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Introduction
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the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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169 INTERNATIONAL ELECTROTECHNICAL COMMISSION

170

171

172 ELECTRICAL ENERGY STORAGE (EES) SYSTEMS

173

174 Part 5-2: Safety requirements for grid-integrated EES systems

175 — Electrochemical-based systems

176

177 FOREWORD

178 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
179 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
180 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
181 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
182 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
183 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
184 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
185 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
186 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
187 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
188 consensus of opinion on the relevant subjects since each technical committee has representation from all
189 interested IEC National Committees.

190 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
191 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
192 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
193 misinterpretation by any end user.

194 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
195 transparently to the maximum extent possible in their national and regional publications. Any divergence between
196 any |IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
197 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
198 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
199 services carried out by independent certification bodies.

200 6) All users should ensure that they have the latest edition of this publication.

201 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
202 members of its technical committees and IEC National Committees for any personal injury, property damage or
203 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
204 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.
205 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
206 indispensable for the correct application of this publication.

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

209 International Standard IEC 62933-5-2 has been prepared by IEC technical committee 120:
210  Electrical Energy Storage (EES) Systems.

211 This International Standard is to be used in conjunction with [IEC TS 62933-5-1:2017.

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

FDIS Report on voting
120/XX/FDIS 120/XX/RVD

213
214 Full information on the voting for the approval of this International Standard can be found in the
215 report on voting indicated in the above table.

216 This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

217 A list of all parts in the IEC 62933 series, published under the general title Electrical energy
218  storage (EES) systems, can be found on the IEC website.
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219 The committee has decided that the contents of this document will remain unchanged until the
220  stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
221 the specific document. At this date, the document will be

222 e reconfirmed,

223 e withdrawn,

224 e replaced by a revised edition, or

225 e amended.

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.

226
227

228
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229 INTRODUCTION

230  All the electrical energy storage systems (EESS) follow the general safety requirements as
231 described in IEC TS 62933-5-1, which is based on a systems approach. IEC 62933-5-2 follows
232  the same structure as IEC TS 62933-5-1 and provides additional requirements for battery
233  energy storage systems (BESS). The additional requirements are provided for the following
234  reasons:

235  BESS can be integrated into a significant range of electrical grids.

236  The level of safety requirements awareness can vary between utilities, system integrators,
237 operators and end-users.

238  Although the safety of individual subsystems is generally covered by international standards at
239 ISO and IEC levels, the safety matters that arise due the combination of electrochemical
240  accumulation subsystems and any electrical subsystems are not always considered. BESS are
241 complex at the systems level due to the variety of potential battery options and configurations,
242 including the combination of subsystems (e.g. control systems for electrochemical accumulation
243  subsystems, electrochemical accumulation subsystems, power conversion subsystems and
244  auxiliary subsystems). Compliance with standards and related material produced specifically
245  for the safety of subsystems cannot be sufficient to reach an acceptable level of safety for the
246  overall system.

247 BESS can have additional safety hazards, due, for example, to the presence of chemicals, the
248  emission of toxic gases, chemicals spilt around the electrochemical accumulation subsystems
249  and to events critical for safety from electrochemical accumulation subsystems that cause
250  safety issues for the entire BESS. They can cause loss of power at any part of the systems and
251 buildings that can result in additional threats to safety. From a systems perspective, these
252 individual hazards can have a system wide impact.

253
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS

Part 5-2: Safety requirements for grid integrated EES systems
— Electrochemical based systems

1 Scope

This part of IEC 62933 primarily describes safety aspects for people and, where appropriate,
safety matters related to the surroundings and living beings for grid-connected energy storage
systems where an electrochemical storage subsystem is used.

This safety standard is applicable to the entire life cycle of BESS (from design to end of service
life management).

This document provides further safety provisions that arise due to the use of an electrochemical
storage subsystem (e.g. battery system) in energy storage systems that are beyond the general
safety considerations described in IEC TS 62933-5-1.

This document specifies the safety requirements of an “electrochemical” energy storage system
as a "system" to reduce the risk of harm or damage caused by the hazards of an electrochemical
energy storage system due to interactions between the subsystems as presently understood.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitute requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60068-2-52, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sodium
chloride solution)

IEC 60079-7:2015, Explosive atmospheres — Part 7: Equipment protection by increased safety
"e"
IEC 60079-7:2015/AMD1:2017

IEC 60079-13, Explosive atmospheres — Part 13: Equipment protection by pressurized room "p"
and artificially ventilated room "v"

IEC 60079-29 (all parts), Explosive atmospheres — Gas detectors

IEC 60364-4-44, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances

IEC 60364-6:2016, Low voltage electrical installations — Part 6: Verification
IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 60812, Failure modes and effects analysis (FMEA and FMECA)

IEC 61000-1-2, Electromagnetic compatibility (EMC) — Part 1-2: General — Methodology for the
achievement of functional safety of electrical and electronic systems including equipment with
regard to electromagnetic phenomena
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296 IEC 61000-6-7, Electromagnetic compatibility (EMC) — Part 6-7: Generic standards — Immunity
297  requirements for equipment intended to perform functions in a safety-related system (functional
298  safety) in industrial locations

299  IEC 61025, Fault tree analysis (FTA)

300 IEC 61660-1, Short-circuit currents in d.c. auxiliary installations in power plants and substations
301 — Part 1: Calculation of short-circuit currents

302 IEC 61660-2, Short-circuit currents in d.c. auxiliary installations in power plants and substations
303 - Part 2: Calculation of effects

304 IEC 61882, Hazard and operability studies (HAZOP studies) — Application guide

305 IEC 61936-1:2010, Power installations exceeding 1 kV a.c. — Part 1: Common rules
306 IEC 61936-1:2010/AMD1:2014

307 IEC 62305-2, Protection against lightning — Part 2: Risk management

308 IEC 62368-1, Audio/video, information and communication technology equipment - Part 1:
309 Safety requirements

310 IEC 62477-1:2012, Safety requirements for power electronic converter systems and equipment
311 — Part 1: General
312 IEC 62477-1:2012/AMD1:2016

313 IEC 62485-2, Safety requirements for secondary batteries and battery installations — Part 2:
314  Stationary batteries

315 IEC 62619:2022, Secondary cells and batteries containing alkaline or other non-acid
316  electrolytes — Safety requirements for secondary lithium cells and batteries, for use in industrial
317 applications

318 IEC 62933-1, Electrical energy storage (EES) systems — Part 1: Vocabulary
319 IEC TS 62933-5-1:2017, Electrical Energy Storage (EES) systems — Part 5-1: Safety
320 considerations for grid integrated EES systems — General specification

321 IEC 62933-5-3, Electrical energy storage (EES) systems Part 5-3: Safety requirements for
322  electrochemical based EES systems considering initially non-anticipated modifications - partial
323  replacement, changing application, relocation and loading reused battery -

324 ISO/IEC Guide 51:2014, Safety aspects — Guidelines for their inclusion in standards
325 3 Terms and definitions

326 For the purposes of this document, the terms and definitions given in IEC 62933-1 and IEC TS
327  62933-5-1 and the following apply.

328 I1SO and IEC maintain terminological databases for use in standardization at the following
329  addresses:

330 IEC Electropedia: available at http://www.electropedia.org/

331 ISO Online browsing platform: available at http://www.iso.org/obp

332 NOTE Where differences in definitions appearing in IEC 62933-1 and IEC TS 62933-5-1 exist, the definition given
333 in IEC 62933-1 prevail, unless otherwise specified here.

