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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 5-1: Safety considerations for grid-integrated EES systems —
General specification

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comptising
a|l national electrotechnical committees (IEC National Committees). The object of IEC is to promote‘internafional
cp-operation on all questions concerning standardization in the electrical and electronic fieldsy'To this enq and
r addition to other activities, IEC publishes International Standards, Technical Specifications/Technical Reports,
Plublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC\Rublication(s)"). [Their
pfeparation is entrusted to technical committees; any IEC National Committee interested,in the subject dealf with
njay participate in this preparatory work. International, governmental and non-governmental organizations ligising
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatign for
tandardization (ISO) in accordance with conditions determined by agreement-between the two organizations.

S
2) The formal decisions or agreements of IEC on technical matters express, as‘hearly as possible, an internafional
cpnsensus of opinion on the relevant subjects since each technical ,committee has representation from all
ifterested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Nafional
Jommittees in that sense. While all reasonable efforts are made“to ensure that the technical content of IEC
Plublications is accurate, IEC cannot be held responsible for\the way in which they are used or foll any
njisinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicgdtions
transparently to the maximum extent possible in their national and regional publications. Any divergence betpveen
ahy IEC Publication and the corresponding national er regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
apsessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible fof any
sgrvices carried out by independent certification bodies.

6) Al users should ensure that they have thé“latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expertg and
embers of its technical committees and IEC National Committees for any personal injury, property damage or
ofher damage of any nature ahatsoever, whether direct or indirect, or for costs (including legal fees) and
penses arising out of the\publication, use of, or reliance upon, this IEC Publication or any othern IEC

8) Alttention is drawn to the Normative references cited in this publication. Use of the referenced publications is

9) IEC draws attention to the possibility that the implementation of this document may involve the use qf (a)
tent(s). IEC-akes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which

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

the latest.information, which may be obtained from the patent database available at https://patents.iec.ch| IEC

IEC 62933

. — : a— Tergy
Storage (EES) systems. It is an International Standard.

This first edition cancels and replaces the first edition of IEC TS 62933-5-1 published in 2017.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to
IEC TS 62933-5-1:2017:

a) Revising “should” statements to “shall” statements for all requirements and move some
“should” statements clauses to Annex B for informative purposes.

b) Update standard references (normative).

¢) Update definitions and add or remove definitions where necessary.
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d) Revise criteria in Clause 6 and Clause 7 to be actionable and add standard references
where necessary.

e) Revise Clause 8 for more thorough test method and criteria, add tests where necessary.

f) Add markings and instruction criteria.

g) Revise Annex A to add technology safety information on gravitational and thermal EESS.

h) Add Annex B and Annex C for safety considerations for EESS and test method for
mechanical EESS.

i) Add informative list of standards and update bibliography.

The[text of this International Standard is based on the following documents:
Draft Report on voting
120/368/FDIS 120/377/RVD

Fulllinformation on the voting for its approval can be found in the report on\woting indicatgd in
the gbove table.
Thellanguage used for the development of this International Standard’is English.
Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developdd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availpble
at www.iec.ch/members_experts/refdocs. The main decument types developed by IEC|are
desgribed in greater detail at www.iec.ch/publicationg:
A ligt of all parts in the IEC 62933 series, published under the general title Electrical engrgy
storpge (EES) systems, can be found on the IEC website.
The|committee has decided that the contents of this document will remain unchanged unti| the
stablility date indicated on the IEC website under webstore.iec.ch in the data related to| the
speg¢ific document. At this date, the_ document will be
e 1feconfirmed,
e \Withdrawn, or
e llevised.

IMPORTANT>The "colour inside" logo on the cover page of this document indicates

that it contains colours which are considered to be useful for the correct understanding

of jts contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Many governments' plans for how electricity will be generated and managed in the future have
been determined. Such current plans cannot be implemented without long-term storage with
capacities in the large scale range.

There are a number of types of storage technologies that have emerged. Examples of these
technologies are pumped hydro storage (PHS), electrochemical batteries, flywheel storage
systems and hydrogen and synthetic natural gas (SNG). Pumped hydro storage has been widely
used in terms of the total amount of stored energy. A flywheel is a model of kinetic energy
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 5-1: Safety considerations for grid-integrated EES systems —
General specification

Scope

part of IEC 62933 specifies safety considerations (e.g. hazards identification;

document provides criteria to enable the safe application and use of electrical en
hge systems of any type or size intended for grid-integrated applications:

document can be applied to all EESS technologies, but for requirements specifi
trochemical EES systems, reference is also made to IEC 62933:5-2.

Normative references

following documents are referred to in the text in such @way that some or all of their con
btitutes requirements of this document. For dated references, only the edition cited app|
undated references, the latest edition of the/referenced document (including

60068-2-52, Environmental testing — Part2-52: Tests — Test Kb: Salt mist, cyclic (soq
ride solution)

60079-2:2014, Explosive atmospheres — Part 2: Equipment protection by pressun
osure "p"

60204-1, Safety of machinery — Electrical equipment of machines — Part 1: Gen
irements

60204-11, Safety.of machinery — Electrical equipment of machines — Part 11: Requirem
quipment for.veltages above 1 000 V AC or 1 500 V DC and not exceeding 36 kV

60364 (@ll'parts), Low-voltage electrical installations

IEC

Profiection against electric shock

60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safg

risk

ergy

c to

tent
ies.
any

ium

jzed

eral

ents

IEC

60364-4-41:2005/AMD1:2017

IEC 60364-4-43, Low-voltage electrical installations — Part 4-43: Protection for safety —
Protection against overcurrent

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

IEC

IEC

60364-6:2016, Low voltage electrical installations — Part 6: Verification

60529, Degrees of protection provided by enclosures (IP Code)
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IEC 60664-1:2020, Insulation coordination for equipment within low-voltage supply systems —
Part 1: Principles, requirements and tests

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods

IEC

60730-1:2020, Automatic electrical controls — Part 1: General requirements

IEC 60730-2-9, Automatic electrical controls — Part 2-9: Particular requirements for temperature
sensing controls
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IEC
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IEC
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IEC
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IEC
stan

IEC
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IEC
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safé

IEC
medq

IEC

60947-5-1, Low-voltage switchgear and controlgear — Part 5-1: Control circuit deyices
ching elements — Electromechanical control circuit devices

61000-1-2, Electromagnetic compatibility (EMC) — Part 1-2: General — Methadology fo
evement of functional safety of electrical and electronic systems including equipment
rd to electromagnetic phenomena

61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Imm{
dard for residential, commercial and light-industrial environmeénts

61000-6-2, Electromagnetic compatibility (EMC) — Part 6<2: Generic standards — Imm{
dard for industrial environments

61000-6-3, Electromagnetic compatibility (EMC)y~/Part 6-3: Generic standards — Emis
dard for equipment in residential environments

61000-6-4, Electromagnetic compatibility{EMC) — Part 6-4: Generic standards — Emis
dard for industrial environments

61000-6-5, Electromagnetic compatibility (EMC) — Part 6-5: Generic standards — Imm{
quipment used in power stationand substation environment

61000-6-7, Electromagnetic compatibility (EMC) — Part 6-7: Generic standards — Imm{
irements for equipmentintended to perform functions in a safety-related system (functi
ty) in industrial locations

TR 61340-1,, Electrostatics — Part 1: Electrostatic phenomena - Principles
surements

61439-1,"Low voltage switchgear and control gear assemblies — Part 1: General rules

IEC

and

" the
with

nity

nity

sion

sion

nity

nity
bnal

and

61508 (all parts), Functional safety of electrical/electronic/programmable electn

onic

safety-related systems

IEC 61511 (all parts), Functional safety — Safety instrumented systems for the process industry
sector

IEC

IEC

IEC

61936-1, Power installations exceeding 1 kV AC and 1,5 kV DC — Part 1: AC
TS 61936-2, Power installations exceeding 1 kV AC and 1,5 kV DC — Part 2: DC

62061, Safety of machinery — Functional safety of safety-related control systems

IEC 62109-1, Safety of power converters for use in photovoltaic power systems — Part 1:

Gen

eral requirements
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IEC 62109-2, Safety of power converters for use in photovoltaic power systems — Part 2:
Particular requirements for inverters

IEC 62116:2014, Ultility-interconnected photovoltaic inverters — Test procedure of islanding
prevention measures

IEC

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

IEC 62443-3-3, Industrial communication networks — Network and system security — Part 3-3:
System security requirements and security levels

IEC
- P4

IEC
Part
DC

IEC
purg

IEC

IEC
dist

IEC

IEC
grid

ISO
ISO

ISO
risk

ISO

ISO

62477-1:2022, Safety requirements for power electronic converter systems and equipn
rt 1: General

62477-2, Safety requirements for power electronic converter systems and equipme
2: Power electronic converters from 1 000 V AC or 1 500 V DC up to 86)kV AC or 5

62689-2, Current and voltage sensors or detectors, to be used fohfault passage indic3
oses — Part 2: System aspects

62909-1, Bi-directional grid-connected power converters’</Part 1: General requiremen

62909-2, Bi-directional grid-connected power convérters — Part 2: Interface of GCPC
ibuted energy resources

62933-1, Electrical energy storage (EES) systems — Part 1: Vocabulary

62933-5-2, Electrical energy storage\ (EES) systems — Part 5-2: Safety requirements
integrated EES systems — Electrocfiemical-based systems

1182, Reaction to fire tests for-products — Non-combustibility test
7010, Graphical symbals,~ Safety colours and safety signs — Registered safety signs

12100:2010, Safety~of machinery — General principles for design — Risk assessment
reduction

13849 (all_parts), Safety of machinery — Safety-related parts of control systems

15649y Petroleum and natural gas industries — Piping

nent

nt —
4 kV

tion

and

for

and

ASME B31.3, ASME B31 Code for Pressure Piping, Section 3: Process piping

IEEE Std 1547.1-2020, Standard Conformance Test Procedures for Equipment Interconnecting
Distributed Energy Resources with Electric Power Systems and Associated Interfaces
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3 Terms and definitions

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

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

e |EC Electropedia: available at http://www.electropedia.org/

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

3.1
access to EESS

3.1.1
restricted access area
ared to which only skilled persons with the proper authorization have access

[SOURCE: IEC 60050-195:2021, 195-04-04, modified — the words~"€lectrically" and }and
electrically instructed persons" have been removed.]

3.1.2
unre¢stricted access area
areq that is not a restricted access area

3.2
operation status

3.2
conjmissioning
actiyities undertaken to prepare a system™or product prior to demonstrating that it meetg its
spet¢ified requirements

[SOURCE: IEC 60050-821:2017, 821-12-09]

3.2.2
decpmmissioning
admiinistrative and technical actions taken to allow the removal of some or all of the EESS
regylatory controls from*a facility

Note|1 to entry: These actions can include the processes of discharging and dismantling.

[SOURCE:. IEC 60050-395: 2014, 395-08-28, modified — the term "regulatory controlg" is
replaced-with "EESS" and the term "decontamination" with "discharging"]

3.3
EESS

3.3.1
hybrid EESS
EESS that incorporates multiple storage technologies into one system

EXAMPLE: Hybrid EESS that incorporates batteries and electric double layer capacitors in one EESS.

3.3.2

multi-part EESS

electrical energy storage system consisting of assemblies or equipment interconnected in the
field to comprise a complete system
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electrical installation
assembly of electrical equipment which is used for the generation, transmission, conversion,
distribution and/or use of electric energy

Note 1 to entry: The electrical installation includes energy sources such as batteries, capacitors and all other
sources of stored electric energy.

[SOURCE: IEC 60050-651:2014, 651-26-01]

3.5
ene
live

at an electric potential different from that of earth at the worksite and which presents

eled

Note
ener

[SO

3.5.

hazardous live part

live

Note

this qurface is considered to be a hazardous live part.

[SOYURCE: IEC 60050-195:2021, 195-06-05]

3.6

harm

physical injury or damage to persons, preperty, and livestock

[SOURCE: IEC 60050-903:2013, 903-01-01]

3.7

hazard

potgntial source of harm

Note|1 to entry: In English, the term "hazard" can be qualified in order to define the origin of the hazard g

nature of the expected\harm (e.g. "electric shock hazard", "crushing hazard", "cutting hazard", "toxic hazard"

haza
Note
origif
"risq

Note

=g-i-zlcd, g
adj.

trical hazard

1 to entry: A part is energized when it is electrically connected to a source of electric energy. It can al
ized when it is electrically charged and/or under the influence of an electric or magnetic.field.

JRCE: IEC 60050-651:2014, 651-21-08]

(
part that, under certain conditions, can give a harmful eléetric shock

1 to entry: A hazardous voltage can be present on the accessible surface of solid insulation. In such a

d", "drowning.hazard").

2 to entry:\In French, the synonym "risque" is used together with a qualifier or a complement to defin

of the_hazard or the nature of the expected harm (e.g. "risque de choc électrique", "risque d'écrasenm

e de’cqupure”, "risque toxique", "risque d'incendie", "risque de noyade").

an

0 be

rase,

r the
"fire

e the
ent",

harm

3to”entry: In French, the term "risque" also denotes the combination of the probability of occurrence of

and t

he severity of that harm, in English "risk" (see 3.9).

[SOURCE: IEC 60050-903:2013, 903-01-02]

3.8

major incident
event or situation resulting from uncontrolled developments in the course of the operation of
the EESS and leading to serious harm to human health or the environment, immediate or
delayed, inside or outside the establishment, which requires special arrangements to be

impl

emented by one or more emergency responder agency
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protective measures and safeguards

3.9.

