESS can be inadequate.

This can mean that the existing safety measures are not adequate and the safety of the BESS
can be impaired.

The possible negative consequences of changes to the operating mode are:

a) electric shock risks arising from malfunctions of protective measures and devices caused
by the changes;
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b) an increase of the fire load level necessitating adjustment of firefighting measures and their

c)

capabilities; and
an increase of the occurrence of operator and maintenance personnel mistakes.

The risk assessment shall be done in accordance with IEC 62933-5-2 in the first stage of
planning and before any other work, and the necessary corrective measures concerning
hardware and software shall be undertaken in accordance with the assessment results.

NOTE Clause 7 applies only to those cases where the changes to the mode of operation were not already planned
nor embedded in the operating plan and software of the BESS.

7.2

In order to maintain the safety level of the BESS, the following actions are required”in
redgsign phase:

7.3

The[ modification of the BESS operating mode entails access, by installation personne

criti

Safety requirements in the redesign phase

The safety level of the BESS with modified operating mode shall not be degraded comp
fo that present prior to the modification.

The intended future operational limits shall be analysed for their impact on safety, base
¢xisting design and control measures and maintenance procedures.

boftware updates and algorithms shall be verified by simulatian,

The suppliers of the existing BESS shall approve in writing'‘the modified operating mod
the BESS.

The general safety protection systems (e.g., deflagration protection, ventilation subsys{
f the BESS shall be updated to reflect the modified operating mode. When changes|
ade, the following risk reduction measures shall be implemented:

Inherently safe design: Review the operational‘temperature range when changing the §
ange or charge/discharge rate of the accumulation subsystem. When the operati
mperature range is changed, a review(of the SOC range and charge/discharge rate s
e conducted.

uards and protection: Review the@peration of heat, ventilation and air conditioning (HV
ystems, etc., to ensure that apsappropriate temperature environment is maintained w
eat generation from _, transducers/transformers, auxiliary  equipment,

the

ared

d on

e of

em)
are

50C
pnal
hall

AC)
hen
and

onductors/terminals is anticipated. Ensure that the voltage/current sensor and the current

use or overcurrent protection are equipped when the SOC range or charge/discharge
re modified.

[Information for usei"Changes shall be made known to all critical stakeholders. The hig

nd considerations’related to the change shall be kept in writing and in chronological of
Troubleshooting of software installation interruptions and errors shall be conducted ang
fesults shall.be documented, stored and shared with critical stakeholders.

Safety requirements in the installation and commissioning phase

rate

tory
der.
the

, to

dl components or the I'l Infrastructure.

In order to maintain the safety of the BESS and workers, the following actions are required in

the

installation and commissioning phase:

The necessary safety measures for the workers shall be defined prior to the commencement

of work.

All activities shall be assessed in advance for the risk due to live electrical parts that cannot

be adequately protected, and be made in compliance with the standards related to
electrical work.

live

All procedures shall be reviewed to ensure that all activities are carried out in an appropriate
way considering the result of risk assessment, especially from the perspective of work on
live power sources and IT infrastructure and its maintenance. Local regulations can apply.
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e All procedures shall be reviewed to ensure that only qualified personnel with an
established chain of command and open communication channels to the BESS
operator carry out the work.

When the operating mode modification is carried out without powering down the BESS, then all
safety measures listed below are required.

e The battery strings shall stay disconnected from each other until completion of the
modification.

e The sub-unit in which the modification is to be made shall be shut down and electrically
isconnected from the other units and equipment, No one other than the worker shall
hpproach the sub-unit until the completion of both the modification and the verification
Drocess.

e Appropriate protective measures shall be provided with for workers.
During installation, particular attention is required as follows:

e The BESS shall be powered down and all components carrying dangerous voltages sha|l be
l;lly insulated to the appropriate IP and insulation class level.

ersonal protection equipment (PPE) for protection against hazards in the BESS shall be
ade available to the involved personnel.

e The inspection of the correct upload of the values of the 1ew operating mode of the BESS
s$hall be carried out prior to the reactivation.

e The correct and adequate modification of ancillary equipment impacted by the change of
he operating mode shall be verified in accordance with a checklist prior to the reactivgtion
f the BESS.

e Operation conditions (e.g. electrical, thermal energy released) should be confirmed by
$imulation.