334 341
335 battery energy storage system
336 BESS

337 electrical energy storage system with accumulation subsystem based on batteries with
338  secondary cells

339 Note 1 to entry:  Battery energy storage system includes flow battery energy system (IEC 62932-1 :2ﬁ0 171
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Note 2 to entry: Batteries are defined in IEC 60050-482:2004, 482-01-04 and secondary cells are defined in
IEC 60050-482:2004, 482-01-03.

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

3.2

occupied site

location that is within or adjacent to a building or structure with overhead cover, where people
live or work

Note 1 to entry: A location that is not an occupied site is called “unoccupied site”.

3.3
type test
conformity test made on one or more items representative of the production

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

3.4
routine test
conformity test made on each individual item during or after manufacture

[SOURCE: IEC 60050-151:2001, 151-16-17]

3.5

factory acceptance test

FAT

factory activity to demonstrate that the EES system, subsystems, components and additionally
supplied systems/devices are in accordance with the specifications

Note 1 to entry: This note applies to the French language only.

[SOURCE: IEC 62381:2012, 3.1.3, modified — Original definition has been particularized for the
ESS system and note 1 has been added.]

3.6

site acceptance test

SAT

on site activity to demonstrate that the EES system can operate in accordance with the
applicable system specifications and installation instructions

Note 1 to entry: This note applies to the French language only.

[SOURCE: IEC 62381:2012, 3.1.4, modified — Original definition has been particularized for the
ESS system and note 1 has been added.]

3.7

battery management system

BMS

electronic system associated with a battery which has functions to controlling current in case of
overcharge, overcurrent, over discharge, and overheating and which monitors and/or manages
its state, calculates secondary data, reports that data and/or controls its environment to
influence the battery’s safety, performance and/or service life

[SOURCE:IEC 62619:2022,3.12, ]

3.8

point of connection

POC

reference point on the electric power system where an EES system is connected

Note 1 to entry: An EES system may have several POCs arranged in two different classes: primary POC and auxiliary
POC. From an auxiliary POC it is not possible to charge electrical energy in order to store it internally and, finally, to
discharge it to the electric power system, but a primary POC can be used to feed the auxiliary subsystem and the
control subsystem. In the absence of an auxiliary POC, the primary POC can be named simply as POC.

Note 2 to entry: The term "electric power system” is defined in IEC 60050-601: 1985, 601-01-01.
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389 [SOURCE: IEC 60050-617:2009, 617-04-01, modified — the original definition has been
390 particularized for the EES system and notes to entry have been added.]

391 3.9

392  system integrator
393  the manufacturer who integrates the individual subsystem and completes functions properly as
394 a single system.

395 4 Basic guidelines for safety of BESS

396 4.1 General

397 An assessment and reduction of risk associated with the BESS as manufactured and as
398 intended to be installed shall be conducted according to the sequence shown in Figure 1.
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!
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IEC

Figure 1 — General description for risk assessment and reduction of BESS

Risks can depend on many factors including location, chemistry and the size/scale (e.g. power)
of the BESS and need to be assessed accordingly. The location of BESS can range from single
domestic situations, commercial and industrial applications to utility scale systems; and risks
need to be assessed accordingly. Selection of chemistry for the electrochemical accumulation
subsystem of the BESS can depend on the environment, performance characteristics and any
associated costs and benefits.

As described in ISO/IEC Guide 51, risk reduction measures taken during design are “inherently

safe design”, “guards and protective devices”, and “information for end users”. Additional
measures at the use phase (life cycle safety management) are also described in IS i

me Phase (life cy Y management) Podlifiients
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411 4.2 Approach to BESS safety

412 The design of the BESS and its intended installation and integration within the built environment
413  shall accommodate the specific risks that arise during each phase of the BESS life cycle. These
414 life cycle phases typically include, but are not limited to:

415  manufacturing/final assembly and factory acceptance testing (see 7.10, 7.11, and 8.2)
416  transport (see 7.10, 7.11, and 8.2)

417 installation, commissioning and site acceptance testing (see 7.10, 7.11, 7.12 and 8.2)
418  operation (see 7.13)

419  maintenance and repair (see 7.13)

420 repurposing or decommissioning (see 7.13)

421 During the installation process, soundness of communication among subsystems, which are
422 critical to minimizing risk and facilitating incident response shall be ensured to avoid any
423 malfunctions of the protection subsystems. After the installation of the BESS, these subsystems
424 shall be verified by inspection or other suitable means so that their proper functions are assured
425 before the BESS is placed into service.

426 All health, safety and environment (HSE) requirements applicable to the BESS as installed shall
427 be satisfied during system maintenance and repair.

428  The safety design considerations and risk analysis for each identified life cycle phase shall be
429 documented and supplied in accordance with Clause 6 and 7.13.

430 A BESS thatis designed and constructed to provide a specified level of reliability and durability
431 shall include not only the levels of safety as a design feature of the overall system but also
432  subsystem safety level which is necessary to achieve the specified level. At the subsystem level,
433  all integrated electrochemical energy storage subsystems shall comply with appropriate safety
434  standards (e.g. IEC 62477-1, IEC 62619).

435  Safety measures for interactions between subsystems shall be consistent with the result of the
436  system level safety risk assessment.

437  Common electrochemical based BESS POC (point of connection) voltages, energy capacity,
438  site occupancy and chemistry of electrochemical accumulation subsystem are distinguished as
439 listed in Table 1.

440 Detailed implementation of safety measures required in Clauses 7 and 8 can be optimized in
441 accordance with the result of the system risk assessment of BESS (see Clause 6) using the
442 basic conditions in Table 1.

443 NOTE 1 Chemistries that are not in common widespread use for stationary applications are not considered in this
444 document but can be considered in future editions

445 NOTE 2  “*Energy capacity” of BESS” means total energy capacity of electrochemical accumulation subsystems
446 which are equipped behind one POC.

447
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448 Table 1 — BESS categories
Features for Category Explanation
categorization denominations
“POC voltage” V-L Low: V<1kV ACor1.5kV DC
where BESS is -
connected V-H High: V> 1 kV AC or 1.5 kV DC
“Energy capacity” | E-S Small: E < 20kWh
of BESS e
E-LI Large: E > 20kWh / Integrated within one enclosure
E-LS Large: E > 20kWh / Separated by two or more enclosures
“Site occupancy” S-0 Occupied site (see 3.2)
in relation to . .
electrochemical S-U Unoccupied site (see 3.2)
accumulation
subsystem
“Chemistry” of C-A BESS using non-aqueous electrolyte battery (e.g. Li-based)
electrochemical - . .
accumulation C-B BESS using aqueous electrolyte battery (e.g. Lead acid, Ni-based)
subsystem C-C BESS using high temperature battery (e.g. NaS, NaNiCl)
C-D BESS using flow battery
C-Z Others
NOTE 1 Denominations of BESS categorization are described as "V-X / E-X / S-X / C-X" in any requirements of
this document (e.g. V-H / /E-LI / S-U / C-C). Some characteristics can be omitted if any limitation of category does
not apply.
NOTE 2 To apply this document to both BESS and other electrochemical based EESS including chemical based
super-capacitors, the latter EESS are included in category “C-Z”".
NOTE 3 Combinations of two or more electrochemical accumulation chemistries are included in category “C-Z".
NOTE 4 Li-based batteries are categorized as C-A, no matter whether those electrolytes are non-aqueous liquids
or solid electrolytes (typically referred to as solid state).
449