1

personal protective equipment
PPE
device or appliance designed to be worn or held by an individual for protection against one or

mor

e health and safety hazards whilst performing live working

[SOURCE: IEC 60050-651:2014, 651-23-01, modified — “or held” has been added to the

defi

3.9.

profective measure
megsure intended to achieve adequate risk reduction, implemented by the designer/(inhe
desijgn, safeguarding and complementary protective measures, information foruse) and by
usel (organization: safe working procedures, supervision, training; permit<to-work syste
proyision and use of additional safeguards; use of personal protective equipment)

[SO

3.10
risk
comppination of the probability of occurrence of harm and thé.s€verity of that harm

Note|1 to entry: In French, the term "risque" also denotes the potential source of harm, in English "hazard" (see
[SOURCE: IEC 60050-903:2013, 903-01-07]

3.10.1

tolerable risk

risk [which is accepted in a given contextbased on the current values of society
[SOYURCE: IEC 60050-903:2013, 903-01-12]

3.1

risk|land hazard analysis

3.11.1

ma

Note

[SO

faiIrTre mode

nition.]

p

URCE: IEC 60050-903:2013, 903-01-17]

ner in which failure occurs

1 to entry~ A failure mode may be defined by the function lost or other state transition that occurred.

URGENEC 60050-192:2015, 192-03-17]

PN

3.1

4

failure modes and fault tree analysis
FMEA
qualitative method of analysis that involves the study of possible failure modes and faults in

sub

items, and their effects at various system and subsystem levels

rent
the
ms;

3.7).

[SOURCE: IEC 60050-192:2015, 192-11-05, modified — the term “indenture” has been replaced

with

“system and subsystem” and the note has been removed.]
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failure modes, effects and criticality analysis
FMECA

quantitative or qualitative method of analysis that involves failure modes and effects analysis
together with a consideration of the probability of the failure mode occurrence and the severity
of the effects

[SOURCE: IEC 60050-192:2015, 192-11-06, modified — the note has been removed.]

3.11

faullf—(-Fee-a-na-l-y-si-s
FT

ded
[SO

3.1
haz

HAZOP studies
structured and systematic technique for examining a defined system with the objectiv

4

Ictive analysis using fault trees
JRCE: IEC 60050-192:2015, 192-11-08]

.5
rd and operability studies

e of
with
tion

f the

ved

identifying potential hazards in the system and identifying potential operability problems
the system and, in particular, identifying causes of operational’disturbances and produg
devifations likely to lead to non-conforming products

Note|1 to entry: The hazards involved can include both those esséntially relevant only to the immediate area
systgm and those with a much wider sphere of influence, for example some environmental hazards

3.11.6

risk|analysis

systematic use of available information to identify hazards and to estimate the risk
[SOURCE: IEC 60050-903:2013, 903-02-08]

3.11.7

risk|lassessment

ovelall process comprising@ risk analysis and a risk evaluation

[SOURCE: IEC 60050:903:2013, 903-01-10]

3.11.8

risk|evaluation

prodedure based on the risk analysis to determine whether the tolerable risk has been achig
[SOURCE: IEC 60050-903:2013, 903-01-09]

3.12

reasonably foreseeable misuse
use of a product, process or service in a way not intended by the supplier, but which can result
from readily predictable human behaviour

[SOURCE: IEC 60050-903:2013, 903-01-14]
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3.13

safety-related system

designated control system that implements the required safety functions necessary to achieve
or maintain a safe state for the EESS; and is intended to achieve, on its own or with other risk
reduction measures, the necessary risk reduction in order to meet the required tolerable risk

[SOURCE: IEC 61508-4:2010, 3.4.1, modified — revise “EUC” to “EESS”, delete “other E/E/PE
safety-related systems and”, revise "the necessary safety integrity for the required safety
functions" to “the necessary risk reduction in order to meet the required tolerable risk”.]

3.14

shutdown
trangitional state of an EESS from operational state (either charging from the grid or) 6Utput
powgr to the grid) to standstill or idling state

[SOURCE: IEC 60050-415:1999, 415-01-09, modified — revise “a wind turbine‘between pawer
production and” to “an EESS from operational state (either charging from(the grid or oytput
powkr to the grid) to”.]

3.14.1

emgrgency shutdown
rapifl shutdown of EESS triggered by a protection system or by, manual intervention to apoid
equipment damage, or personnel hazards or both

[SOURCE: IEC 60050-415:1999, 415-01-11, modified& revise “the wind turbine” to “EESS”,
and|add “intervention to avoid equipment damage, or personnel hazards or both”.]

3.14.2
normal shutdown

shutdown of EESS in which all stages ofxthe shutdown are under the control of the control
system

[SOURCE: IEC 60050-415:1999, 415-01-10, modified — add “of EESS”]

3.15
skilled person

qualified person
perdon with relevant education, training, knowledge and experience to enable him or hgr to
perdeive risks and tolavoid danger which electricity can create

[SOURCE: IEG,60050-651:2014, 651-26-11]

4 |Basicrapproach for safety considerations of EES systems

The approach taken in this documentis shown in Figure T. The first aspect covered in Clause 5
is the identification of the different hazards associated with an EESS based on its system type,
location, size and how it can impact or be impacted by its surroundings. The second aspect,
covered in Clause 6 is the conduct of a risk assessment that is determined based upon
considerations identified in Clause 5, according to operational use. The third aspect covered in
Clause 7 deals with the measures to implement to reduce the risk based on the assessment
conducted under Clause 6.
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Hazards description . Rlsk of an Risk reduction
for EES system m - measures

IEC

Figure 1 — General description of the approach
to address hazards in EES systems

5

5.1

EES
pers

Hazard considerations for EES systems

Electrical hazards

(
systems that contain hazardous voltage levels can pose an electric-shock hazar
ons. Voltage limits above 30 V AC RMS/42,4 V AC peak or 60.V-DC are consid

hazardous voltage. -

NOT
abov

Arc
equ
arc

NOTE
asso

The
to h
gas

Eled
resp
to th

5.2

Mov
top

r

E 1 In IEC 62477-1 DVC As levels are 30 V AC RMS/42,4 V AC peak or éO V DC for dry condition. Volf
b these levels are considered as hazardous voltage.

N\

Zz

o

flash boundaries shall be determined to establish appropriate levels of personal proteq
pment for workers involved in maintenance and other actions on energized equipment.
lash boundary shall be the distance at which thedngident energy equals 5 J/cmZ2.

F 2 NFPA 70E provides guidance on worker electrlcal safety including electric shock and arc flash ha
Ciated with work on electrically live parts. The arc flash boundary of 5 J/em? is noted in this document.

EESS shall also be evaluated for potential hazards due to static electricity, which can
zardous conditions especially within* areas of flammable or explosive concentration
s or dust.

ages

tive
The

rards

ead
s of

tric hazards can also arise<from inappropriate electric firefighting procedures. Emergéncy

onse guidelines for the EESS shall address appropriate firefighting procedures applic
at EESS technology.

«
Mechanical hazards

ing parts that\present potentially hazardous kinetic energy shall be enclosed or conta
event exposure to the moving parts during operation or as a result of a fault in the sys

such as waorh bearings, loss of vacuum, overspeed conditions, and damaged or blocked ro

Parts €ontaining hazardous pressure shall have sufficient strength to safely withstand th
prei I I lati for desi ‘ inina I | |

able

ned
em,
ors.

ose

Pressure relief devices shall be provided to prevent an overpressure condition.

5.3

Energy hazards

5.3.1 Explosion hazards

ply.

Explosions endanger the lives and health of those exposed as a result of the uncontrolled
effects of flame and pressure, the presence of noxious reaction products, the discharge of
shrapnels, and the consumption of oxygen in the ambient air.

The hazardous risk assessment of the EESS shall determine if there is a potential for an

expl

osion hazard from the EESS during normal and abuse conditions.
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5.3.2 Hazards arising from electrical, magnetic, and electromagnetic fields

Exposure to radio frequency energy of sufficient intensity at frequencies between 3 kHz and
300 GHz that can adversely affect personnel working around the EESS shall be prevented.

Risks caused by radioactive substances (radiation and ingestion) are out of the scope of this
document.

5.4 Fire hazards

It shall be determined whether combustible materials exist or can exist in the EESS, and in what
quantity and distribution.

In ﬁsessing the fire hazard, the existence and quantity of fire supporting substances| for
example oxygen producing substances, and the potential for their occurrence shall be
detgrmined.

Ignifion sources, for example hot wires, electrical arcs, friction between moving parts
(seqd Annex B for more information of ignition sources), that exist in EESS or in the vicinify of
the EESS or that can occur under some circumstances shall be determined.

5.5 | Temperature hazards

EESS shall be designed to prevent inadvertent exposure ofpersons to hot or cold parts or fluids
that|can result in an injury.

Emgrgency response guidelines shall provide instructions to avoid the potential for exposure to
excgssive heat or hot smoke.

5.6 Chemical hazards

The|EESS can contain chemicals that.are hazardous to persons if they are exposed to these
chemicals. Chemical hazards assogiated with the EESS shall be identified.

5.7 | Unsuitable working conditions

All BES systems shall be arranged to facilitate access to and egress from the area in which the
system is installed or enclosed to prevent persons from becoming trapped. Working space|and
condlitions shall be-adapted to prevent the risk of musculoskeletal disorders (MSD) injury
(seqd Annex B) which’depends on work positions and postures, how often the task is performed,
the |evel of required effort and how long the task lasts.

When evaluating working space for electrical installation and maintenance work, there shajl be
sufficient.space to safely work on the system without the risk of electrical hazards to persopnel
perfprming the installation or maintenance. Local regulations can apply.

NOTE 1 Article 110 of NFPA 70:2023 has specific criteria for safe electric working space that are voltage dependent.

Noise from the EESS shall be within specified limits of safety by protective measures including
warning markings, and the wearing of hearing protection shall be implemented as determined
necessary based upon the limits of the installation. Local regulations can apply.

NOTE 2 Examples of limits imposed in the workplace are: the NIOSH sound level limit for 8 h exposure is 85 dB;
the EU sound level limit for 8 h exposure is 87 dB; the OSHA sound level limit for 8 h exposure is 90 dB.

The EESS shall not have sharp edges that can cause a physical injury to personnel.
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EESS risk assessment

EESS structure

1 General characteristics

A risk assessment that includes measures for risk reduction shall be conducted on the EESS.
The principles and methodology of ISO 12100 can be used for the risk assessment.
IEC/ISO 31010 documents many different techniques that can be used for the risk assessment
and provides guidance on their applicability as well as the applicable reference documents for
each technique.

NOT
EES

NOT

techjique (SWIFT), failure modes and effects analysis (FMEA), failure modes, effects and ‘criticality ang
(FMHCA), hazard and operability studies (HAZOP studies) and fault tree analysis (FTA).

NOT
a ris

exanjple for V-H type EESS that are connected to HV grid with high power and)energy, in order to prov
comgrehensive evaluation of specific and overall aspects of the EESS and the-surfounding environment, if

asse
done|

To gonduct the risk assessment, a description of the EESS is required. The following gen

cha

e 1{ype, power, energy, rated life according to calefidar or cycling ageing (guaranteed lifet

e Kknown hazards associated with any components of the EESS,

6.1.
Tab

E 1 This document covers gravity energy storage systems, which can be considered as a maching.. For
b, ISO 12100 can also be used as a reference standard for risk assessment.

F 2 Some of the methods covered in IEC/ISO 31010 include primary hazard analysis, sstpuctured w
F 3 In many cases, for example for V-L type EESS that are connected to LV grid with limited power and en

assessment based on a risk analysis limited to single-fault conditions will bersufficient. In other case

5sment based on a risk analysis limited to single-fault condition is insufficient, a double-fault analysis ca

acteristics shall be noted:

umber of cycles),

pplication type,

azardous materials contained (formulas; physical state, quantities, safety data sheets|
eneral functions, safety and security functions, programming functions,

elf-test functions, remote contrel, staff presence,

uxiliary devices included insthe system,

easures taken to ensure'the design safety and the reliability of the system,

easures available te mitigate the risks,

perating parameters,

Instructions.for use and maintenance.

p Specific characteristics

bther

at if
lysis

ergy,
5, for
de a
risk
n be

eral

me,

e 4 lists anpr‘ifir* characteristics that shall bhe considered dnring the risk assessment
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Table 1 — EESS characteristics for risk assessment consideration

Type of EESS ? Grid connection Application Location Voltage at point
type of connection
mechanical — transmission — peak shaving — residential V-L:
grids (long duration including group | <1 000V AC or
<

— pumped hydro (PHS)
— compressed air (CAES)

distribution grids

application)

of households

1500V DC
V-H: >1 000 V AC

. . — load levelling — commercial
_ fiywheel (FES) — commercial grids (long duration and public or> 1500V DC
_ — industrial grids application) access
— gravitational (GES) buildings
— residential grids — frequency
elegtrochemicat reguration (snort — mauastrial
. — islanded grids duration -
— secondary batteries application) — utility
— flpw batteries — stabilizing — outdoor
— s({ipercapacitors renewable enclosed or
(generally combined energy (short gnfhnclosed, 2
with batteries in a duration °
hybrid EES) application) — indoor
thetmal — backup power enclosed or

oy

dtent heat storage
— sensible heat storage

— thermochemical
sforage (adsorption and
apsorption)

chemical

— hydrogen

— combined
applications
(multiple use
applications)

unenclesed, or
both

— underground

a8 Annex A gives a short description of the main risks of\different mechanical, electrochemical and chemical
ptorage technologies. Some EESS can be a combination of the different types of technologies in one sysfem
ps a type of hybrid system.

6.2 | Description of storage conditions

6.2.1

assg¢ssment.

6.2.2

Vulnerable efements

Types of grids, applications and locations

RefIr to Table 1 for types of grids, for EESS applications and locations that will impact the|risk

To gssess theseverity of a potential accident or incident, it is essential to clearly identify the
elements of(the environment that could be affected. Generally, the following elements shall be

congidered:

. eople (e.g. site staff concerned, resident populations or people working around the kite,
il)_lﬂ—b_t_tﬁ_t_t_rl_ﬁ'l_fﬁ_ncu Ing number, istance from ype of persons and their

Ime Of presence,

limitations);

o facilities and equipment not directly in the field of study;

e essential safety equipment;

e devices relying on the EESS;

e properties and structures;

€ plant an

e natural environment (e.g. groundwater, rivers, soil, atmosphere, wind direction, seismic
levels, lightning levels, and altitude).
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6.2.3 Special provisions for EES systems in generally accessible locations

The design of the EESS shall ensure that unauthorized persons (e.g. general public) cannot
access any dangerous parts or system controls.