7.4 | Safety requirements for the operation and maintenance

The|modification of the BESS operating modes entails a modification of operating conditipns,
operating procedures and maintenance activities.

e [Prior to the restart of opetation and to minimize risks, the following items of the modjfied
BESS and associated operating procedures shall be verified and documented:
+ operation plan_(including service life),

+ operating conditions,

+ monitoreditems (including parts, subsystem and whole system level),

+ inspected items (including parts, subsystem and whole system level),

+ education and training,

+s.®emergency procedure, and

— all hardware and software changes carried out including their sources and specifications.

e The documentations shall be reviewed by the critical stakeholders of the BESS and formally
approved.

e The revised operation and maintenance instruction document, with a clear identification of
its version and validity, shall be distributed to all stakeholders and the expired version
recalled.
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Changes of installation site

General

Clause 8 specifies the safety requirements, considerations and processes when the BESS is
relocated and installed at a new site.

AB

ESS can be relocated and installed at a new site following changes in usage patterns.

Such changes of installation site can involve significant transport activity, a major reshuffling of

har

wdre and dn exposure to changea environimental COnditions such as temperature, nurni

air gressure, airborne salinity levels, geological disturbances and earthquakes.

The| BESS can be also moved from an outdoor to an indoor location or vice-versa

ass

¢ciated changes to the impact on the surrounding population.

Thig can mean that the existing safety measures are not adequate and the ‘safety of the B

can

be impaired.

The|possible negative consequences of changes of the installation site-are:

a)
b)

c)

d)

Ilectric shock risks due to misconnection during relocation work;

n increase of the amount of thermal energy to be handled by the heat, ventilation an
onditioning (HVAC) due to environmental temperatureichange;

elay of the arrival of service and fire-fighting crews and their equipment due to failur
rovide information on access to new site of BESS;yand

n increase of the occurrence of operator and\maintenance personnel mistakes.

The|risk assessment shall be done in accordance with IEC 62933-5-2 in the first stag
planning and before any other work, and:the necessary corrective measures concer
hardware and software shall be undertaken in accordance with the assessment results.

Appropriate regulations on the transport of dangerous goods should be taken into account

UN

Recommendations on the Transport of Dangerous Goods - Model Regulations, and Ma

of Tests and Criteria).

8.2

Safety requirements in the redesign phase

In order to maintain,the safety level of the BESS, the following actions are required in
redgsign phase:

The saféty) level of the relocated and reinstalled BESS shall not be less than that pre
rior to the site change.

he’following issues shall be reviewed in preparation of the relocation and reinstalle

lity,

with

=SS

i air

e to

e of
ning

e.g.

nual

the

sent

tion

ENNPH Y
GULIVILy.
— physical and environmental conditions of the reinstallation site,

— logistics of the transport to the new installation site in terms of electrical, chem
environmental and human constraints,

— dismantling procedures of the existing BESS,
— reuse of existing BESS components,

— reassembly procedures of the BESS at the new site,

ical,

— additional protection measures or their modification as required by the environment at

the new location,
— application for an operating license from local authorities as required, and
— training of personnel at the new site.
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8.3 Safety requirements in the installation and commissioning phase

The relocation and reinstallation of a BESS can entail access, by installation personnel, to
critical features and components carrying dangerous voltages or containing toxic compounds.

In order to maintain the safety of the BESS and workers, the following actions are required in
the installation and commissioning phase:

e The necessary safety measures for the workers shall be defined prior to the commencement
of any work.

be adequ
¢lectrical work.

o All procedures shall be reviewed to ensure that all activities are carried out in an-appropfiate
ay considering result of risk assessment, especially from the perspective(of Work on|live
power sources and toxic chemicals. Local regulations can apply.

e All procedures shall be reviewed to ensure that only qualified personnelkwith an establighed
¢hain of command and open communication channels to the BESS ‘operator carry ouf the
vork.

e The component to be re-installed shall stay disconnected(ffom any live circuit pntil
ompletion of the installation.

e All components shall be placed in such a state that they do not carry dangerous voltagegs.
NOTE The definition of “dangerous voltages” depends on localregulations.

o The operators shall have completed the necessary“education and training.
e Appropriate protective measures shall be provided with for workers.

e The information for disaster response and the safety of responding firefighters shall be
provided to local fire-fighting agencies.

During transportation, particular attention is required as follows:

e [he BESS shall be protected not to be damaged based on the measures and informdtion
brovided by BESS manufacturer.

During temporary storage, the following measures shall be taken:

e The BESS and its'components shall be protected so that they are not damaged due to water,
emperature, aitborne salt, human errors and similar.