450 Example of BESS use can be described as shown in Table 2.

451
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452 Table 2 - Examples of BESS application
Application Site Access restrictions/conditions during operation and maintenance
environment
Residential installed in individual can be placed in a location that is not accessible for regular
homes or shared by a maintenance without cooperation of the inhabitants of the home and is
small number of not part of a professional operating and maintenance regime.
homes, apartments
buildings or villas.
An example of using Table 1 in this BESS application environment can be as follows: “V-L
I E-SorLI/S-OorU/C-AorB”.
Commercial installed in small placed in a location that is accessible for regular maintenance during
. h business hours and is usually part of a professional operating and
businesses, shared by | aintenance regime.
a large number of
homes etc., or a
mixture of the above
uses such as a street
or an large apartment
building.
An example of using Table 1 in this BESS application environment can be as follows: “V-H
orL/E-LI/S-OorU/C-A, B, CorD”.
Industrial installed in large placed in a location that is accessible for regular maintenance during
businesses like business hours and is part of a professional operating and
factories, data maintenance regime.
centres, warehouses
etc., or shared by a
large number of
homes, such as a city
quarter.
An example of using Table 1 in this BESS application environment can be as follows: “V-H
/| E-Ll or E-LS /S-O or U/ C-A, B, C or D”.
Utility connected directly to placed in a location that is continuously accessible for regular
the utility grid. maintenance and is part of a professional operating and maintenance
regime. The system is typically placed inside a restricted access area,
or access to the system itself is restricted to authorized people.
An example of using Table 1 in this BESS application environment can be as follows: “V-H
|E-LS/S-OorU/C-A,B,CorD”.

453
454 4.3 BESS changes in ownership, control or use

455 In all cases where a transfer of ownership or operational responsibility occurs, the monitoring
456  log information should be transferred to the new owner as part of the system documentation,
457 including measures for complying with the requirements in 7.13.2 and 7.13.3. When it is
458 necessary to control identified BESS risks, there should be clarification on the roles and
459 responsibilities for managing and controlling any existing or new safety risks arising out of the
460  changes that are planned or have taken place.

461 Annex A provides further information regarding ownership of BESS.
462
463 5 Hazard considerations

464  The general hazard considerations for EESS in IEC TS 62933-5-1:2017, Clause 5, are
465 applicable.
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466 6 BESS system risk assessment

467 6.1 BESS structure
468 6.1.1 General characteristics

469 A storage model of the BESS with clarifying features as shown below shall be created for an
470  appropriate safety risk assessment.

471 An example of a BESS including a primary POC, auxiliary POC and control subsystem is shown
472 in Figure 2 and Table 2. In some cases, it is possible that one or more subsystems or
473  components are not included. The communication arrangements between management,
474 communication, protection and the other subsystems are shown as dotted arrow lines.

1
1
1
1 : Communication subsystem :
: ! Management subsystem :<>Q Communication
I i Protection subsystem i j interface
i i I
1
1 : H N |
| G i..p Auxiliary I
| Auxiliary subsystem —— connection L™ Auxiliary POC
| : terminal 1
- -t B |
I : |
1 Primary subsystem : : 1
P A ] 2 !
11| Electrochemical Power i Primary )
1! accumulation conversion T connection Primary POC
¥ subsystem subsystem H terminal |
[ A ——_= == J 1
475 = e e e e e e e o e e e e e e e e e e e e e e = e = = -
476 Figure 2 — An example of BESS architecture

477 NOTE Figure 2 is an example of a typical BESS architecture. There can be the cases which do not fit in Figure 2.
478
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Table 3 - Examples of components within subsystems of a BESS

“Subsystems”

“Components”

Management subsystem

System controller and/or energy management system

Communication subsystem

Operation panel (human interface), system communication and/or monitoring,
meter communication,

Protection subsystem

Relays (earth, overcurrent, over voltage, under voltage, over frequency,
under frequency, etc.)

Auxiliary subsystem

Fire, heat, and/or smoke detection system(s), fire suppression system, fire
extinguisher, HVAC (heating, ventilation and air conditioning), system
anchors, auxiliary transformers, auxiliary power distribution switchgear,
auxiliary power uninterruptible power supply (UPS)

Auxiliary connection terminal

Connection terminals, cable (type, fire rating, thermal rating, chemical rating,
size and flexibility)

Electrochemical accumulation
subsystem

Battery (incl. battery management system), communication devices,
protective devices, mechanical fixing, cables

NOTE There are many cases where BESS include multiple numbers or types
of electrochemical accumulation subsystems

Power conversion subsystem

Transformer, AC/DC converter, inverter, PCS controller, switches

Primary connection terminal

Connection terminal, cable (type, thermal rating, chemical rating, size and
flexibility)

Others Room and/or building/enclosure, foundation, water supply, HVAC system of
the building, fuses, safety markings
6.1.2 Specific characteristics

The main types of BESS that have been previously categorized according to 4.2 can differ not
only in the chemistry of the electrochemical accumulation subsystem but also according to the
type of auxiliary subsystems as given below:
specific auxiliary subsystem of category “C-C” (BESS using high temperature battery)

— electrochemical accumulation subsystem heating circuit
specific auxiliary subsystem of category “C-D” (BESS using flow battery)

— heat exchanger

— fluid management system (pump, tank, piping, valve. etc)
6.1.3

For reasons of difficult access and egress, roof top BESS installations or BESS installations at
elevated floor levels are not recommended. Should such an installation of a BESS still be
envisaged, the risk analysis procedure (see clause 6.3) shall consider additional risk reduction
measures that can need to be taken to make sure that the residual risk is tolerable and
acceptable by concerned emergency services.

Specific BESS implementation location

6.2 Description of BESS conditions

The basic description of BESS conditions shall be categorized in accordance with Table 1 (see
4.2). The more detailed description in accordance with IEC TS 62933-5-1:2017, 6.2, is
applicable to BESS.

6.3 Risk analysis
6.3.1

A risk analysis (hazard identification and risk estimation) of the BESS shall be carried out in
accordance with 4.1, 4.2, 6.3.2, 6.3.3 and 6.3.4.

General

The general considerations for analysing any risk of EESS are described in IEC TS 62933-5-1.
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506 An iterative approach shall be applied (because several successive applications can reduce the
507 risk and make the best use with available technology). In carrying out this process, it is
508 necessary to consider the safety of the BESS during all the phases of its life cycle.

509 Useful information about BESS hazards and risks is provided in Annex B.

510 6.3.2 Hazard identification specific to BESS

511 The scenario, as a result of BESS risk assessment, shall include specific subsystem failure
512 modes (identified hazards specific to BESS) as starting points for the analysis.

513 6.3.3 Risk consideration

514 BESS risk scenarios shall include all interactions between subsystems. Examples of scenarios
515 include but are not limited to:

516 propagation from electrochemical accumulation subsystem(s) to others

517 propagation from non-accumulation subsystems

518  simultaneous failures/faults of multiple subsystems

519 loss of subsystem function related to safety

520 6.3.4  System level risk analysis

521 The system level BESS risk shall be assessed at a component, module and final system level.
522 A suitable analysis shall be performed to demonstrate that suitable risk analysis has been
523 carried out at a component, module and final system level.