EESS connected to residential grids or in applications where there can be vehicle access shall
be provided with protection to prevent damage from inadvertent impact from vehicles, such as
located in garages or near roadways.

If EESS are located within residences, local planning and building code criteria can apply for
EES de’rnmc

Use|of EES systems in residential grids can limit some technologies, where hazards.€annhgt be
sufficiently mitigated in a residential setting.

6.2.4 Sources of external aggression

Some sources of aggression shall be identified:

. n site sources: other facilities and hazardous equipment, yé&hicles and other moying
bjects, work, utility losses, malicious acts;

. atural sources: extreme weather conditions (frost, wind;, 'snow, fog, etc), landslides|and
arthquakes, lightning, flooding with fresh or salt water, and damage from vermin.

6.2.5 Unattended operation

An [EESS designed for unattended operation .cah be exposed to a variety of extgrnal
aggfessions and internal trouble during its use, In'such operating conditions, it is possible|that
potgntially alerting signs of fault conditions_such as unusual vibrations, sounds or odpurs
generated from the EESS, cannot be detegted on site due to lack of operating staff or nearby
inhgbitants. A remote monitoring system cah send a fault signal to the operator control stagion.
The|operator takes the necessary actions remotely, and the operating signals are deliverdd to
the system. Both the risks associated-with wrong signals back and forth and the risks associated
withlhuman errors shall be considered.

6.2.6 Unintentional islanding

Unintentional islanding is, an unwanted condition of part of the power system, with respect to
whigh the grid connettjon rules normally specify protection measures. See Annex B for more
information of uninfentional islanding.

Unlgss designed for intentional islanding, measures shall be taken to prevent the islanfing
opefation_by-detecting it directly or indirectly using the protection relay or other methods|and
swiffly disconnecting the EESS from the distributing network.

6.3 — Riskanalysis
6.3.1 General

During the risk assessment, the impact of the hazards shall be considered for all stages of the
life cycle (design and planning, transport, installation, commissioning, operation, maintenance
and repair, and end of service life and decommissioning).

Furthermore, the total energy stored in the EESS and the potentially exposed population in the
area shall be considered.
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6.3.2 Components

All EESS components such as power conversion subsystems, generators, hydro turbines and
pumps, energy storage devices (battery, flywheel, etc.), transformers, system controllers,
breakers, fuses, wiring, filters, tanks, pipes, blowers, control power sources, etc., shall be
designed, manufactured and tested based on relevant standards for their safety compliance
and used within their specifications. See Annex D for a list of potential EESS component safety
standards. The connections between components, such as main circuit connections, control
signal wiring, communication signal wiring, pipes, control power lines, fasteners to buildings,
trenches, etc., shall be suitable for use in the EESS and reliably secured to prevent loosening
or disconnection and potential hazards due to loosening or disconnection over the life of the
EESS:

The|combination of EESS components shall not be assumed as safe when installed in| the
system, and therefore a risk assessment due to the integration of the various componenis is
necgssary. In particular, the risk of incompatibility of some components resulting from| the
integration shall be assessed by appropriate risk assessment methods.

Hybridization of EES combining several energy storage subsystems(shall be given special
congideration regarding their safe operation. All energy storage subsystems shall be analysed
undeér all operating conditions (e.g.: the 'stand-by' status of one supsystem of such an EES ghall
not preclude any state-of-safety consideration and safety-focused“monitoring of this stang-by
subsgystem.)

6.3.8 Risk considerations
6.3.8.1 General

The|risk assessment of the EESS shall includes-but not be limited to, the risk considerations
in 6/3.3.2 to 6.3.3.9. Provisions to reduce these risks are given in Clause 7.

Sigrjificant failure of some EES systems-can result in fire, explosion, or hazardous chemigcals
relegse. In addition, shrapnel could be\expelled during an explosion. Such hazards can cquse
seripus injury or death. Consideration of these serious hazard risks is necessary for|the
appropriate design of the EESS, The EESS risk assessment shall review these hazards.

6.3.8.2 Insufficient safety policies

Safgty policies shall be'in place to minimize hazards due to foreseeable human error, improper
design or installation;” insufficient inspection or maintenance, and inadequate training [and
signage. The EESS Tisk assessment shall review these hazards.

6.3.3.3 Ineffective warnings, protection mechanisms and procedures for incident
response

Ineffective warnings, protection mechanisms and procedures for extinguishing fires, ineffegtive
evacuation plans, route and procedures can magnify fire, explosion and chemical hazards and
risks. The EESS risk assessment shall review for these hazards.

6.3.3.4 Ineffective access control

Ineffective access control or lack of access control or unsafe access provisions (e.g. lack of
space for maintenance operations), inadequate design, size of emergency exits or other
shortcomings of protection can trigger special causes of hazards. The EESS risk assessment
shall review these hazards.
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6.3.3.5 Ineffective protection coordination

Ineffective protection coordination can possibly cause a fire or electric hazards. For example,
when the protection device cannot interrupt high current in case of accidental short circuit, some
parts of the system can become overheated and fire can result. The EESS risk assessment
shall review these hazards.

6.3.3.6 Ineffective malfunction detection

The absence or ineffective operation of malfunction detection can give rise to electrical hazards,
mechanical hazards, explosion, fire, etc. For example, when an electrical fault gives rise to
leaklage or earth fault current and is not detected, electric shock hazards can result. When the
malfunction is not detected, the EESS might be operable beyond the safety limit. Explosion or
fire |can result. The EESS risk assessment shall review these hazards, at the leyeDof their
elementary subsystem and overall operation.

6.3.8.7 System control malfunction

Sysfem control malfunction and operation beyond the safety limit ofythe EESS can cause
electrical hazards, mechanical hazards, explosion, fire, etc. System' control malfunction |and
opefation beyond the safety limits of the EESS can possibly be ‘caused by lost extdrnal
communication, communication lost between equipment, short or\@pen circuiting of the control
signfal line, control signal error, malfunction of equipment, cantrol power lost, etc. When large
amdunts of energy, material or chemical quantities, storedvin the EESS are released| an
explosion, fire, dispersion of chemicals, flooding or other severe damage can result. The EESS
risk [assessment shall review these hazards.

6.3.8.8 Auxiliary subsystem malfunction

Aux|liary subsystem malfunctions can cause»various hazards such as temperature hazgrds,
chemical hazards, explosion hazards and. ‘fire hazards. For example, an air conditipner
mal]znction can cause the operating temperature of some components to be exceeded. A
venfilation malfunction can cause chémical poisoning or a combustible concentration. [The
EEJS risk assessment shall review_these hazards.

6.3.8.9 Improper working @nvironment, conditions, and equipment

Impfoper working environment, conditions and equipment can cause many hazards. The EESS
shall be designed and €onstructed to ensure that it is suitable for the environment in which|it is
to b¢ used. Factors such as humidity, temperature, altitudes, and flooding amongst many others
shall be addressed'in’the design criteria. The EESS risk assessment shall review these hazdrds.

6.3.4 System level risk analysis

6.3.4.1 General

Onelkey—astion-tokeep-an-EESS-safe-is—touse—analysistechnigquestersystem—+etabiity-8uch
as the procedures outlined in IEC/ISO 31010.

The result of risk analysis shall be documented and the study shall be kept available for the
organizations responsible for operating, monitoring and supervising the EESS. The risk analysis
shall identify those components and parts of the system that provide a safety function. Where
there is reliance on electric, electronic and software controls for critical safety, these controls
shall be subjected to analysis for functional safety. One of the following standards as applicable
to the system, shall be used for this analysis:

e |EC 61508 series,
e |EC 61511 series,
e |SO 13849 series,
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e |EC 60730-1: 2020, Annex H,
e |EC 62061, or

e other suitable functional safety standard for the application shall be used.
6.3.4.2 Cyber security

As part of the risk analysis, cyber security shall be a focal point, including risks associated with
communication lines.

7 Recui I il

71 General measures to reduce risks

As d result of the system level risk analysis, the necessary prevention and protection measyres
sha:l: be taken to prevent accidents and limit their consequences. This means that for al| the
scenarios for which the probability or the severity of consequences, ar\beth, leads tg an
intolerable risk, measures of risk reduction shall be proposed in accordance with Figure 2 uging
the methods in accordance with Clause 6.

The|manufacturer shall determine the specific risk methodologies)for the analysis type ysed
and|how they meet the criteria. Persons involved with conducting the risk analysis shall have
the pecessary competence to conduct the analysis.

Definition of storage model
l’ Experiments,
simulations,

surveys, etc.

Hazard identification

>
v

- - | Risk estimation I(—_
Risk reduction l.

"

Risk evaluation

No Tolerable

risk?

End

IEC

Figure 2 — Iterative checking sequence in general risk assessment procedures

The scenarios considered in the risk analysis shall include catastrophic external effects on the
system from both severe natural disasters and negative social or human impact. Natural
disasters include all kinds of natural disasters, some of which are seasonal and some of which
come with little forewarning such as an earthquake, flooding and a tsunami. Negative social or
human impact includes human errors, sabotage by person(s), social turmoil, terrorism and
cyberattacks.

Preventive measures to be used depend on the location of the system, but measures shall be
identified even for rare external events that can have significant impact on the EESS. Preventive
measures to be identified here are the measures to avoid the impact, to minimize the system
damage and to mitigate catastrophic system damage.
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In spite of the preventive measures, partial damage can take place, and measures to suppress
the propagation of the damage shall be immediately taken. Proven firefighting, internal
propagation reduction means, emergency fire extinguishers and emergency shutdown are also
part of this prevention. Further call-up of the emergency incident responders is included
depending upon the level of damage.

Figure 3 indicates general risk reduction measures for an EESS. When a hazardous incident
occurs, measures to control the propagation of the damage shall be considered in the layers of
prevention and mitigation. Additionally, plant emergency response procedures and area
emergency response procedures shall be planned and prepared in advance to minimize the
maghnitude of the hazard.

Figdre 4 indicates damage propagation from an incident to hazards, and layered measurgs to
minimize damage. A minor incident such as external impact, hardware or software and sygtem
malfunction, and reasonably foreseeable misuse, can cause partial damage to the system. If
the |partial damage propagates to a wider area of the system, a more severé accident|can
happen. The necessity of layered measures to control the damage prcfpagatlon shal| be
congidered apart from the normal control and monitoring.

P
/ Area emergency response \ (
l
\'
Plant emergency response ¢
( Mitigation -~ 7\

Prevention

Control and
monitoring

EESS

NS Z

IEC

-

Figure 3 — General risk reduction measures to minimize hazards
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Figure 4 —- Damage propagation from a contained incident to a major incident,
and layered measures to minimize damage
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Preventive measures against damage to neighbouring inhabitants

Attention shall be paid to accidental phenomena causing a major incident likely to affect
neighbouring inhabitants and environment. The detailed credible events shall be identified,
documented and mitigation methods shall be provided in the emergency response plan.
Examples of major incident can be emission of dangerous substances (e.g. chemicals, gas,
heat), fire, explosion, flooding, etc., of a magnitude outside the normal operational capabilities
of establishment safety staff.

Operators, installers, maintenance technicians and others responsible for the EESS shall have
a suitable plan based upon the risk analysis of Clause 6 to take all necessary measures to

pla
tec

shall include information on hazards and mitigation methods applicable to the E
nology to inform the emergency response plan for the installation site. Any localregulag

predent major incidents, to mitigate their consequences and to take recovery measures.

or cpde criteria can be taken into consideration when developing the plan.

Whan the risk assessment concerning fire, explosion, flooding or toxic substance disch

sho

vs an intolerable occurrence possibility, the EESS shall have a safety-related system (S

in accordance with IEC 61508 (all parts) or other functional safety standard approache

acc

7.3

ordance with 6.3.4.1, to decrease the hazard risk to tolerable levels-

Safety-related design review

7.3.1 General

EEY systems are expected to operate for a given life expectancy provided that they are prog

mai
vari

mtained. During this life expectancy, the operation‘of the EESS is likely to be affected
bty of factors, such as but not limited to:

omponent technology changes;

llocal environmental factors;

Iuarket conditions;

ew regulations.

Theleffect of these factors on.the EESS shall not compromise its safe operation. For this t

ach

leved, a safety-related design review shall be carried out when changes occur. It can

be recessary to review thé.design of the EESS and therefore the risk analysis and assessn
of the EESS if other information becomes available, such as:

¢perational experience;
omponent failure;
softwarefailure;
inherent design issues.

The
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Figure 5 Shows ThiS process over the lifetime of the EESS.
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Safety design review Post-commissioning change factor End of service life
Operation and maintenance
Initial Remote monitoring Decommissioning

Period safety check

. Renewal
Design Modification
revision Expansion

Figure 5 — Initial safety design review and design revision"
(

7.3.2 Initial safety design review )

¢

Safgty design review is first done at the beginning of the whole system aesign. The initial sgfety
desilgn review is based upon the risk assessment and is concluded when the system has heen
detgrmined to meet the appropriate levels of safety. C

£

o

The|safety design review shall be repeated periodically over the EESS life as determined by

the fisk assessment and other factors such as the examples noted in 7.3.1.
e

7.3.3 Subsequent design revisions

7.3.83.1 General

N

If the system undergoes a variety of changes, then, when necessary, a safety design reyiew
sha![be conducted again. During the safety redesign, the risk analysis (e.g. FMEA) shall be
condlucted again.