. dditional external protection, monitoring, and protective measures shall be taken during
emporary.storage to prevent electrical discharge, chemical spills or gas emission.

o A loss of operational history data stored in the BMS (battery management system) due to
loss of power to the data storage devices shall be prevented.

During installation, the following measures shall be taken:

e The BESS shall be powered down and all components carrying dangerous voltages shall be
fully insulated to the appropriate IP and insulation class level.

e The enclosure of the BESS, where the installation work is carried out, shall be free from any
toxic liquid, vapor and gas, and well ventilated during any presence of installation personnel.

e Personal protection equipment (PPE) for protection against hazards in the BESS shall be
verified so that necessary update is done in accordance with the conditions at the new
location, and be made available to the involved personnel.

e Prior to the reactivation, an inspection of the correct connection and placement of sensing
and monitoring devices as well as cooling and ventilation air channels of the BESS shall be
carried out in accordance with an installation checklist.
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e The BESS control software shall be verified that it implements the parameters considering
the conditions at the new location.

8.4 Safety requirements for the operation and maintenance

The reinstallation of the BESS entails a modification of operating conditions, operating
procedures and maintenance activities.

e Prior to the restart of operation and to minimize risks, the following items of the reinstalled
BESS and associated operating procedures shall be verified and documented:

— operation plan (including service life),

+ operating conditions,

+ monitored items (including parts, subsystem and whole system level),
+ inspected items (including parts, subsystem and whole system level),
+ education and training,

+ emergency procedure, and

+ all hardware and software changes carried out including their sources and specificatipns.

e The documentations shall be reviewed by the critical stakeholders of the BESS and formally
approved.

e The revised operation and maintenance instruction document, with a clear identificatign of
its version and validity, shall be distributed to all stakeholders and the expired vergion
fecalled.

—

9 [Changes in an accumulation subsystem'due to an installation of reused o
repurposed batteries

9.1 General

Clayse 9 specifies the safety requirements, considerations and processes when reusef or
repyrposed batteries are installed in the accumulation subsystem of the BESS.

Batteries of the BESS can bg derived from installations or systems where they have Qheen
operated in specific applications for sizable periods of time.

Whan the batteries of-these installations and systems reach the end of their service life, their
energy exchange capabilities and residual usable period can however still be adequate for their
reude or repurpose, for example in a BESS.

The|reuse Or repurpose of such batteries can cause increased safety risks in a BESS due to
their unknewn or uncertain SOH when arriving from the original usage. Adequate steps foy the
selefction-of batteries, the|r characterlzatlon system deS|gn monltorlng and operation cap be
nece C tion
subsystem W|th reused or repurposed batterles cannot have the same suff|0|ent safety margm
as when using new batteries.

The possible negative consequences of installing a reused or repurposed battery into an
accumulation subsystem of a BESS are:

a) electric shock risks arising from improper protective features and devices caused by not
taking into account the ageing of accumulation subsystem including enclosure and related
protection measures;

b) fire risk and load level necessitating adjustment of the firefighting features and their
capabilities, considering the ageing of batteries;

c) fire and explosion risks due to the venting of flammable gases caused by decomposition of
the electrolyte;
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d) the amount of thermal energy to be handled by the heat, ventilation and air conditioning
(HVAC) that shall be addressed differently than when new batteries are used, due to ageing;
and

e) the possibility of chemical spillage due to the deterioration of the pack or any other
enclosure.

The risk assessment shall be done in accordance with IEC 62933-5-2 in the first stage of
planning and before any other work, and the necessary corrective measures concerning
hardware and software shall be undertaken in accordance with the assessment results.

9.2 —Safetyrequirements-inthe-designphase
9.2.1 General

In ofder to preserve the safety level of the BESS, case-specific preventive activities are tp be
carrled out when reused or repurposed batteries are installed into the accumulation subsygtem
in the BESS.

Thig activity can concern an existing BESS to which reused or repurposed batteries are added
or alnewly planned BESS.

Thelintention of 9.2 is to describe the requirements for the activities in the designing phage of
the BESS using reused or repurposed batteries.

9.2.2 Validation of history data

The|key for achieving a safe BESS with reused“0r repurposed batteries is an exhaustive
coIIJction and analysis of the battery design and-usage data accumulated from its original{use
stage.

Whegn reused or repurposed batteries aredinstalled in a BESS, the original design and use gata
of the reused or repurposed batteries shall be kept until the end of the system life cycle, shown
in Figure 3.