524  The general conditions of "system level risk analysis" are described in IEC TS 62933-5-1:2017,
525  6.3.3.

526  The system level BESS risk analysis shall be performed based on the risk (BESS size/severity)
527  and complexity of the system using one of the following techniques or an equivalent one

528 bottom-up 1st principles risk analysis (e.g. FMEA (Failure Mode and Effect Analysis): see
529 |EC 60812)
530 top-down analysis (e.g. FTA (Fault Tree Analysis): see IEC 61025)

531 combined and/or integrated analysis (e.g. HAZOP (Hazard and Operability Study): see
532 |EC 61882, STAMP)

533 6.4 System level risk assessment

534  All risks shall be assessed for their impact on operators, users and neighbours who can occupy
535 the site of the BESS, and graded as tolerable or not.

536 If the systems are reliant upon electronics and software, an evaluation of the functionality of
537  these controls would be conducted. A suitable functional safety standard for example, can be
538  utilized for this purpose.

539 If some risks are not tolerable, appropriate measures shall be taken, according to the
540 requirements in Clauses 7 and 8.

541 Documentation attached to the assessment and reduction of risk of the BESS shall be available
542  and shall comprise all requirements specified in Clause 6.

543 7 Requirements necessary to reduce risks

544 7.1 General measures to reduce risks
545  The general safety considerations for an EESS are described in IEC TS 62933-5-1:2017, 7.1.

546  The priority of risk reduction approaches (from ISO/IEC Guide 51:2014, 6.3.5) shall be:

547 inherently safe design;
548  guards and protective devices;
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549 information for end users.

550 Inherently safe design measures are the first and most important step in the risk reduction
551 process. This is because protective measures inherent to the characteristics of the product or
552  system are likely to remain effective, whereas experience has shown that even well-designed
553  guards and protective devices can fail or be violated, and information for use might not be
554  followed.

555 Guards and protective devices shall be used whenever an inherently safe design measure does
556 not reasonably make it possible either to remove hazards or to sufficiently reduce risks.
557  Complementary protective measures involving additional equipment (e.g. emergency stop
558  equipment) might have to be implemented.

559  The end user has a role to play in the risk reduction procedure by complying with the information
560 provided by the designer/supplier. However, information for use shall not be a substitute for the
561 correct application of inherently safe design measures, guards or complementary protective
562  measures.

563  All the safety design measures required in 7.2 to 7.12 shall be considered in accordance with
564 BESS risk assessment processes specified in Clause 6.

565 Some of the specified measures can be waived provided that clear demonstration is made in
566 the risk assessment that safety objectives supported by the waived measured are clearly
567  achieved, even without the implementation of the concerned measure.

568 7.2 Preventive measures against damage to neighbouring inhabitants

569  The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.2, are
570 applicable.

571 7.3 Preventive measures against physical injury or damage to the health of workers
572 and residents

573  The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.3, are
574 applicable.

575 7.4 Over current protection design

576  The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.4, are
577  applicable.

578 7.5 BESS disconnection and shutdown

579  The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.5, are
580 applicable. Additional safety requirements necessary to reduce risks of BESS during
581 disconnection and shutdown are described in 7.11.2.

582 7.6 Operation and maintenance

583  The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.6 are
584  applicable.

585 7.7  Staff training

586 The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.7, are
587 applicable.

588 7.8 Safety design

589  The general safety considerations of EESS described in IEC TS 62933-5-1:2017, 7.8, are
500 applicable. Additional safety requirements necessary to reduce risks of BESS through safety
591 design are described in sub-clause 7.10, 7.11.1, 7.11.3, and 7.12.

502 7.9 General requirements for BESS safety
593  Any failure or fault with a subsystem should not be spread outside of the subsystem itself.
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594  Any subsystem that develops a fault which could affect the safe operation of the BESS should
595 be capable of being isolated from other subsystems. The safety functions of subsystems shall
596  not be affected by such isolations and shall operate independently.

597  The BESS design should minimize noise, vibration and extreme temperatures generated from
598  the BESS.

599  The architecture of subsystems within the BESS should not prevent operators from recognizing
600 hazardous parts, sections and conditions.

601 Additionally, for category “V-H” BESS, measures shall be taken for preventing any remote
602  dangerous operations if there is no evidence that can be obtained that workers are not at risk
603  at the site.

604 Ergonomic principles specified in an appropriate standard (e.g. ISO 9241 (all parts)) should be
605  taken into account in designing machinery so as to reduce the mental or physical stress of, and
606  strain on, the operator. These principles should be considered when allocating functions to
607  operator and machine (degree of automation) in the basic design.

608 BESS using reused or repurposed batteries shall comply with clause 9 of IEC 62933-5-3.

609  7.10 Inherently safe design of BESS

610 7.10.1 Protection from electrical hazards

611 The electrical installation of category “V-L” BESS shall be in accordance with appropriate parts
612  of the IEC 60364 series.

613  The electrical installation of category "V-H" BESS shall be in accordance with IEC 61936-1 and
614 IEC 60364.

615  The electrical protection for the subsystem connected to the DC side of the BESS shall be safe
616  in accordance with standards (e.g. IEC 61660-1 and IEC 61660-2).

617  The live parts of subsystems and the components of BESS that have hazardous voltage (above
618  safety extra-low voltage (SELV)) circuits shall not be accessible to unauthorized people. The
619 parts of BESS which are likely to cause electric shock shall be securely covered. The conductive
620 parts of BESS which people are likely to touch shall not be connected to any parts at hazardous
621 voltage. The protection can be achieved by one of the following methods:

622 — preventing a current from passing through the body of any person or any livestock;
623 — limiting the current which can pass through a body to a non-hazardous value.
624  The electric wires and insulation shall each be rated for the maximum current, voltage and

625 temperature.

626  All conductive parts of a BESS which can come in contact with a hazardous voltage through a
627  single insulation fault shall be connected to earth in accordance with appropriate standards,
628  manufacturer instructions and local regulations.

629  The physical spacing of circuits including securing leads and terminals, etc., shall be sufficient
630 to prevent inadvertent short-circuits and/or the potential for arc flash.

631 Connection points of bare conductors shall be appropriately spaced and of suitable structure to
632  prevent inadvertent short-circuits between electrochemical accumulation subsystems.

633 A risk assessment in accordance with the procedures contained in IEC 62305-2 shall be made
634  to evaluate if lightning protection is needed. If the assessment indicates that protection against
635 lightning is required, then it shall be provided.

636 The voltage measurement systems associated with the BESS should be using a voltage
637 reference.

638  Safety-related components (for example, certain sensors) of known reliability shall B used.
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639 Protective devices, such as guards, shall be designed to be effective, as their failure can
640 expose persons to hazards, and also because a reduction in their effectiveness could
641 encourage attempts to defeat them.

642  The touch current and discharge energy shall be limited in accordance with IEC 62477-1,
643  4.4.3.4.

644 The BESS shall be provided with an overcurrent protection function at the electrochemical
645  accumulation subsystem connection.

646 NOTE. The positions and the kind of overcurrent protection function are decided according to the risk analysis and
647 type of electrochemical accumulation subsystem.

648 Duplication (or redundancy) of components can be used so that, if one component fails, another
649  component or components continue to perform the respective function(s), thereby ensuring that
650 the safety function remains available.

651 Testing shall be conducted, and compliance shall be assessed in accordance with 8.2.1.3,
652 8.2.1.4,8.2.1.5, and 8.2.1.6.