7.3.8.2 Design revision forminor and major system changes

When the system undergoes/minor changes, a risk analysis with a limited FMEA can be more
pradgtical. When a major.change takes place, for example a total storage capacity expangion
(e.g| BESS) or major-ehanges in the surrounding environment, not only the whole system but
also| the boundary region between the system and the surrounding environment shall be taken
intolaccount wheh,conducting the risk analysis.
O

7.4| Preventive measures against damage to workers and other persons at risk

7.4.1 Protection from electrical hazards

7.4.1.1 General electrical safety

Depending upon the system design, the manufacturer shall identify the applicable electrical
standards that apply to their system. Standards to address electrical safety design are:

e EES systems that are V-L in accordance with Table 1: the electrical safety approach shall
be in accordance with either the relevant parts of IEC 60364 series or IEC 60204-1; or

e EES systems that are V-H in accordance with Table 1: the electrical safety approach shall
be in accordance with IEC 61936-1 or IEC TS 61936-2 or IEC 60204-11.
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7.4.1.2 Accessibility to hazardous live parts

All sources of electrical energy in the EESS shall be controlled in such a way as to minimize
human exposure to electrical hazards and prevent access to the EESS by fauna and flora. Live
parts of EES systems that have hazardous voltage circuits shall be guarded against accidental
contact by an enclosure or by other means such as fencing or guarding, to prevent inadvertent
access to the live parts in accordance with IPXXB or IP2X of IEC 60529.

Interlocks, when used to protect against hazardous voltage circuits, shall comply with the
requirements for interlocks outlined in IEC 60204-1 and switches utilized for that purpose shall
comply with IEC 60947-5-1.

The|EES and associated electrical equipment that is likely to require examination, adjustment,
serViicing, or maintenance while energised shall be designed to minimise the risk' of eleftric
sho¢k or electrical burn injury. In circumstances where it is impractical to prevent'access to
dangerous live parts, warning notices shall be fixed to warn qualified persons of the hazargs.

Conjppliance is checked by the test of 8.2.2.

7.4.1.3 Protection from exposure to moisture and pollution

Eledtrical components and circuits impacting safety (i.e. above(SELV/PELYV voltage levels|and
othdr circuits impacting safety) shall be protected from ingréss and exposure to moisture|and
polliition driven contamination. When electrical wiring :and components are exposed to
excgssive moisture, they can become damaged due/to “mildew or corrosion, and electrical
cregpage and clearance distances can be reduced ta unsafe levels. This damage can resylt in
insufation or termination failures and can generate ‘@dditional electrical hazards. Enclosurgs of
elecftrical equipment and the electrical equipment\that is not enclosed shall be suitable foy the
intended exposure in accordance with IEC 60529 or similar evaluation methods.

Conjpliance is checked by the test of 8.2.8.

74.1.4 Electrical insulation and protection against electrical shock

Eledtrical insulation shall be suitable for the voltages in the circuit and there shall be two leyvels
of protection between hazardeous voltage circuits and accessible parts (e.g., double insuldtion
or rginforced insulation in.accordance with IEC 60364-4-41). For those systems designatefl as
V-L jn Table 1, the creepage and clearance distances shall be in accordance with IEC 60664-1.
The| protection approach outlined in IEC 60364-4-41 shall be utilized for those systems
designated as V-L in)Table 1.

Exception: IEC.60204-1 can be used as an option for requirements for electrical insulation|and
protection_against electrical shock for V-L EESS.

For those systems designated as V-H in Table 1, the creepage and clearance distances|and
electrical protection mechanisms outlined in [EC 61936-1 or IEC TS 61936-2 shall be utilized
as applicable.

Exception: IEC 60204-11 can be used as an option for requirements for electrical insulation and
protection against electrical shock for V-H EESS.

Preventive measures for electrical hazards shall consider the following:

e earth fault detection (e.g. IEC 62689-2);

e over voltage detection (e.g. IEC 60730-1, IEC 61439-1);
e over voltage protection (e.g. IEC 60730-1);

e over current detection (e.g. IEC 60730-1);
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e over or under temperature detection or protection (e.g. IEC 60730-2-9);

¢ lightning protection (e.g. IEC 62305-2);

e electrostatic dissipation (e.g. IEC TR 61340-1); and

e overcurrent protection (e.g. IEC 60364-4-43).

To evaluate an EESS having suitable electrical insulation and protection against electrical

shock, the following tests shall be conducted: dielectric voltage withstand, impulse, insulation
resistance and a check of the earthing and bonding system.

Co

7.4.11.5 Protection against out of normal operation range

An BESS shall be protected from working out of its normal operation range, including its working
voltage, current and temperatures of each subsystem and whole system. Working out of nofmal
opefation range can lead to electric shock, fire or other hazards. Preventive’ measures ghall
congider the following as applicable to the EESS:

. ver or under voltage detection (e.g. IEC 61439-1) and protectioh;
. ver or under current detection (IEC 60730-1);
. vercurrent protection (e.g. IEC 60364-4-43);

. ver or under temperature detection or protection (e.gcl[EC 60730-2-9).

Overf current protection design, which includes location, capacity and protection coordination,
shall be determined by calculation considering theevel of potential fault current, the current
carrying capability of the conductors in the circuit\under consideration, the operating current of
the protective device and time to operate, and.the location of the protective device in the cirtuit.
The(calculation(s) for validating the circuit'scability to safely withstand a fault current condjtion
shall be documented and maintained. For”this purpose, |IEC 60364-4-43 shall be used for
detgrmining a suitable over current protection design.

Compliance shall be determined, through a review of EESS construction and documentatign of
the pnalysis used to determine type, ratings and location of protective devices and testirlg in
accordance with 8.2.5 to evaluate the suitability of all the protections.

7.4.1.6 Electrical Eomponents impacting safety

Eleqtrical components that impact the safety of the EESS as identified in the risk analysis of
Clayse 6, shall.leemply with an applicable IEC safety standard for that component if a stanglard
is apailable,~ahd shall be suitable for the application and used within its ratings. Whete a
component\standard is not available, the component shall be evaluated in accordance witH the
reqlirements of this document. See Annex D for guidance on potential component sgfety
standards.

7.41.7 Unintentional islanding

EESS that operate in parallel with an electric utility system or grid can pose an unintentional
islanding risk. Unintentional islanding protection and testing are required by most international
grid codes and the EESS system shall comply with the grid code rules for the installation
location. Two commonly used unintentional islanding test procedures are given in 8.2.6.

An unintentional islanding can result in system failure with corresponding consequences even
in the case where the system is designed for islanding. When maintenance operations are
planned, analysis of the electric isolation of the concerned parts of the grid shall be performed
and documented before any intervention operation.

Compliance is checked by the test of 8.2.6.
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7.4.2 Protection from mechanical hazards

The basic safeguard against mechanically caused injury is a function of the specific EESS.
Basic safeguards can include:

e enclosure structural requirements (rounded edges and corners; enclosure to prevent a
moving part from being accessible);

o safety interlock to control access to a moving part posing a risk of injury;

e means to stop the motion of a moving part;

e means to stabilize the equipment;

Whe
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suitability of the protection. Guidance is provided in ISO 12100 on types)of protection dey
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obust handles;
obust mounting means;

eans to contain parts expelled during explosion or mechanical failure.

n relying upon guards and protective devices to protect against moving'parts hazards
edures outlined in 1ISO 12100:2010, 6.3.2 and 6.3.3, shall be utilized\for determining

e implemented (e.g. guards, light curtains, sensors, etc.). The choice as well as numbsg
location of safeguard(s) implemented to protect against meving parts hazards shal
rmined as part of the risk analysis of the EESS. Interlocks to prevent access to hazard

ccordance with the risk assessment. Switches used as ‘interlocks for mechanical gu
| comply with IEC 60947-5-1.

moving parts shall be checked by the appropriate access tool according to the IP ratin
bnclosure.

e construction and the tests in accordance with 8.3.

dles or mounting means shall” have sufficient strength to handle the weight they
orting or carrying. Handles;or mounting means robustness shall be tested in accord3d
8.3.4.

B Protection from high pressure hazards

sure systems_shall be designed to handle the level of pressure contained and be comp
applicable-regulations. Pressure vessels and piping shall be designed for the pressure
they contain. The pressure systems shall be provided with pressure relief devices
ent ashazardous over pressure condition.
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NOTE Fluids that are at pressures below 105 kPa (15 psi) are out of the scope of ISO 15649, ASME B31.3 and
ASME B31.1. The scope of ISO 15649 and ASME B31.3 covers fluids in the temperature range of —29°C to 186°C.
The scope of ASME B31.1 covers fluids at temperatures in excess of 250°C.

Parts or an assembly of parts under pressure shall be tested in accordance with 8.4. Parts such
as pressure vessels that have already gone through evaluation for the intended pressures
contained in accordance with the local or regional criteria, need not be tested.
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7.4.4

Protection from explosive atmosphere hazards

The combination of an explosive atmosphere and an effective ignition source as a potential
source of an explosion requires application of the basic principles of explosion prevention and
protection in the following order:

a) Prevention:

NOT

NFP
by th

69 also covers protection mechanisms such as pre-deflagration detection @nd-control of ignition sources, expl

supp
supp

NFP

combustion gases and pressures resulting from a deflagration within an enclosure so that structural and mechs3
damdge is minimized.

The
prot

The

To allow selection of the appropriate measures, a risk reduction analysis in accordance
Clause 6 shall be developed.for each individual case. Guidance on determining hazarg

(cla
and
be

equ
prot

In the planning*of explosion prevention and protection measures, consideration shall be grrven
to the installation and commissioning process, and normal operation, which includes sta

and

misysevshall be taken into account. Application of explosion prevention and proteg

avoid or reduce explosive atmospheres; this objective can mainly be achieved by
modifying either the concentration of the flammable substance to a value outside of the
explosion range or the concentration of oxygen to a value below the limiting oxygen

+ avoid any possible effective ignition source.

+ halting the explosion or limiting the range to a sufficient level through ‘proted

concentration (LOC);

Protection:

methods, for example isolation, venting, suppression and containment. In_contrast tg
two measures described in a), here the occurrence of an explosion is mitigated thrg
suitable measures to reduce the risk.

NFPA 69 and NFPA 68 provide methods for prevention and protection against‘explosion hazards.

\ 69 is a standard that applies to the design, operation, maintenance and testing’of systems to prevent expl
e following prevention methods: control of oxidant concentration and control of combustible concentration. N

ession, active isolation, passive isolation and deflagration pressure containment and passive expl
ession.

\ 68 applies to the design, location, installation, maintenance,.and use of explosion protection that ver

risk reduction can be achieved by applying one or more of the above preventio
bction principles. A combination of these principles can be applied.

avoidance of an explosive atmosphere shall always be the first choice.

bsified) areas/zones to(apply suitable protection means can be found in IEC 60079-
IEC 60079-10-2 as.applicable. Equipment located within hazardous areas or zones §
ated for the areasor zone. IEC 60079-0 provides guidance on protection methods
pment located in\hazardous areas or zones. Maintenance procedures shall ensure tha
bction after maintenance is suitable.

shut-down. Moreover, possible technical malfunctions as well as reasonably foresee
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measures requires a thorough knowledge of the potential hazards. Persons conducting this
analysis shall have relevant experience in this area and be qualified. Local regulations can

apply.

If relying upon mechanical ventilation to eliminate or reduce hazardous (classified areas or
zones) in the EESS, it shall be evaluated for suitability in accordance with 8.5.
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7.4.5 Protection from hazards arising from electric, magnetic, and electromagnetic

fields

EES systems shall be integrated with equipment that satisfies relevant IEC documents in

8.6

as applicable to the site of installation of the EESS so that they have sufficient immunity against
electric, magnetic and electromagnetic disturbances to prevent hazards from arising, and they
have electric, magnetic and electromagnetic emission as low as required for the application.
The risk analysis shall set the performance criteria for the EES systems with regard to the EMC

immunity. Local regulations can apply.

Sufficient EMC immunity of the components is confirmed in the single component EMC immunity

testing, but it shall be considered that system interactions can amplify the magnetic
elecfromagnetic disturbances and can cause malfunction of individual compongnts
communications between those components. In order to achieve essential safety, E
protection controls shall be designed and tested in accordance with the applicable H
standards listed in 8.6 considering the existence of EMC disturbances that can” occur in
environment in which the EESS is located.

Protective measures from disturbance-induced malfunctions of the EESS shall be prov
usinig suitable methods (see IEC 60364-4-44 for guidance).

Conjppliance is checked by the test of 8.6.

7.4.6 Protection from fire hazards

The|basic safeguard against electrically-caused fire is that the temperature of a material, u
both normal operating conditions and abnormal ‘eperating conditions, does not cause
material to ignite. The supplementary safeguardagainst electrically-caused fire reduces|
likelfjhood of ignition or, in the case of ignition, reduces the likelihood of spread of fire.

Supplementary information is provided in\IEC 60364-4-42 which deals with protection aga
thermal effects, including combustion-and flames caused by electrical installations.

The| following prevention and protection measures shall be considered to protect from

and
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the
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hazards:

The material of the enclosure of the system shall be noncombustible in accordance with
ISO 1182. Local regulations can apply.

INOTE 1SO 1182 is atest where a material is exposed for a time period of 30 min to 60 min in a 750°C fufnace
fo determine if the nmaterial is non-combustible. Combustible is defined in ISO 13943 as capable of combustion,
hich is an exothermic reaction of a substance with an oxidizing agent.

Polymeric materials in direct support of hazardous live parts such as printed wiring boards
bnd electrical insulation of terminals shall have a V-1 minimum flame rating in accordance
With \EC 60695-11-10.

’ :IU Dybtclll b:ld“ U:illl;lldtc Ul III;II;III;LU t:IU Iiblr\ Uf UVUI;IUdtiIIy IUy dlld:ybilly tilU pIUbeSS
deviations which might lead to overheating and by testing.

Where the possibility of a fire cannot be eliminated, the effects of that fire, including flames,
heat and smoke, etc., shall be limited for example by shielding or enclosure of the storage
to eliminate or minimize the risk of injury to persons, damage to property or the environment.