The|data shall be kept and-transferred from the original use stakeholders to be used for
designing the BESS, in orderto estimate the residual usable period of the battery, or decifling
any jother safety issues.

Origingl io Transport and storage Reuse/repurpose utilization

\N

O I
Q—; Usage data —Q () ,\ T T / >
Original Reuse/repurpose Installation

Mn Ha:ign Usage data monitoring
and maintenance

IEC

Figure 3 — Life cycle of reused or repurposed battery

The accumulation subsystem including its use data shall be designed and validated in
accordance with the requirements of IEC 63330 and IEC 63338.

The following items of the accumulation subsystem using reused or repurposed batteries shall
be available for the evaluation of their safety in the planning phase of the new BESS. The
history shall cover in principle the entire period from the manufacturing of the device to this
planning and design phase:
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OEM company information,

manufacturing conditions used (related to BESS safety),
traceability of battery materials (related to BESS safety),
battery chemistry,

primary configuration (in accordance with IEC 63330),

safety design at the original use — intrinsic safety design, guards and protection devices,
and information (related to BESS safety),

battery operating range, usage parameters and requirements (in accordance with
[EC 63330),

ecommended operation conditions specified by the OEM company,

erformance data sheets, operating instructions and associated material safety,data sheets
MSDS),

aintenance log,

ilure history including minor ones (e.g., overcharge, over-discharge, overcurfent,
vertemperature, insulation failure, accident), and

istorical data collected from the BMS (battery management system) during the whole
peration life of the batteries (related to BESS safety, in accerdance with IEC 63338 baitery
lffetime traceability data).

Theldecision to reuse or repurpose such batteries will hinge*on a reliable determination of {heir

condlitions, data and their residual usable period in the‘planned BESS.

9.2

B Estimation of residual usable period and performance

The|residual usable period and performanceyof the BESS shall be estimated and calculated
bas¢d on the current residual usable period and performance of the reused or repurpgsed
battery and the future application of the . BESS. In addition, it shall be confirmed that suffigient

saf

shall be implemented with one or more methods from the following.

1)

9.2

y is ensured until the end of the usage period. The estimation, calculation and confirmgtion

Fstimation using the originaluse design

The differences between circumstances from the original use and after the reuse shall be
¢onfirmed. The necgssity for redesign shall be considered based on the result of| the
¢onfirmation. The feuse battery can keep the original life design if the result shows pnly
folerable risk.

Fstimation with -original use data

The estimation shall be done using actual data or trend data which is measuredq as
flepresentative points over a period of time.

Estimation with a non-destructive inspection

[he—estimation—shal—be—done—with—some—non-destructive—inrspection—methods—AnRReEX A
He—e8SsHHaHeH—SsHa+—o e+ W Re—HoH-GeS5tHUGHY HSP-eeHeR—H e eaS—ARRE

describes examples of the estimation methods for a BESS using lithium-ion batteries.

4 Safety requirements in the design of safety

In order to preserve the safety level of the BESS, the following actions are required in the
redesign phase:

1)

Safety design at original use

The safety design of the accumulation subsystem at original use shall be reviewed including
the intrinsic safety design, guards and protection devices, and information. They are very
useful for a BESS whose accumulation subsystem uses reused or repurposed batteries.

The original BMS (battery management system) if reused or repurposed too, shall be
reviewed for the relevance of the embedded control algorithm and compatibility with the
future BESS and its operational management structure.
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2) Failure history

The failure history in the original use, including electrical, mechanical and chemical failure
history, shall be reviewed to avoid an accidental use of units with hidden defects and that
are prone to incipient failures. The history is not limited to the battery’s history, but also that
of the original system or application which used that battery (e.g. a crash by an EV).

If the history has any incidents, the battery shall be treated carefully because battery trouble,
ignition or thermal runaway, etc., can happen at intervals after an incident.

3) Current safety state of reused or repurposed battery

The current safety state can be estimated as follows:

I) Safety design and use data at original use
) Destructive inspection by sampling

If there is a battery which has the same history as the ones to be used, the, safety gtate
can be estimated with destruction inspection using a sampling of the batteries.

The following measures related to sampling shall be taken:

e The sample shall be selected from the batteries that are estimated to have| the
greatest degradation based on the data.

o If the different battery types are mixed, the inspectionshall be conducted for gach
type.

e The following data shall be considered in the sampling phase and inspection:
i) service life,
i) number of years of use,
iii) number of use cycles, and
iv) operating environment temperature’

e The number of samples shall be™two or more and the sampling targets shall be
selected considering the above\data.