653 7.10.2 Protection from mechanical hazards

654 The components which people are likely to touch shall not have sharp edges.

655 Where edges or corners could be hazardous to personnel depending on the location or
656  application in the equipment, they shall be rounded or smoothed.

657 Hazardous moving parts of the equipment (which means moving parts that have the potential
658  to cause injury) shall be so arranged, enclosed or guarded as to reduce the risk of injury to
659  persons.

660  The structure of the BESS shall have adequate protection and reduce the risk of subsystems
661 and components dropping during operating conditions, transportation, assembly, installation
662  and disassembly.

663 Especially in case of transportation, if it is difficult for the BESS enclosure itself to provide
664  enough protection, it can be reinforced with additional jigs or fixtures. These are also considered
665  as parts of the structure.

666 BESS shall be designed to keep operators and workers safe in normal operation.

667 The location and structure of the BESS shall be such as to not cause risks to workers in the
668  event of a component malfunction.

669 Failure of interconnections between BESS subsystems shall not lead to a hazardous situation.

670 BESS shall be designed and installed to allow the installation and removal of battery modules
671 using appropriate lifting equipment, unless the weight of the individual modules is low enough
672 to be safely handled by at most two people.

673  Validation shall be conducted, and compliance shall be assessed in accordance with sub-clause
674  8.2.2.1,8.2.2.2 and 8.2.2.3.

675 7.10.3 Protection from explosion

676 Flammable materials shall not be placed in the path of gas or heat exhaust from electrochemical
677  accumulation subsystems.

678 Category “E-S” BESS shall not have parts located in explosive atmospheres.

679  In category “E-LI or E-LS” BESS, control subsystems and those components placed in any
680  explosive atmospheres shall be provided with a suitable gas purging system in accordance with
681 appropriate standards, manufacturer instructions and local regulations.

682 A BESS enclosure or compartment shall not vent any flammable gases into anD%I&sments

683  spaces where arc-producing elements are located.
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684 Testing shall be conducted, and compliance shall be assessed in accordance with sub-clause
685 8.2.3.1,8.2.3.2 and 8.2.3.3.

686 A BESS enclosure or compartment shall consider projectile containment.

687 7.10.4 Protection from hazards arising from electric, magnetic, and electromagnetic
688 fields

689  Safety functions of safety-related subsystems of BESS shall not be disturbed by electric,
690  magnetic, and electromagnetic fields.

691 Where expected electric, magnetic, and electromagnetic noise levels could have an adverse
692 impact on the operation of the BESS, the BESS shall be adequately protected to reduce those
693 noise levels within the system manufacturer’s instructions.

694  Testing shall be conducted, and compliance shall be assessed, in accordance with 8.2.4.

695 NOTE1 The appropriate standards and local regulations can be applied to evaluate the clearance for safety. Another
696 topic to be evaluated is the free space necessary to perform the maintenance activities.

697 NOTEZ2 Clearance distances between BESS containers shall be carefully determined to prevent fire propagation jump
698 from one container to nearby container taking into consideration a number of other sizing criteria such as container
699 accessibility, need for walking passes and access requirements from fire brigade vehicles.

700 7.10.5 Protection from fire hazards

701 Only non-combustible materials shall be used in the construction of the BESS enclosure or
702 supporting structures and assemblies.

703 NOTE Non-combustibility test is described in ISO 1182.

704 Integration of electrochemical accumulation subsystems and their surroundings shall be
705  designed to prevent chains of thermochemical reactions or fire propagation (e.g. separating into
706  a battery section, charging equipment section and a section which includes a DC conductor,
707  circuit breaker and discharge circuit). Where applicable, both fire and thermal risks that are
708  adjacent to the BESS shall also be considered.

709  Compliance shall be reviewed by conducting safety design checks in accordance with the
710  results of system level risk assessments (see Clause 6). Fire-load calculations on the BESS or
711 experimental fire characteristics recommended in sub-clause 8.2.5 with details in Annex C is
712 applicable for the process of the system risk assessment.

713 The inside of the BESS shall be separated into a battery section, charging equipment section
714 and a section which includes a circuit breaker and discharge circuit, using fire-proof partitions
715 (e.g. metal plates, non-flammable boards etc.).

716 Testing shall be conducted, and compliance shall be assessed, in accordance with 8.2.5.

717 7.10.6 Protection from temperature hazards

718 The components that have the potential to be at high temperature shall not be accessible to
719  operators or any other personnel. The parts which are likely to cause burns shall be securely
720  covered.

721 Thermal partitions such as a metal plate or appropriate physical spacing shall be provided
722 between the electrochemical accumulation subsystems and the control subsystem.

723 7.10.7 Protection from chemical effects

724  The choice of materials used in enclosures and wires of the BESS shall consider degradation,
725 corrosion, wear (due to long-term use) and toxicity in accordance with the system risk analysis
726  performed and local regulations.

727 Consideration shall be given to adverse long-term changes in electrical and mechanical
728 properties of certain insulating materials.

729  The effects of electrolyte spillage from the battery shall be prevented. This requirement does
730 not apply to batteries with sealed structures. Documents
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731 The structure of the BESS shall be designed to prevent the scattering of hazardous fluid from
732 electrodes or electrolytes in electrochemical accumulation subsystems in accordance with local
733 regulations.

734 7.10.8 Protection from hazards arising from auxiliary, control and communication
735 system malfunctions

736 Equipment shall be so designed that the risk of fire or electric shock due to mechanical or
737 electrical overload or failure, or due to an abnormal operation or careless use, is limited as far
738 as practicable. After an abnormal operation or a single fault, the equipment shall remain safe
739  for an operator within the meaning of this document, but it is not required that the equipment
740  still be in full working order. It is permitted to use fusible links, thermal cut-outs, overcurrent
741 protection or similar devices as long as they are able to provide adequate protection.

742 BESS shall be designed to prevent a hazardous condition even if the energy supply (from both
743  a primary POC and an auxiliary POC) is interrupted or has fluctuated.

744  When a safety critical component fails or operates abnormally, the system shall enter a safe
745  state automatically.

746 Testing shall be conducted, and compliance shall be assessed in accordance with 8.2.8.

747 Guidance on conducting an abnormal operation and a single fault conditions can be found in
748  |EC 62368-1 and IEC 62933-5-1.

749 Operator safety after an abnormal operation or a single fault should be checked by system
750 testing with suitable simulated signals in consideration of IEC 62368-1.

751 7.10.9 Protection from hazards arising from environments

752 7.10.9.1 General

753  The BESS shall be designed to prevent a hazardous condition even if the BESS is exposed to
754 conditions as given in 7.10.9.2 and 7.10.9.3.

755 7.10.9.2 Exposure to moisture ingress

756  The BESS shall be designed to prevent the effect from moisture ingress.
757 Testing shall be conducted, and compliance shall be assessed, in accordance with 8.2.9.2.

758 For category “S-U” BESS, a minimum IP code of IP5X shall be determined in accordance with
759  |EC 60529.

760 IP code should be considered according to local environment, including indoor or outdoor.

761 7.10.9.3 Exposure to marine environments
762 In case of installation in marine environments, the BESS shall be designed so as not to result
763 in hazardous events during or after exposure to marine environments (e.g. salt fog).

764  Testing shall be conducted, and compliance shall be assessed, in accordance with 8.2.9.3.

765 7.11 Guards and protective measures
766 7111 General

767 In addition to the inherently safe design of the BESS which is described in 7.10, guards and
768 protective measures shall be used in a BESS. The minimum requirements of the guards and
769 protective measures are given in 7.11.