Where the possibility of a fire cannot be eliminated, the effects of that fire, including flames,
heat and smoke, etc., can be alternatively limited by appropriate use of integrated fire
detection and firefighting systems (safety components), which comprise devices for the
detection, control, alarm and extinguishing functions.

Where the possibility of a fire cannot be limited inside the enclosure of an EESS, the
potential fire area shall be covered by the firefighting system, and the protected area shall
be isolated, for example, by an enclosure.
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e Supplying comprehensive and understandable documentation to the users in order to
ensure that they can keep the installations and the technical fire protection equipment in
proper condition and ready for operation and, where necessary, initiating the required
firefighting measures.

The level of fire detection and suppression required for an EESS is dependent upon the size,
technology and location of the installation of the system as well as the quantity and geometry
of hazardous substances. The protection can be as basic as instructions regarding the
appropriate fire extinguishing materials to maintain within the location, installation instructions
and basic housekeeping and safety procedures to follow, to installation of fire suppression
systems at the location of installation of the EESS.

To determine the level and type of fire detection and fire suppression systems requir€d, d fire
risk fassessment is to be conducted for EESS installations to ensure that suitable firerprevertion
and|fire protection requirements for protecting persons, property and environment are met.
Local codes and regulations can apply.

EESS installations required to be provided with fire suppression shall be provided with a mgans
for flre detection and suppression in accordance with the siting of the system (i.e. indoors, dtc.),
the energy storage technology and the applicable installation, building and fire safety cades
and|regulations. If not provided as part of the EESS, guidance-‘for choosing and installing
suitable fire detection and suppression systems shall be ppovided in the installation |and
maimtenance instructions for the EESS.

Fire|propagation hazards test for EESS in given in 8.7,

7.4y Protection from thermal hazards
7.4.71 Protection from exposure to temperature hazards

In alsystem which contains hot parts (> 70, °€ for metallic materials and > 95 °C for non-mefallic
materials), thermal insulation or appropriate protection means to guard the hot parts shall be
provided.

In agldition, in a system which contains extreme cold parts (< =10 °C for metallic materials|and
< -25 °C for non-metallic materials), thermal insulation or appropriate protection meang to
guard the cold parts shall also be provided.

For some EESS designs, if the system deviates from normal operation, parts of the system|can
undergo a temperature rise above normal for those parts. Such parts are to be identified in the
risk [analysis of+<he ‘'system in accordance with Clause 6. Protection or appropriate signage, or
botH, shall be‘provided.

Temperature rise due to deviation from normal operation is to be continuously monitored by

thermal sensors, and alarms for worker safety are to be provided according to the leve¢l of
hazard—to—the—worker—as—determimed—by—the Tisk—amatysis—of Ctause—6—t : Iigh

temperature liquids shall also be prevented through use of leak tight containment measures,
routing of piping to prevent hazards and leak detection measures to sound an alarm when a
leak of high temperature fluid occurs.

7.4.7.2 Protection of temperature sensitive parts

As part of the risk analysis of Clause 6, the thermal stability of EESS parts and materials that
can impact safety if they deteriorate from temperature exposures shall be considered. The
identified parts and materials that can impact safety in accordance with the risk assessment
shall be resistant to deterioration as a result of the temperature exposure during operation.
Determination of the suitability of parts and materials for use in the EESS shall be determined
by the test in 8.8.
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If determined according to the risk analysis of Clause 6, an EESS shall be provided with a
heating, ventilation and air conditioning (HVAC) system or equivalent to maintain temperature
sensitive parts within their limits. Ventilation openings shall not be blocked by other components
or parts.

7.4.8 Protection from chemical hazards

The risk analysis of Clause 6 shall consider the potential for hazardous chemical effects from
the EESS that contain hazardous substances. EES systems shall not vent or leak hazardous or
toxic materials within access areas of the EESS or into the surrounding environment. Local
codes and regulations can apply.

The| basic safeguard against injury caused by hazardous substances is containmentlLof| the
material.

Supplementary safeguards against injury caused by hazardous substances can-include:
e a second container or a spill-resistant container with sufficient capacity to store the fluid
vithin the EESS;

. ontainment trays;

e famper-proof screws to prevent unauthorized access;
iLstructionaI safeguards;

e gensors and alarms; and

e naterial resistance to chemicals contained.

If ddtermined necessary by the risk assessment, provisions are to be provided for liquid leakage
detdction, toxic gas detection and spill detection.

Pipipg containing hazardous fluids shall eemply with ISO 15649 or ASME B31.3.

NOTE Fluids that are at pressures below 105°kPa (15 psi) and that are not flammable or toxic are out of the gcope
of ISP 15649 and ASME B31.3.

If the possibility of toxic gas_diseharge exists, measures to prevent toxic gas accumulation ghall
be implemented. Toxic gassaccumulation measures shall consider the topography around the
EESS for outdoor installations, the building design for indoor installations as well as the physical
chatacteristics of the-gas.

Toxic gas detection and alarms can be used as part of these protection measures. [See
IEC|62990-2 for-guidance on toxic gas detection.

Alsq, appropriate PPE shall be available to persons in the area in the event of a toxic|gas
discharge. Eye wash stations and emergency shower facilities shall be provided for staff in the

£ 4 H L
case oratoxtcrerease:

See |IEC 62933-5-2 for BESS considerations regarding toxic gas safety considerations.

A compliance test to determine the suitability of parts containing hazardous fluids is given in
8.9.
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7.4.9 Protection from workplace hazards
7.4.9.1 Remote controls and automatic controls

EES systems which have the ability to be controlled remotely shall be provided with a means
to disable the remote control in order to perform inspection or maintenance. The use of a remote
control system shall not lead to an unsafe condition as determined by the system hazard
analysis and shall not be able to override local safety controls. The same requirements apply
for local automatic controls without human intervention, in response to the occurrence of
predetermined conditions.

NOTE I'here can still be the need tor remote monitoring, even though the remote control ability 1s disabled.
7.4.9.2 Working space

Suffijcient working space for EES systems and equipment likely to require .examination,
adjustment, servicing, or maintenance while energized shall be provided. Local codes |and
regylations can apply. Sufficient space shall be provided and maintained around EES systems
to permit ready and safe operation and maintenance of such equipment.

NOTE NFPA 70, National Electrical Code (NEC) is an example of a regional code thatprovides criteria for minimum
electrical working space based upon voltage levels that are required in the USA. NFPA 70E provides guidange on
safetly for live electrical work to provide electric shock and arc flash hazard_protection procedures for technitians
doing maintenance on live electrical equipment.

7.4.9.3 Egress and protection from physical hazards

EESY systems that are located indoors or are located .outdoors in a walk-in type enclosure ghall
be drovided with at least one entrance of sufficient{(gize to give access to and egress from the
working space in the system. Local codes and regulations can apply.

Doofs provided for egress from EES systemis shall open in the direction of egress and be
equipped with panic bars, pressure plates, or other devices that are normally latched but gpen
under simple pressure from the insidegDoors shall be equipped with locks to prevent ac¢ess
by Unqualified persons. The doors for\éntrance to and egress from EES systems shall alsp be
in agcordance with IEC 60204-1.

Entjances to EES systems-or installation areas shall be restricted to authorized person|and
marked with warning signs forbidding unqualified persons to enter.

Areas of access withinthe walk-in type EESS shall be designed to prevent tripping, slipping or
falling when persons’enter or exit, or while within the system.

7.4.9.4 Ventilation

EEY systems that are installed indoors, and enclosures associated with self-contained EES
systems” that can be fully entered by persons shall have adequate ventilation for pergons
working on the Indoor EESS or within an EESS. Local regulations can apply.

7.4.9.5 Task lighting within EES systems

Illumination shall be provided for all working spaces within EES systems. The lighting outlets
shall be arranged so that persons changing lamps or making repairs on the lighting system are
not endangered by live parts or other equipment. See IEC 60204-1 for guidance on lighting for
electrical equipment.

Emergency lighting and signage can be subjected to local regulations.
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10 Staff training

Well-trained workers greatly increase safety at work. Any deviation from the desired process

can

be detected, and hence corrected, more quickly.

Workers shall be provided with training which informs them of the hazards at the workplace and
the protective measures to be taken. This training shall explain how the different types of
hazards arise and in what parts of the workplace they are present. The measures taken shall
be listed and their operation explained. The correct way of working with the available equipment
shall be explained. Workers shall be instructed in safe work practices in or near hazardous

places. This also involves explaining the meaning of any cautionary markings or markin

haz

also| be instructed in what PPE they shall wear to work in and around the EESS. The_avdil

ope

on dperating instructions.

Workers shall receive training:

Traiping of workers shall be repeated at suitable intervals. The‘workers' level of understan

sha

The|duty to provide training also applies to the employees of outside contractors. Training §
iven by a competent person. Records shallbe kept in writing of the date and content of
trairjing activities and the participants.

be ¢

7.5

7.5.

Disqonnection and shutdown procedures are important for ensuring safety during opera
routjne maintenance or faultcrepair. They will depend on the design of the EESS,
technologies employed (see,\Figure 7), its size and the reason for the disconnection

shu

likel

shu

The[main circumstances that can require conditions leading to the disconnection of the E
or of some of\ts components are:

s of

ardous places and specifying what mobile work equipment can be used there. Workers s

ating instructions shall be covered during the training. See 9.3.1 for additional informs

before initially starting work on the EESS;
vhen work equipment is introduced for the first time or changed;

vhen new technology is introduced.

Il be checked.

EESS disconnection and shutdown

( General

Fown. The EESS shall be capable of being disconnected partially or totally to reflect

down shall also.be)provided and shall be in accordance with 7.5.4 and 7.5.6.

fegulay maintenance;

hall
able
tion

ding

hall

ion,
the
and
the

operation, routine.maintenance and credible fault repair activities required. Emerggncy

ESS

s$ubsystem or component malfunction, or both;

external constraints;
system upgrades;

end of service life.

Disconnection or partial disconnection can be achieved at different parts of the EESS:

point of connection to the grid;
AC facility including transformer;
switching device (SW);

power conversion subsystem;

alternator;
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— storage subsystem;

— auxiliary subsystem;

— smaller parts in subsystems.

Where the EESS has high energy levels or high stored energy, special precautions can be

required as determined by the risk analysis of Clause 6. The disconnection or shutdown
procedure shall not lead to the EESS becoming unsafe.

Storage et tectrcat Swritetr wer Switet Framsformer—Switeir
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Figure 6 — Examples of different EESS architectures

As i$ shown in Figure 7, switching devices (SWs) are positioned differently for each technolpgy.
A detailed sequence of SWyopening depends on the technology.

7.5.2 Grid-disconnected state

In t:l:e grid-disconnected state, the EESS will be electrically separated from the local [grid
conmection. AnSEESS shall be provided with a disconnection means that disconnects|the
unearthed conductors between the EES primary subsystem and the primary point of connegtion
with| the grid-Af not installed on the EESS, information on the disconnect shall be providgd in

the ]nstallation instructions to indicate:
[ ] } i i 7

o that the disconnecting means shall be located where it is accessible and in sight of the
EESS, and

e that the disconnecting means shall be provided with markings or signage to identify

— the EESS output voltage ratings, and
— the available short circuit current.
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7.5.3 Stopped state

When the EESS is disconnected and the accumulation subsystem is not connected to the power
conversion subsystem, the EESS is considered to be in a stopped state. In this state the
accumulation system can be energized and cannot generally be de-energized without serious
damage. In the stopped state, part of the auxiliary subsystem remains powered as it contains
critical subsystems for safety and monitoring.

7.5.4 EESS shutdown

EESS shutdown is the command to move the EESS to the stopped state.

As determined by the risk analysis of the system in accordance with Clause 6, an EESS ghall
be grovided with a means for both normal and emergency shutdown.

Conditions that can be safely controlled or that do not pose immediate hazard.can be correfted
with|a normal shutdown of the EESS.

Whan voltage, current, temperature, pressure, or rotational speed, etc.,-exceed a safety Ijmit,
a hgzardous event can occur. It can be the result of the malfunction,efa system component or
communication error, for example. Abnormal operating conditions that can give rise {o a
hazardous event shall be identified and processed to initiate, anjemergency shutdown. When
actuated, the EESS is expected to return to a safe condition The EESS shutdown fungtion
including the emergency stop, shall be provided with theimeans to enable the coordinated
shufdown of all necessary parts of the system as/well as with equipment upstream or
downstream of the system, if continued operation can he hazardous.

An EESS is disconnected by appropriate switching device(s) or other alternative measuresy.

7.5.p Partial disconnection

The| design of the EESS can permitdisconnection of the constituent parts of the EESS
separately if appropriate as determined by the risk assessment of Clause 6. For those working
on the EESS, it can be possible to“disconnect only the parts to be worked on to permit gafe
accegss. However, consideration'shall be given to risks posed by individual systems adjacent to
thoge being worked on. In the'case of appropriately designed multiple accumulation subsystems,
indiyidual subsystems can“be disconnected for safe working while the EESS can remain
operational.

For certain EES systems where it is difficult to de-energize the accumulation subsystem (e.g.
battery energy.-Storage systems), hazards shall be minimized in the system design.

NOTE In thexcase of a flywheel accumulator, it can stop by providing energy to the grid or to other units ip the
systgm. This procedure will contribute to minimizing the time that the system is in a hazardous situation.

7.5.6—~ Equipment guidelines for emergency shutdown

Emergency shutdown shall be incorporated into an EES storage system to avoid hazardous
situations that cannot be corrected by other controls, as determined by a risk analysis of the
system. This function shall:

— stop the hazardous condition without creating additional hazards,

— trigger or permit the triggering of certain safeguard actions where necessary,

— override those functions and operations as determined necessary by the risk analysis,
— be fitted with restart lock-outs to prevent an inadvertent restart,

— be on normal operation only after the restart lock-outs have been intentionally reset.