NOTE 1 Generally, the most deteriorated batteries is selected for sampling based on the daja as
sampling method.

) Non-destructive inspection

The estimation can be.done with some non-destructive inspection methods. Anngx A
describes examples of the estimation methods.

4) (Consideration of safe-operation range in inherently safe design

Pince reused or)repurposed batteries have deteriorated after original use, operatipnal
argin settings ‘shall be considered to be stricter than those for the original use, in ordér to
perate the’'BESS safely.

) Safesoperating range of state of charge (SOC) of BESS

The SOC range of the BESS shall be narrowed from the original use in accordance with
the category of IEC 62933-2-1:2017, 4.2, to which the application of the BESS with
reused or repurposed batteries belongs as noted below.

i) Class A: Power intensive application

The upper and lower voltage limits shall be narrowed, with the level of reduction in
the limits smaller than that of Class B because the range of use at the upper and
lower limits of the SOC for Class A is typically smaller than that for Class B.

NOTE 2 Class A is a short-duration application that requires the EES system to input/output the
required power over a duty cycle for a short period of time (for example, the EES system is charged and
discharged in less than 1 h).

ii) Class B: Energy intensive application

The upper and lower voltage limits shall be narrowed with the level of reduction in
the limits larger than that of Class A, because the range of use at the upper and
lower limits of the SOC for Class B is typically greater than that for Class A.
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NOTE 3 Class B is a long-duration application that requires the EES system to input/output the
required power over a duty cycle for a long period of time (for example, the EES system is charged and
discharged for more than 1 h).

iii) Class C: Back-up power application
Reduction in the upper voltage limit

NOTE 4 Class C is the EES system that is used to supply AC power to electric power grids in case of
emergency, without relying on an external power source.

The above requirements can be waived in the following cases:
in the case of reuse and when the current rate after the reuse is set below the original use;

in the case of using batteries that have been safely designed and used on the basip of
repyrposing at the time of original use;

when 3)b) is performed and the disassembly analysis of the most deteriorated battery shiows
no cﬁwnge in safety from the time when the battery was new;

when 3)c) is performed and safety is found to be unchanged from the time-when the baitery
was[new.

) Safe-operating range of operational temperature of the BESS

The operational temperature range of the reused or repurposed batteries in the BESS
shall be narrowed from the original use and made closer to the range where dafer
operation is possible. This requirement can be waived irnthe following cases:

in the case of reuse and when environmental conditions remain the same,

wheh the temperature range in the environmental conditions is smaller than that of the original
use

when the temperature control of the accumulation_sdbsystem is appropriately enhanced.
) Safe-operating range of current of BESS

The range of current of the reused orfépurposed batteries in BESS shall be narrowed
from that of the original use. This requirement can be waived in the following cases|

in the case of reuse and when the uppép limit of the current input/output remains the same),

when the current fuse or overcurrent protection of the accumulation subsystem is enhanced
and|the heat generation control. is appropriately enhanced.

5) Necessity of adding guards-and protection measures

Reused or repurposed: batteries cannot be subjected to type testing like new batteries,|and
in most cases, safety\certifications based on type testing for the new batteries are no longer
fpplicable when.they become reused or repurposed batteries. In these cases, "guard|and

rotection" by use of external component(s) is more important than reliance on "intrinsic
gsafety" for.the' safety design of the BESS when using reused or repurposed battgries
ompared.toa BESS using new batteries.

The general safety protection systems of the BESS shall be designed to reflect the presence

If reused or repurpose batteries.

— Prevention of fire propagation: Appropriate layout of the subsystem, guards and
protections shall be implemented to prevent propagation between modules or any other
enclosures, because it is difficult to conduct propagation tests (e.g., IEC 62619:2022,
7.3.3) for reused or repurposed batteries to confirm the possibility of propagation in the
module level.

— Prevention of explosion: When using a battery with a structure that suppresses gas
emissions inside the pack, the number and placement of gas sensors shall be decided
carefully considering that the release of gas emissions can be delayed due to the battery
structure.

— Firefighting: When using a battery with a highly sealed structure, the fire extinguishing
system shall be designed to enhance the direct cooling effect of water and other
extinguishing compounds because the extinguishing effect cannot be expected.
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