770  Access control is integral to safe operation of a BESS, and appropriate locks and restriction to
771 unauthorized personnel access shall be included in the system design. A safety interlock shall
772 be provided where hazards within the context of this standard are normally present and operator
773 access involves access to areas normally presenting hazards within the context of this
774 document.
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776 In the case of a BESS with a control subsystem, the battery management system in any
777 electrochemical accumulation subsystem shall monitor all relevant safety parameters of the
778 battery as required in the applicable standards and report those parameters to the control
779 subsystem.

780 For those BESS located where there is the potential for direct contact by untrained persons, a
781 minimum IP code of IP2X shall be determined in accordance with IEC 60529.

782 7.11.2 BESS disconnection and shutdown
783 7.11.21 General

784 In addition to the operational states that are defined in IEC TS 62933-5-1:2017, 7.5, a non-
785  operational condition (the isolated condition for maintenance) is defined in this document. The
786  isolated condition for maintenance is a system condition that allows for safe working on the DC
787 power circuitry and electrochemical accumulation subsystem.

788 7.11.2.2 Grid disconnected state

789  The general requirements that are described in IEC TS 62933-5-1 shall apply. Additionally,
790 isolating devices shall be used to allow local manual operation to override remote operation.
791 The isolating devices shall be lockable in the disconnected state.

792 7.11.2.3 Stopped state

793 In the stopped state, the system has performed a shutdown sequence which includes the
794  disconnection of the electrochemical accumulation subsystem from the power conversion
795  subsystem, and the disconnection of the power conversion subsystem from the primary
796  connection terminal. The stopped state can result from a regular command, or an emergency
797  shutdown event command. This state is typically achieved using contactors or motorized circuit
798 breakers. During their installation, the possibility of automatic re-energization or the state that
799  cannot be completely electrically isolated shall be minimized for workers on the site.

800  Auxiliary power shall be allowed to be present to facilitate an automatic power-up sequence, or
801 to power monitoring systems.

802 When the EES system is disconnected and the accumulation subsystem is not connected to the
803 power conversion system, the EES system is considered to be in a stopped state. In this state,
804 the accumulation system can be energized and there is a risk that the stored energy will be
805  converted to thermal energy or other forms of energy by aging or other effects. In the stopped
806  state, part of the auxiliary subsystem should remain powered as it contains critical subsystems
807  for safety and monitoring.

808 7.11.2.4 Isolated condition for maintenance

809 In the isolated condition for maintenance, it should be safe to work on at least the DC power
810  circuit and storage component of the system. The whole isolation of the BESS (see Figure 3)
811 or the partial isolation of the DC side of the BESS can be selected in accordance with the area
812  that should be maintained. The BESS shall be capable of being locked in the isolated condition
813 locally or via a removable disconnection tool so that it can only be connected by authorized
814  personnel after the maintenance procedure. In order to bring the system to an isolated condition,
815  the BESS shall first be brought to the stopped state as defined above. It shall then be capable
816  of being brought and locked into a grid disconnected state, and then it shall be safely isolated
817  (including keeping any power supply for safety-related subsystems of the BESS active).
818  Consideration can be given to providing visible isolation with the lockable isolation device as is
819 required in some jurisdictions.
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820
821 Figure 3 — Example of isolated condition (whole isolation of BESS)

822  The procedure to isolate the system shall:
823  allow for disabling of the fire suppression system where a release of fire suppression agent can
824 be harmful to people working in or near the system.

825 allow the fire detection systems, HVAC, lighting and utility outlets to remain operational in the
826 isolated state, to provide safe and comfortable working conditions.

827  The instructions to isolate the system shall:

828 — be available in a single location that is easily accessible to the person who carries out the
829 system isolation, provide clear instructions and checks to achieve and confirm full isolation
830 of the system, and

831 — provide clear instructions for restoring the system back to the operational (stopped) state.

832 The individual isolating devices referred to by the instructions shall be clearly marked.

833 7.11.3 Other guards and protective functions of BESS
834 7.11.3.1 Protection from electrical hazards

835 Protective devices and circuits shall be properly rated to protect electric circuits against short-
836  circuits.

837 Electrochemical accumulation subsystems (within the energy storage system) shall be provided
838  with a protective function to stop or limit short-circuit currents.

839 Earth fault protection shall be kept within both the AC and the DC sides of the power conversion
840  subsystem. Detection of any earth fault in the BESS shall be reported to operators. This
841 protection is mandatory if the AC and DC side are electrically isolated from a distribution grid.
842  DC side protection is not necessary for safety extra-low voltage (SELV) battery voltage.

843 The BESS shall protect the batteries against overcharge and impulse voltages, including under
844  a single fault condition within the charger. Protection can be accomplished by turning off the
845 charger, or by interrupting the charging current or inrush current. If an overcharge happens, it
846  shall be reported (to operators) by both audible alerts and visual signals.

847  The complete rating of a replaceable fuse should be marked on the fuse holder or adjacent to
848  the fuse holder so that the rating of a fuse is obvious even if the fuse is removed. Other
849 necessary information such as /%t time delay or breaking capacity shall be indicated with the
850 rating. The fuse replacement procedure shall be described in the BESS information described
851 by the safety design and functions set out in 7.12.

852 Overcurrent conditions in electrochemical accumulation subsystems shall be reported to
853 operators.

854 Limited current circuits shall be so designed that the limits are not exceeded under normal
855 operating conditions and in the event of a single failure within the equipment. If an overcurrent
856  condition happens, it shall be reported to operators. Documents
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857 Unintentional islanding of the BESS should be considered in accordance with IEC TS 62933-5-
858  1:2017, 6.2.8.

859  Testing shall be conducted, and compliance shall be assessed in accordance with sub-clauses
860  8.2.1.1 and 8.2.1.2.

861 7.11.3.2 Protection from mechanical hazards

862 BESS enclosures that provide protection from access to hazardous parts shall be sufficiently
863 robust to prevent mechanical damage due to possible mechanical abuse.

864  Testing shall be conducted, and compliance shall be assessed in accordance with 8.2.2.1 and
865  8.2.2.2.

866 7.11.3.3 Protection from explosion

867 For categories "E-S / S-O / C-A, C-B, C-D and C-Z", detection systems for flammable gases
868  generated by the electrochemical accumulation subsystems shall be provided at the site where
869 the BESS is located. When a flammable gas is detected, it shall be reported (to operators) by
870 both audible alerts and visual signals. It is a requirement of this document that the BESS cannot
871 be installed in the site without any detection systems for flammable gases, and that this
872 requirement shall be contained in the installation manuals.

873  Category "E-S / S-U / C-A, C-B, C-D and C-Z" BESS shall have appropriate signage to identify
874 restricted areas. The signage shall specify that flammable gases can be released from the
875  BESS.

876  Category "E-Ll or E-LS / S-O / C-A, C-B, C-D and C-Z" BESS, shall be provided with integral
877 detection systems for flammable gases generated by electrochemical accumulation subsystems.
878  An incident of flammable gas detection shall be reported (to operators) by both audible alerts
879  and visual signals. The handling procedure of the detection systems shall be described in the
880  system documentation as described in 7.12.