Manual emergency stops, if required by the risk analysis, shall be identifiable, clearly visible
and accessible in accordance with ISO 13850. Local regulation can apply.
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In case of a fault in the control system logic or failure of, or damage to, the control system
hardware, the following system requirements shall be met:

once the emergency stop command has been given, the EESS shall not allow its shutd
sequence to be interrupted,

e the protection devices shall remain fully effective,

o the EESS shall not re-connect or restart unexpectedly.

own

When a protective device or interlock causes an EESS safety shutdown, that condition shall be
signaled to the logic of the control system. The activation and the reset of the shutdown function

sha
the
the

7.6

Cybgr security is important not only for remote monitoring and control but. also for the sys

con
sec

Indystrial or utility scale EESS that are connected to the intetnet shall be provided

protection against cyber-attack in accordance with IEC 62443-3*3 or an equivalent stand
Thellevel of protection against cyber-attack shall be determined in accordance with the
assg¢ssment.

7.7 | Remote monitoring and unattended operation

In grder to efficiently perform preventive maintenance, it is crucial to monitor the syg
regylarly and it is in most cases done remotely. Monitoring of the frequency of warning
EESS parameters such as system efficiency or temperature could be an early indicatg

mal

Renote monitoring system implementation shall be considered in order to check if the sys

is o
can

perfprmed by monitoring the,change of capacity (e.g. BESS) or changes in the evolutio]
megsured parameters. This data can be transmitted through an information network in a timely

manner.

In the case of remote monitoring, reliability of the monitored value is essential to keep the E
safg. Detection\0of the measuring system malfunction and measured value error shal

con

[
fault condition tests of Clause 8. Control or monitoring systems that can operate safe
hazardous situation can be left energized to provide system information.

Cyber security

mected to the internet. The IEC 62443 series provides guidance, and criteria for c
rity.

function of a subsystem or components.

perating safely. The data provided automatically by the EESS or through an EESS ing
help to evaluate its state.gfihealth and the remaining life of its components. Diagnos

sidered.

and
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be

mal

unattended operation, the EESS shall be capable of monitoring and detecting abno

Preventive maintenance schemes to prevent unanticipated conditions are also important for
remotely monitored and controlled systems.

The test to determine the reliability of remote monitoring is given in 8.11.


https://iecnorm.com/api/?name=938614735887e544d246cc9c5381a1f1

-40 - IEC 62933-5-1:2024 © |EC 2024

8 System testing

8.1 General

In order to confirm the EESS design and the proper implementation and functionality of the
safety mechanisms identified in the risk analysis, the system response to potential failure
conditions shall be evaluated. Verification and validation of items shall be determined based on
the system level safety analysis in accordance with Clause 6.

In addition, the EESS shall have a safety-related system (SRS) evaluated to an appropriate

fungtional-safetystandard-inaccordance-with-6-3-4-1-

NOTE 1 The EESS components can be designed, verified and validated based on other IEC standards, fonexafple,
a lithjum-ion battery energy storage system can satisfy IEC 62619, but it is considered that risks can be induced due
to the¢ system integration. Refer to 6.3 for system level risk analysis.

The| system components used for integration and any communication malfunction shallf not
affegt the safety at the system level.

NOTE 2 The various components within the system can impact each other. For gxample, electromagnetic poise
induded by the power conversion system can cause the malfunction of the energy’/storage management cgntral
procgssing unit (CPU) and affect the energy storage device operation. The nois€ tolérance of the EESS componpents
can gatisfy IEC 61000 (all parts), but there is some possibility that one of the"system components can fail beqause
of th¢ noise induced by the power conversion subsystem. Additionally, the @ccCidental malfunction of the components
can glso occur.

The[ EESS includes primary, auxiliary and control subsystems as shown in Figure 7. Bach
subgystem contains various components. Also, intetnal communication lines between those
components, monitoring lines and control signal lines exist in the EESS.
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possible test results, sample size and performance.

Ses,

Appropriate PPE, standard operating procedures and facilities to protect personnel during
testing shall be provided.

Standard procedures for the safe storage, handling, operating, testing and disposal of test
samples shall be provided.

Samples used for testing shall be representative of production samples. Testing can be
conducted on subassemblies if demonstrated to be representative of the complete EESS to
satisfy particular test purposes.
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The possibility to do the testing at full scale of the EESS shall be investigated. In case it is
proven not feasible, testing shall be conducted at subassemblies level, or through technical
assessment, simulation or calculation.

Unless otherwise noted in the test methods, the testing is conducted at ambient temperature
conditions in the range specified for the EESS. The ambient conditions during testing shall be
measured and documented for each test.

Ultimate conditions are considered to have occurred when either protection mechanisms
identified in the risk analysis operate as intended to bring the system to a safe state or

non-.nmnlinnl- conditionceidantified for tha cnacifictoct mathaod acorr
S art oot oS Ta et e oo e—Sp e oMo Te St THetio 0

8.2 | Validation and testing of EESS — Electrical hazards
8.2.1 General

Eleqtrochemical EESS (BESS) shall be tested for electrical hazards in.‘@ccordance jwith
IEC|62933-5-2.

For EES systems that are designated as V-H, the electrical safety approach shall be protefted
in agcordance with IEC 61936-1 or IEC 61936-2 or IEC 60204-11for electrical hazards. |Any
tests that are required for V-H ESS systems shall be overseen by competent person fanjiliar
with|the system design.

8.2.p Accessibility to hazardous live parts
a) Purpose:

The|EESS shall be designed to prevent direct access to hazardous live parts.

NOTE Hazardous live parts are those that are at\voltages above the limits for PELV or SELV as defingd in
IEC $0364-4-41.

Eleqtrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for ac¢ess
to epergized parts.

b) Requirement:

Thefe shall be no access to hazardous live parts in accordance with 7.4.1.2 and IEC 6052P as
a repult of the applied-protection method.

c) Method:

Theleffectivenéss of the safeguards used to prevent user access to the live parts shall be tegted
in agcordance with the protection provided by the enclosure requirements for IPXXB or IP2X in
accordance with IEC 60529 to prevent access to hazardous live parts.

8.2.3 Protection from exposure to moisture and pollution
a) Purpose:

This test is intended to evaluate the suitability of enclosures specified to prevent ingress of
moisture that can impact safety as indicated by the planned installation (e.g. outdoor use).

It is also intended to address ingress of pollution in the form of dust if specified in the EESS
installation.

Electrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for ingress.
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b) Requirement:

The enclosure shall comply with the specified IP rating for ingress of moisture for the EESS as
noted in 7.4.1.3. There shall be no wetting of live parts or evidence of dielectric breakdown.

c) Method:

The EESS enclosures shall comply with their IP rating for ingress of moisture and pollution in
accordance with IEC 60529. At the conclusion of the exposure, the system shall be subjected
to a dielectric voltage withstand test of 8.2.4.2 and examined for ingress of moisture or pollution
that can create a hazard.

For putdoor installations where there can be exposure to moisture, the minimum IP rating”shall
be 1PX4.

For |an EESS installation where there can be exposure to pollution in the fornl of dust, the
minimum [P rating shall be IP5X.

Thefe are two exceptions:
e [Exception 1: Another method for evaluating ingress of moisturel and dust pollution can be
lsed (e.g. NEMA type rating) if specified for the enclosure.

e [xception 2: An EESS enclosure that has been tested and,rated for ingress of moistufe in
ccordance with the manufacturer and installation specifications need not be tested.

8.2. Electrical insulation and protection against electrical shock tests
8.2.4.1 General

The[following tests shall be conducted to determine compliance with the criteria for electrical
insuflation and protection against electrical>shock according to 7.4.1.4.

Eledtrochemical EESS (BESS) shall beévaluated in accordance with IEC 62933-5-2.

Power electronic converter systeéms shall be either evaluated in accordance with:

— |lEC 62477-1, IEC 62909-1 and IEC 62909-2 if applicable, or IEC 62109-1 and IEC 621(9-2
if applicable in case«wf V-L type EESS, or

— |EC 62477-2 in case of V-H type EESS, or
- sted in accardance with the following tests of 8.2.4.2 to 8.2.4.6 as part of EESS.

8.2.4.2 Dielectric voltage withstand

a) Purpose:

Thelelectrical insulation of EES systems including creepage and clearance distances shal|l be

sufficient to prevent insulation breakdown due to a voltage surge that can be encountered.

Electrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for the
dielectric voltage withstand test.

b) Requirement:
There shall be no evidence of dielectric breakdown when subjected to the applied test voltages.
c) Method:

The dielectric test on an EESS shall be tested in accordance with the dielectric test in
IEC 60664-1:2020, 6.5.
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8.243 Impulse test
a) Purpose:

The EESS shall be protected against voltage impulses that can occur due to lightening or surges
that can arise within the system that can create a breakdown of insulation.

Electrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for the
impulse test.

b) Requirement:

The|system shall safely withstand the applied impulse levels.
c) Method:

The|impulse test shall be tested in accordance with the impulse test in IEG,60664-1:2020,
6.2.2.1.

8.2.4.4 Insulation resistance
a) Purpose:

The| electrical insulation shall have adequate resistance to protect against the potential| for
eledtrical shock.

Elegtrochemical EESS (BESS) shall be evaluated in dccordance with |IEC 62933-5-2 for the
insulation resistance test.

b) Requirement:

The| insulation resistance measurements_(Shall meet or exceed the limits outlined in
IEC|60364-6:2016, Table 6.1.

c) Method:

Thelinsulation resistance test shall"be tested in accordance with the insulation resistange in
IEC|60364-6:2016, 6.4.3.3 and-6.4.3.4.

8.2.4.5 Earthing and bonding system test
a) Purpose:

Thelearthing circuit'of the EESS shall have sufficiently low impedance to prevent a hazafd in
the tase of a fault.

Eledtrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for the
earthing 'ahd bonding system.

b) Requirement:

The impedance of the bonding circuit (earth fault loop impedance) at the areas measured shall
be low enough to provide protection as outlined in I|EC 60364-4-41:2005 and
IEC 60364-4-41:2005/AMD1:2017, 415.2.

c) Method:

The earthing and bonding system impedance of an EESS shall be confirmed in accordance with
the methods noted below. The measurements shall be made between any two locations of the
earthing system in accordance with IEC 60364-4-41:2005 and
IEC 60364-4-41:2005/AMD1:2017, 415.2.
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8.2.4.6 Earth fault protection
a) Purpose:

If determined from the risk assessment that an earth fault monitoring and protection system is
required, the earth fault protection shall prevent a hazardous condition as a result of an applied
earth fault.

Electrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for
evaluation of an earth fault protection system.

b) Requirement:

As a result of the applied faults, the EESS earth fault protection shall prevent damage iq the
EESS that would result in a hazardous condition. The protection mechanisms shallf@peratg as
designed.

c) Method:

Upop installation, an EESS shall be tested during a normal charging gperation with the fault
event listed below:

e short circuit between one phase line and earth by a resistive~dévice with a resistance of
50 mQ

8.2.5 Protection against out of normal operation range tests

8.2.5.1 General
a) Purpose:
The|EESS shall be provided with protections_that prevent the system from going outside| the

normal ranges if that condition can result in@‘hazard as noted in 7.4.1.5.

Eleqtrochemical EESS (BESS) shall.(be evaluated in accordance with IEC 62933-5-2 for
protpction against out of normal operation range type tests.

b) Requirement:

The|protection mechanisms_shall operate to prevent an out of normal range condition off the
EEJS that can result in @ hazardous condition.

All functions of the energy accumulation subsystem shall be fully operational as designed dyring
the fest.

c) Method;

The|EESS shall be subjected to simulated out of normal parameters conditions as determ|ned
by the.risk analysis to determine if the protection mechanisms operate as intended to preyent
a hazardous condition. These conditions can be over or under temperature, overspeed or other
out of normal parameters as applicable to the EESS technology.

8.2.5.2 Overload and short-circuit protection

The EESS shall be protected from overload and short-circuit at all output terminals and
interconnecting terminals where power can be delivered out as listed below:

a) any AC or DC output terminals of EESS, including the output cable, if employed;

b) output terminal of each power conversion subsystem, including output cables, if employed;

c) output terminal of each energy accumulation subsystem including any interconnecting
cables and busbars until the overcurrent protection device in power conversion system;
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d) output terminals of any modules of energy accumulation subsystem that will be
interconnected in field, with or without interconnecting cables.

Before the overload or short circuit test, the energy accumulation subsystem shall be in a state
of fully charged condition and the EESS input terminal shall be connected as intended.

8.2.5.3 Overload test
a) Purpose:

The EESS shall be provided with overload protections for each output terminal if determined

fronrmwm&esLmMmemwwq_mant a
hazardous overload condition.

Eleqtrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2| for
protection against overload hazards.

Thig test does not apply to EESS where the overload protections are integrated into spme
comlponents (e.g. the PCS) and has been verified in according to thg relevant compongnts
standards, and the overload condition verified in the components can‘bg’ representative of the
ovefload condition in the EESS.

b) Requirement:

The|provided overload protections shall operate to prevent a*hazardous condition. As a rgsult
of tHe overload test, there shall be no fire or explosion of the EESS system.

c) Method:

For leach DC output, the positive terminal/conductor and negative terminal/conductor of| the
outgut shall be overloaded at 135 % of the current rating of the main protective device for|that
DC putput utilizing suitable load until the EESS temperature becomes stable, or any protegtive
device switches off the DC output understest and the EESS temperature returns to ambient
temperature.

For each AC output, a live and.neutral wire of the output shall be overloaded one at a time at
135(% of the current rating of{the main protective device for that AC output utilizing suitpble
load until the EESS temperature becomes stable, or any protective device switches off thg AC
outfqut under test and the EESS temperature returns to ambient temperature.

8.2.5.4 Short circuit test
a) Purpose:
The|EESS shall be provided with short circuit protections for each output terminal if determ|ned

from risk-assessment that these short circuit protections are necessary in order to prevent a
hazTrdous short circuit condition.

Electrochemical EESS (BESS) shall be evaluated in accordance with IEC 62933-5-2 for
protection against short circuit hazards.

This test does not apply to EESS where the short circuit protections are integrated into some
components (e.g. the PCS) and has been verified in accordance with the relevant components
standards, and the short circuit condition verified in the components can be representative of
the short circuit condition in the EESS.

b) Requirement:

The short-circuit protection shall operate to prevent damage to the EESS that can result in a
hazardous condition.
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c) Method:

For each DC output, the positive terminal/conductor and negative terminal/conductor of the
output shall be short circuited by a resistance no greater than 50 mQ until the EESS temperature
becomes stable or any protective device switches off the DC output under test and the EESS
temperature returns to ambient temperature.

For each AC output, the live and neutral conductors of the output, two phase lines of the output
if applicable, shall be short circuited one at a time by a resistance no greater than 50 mQ until
the EESS temperature becomes stable or any protective device switches off the AC output
under test and the EESS temperature returns to ambient temperature.

8.2.6 Anti-islanding

a) Purpose:

EEY systems that are not intended to operate in islanded mode, shall be designed to preyent
this [operating condition in accordance with 7.4.1.7.

If th|s test has been performed as a type test on the power conditioning,-system (PCS) it i not
necgssary to repeat this test on the EESS.

b) Requirement:

The| EESS shall shut down in accordance with the requirements of the standard utilized to
evaluate the system. Local regulations regarding anti-islanding can apply.

c) Method:

Thefunintentional islanding test shall be condueted according to IEC 62116:2014, Clause ¢, or
IEEE Std 1547.1TM.2020, 5.10, or another_tethod. Local regulations for anti-islanding|can
apply.

8.3 | Validation and testing of EESS — Mechanical hazards

8.3.1 Enclosure strength against impact

a) Purpose:

Thelenclosure of an EESS that is provided to prevent access to hazardous parts and prgtect
intefnal insulation, shalfhave sufficient impact strength when tested.

Thig test applies.fo'an EESS located in an unrestricted access area.

Eledtrochemical EESS (BESS) are evaluated in accordance with IEC 62933-5-2 for the impact
test

b) Reguirement:
As a result of the impact force, there shall be no damage that would result in exposure of
hazardous parts as determined by the application of the articulate probe in accordance with
8.2.2, and there is no evidence of dielectric breakdown.

c) Method:

Enclosures of EES systems located in unrestricted access area shall be tested in accordance
with I[EC 62477-1:2022, 5.2.2.4.3. After the application of the force, the enclosure is examined
for signs of damage that can result in access to hazardous parts or loosening of protective
barriers through a visual inspection and if openings are created, by using the method outlined
in 8.2.2.
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To determine damage to insulation or reduced creepage and clearances, the dielectric voltage
withstand test of 8.2.4.2 is conducted.

8.3.2 Enclosure strength against static force
a) Purpose:

The enclosure of an EESS that is provided to prevent access to hazardous parts and protect
internal insulation, shall have sufficient strength against static forces when tested.

This test applies to an EESS located in an unrestricted access area.

Exception: This test can be waived for EESS with enclosure having enough strength.to rlsist
static force based on safety risk analysis.

Eleqtrochemical EESS (BESS) shall be tested in accordance with IEC 62933-542 for the sjatic
force test.

b) Requirement:

As g result of the static force, there shall be damage that would result in exposure of hazardous
parts as determined by the application of the articulated probe inJaccordance with 8.2.2|and
therp is no evidence of dielectric breakdown.

c) Method:

Enclosures of EES systems located in unrestricted access area shall be tested in accordgnce
with(IEC 62477-1:2022, 5.2.2.4.2.3. After the application of the force, the enclosure is examjned
for gigns of damage that can result in access to-hazardous parts or loosening of protegtive
barrjers through a visual inspection and if openings are created, by using the method outljned
in 8)2.2.

To determine damage to insulation or-reduced creepage and clearances, the dielectric volfage
withstand test of 8.2.4.2 is conducted:

8.3.8 Containment of hazardous moving parts

EESS containing hazardous kinetic energy, such as flywheel energy storage systems, shall be

test¢d as outlined in Annex C.

8.3.4 Mounting‘means and handle robust test
a) Purpose:

Thig test applies to EESS that contain handles for carrying or have mounting means such ps a
racd assembly that have to hold the weight of the supported parts to prevent a hazarg as
detgrminied by the risk analysis.

Electrochemical EESS (BESS) are tested in accordance with IEC 62933-5-2.
b) Requirement:

As a result of the applied force, there shall be no damage to the mounting apparatus or support
structure and the securement means when testing when subjected to a force representative of
the supported weight with some additional safety factor. As a result of the applied force, there
shall be no damage to handles or the handle mounting or securement means of the equipment
under test (EUT).
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c) Method:

For the wall mounted apparatus or other support structures, a force equal to 4 times the weight
of the EESS parts that the mounting is intended to support is applied to the centre of the
mounting or the support structure in a downward direction. The force shall be held for 1 min.

For EESS parts with (a) carrying handle(s), the EUT shall be supported by the carrying handles
and a force equal to 4 times the weight of the EUT is applied in a downward direction. If more
than one carrying handle is provided, the added weight shall be distributed between the handles.

835 | t and vibration during ¢ ’ | seismi I

Impgact and vibration during transportation and seismic events shall be taken into agCount as
far as relevant in particular when the EESS can be transported. Electrochemical EESS/(BESS)
shall be tested in accordance with IEC 62933-5-2 for these hazards.

8.4 | Validation and testing of EESS — Fluid hazards (high or low temperature, high
pressure, flammable, corrosive, caustic, or toxic)

8.4.1 General

Thege tests are applicable to systems containing fluids for their.operation that are at pressbres
of 1P3 kPa or greater; fluid temperatures above 50 °C; fluid temperatures lower than or efual
to =10 °C for metallic materials and —25 °C for non-metallic materials; and systems that contain
flammable, corrosive or caustic (pH < 2 or pH = 12,5) or toxic fluids.

For |parts that have met the applicable local regulations (e.g. pressure directives), it is| not
necgssary to be subjected to this testing.

8.4. Hazardous fluid containing parts-strength test
a) Purpose:

Parts containing hazardous fluids as outlined in Table 2 shall have sufficient strength to preyent
hazards. These parameters can vary depending upon applicable regulations.

b) Requirement:

As a result of the containment strength test, there shall be no fracture, distortion, ruptune or
othgr damage to the fluid containing parts.

c) Method:

Parfs of the~EESS containing hazardous fluids (gases or liquids) shall be subjected {o a
hydiostatic strength test of 1,5 times the design pressure of the system for a period of 1|min
aftef reaching the maximum pressure. The pressure shall be gradually increased untill the
maxinidm pressure is reached in approximately 1 min using either the liquid used in the sygtem
or water—Testimg s donmeatToommambienttemperature:

As an alternate method, hazardous fluid containing parts of the EESS can be subjected to a
pneumatic strength test of 1,3 times the design pressure of the system for a period of 1 min
after reaching the maximum pressure. The pressure shall be gradually increased until the
maximum pressure is reached in approximately 1 min using either air or inert gas. Testing is
conducted at room ambient temperature.
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Table 2 — Test parameters for the strength test

Fluid hazard Test type Test parameter?
Flammable, corrosive/caustic® or toxic Hydrostatic 1,5 times design pressure
Pneumatic 1,3 times design pressure
High temperature® Hydrostatic 1,5 times design pressure
Pneumatic 1,3 times design pressure
Low temperature® Hydrostatic 1,5 times design pressure
Pneumatic 1.3 times design pressure
High pressured Hydrostatic 1.5 times design pressure
Pneumatic 1.3 times design pressure
a8 [The term "design pressure" is the maximum pressure that the system can achieve underall operating
parameters as determined through the operating pressure of the pressure relief device.
b [Temperature greater than or equal to 50 °C.
¢ [Temperature lower than or equal to —10 °C for metallic materials and -25 °C for nen-metallic materials.
4 Pressures greater than or equal to 105 kPa.
¢ [Corrosive is defined as anything with a pH less than or equal to 2 or a pH greater than or equal to 12,5.
8.4.38 Hazardous fluid containing parts leakage test
a) Purpose:
Parf containing hazardous fluids as outlined in Table 3 shall be designed to prevent lealage
hazards. These parameters can vary depending*upon applicable regulations.
b) Requirement:
As a result of the containment leakagéitest, there shall be no fracture, distortion, rupture or

othgr damage to the fluid containing parts and there shall be no evidence of leakage.

For | flammable fluids containment, if relying upon mechanical ventilation to prevent a

compustible concentration t0 maintain a less than or equal to 25 % lower flammability limit (1
congentration, the mechanical ventilation evaluation test of 8.5.2 shall additionally]
condlucted if there is evidence of leakage during this test.

c) Method:

Parts of the £ESS containing hazardous fluids (gases or liquids) shall be subjected
hydrostatic.leakage test of 1,5 times the maximum operating pressure of the system for a pg
of 1|minsafter reaching the maximum pressure. The pressure shall be gradually increased
the maximum pressure is reached in approximately 1 min using either the liquid used in

LFL)
be

o a
riod
until
the

systemor water Testing is done at room ambient temperature

Evidence of leakage when conducting a hydrostatic leakage test shall be determined through
evidence of the liquid at piping connections or other areas of potential leakage or by evidence

of a pressure decay during the 1 min hold period.

As an alternate method, the above parts of the EESS can be subjected to a pneumatic leakage
test of 1,3 times the maximum operating pressure of the system for a period of 1 min after
reaching the maximum pressure. The pressure shall be gradually increased until the maximum
pressure is reached in approximately 1 min using either air or inert gas. Testing is conducted

at room ambient temperature.
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Evidence of leakage when conducting a pneumatic leakage test shall be determined through
either the use of leakage detection fluids at piping connections areas and other areas of
potential leakage or through evidence of a pressure decay during the 1 min hold period.

Table 3 — Test parameters for the leakage test

Fluid hazard Test type Test parameter?
Flammable, corrosive® or Hydrostatic 1,5 times the maximum operating pressure
toxic Pneumatic 1,3 times the maximum operating pressure
ng } tu.upv.utu.vb I—lyrlrr\efgfir- 1’f-'\ times-the maximum. npnrafing pressure

Pneumatic 1,3 times the maximum operating pressure
Low temperature® Hydrostatic 1,5 times the maximum operating pressure
Pneumatic 1,3 times the maximum operating pressure
High pressured Hydrostatic 1,5 times the maximum operating pressure
Pneumatic 1,3 times the maximum operating_pressure

a8 [The term "maximum operating pressure" is the maximum pressure that the system can achieve undefr all
conditions of normal operation.

Temperature greater than or equal to 50 °C.
¢ [Temperature lower than or equal to —10 °C for metallic materials and #25-°C for non-metallic materials.
Pressures greater than or equal to 105 kPa.

¢ [Corrosive is defined as anything with a pH less than or equal to’2 or a pH greater than or equal to 12,5.

8.4.4 Start-to-discharge pressure test
a) IPurpose:

Pregsure relief devices shall operate at-the intended pressures to prevent a hazard.

Thig test does not apply to thosepressure relief devices that have previously been evaluated
to a|suitable regional or international standard.

NOTE An example of a standard*would be the ASME Boiler and Pressure Vessel code.

b) Requirement:

The|start-to-discharge pressure measured shall be in the range of 90 % to 100 % of its rated
starj-to-discharge pressure setting.

c) Method:

For presettable pressure relief valve, three samples of resettable pressure relief valve shajl be
tested, and each sample shall be subjecied three times 0 a gradually increasing air pressure.
The pressure at which the device begins to open shall be recorded using a calibrated pressure
gauge having a range of at least 150 % of the anticipated maximum operating pressure of the
pressure relief device. The start-to-discharge pressure of each sample is the average value of
the three trials. The start-to-discharge value of the resettable pressure relief value is the highest
average value for the three samples tested.

For a non-resettable pressure relief device, three samples of the pressure relief device shall be
tested, and each sample shall be subjected to a gradually increasing air pressure. The pressure
at which the device begins to open shall be recorded using a calibrated pressure gauge having
a range of at least 150 % of the anticipated maximum operating pressure of the pressure relief
device. The start-to-discharge value of the non-resettable pressure relief device is the highest
value for the three samples tested.
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8.5 Validation and testing of EESS — Explosion and combustible concentrations
hazards

8.5.1 Gas detection and off-gas detection

If the risk analysis according to the output of 6.3 shows that flammable gases can be emitted
from EESS, the EESS shall be tested using a suitable test method to verify the effectiveness of
the gas detection system.

The electrochemical EESS (BESS) shall be tested in accordance with IEC 62933-5-2 for gas
detection and off-gas detection.

8.5.2 Mechanical ventilation evaluation

a) Purpose:

An EESS that relies upon mechanical ventilation to prevent combustible concentrations ghall
be dvaluated to ensure that the ventilation is sufficient to prevent a combustible concentrgtion
(i.e.]< 25 % LFL).

The| electrochemical EESS (BESS) shall be tested in accordanee)with IEC 62933-5-2 for
venfilation.

b) Requirement:

During the period of release, the concentration of a test gds’in the vicinity of potentially ignition-
capable equipment that is outside the dilution area shall not exceed twice the value specified
in IHC 60079-2:2014, Clause A.2, and shall be reduced’below the specified value within 30 min.

c) Method:

A dijution test in accordance with IEC 600¥9-2:2014, 16.5.4.2, shall be conducted to evalpate
the effectiveness of the mechanical ventilation.

8.6 | Validation and testing of EESS — Hazards arising from electric, magnetic and
electromagnetic fields

Eledtrochemical EESS (BESS) shall be tested in accordance with IEC 62933-5-2 for hazards
arising from electric, magnetic and electromagnetic fields.

a) Purpose:

The| EESS shall\\have sufficient immunity against electric, magnetic and electromagnetic
distirbances to*prevent hazards from arising. The safety-related functions of the EESS shall be
evalluated for its reliability and safety when exposed to electric, magnetic and electromagnetic
fields.

b) Reqdirement:

The EESS and the safety-related functions of the EESS shall function in accordance with the
risk analysis after evaluating for EM exposure.