881 For category "E-LI or E-LS / S-U / C-A, C-B, C-D and C-Z" BESS, the path of exhausted
882 flammable gases shall be identified and documented in the installation manual. Appropriate
883 signage to identify a restricted area shall be provided around any flammable gas outlet.
884 Information of the path of the exhausted flammable gases shall be provided by the supplier to
885 the owner.

886 For category "C-A, C-B, C-D and C-Z" BESS, electrochemical accumulation subsystems can
887  exhaust hydrogen. To prevent explosion or fire, the BESS shall not have any ignition sources
888  where the density of hydrogen can be over 4 % LFL (lower explosion limit of hydrogen) at the
889  time of any incidents.

890 For category "E-LI or E-LS / C-A, C-B, C-D and C-Z" BESS, appropriate reliable and/or
891 redundant means to avoid flammable gas build-up inside the BESS shall be implemented.

892  Category "E-S / S-O / C-A, C-B, C-D and C-Z" BESS shall be located in a site with appropriate
893 ventilation systems.

894 NOTE 1 It can be considered equivalent to installation in a location of a ventilation system when it is installed in a
895 place where proper ventilation is ensured.

896  Category "E-Ll or E-LS / S-O / C-A, C-B, C-D and C-Z" BESS shall be installed with appropriate
897  ventilation systems as provided for in the following:

898 — the ventilation systems shall be able to keep an appropriate temperature within the
899 enclosure,

900 — forced ventilation systems shall be provided where there is insufficient natural ventilation,
901 — the ventilation openings shall be designed and installed to prevent the spread of fires and
902 water ingress.

903  Testing shall be conducted, and compliance shall be assessed, in accordance with 8.2.3.1,

904 8.2.3.2 and 8.2.3.3.
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905 NOTE 2 For large-scale BESS with distributed installation of air conditioning subsystems, it is important that
906 ventilation subsystems are functioning as intended to be able to take in air and discharge to the ambient atmosphere
907 as intended. .

908 7.11.3.4 Protection from fire hazards

909 A risk of fire can result from excessive temperatures either under normal operating conditions
910  or due to overload, component failure, insulation breakdown or loose connections. Fires
911 originating within the equipment should not spread beyond the immediate vicinity of the source
912  of the fire, nor cause damage to the surroundings or the equipment. Cell firing is regarded as
913  the most probable cause among component failure. However, the cause of ignition is not limited
914  to cell ignition. All subsystems inside the entire storage equipment could become source of
915 ignition and once one of subsystem gets fire and propagates to cells, subsequent propagation
916 among cells takes place. In this clause, the measures to suppress fire propagation are
917  described, regardless the cause of fires originating within the equipment.

918  Category "S-O" BESS shall have a fire detection system, fire alarms deploying both audible
919  alerts and visual signals, and fire extinguishers within the BESS location.

920 For category “E-LI or E-LS / S-O” BESS, if the electrochemical accumulation subsystems of the
921 BESS have doors, the doors shall be fire protecting doors.

922  Category "S-U" BESS shall have a fire detection system, fire alarms deploying both audible
923  alerts and visual signals, and fire extinguishers within a safe and easily accessible location.

924 A signal of fire detection sent from the fire detection system shall be transmitted to the fire
925 alarms with location data via a communication network and fire suppression system, or via
926  secure relays and receivers where applicable.

927 If a fire incident is detected, the fire suppression system, if any, shall automatically operate and
928 the fire alarms shall be automatically started.

929  Testing shall be conducted, and compliance shall be assessed, in accordance with sub-clause
930 8.2.5.

931 Salt water should not be used on live electrical equipment.

932 NOTE It is valid to use salt water of appropriate concentration to discharge the storage batteries after extinguishing
933 the fire while preventing electric shock.

934  Physical separation and extinguishing agent are two key measures against fire propagation.
935 Extinguishing agent includes, but not limited to agent such as cooling agent and fire propagation
936  suppressing film. These two measures should be taken against both propagation among
937  subsystems and propagation among battery subsystem (cells / modules). The two cases are
938  separately described below.

939 1) Against subsystem-to-subsystem propagation

940  The most critical propagation is the one from one subsystem to battery subsystem which
941 contains number of cells in it. Physical separation is the way commonly taken and when
942  regarded as necessary, thick metal panel is placed between subsystems. Extinguishing agent
943 should be properly distributed within the entire equipment. Cooling type and/or fire propagation
944  suppressing film should be effectively placed depending on the type of the assumed ignition.

945 2) Against propagation among battery subsystems

946  The measures to suppress fire propagation should be designed separately in each layer and be
947 multi-layered as a whole. Measures should be designed separately for module-to-module
948 propagation, rack-to-rack propagation, and container-to-container propagation.

949  a) module-to-module fire propagation

950 In order to protect the modules from the heat and flames caused by the ignition of adjacent

951 modules, protective measures such as inserting fire spread prevention plates between

952 modules or arranging them via metal plates of appropriate thickness can be adopted.
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953 In addition, methods such as the use of local fire extinguishing devices (extinguishing
954 agents, fire propagation suppressing film, etc.), which make the entire module group hard
955 to burn by forced water cooling, have begun to be adopted.

956 b) rack-to-rack and container to container fire propagation

957 Regarding fires in adjacent racks and containers, it is necessary to consider not only heat
958 propagation but also flame propagation and high-pressure, high-temperature gas propagation.
959 It is most popular countermeasures to make the protective guard such as firewall and metal
960 case/rack. In addition, it is important to suppress flames and high-temperature gas intrusion.
961 When installing multiple containers or buildings outdoors, please be aware that there may
962 be regulations in each country regarding the separated distance and separation methods.
963 NOTE1 Measures can be designed separately for cell-to-cell fire propagation inside of the module. Regardless of
964 whether the cell is ignited internally or externally, once the cell is ignited it must be prevented from propagating to
965 other cells. It is most popular to countermeasure is the direct heat transfer suppression. It used to be made by battery
966 manufacture. In addition, stationary storage batteries systems are often used in environments where the cells are
967 not enclosed, so there are some cases where local fire extinguishing systems for cells are used in racks and packages.
968 To adopt such a local fire extinguishing system, it is necessary to determine the structure of the module and the type
969 and shape of the extinguishing agent. Calorie calculation is important for extinguishing agents that aim for a cooling
970 effect, and how to create a sealed space is important for extinguishing agents and fire propagation supressing film
971 that aim for a suffocating effect. A film-type fire extinguisher container that can effectively function over a wide area
972 in the limited space within the module (easy to install fire propagation suppressing film) is effective as a module -side
973 countermeasure.

974 NOTE2 If installing a liquid cooling system or fire suppression system in the BESS, it is insulated and isolated to
975 the battery and battery circuit, and care should be taken to prevent leaking. In addition, after the suppression system
976 is activated, attention is paid to short circuits and ground faults.

977 NOTE3 A fire suppression system using the suffocation effect that does not use water or liquids are used with
978 caution.

979 NOTE4 Also, confirming that the fire has been extinguished after suppression is taken cared. Especially in the
980 case of the fire suppression system using the suffocation effect, there is a risk of re-ignition if oxygen enter the space
981 when the extinguish is confirmed. So after enough preliminary consideration, it is conducted.

982 NOTE5  When fire propagation suppressing film is installed, extinguishing performance is checked in advance.
983 7.11.3.5 Protection from temperature hazards

984 The BESS can have one or more critical temperatures which should be identified. According to
985 the identified critical temperatures (e.g. touchable surface temperatures, power electronic
986 component temperatures, and electrochemical accumulation subsystem temperatures), safety
987 provisions shall be implemented to prevent these temperatures from being reached within the
988  BESS.

989  Safety-related components (for example, certain sensors) of known reliability shall be used.
990 It shall be possible for operators to monitor the temperatures where the risk assessment
991 concludes that any temperature monitoring is required in the internal atmosphere of the system
992  enclosure.

993 If the operator does not have specialized knowledge, monitoring can be done by a simple
994 display of the state of the temperature (icon to indicate whether the temperature is outside or
995 inside charge /discharge, range, efc).

996 It shall be possible for operators to monitor the temperatures of subsystems in the BESS.

997 It shall be possible for operators to monitor operating conditions of ventilation subsystems, and
998 detection of abnormal condition shall be reported to operators.

999  When monitored temperature(s) exceed those limit(s) provided by the manufacturer, it shall be
1000 reported to operators.

1001 Testing shall be conducted, and compliance shall be assessed, in accordance with 8.2.6.1,
1002  8.2.6.2 and 8.2.6.3.
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1003 7.11.3.6 Protection from chemical effects

1004  Containment and/or neutralization of spilt hazardous fluids shall be provided. Methods utilized
1005  for containment shall be sufficient to hold the maximum quantity of fluids that could occur and
1006 if located outdoors designed to prevent inadvertent filling with rain. Instructions regarding the
1007 provision of suitable spill containment and neutralization shall be provided by the system
1008 manufacturer with the installation instructions.

1009 For category "C-D" BESS, an automatic leak detection to indicate the release of hazardous
1010  fluids shall be provided.

1011 For category "E-S / S-O" BESS, evacuation during alerting from flammable-gas or fire detection
1012 system shall be strongly recommended in any information for users.

1013 For category "E-S / S-U" BESS, appropriate signage to indicate a restricted area shall be
1014 provided at the site where the BESS is located or on the BESS itself. The sign shall specify that
1015  toxic gases can be released from the BESS.

1016 For category "E-LI or E-LS / S-O" BESS, a detection system for toxic gases generated by the
1017  electrochemical accumulation subsystems shall be provided in the BESS. An incident of toxic
1018  gas detection shall be reported (to operators) by suitable alerts and signals (e.g. audible and
1019  visual). Installation manuals shall include information on how to handle the detection system
1020  for toxic gases.

1021 For category "E-LI or E-LS / S-U" BESS, the path of exhausted toxic gases shall be identified
1022 and documented in the installation manual. Appropriate signage to identify a restricted area
1023  shall be provided around an toxic gas outlet. Information of the path of exhausted toxic gases
1024 shall be provided by the supplier to the owner.

1025 For category "S-O" BESS, gas concentration reduction measures shall be provided in order to
1026 protect the workspace from the high density of toxic gases from electrochemical accumulation
1027  subsystems in the BESS.

1028  Category “E-S / S-O” BESS shall be located in the site that have protective measures against
1029  the hazards above such as, but not limited to:

1030 — elimination of the generation of hazardous chemicals,

1031 — dilution of hazardous chemicals,

1032  — collection of hazardous chemicals (e.g. by a scrubber for hazardous gases),
1033 — limitation of human access.

1034  Category “E-LI or E-LS/ S-O” BESS shall be installed with the protective measures described
1035 above. Testing shall be conducted, and compliance shall be assessed, in accordance with
1036  8.2.7.1,8.2.7.2, and 8.2.7.3.

1037  7.12 Information for end users

1038  Safety information as listed below should be available for end users:

1039  Warning signs and signals (including any limitation of available environments, confirmed by the
1040  validation and testing specified in 8.2.9).

1041 On-site signage and labelling which show any hazardous part of BESS clearly.

1042  Warning devices (audible alerts and visual signals), or others.

1043 A sequence diagram of safety designs shall be described via methods as specified in an
1044  appropriate international standard. (an example of reference document is IEC 60617 (all parts))

1045  All the BESS information about the safety design and functions shall be kept accessible and
1046  available to all applicable BESS stakeholders.

1047 Expected usage.
1048  Operational period in the environment (lifecycle)
1049  How to respond after the end of service life. Documents
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1050 For rooms of electrochemical accumulation subsystems, appropriate information on the
1051 required flow of air shall be provided in the installation instructions where the electrochemical
1052  accumulation subsystem installation is supplied with the BESS. See Annex F for good practice
1053  for warning signs regarding BESS safety.

1054  Any other necessary information shall be provided in accordance with local regulations.

1055 7.13 Life cycle safety management
1056  7.13.1 Operation and maintenance
1057 7.13.1.1 General

1058  Any party which has responsibility for operations and maintenance should be mindful of their
1059 own safety when they work near the BESS. Incorrect operation and inadequate or neglected
1060 maintenance can cause harm by fire, gas poisoning and electric shock. It is necessary for all
1061 stakeholders to protect themselves from such risks.

1062 Most BESS are expected to be operated automatically and remotely via information networks.
1063 The BESS is expected to be operational for decades. During such time, BESS parts will be
1064 replaced at regular scheduled preventive maintenance or as the result of unplanned events,
1065 such as the maintenance plan, preventive maintenance, system condition monitoring, partial
1066 subsystems or component replacement, or design change due to aging degradation.

1067 NOTE The replacement will take into account the potential for any secondary use

1068 The availability of original parts for repair and replacement can be limited, or the parts can be
1069 unavailable, therefore compatible parts might be used. From a systems safety perspective,
1070  replacement parts shall be confirmed to be safe in the system before replacement because
1071 combinations of those parts or subsystems are important for monitoring of the system condition.

1072  Any changes by on-site workers shall not be overwritten by any remote actions during the
1073 maintenance process by off-site workers, to keep on-site workers safe. Consideration shall be
1074 given to adverse long-term changes in the electrical and mechanical properties of certain
1075 insulating materials.

1076 To ensure maintenance safety of the BESS, it is extremely important throughout the product
1077  life, to comply with operating methods, to conduct daily maintenance and to respond to
1078 abnormal conditions. Therefore, it is agreed between the manufacture and the owner in advance,
1079  the maintenance procedures during the BESS life cycle, and the modifications that can need to
1080 be made as appropriate as necessary.

1081 Personnel safety considerations for remote operation of the BESS shall be confirmed in case
1082  of emergency.

1083 7.13.1.2 Operation and maintenance plan

1084 An emergency response plan for safety shall be prepared, which shall include the requirements
1085 of 7.13.1.2.

1086 A safety manual shall include at least descriptions of methods to communicate BESS problems,
1087  warnings to local firefighting agencies, workers and the surrounding residents, and the correct
1088 use of insulated tools.

1089 When adjusting with a screwdriver or a similar tool while under applied voltage, protection
1090  against electric shock or energy hazard caused by inadvertent touch to the applied voltage
1091 sections shall be provided. Measures shall be taken to ensure that the possibility of inadvertent
1092  touch to incorrect parts with the tool is considered in the protection design.

1093  An operation and maintenance manual shall be provided to the BESS owner or their designated
1094  agent and include but not be limited to:

1095 a) how to maintain safety during maintenance (including safety instructions and specification
1096 of required personal protective equipment (PPE) for the various maintenance operations),

1097 b) methods to detect, manage and control fire, explosion and toxic gas retention, et i i
1098 possibilities for venting gasses outside in an emergency situation. ﬁ&%ﬂi@ﬁents
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