The EESS EM emissions shall not cause disturbance to the surrounding environment. Local
regulation can apply.

c) Method:

The EESS shall be integrated with equipment that comply with IEC 61000-6-1, IEC 61000-6-2,
IEC 61000-6-3, IEC 61000-6-4, IEC 61000-6-5 for EM exposure and EM emission as applicable.
Other IEC or CISPR standards can be used depending on the site of installation. Local
regulation can apply.
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The safety functions of the safety-related subsystems of the EESS shall comply with
IEC 61000-6-7, or functional safety shall be considered with regard to electromagnetic
phenomena according to IEC 61000-1-2, if applicable.

8.7 Validation and testing of EESS — Fire propagation hazards

If the risk analysis shows that there is a need for validation and testing of EESS for fire
propagation hazards, this shall be considered. According to current understanding, BESS are
the most concerned EESS with this fire propagation hazards issue.

Electrochemical EESS (RFQQ) shall he tested in accordance with |IEC 62933-5-2 far fire
propgagation hazards.

8.8 | Validation and testing of EESS — Temperature hazards
8.8.1 General

Eledqtrochemical EESS (BESS) shall be tested in accordance with\1TEC 62933-5-2| for
temperature hazards.

8.8.p2 Containment of hazardous temperature (low or high)fluids

EESS that contain hazardous temperature fluids (50 °C or abeve or temperature lower than or
equal to -10 °C for metallic materials and -25 °C for non-metallic materials) shall be subjefted
to tHe fluid containing parts strength test of 8.4.2 and fluid éontaining parts leakage test of 8}4.3.

8.8.3 Temperature under normal operation tests
a) Purpose:

The[normal operations test is intended to.ensure that the EESS operates as intended under
maxiimum normal conditions of charging and discharging.

b) Requirement:

All :]Ihe functions above shall operate as designed. Temperature of components and engergy
accumulation subsystems shall-not be exceeded.

c) Method:

Genleral temperature_test under charging and discharging of the system by looking at
temperatures on temperature sensitive components and checking of operating parameters

The| EESS (shall be operated at maximum normal loading conditions for charging [and
discharging=>During this operation, temperatures on temperature critical components including
enefgy accumulation subsystems shall be monitored to determine whether or not they|are
operating within their specified temperature range.

8.9 Validation and testing of EESS — Chemical effects
8.9.1 Strength tests

EESS that contain hazardous fluids (toxic, corrosive or flammable) shall be subjected to the
fluid containing parts strength test of 8.4.2.

8.9.2 Leakage tests

EESS that contain hazardous fluids (toxic, corrosive or flammable) shall be subjected to the
fluid containing parts leakage test of 8.4.3.
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8.10 Validation and testing of EESS — Hazards arising from the environment
8.10.1 General

The environmental exposure tests for electrochemical EESS (BESS) are covered in
IEC 62933-5-2.

8.10.2 Ingress of moisture

The EESS shall be provided with sufficient protection against ingress of moisture for its
specified installation and ratings to prevent a hazard. The protection from exposure to moisture
test[is covered in 8.2.3.

8.10.3 Exposure to marine environments

a) Purpose:

The|EESS enclosure shall be provided with sufficient protection against salf fog exposure [that
canj|result in a hazardous condition if it is specified for installation in a marine environmen{.

NOTE 1 A marine environment installation would be considered an installation af the shore of a salt water |pbody
(e.g.|harbour or dock) or on a vessel.

If there are openings in the enclosure, the evaluation shall also/consider exposure of intgrnal
comlponents. An enclosure IP rating of IP67 (dust ingress @and“water immersion) or equivdlent
or hjgher does not require a salt fog test to evaluate the exposure to internal components.

NOTE 2 NEMA Type 4X and 6P are considered suitable foryoutdoor installations where there can be salt fog
expopure.

The| ISO 12944 series coatings (corrosion ¢protection of steel structures) rated C5M|are
consgidered resistant to exposure in marine environment and do not require further testinlg of
the enclosure material resistance.

b) Requirement:

The|EESS enclosure shall be suifficient to prevent deterioration that can result in a hazardous
condlition as a result of exposure to salt fog.

c) Method:

The| EESS shall be-subjected to the evaluation salt fog exposure in accordance [with
IEC|60068-2-52 using the test procedures for test method 1 (severity 1) for installation$ on
board vessels-ortest method 2 (severity 2) for installations at the shore of a saltwater body.

For this test, representative subassemblies can be used.

esult

8.11 Validation and testing of EESS — Hazards arising from auxiliary, control and
communication subsystem malfunctions

8.11.1 General

The EESS includes primary, auxiliary and control subsystems as shown in Figure 7. A fault
arising in any one of these subsystems can impact the overall system and result in a hazard to
that system.
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.2 Auxiliary system malfunction

2.1 General

a) Purpose:

When the control power is lost, the protection mechanisms of the system cannot work properly.
Control power low or high voltage excursions above specified levels can affect the devices and

com

ponents that ensure the EESS safety.

b) Requirement:

No
For
in a

c) |
The

such as the following items shall include testing as applicable to the auxitiary subsystem:

1)

otential auxiliary system maltunction shall cause a fire, explosion or an unsaie EESS.S
bl conditions tested, the EESS safety functionality shall not be compromised and shalbr
ccordance with the risk analysis’ anticipated outcome.

Method:

verification of auxiliary system fault conditions concerning safety identified/by risk anal

omplete loss of control power;

2) ])artial loss of control power;

ate.
pact

sis,

3) femporary loss of control power;

4) c¢ontrol power voltage exceeding a tolerable voltage level,

5) ¢ontrol power voltage dropping below a tolerable veltage level;

6) ¢ooling system malfunction;

7) lemporary loss of control input;

8) other auxiliary subsystem malfunction.

8.11.2.2 Complete loss of control power to the auxiliary subsystem

With the EESS at approximately 50 %-state of charge (SOC), it shall be subjected to a maximum
power discharge. After 10 min of ‘eperation, 100 % of the control power (e.g. the power supply
for the programmable logic confroller (PLC)) is switched off while the system is still discharging.
The[system shall then be observed until ultimate results have occurred after the fault condjtion
application.

NOTE 1 The state of charge cannot be critical, so the SOC can be at some mid-level of SOC.

NOTE 2 The 100 %\ef.control power is the nominal power supply of the PLC.

NOTE 3 For systems that cannot sustain 10 min of operation at 50 % SOC, such as some flywheel systemg, the
EES$ SOC can-be adjusted to a higher value and the operation time before introducing the fault condition cgn be
redug¢ed to~about half of total capable operation time at that SOC.

Repgaithe test with the EESS subjected to a maximum power charging.

8.11

.2.3 Partial loss of control power to the auxiliary subsystem

EESS shall be tested based on conditions of power supplies to the PLC for this test.

f the power supply to the PLC is through one single device, this test does not apply.

f the PLC is supplied by two sources (e.g. two power supplies):

With the EESS at approximately 50 % state of charge, it shall be subjected to a maximum
power discharge. After 10 min of operation, 50 % of the control power (e.g. power supply to
the programmable logic controller) is switched off by switching off one out of two power
supplies to the PLC while the system is still discharging. The EESS shall be observed until
ultimate results occur after the fault condition application.

NOTE 1 The state of charge cannot be critical, so the SOC can be at some mid-level of SOC.
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NOTE 2 For systems that cannot sustain 10 min of operation at 50 % SOC, such as some flywheel systems,
the EESS SOC can be adjusted to a higher value and the operation time before introducing the fault condition
can be reduced to about half of total capable operation time at that SOC.

NOTE 3 If the power from different power supplies is not equal, each power supply providing a different power
will be switched off during test, one at a time.

e If the PLC is supplied by three power sources (e.g. three power supplies):

With the EESS at approximately 50 % state of charge, it shall be subjected to a maximum
power discharge. After 10 min of operation, 33 % of the control power (e.g. power supply to
the programmable logic controller) is removed by switching off one out three supplies and
then 66 % of the control power is removed by switching off two out of three of power supplies

fter the fault condition application.

NOTE 4 This example refers to the case where there is a power supply for a single line PLC. Normally therg are
diffefent power supply units in the EESS. The total number of power supply units on different lines of\different PLCs
(e.g.|lone power supply for line PLC 1 and one power supply for line PLC 2) will be considered{kor this casg, the
test Wwould be conducted by switching off one out of two of the supplies for 50 % of the contro}-power switched poff.

NOTE 5 The state of charge cannot be critical, so the SOC can be at some mid-level of SOC.
NOTE 6 For systems that cannot sustain 10 min of operation at 50 % SOC, such-as some flywheel systemg, the
EES$ SOC can be adjusted to a higher value and the operation time before intreducing the fault condition c3n be
redug¢ed to about half of total capable operation time at that SOC.

Repgat the test with the EESS subjected to a maximum power charging.

8.11.2.4 Temporary loss of control power to the auxiliary power system

With the EESS at approximately 50 % state of charge, it shall be subjected to a maximum pawer
discharge. After 10 min, 100 % of control power (€:g. power supply for the programmable Ipgic
confroller) shall be switched off for 5 min while‘\the system is still discharging. After the 5/min
loss| of power, 100 % of the power to the conirol is returned and the system is observed pntil
ultinpate results occur while the EESS is still'operating.

Repkat the test with the EESS subjeeted to a maximum power charging.

NOTE 1 The state of charge cannot be;eritical, so the SOC can be at some mid-level of SOC.

NOTE 2 For systems that cannot _sustain 10 min of operation at 50 % SOC, such as some flywheel systemg, the
EES$ SOC can be adjusted to ‘a, higher value and the operation time before introducing the fault condition c3n be
redug¢ed to about half of total.capable operation time at that SOC.

8.11.2.5 Temporary loss of control input

With the EESS at-approximately 50 % state of charge, it shall be subjected to a maximum pgwer
discharge far )10 min. After 10 min, remove the control input of the EESS for 30 s and then
recgnnectiit*while the system is still discharging. The system shall be observed until ultimate
resylts’oecur after the fault condition application.

Repeat the test with the EESS subjected to a maximum power charging.

NOTE 1 The state of charge cannot be critical, so the SOC can be at some mid-level of SOC.

NOTE 2 For systems that cannot sustain 10 min of operation at 50 % SOC, such as some flywheel systems, the
EESS SOC can be adjusted to a higher value and the operation time before introducing the fault condition can be
reduced to about half of total capable operation time at that SOC.

8.11.2.6 Control power voltage exceeds a tolerable voltage level

With the EESS at approximately 50 % state of charge, it shall be subjected to a maximum power
discharge. After 10 min the control power voltage (e.g. power voltage supply of the PLC) is
increased to 20 % above the maximum tolerable voltage of the PLC power supply voltage while
the system is still discharging. The system shall be observed until ultimate results occur after
the fault condition application.
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NOTE 1 Normally the range of the PLC power supply voltage is 19 V DC to 30 V DC (voltage in this range is
considered the tolerable voltage level).

NOTE 2 The state of charge cannot be critical, so the SOC can be at some mid-level of SOC.

NOTE 3 For systems that cannot sustain 10 min of operation at 50 % SOC, such as some flywheel systems, the
EESS SOC can be adjusted to a higher value and the operation time before introducing the fault condition can be
reduced to about half of total capable operation time at that SOC.

Repeat the test with the EESS subjected to a maximum power charging.

8.11

.2.7 Control power voltage drops below a tolerable voltage level
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.2.8 Cooling system malfunction

the EESS at the maximum state of charge in accordance with the manufactu
ifications, subject the EESS to a maximum power discharge until the internal syq
ient temperature of the EESS nears<ifs highest temperature, with its cooling sys
ating. Then the cooling system is switched off to simulate a fault of the cooling sys
e the EESS is operating. The systefvshall be observed until ultimate results occur afte
condition application.

oximately 10 % state of charge.

.2.9 Other auxiliary subsystem malfunction

test mode for~other auxiliary system malfunctions depends on the kind of auxi
bystem. Others auxiliary subsystem malfunctions to test shall be determined as result o
analysisT"Some examples are:

o :[ilre protection system malfunction;
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8.11

.3 EES control subsystem malfunction

a) Purpose:

When an EESS control subsystem provides incorrect control information to the power
conversion subsystem processing unit, the EESS can be damaged and put into an unsafe state.
The fault conditions concerning safety as identified in the risk analysis, such as an EESS

man

agement control failure, shall be tested.

b) Requirement:

For the conditions tested, the EESS safety functionality shall not be compromised, and the
safety functions shall operate in accordance with the risk analysis anticipated outcomes.
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c) Method:

The EESS shall be at a state of charge where there is sufficient energy for testing but not fully
charged. The EESS shall be subjected to a maximum power discharge for 10 min.

After 10 min of discharge, apply the incorrect control of the EESS (e.g. set point of active power
out of the capability limits of the PLC of the EESS). The system shall be observed until ultimate
conditions have occurred after the fault condition application.

Repeat the test with the EESS subjected to a maximum power charging.

8.11.4 EESS internal communication malfunction
a) Purpose:

Whgn the internal communication line is short or open circuited, or when thednternal control
signfal is disturbed, it is possible that the EESS will not work properly.

NOTE All the communication lines inside the EESS (including communication lines)between subsystems) are
cons|dered as the internal communication lines. Communication lines connected externally at the communigation
interface of EESS are considered as the external communication lines.

b) Requirement:

For [all of the conditions tested, the EESS safety functionality,shall not be compromised, |and
the safety functions shall operate in accordance with the risk analysis’ anticipated outcome.

c) Method:

Thelinternal communication fault conditions concérning safety that are identified by risk analysis
such as those items noted below shall be tested.
) Internal communication line is opened

Start condition of the EESS witlr,a state of charge where there is sufficient energy for
testing but not fully charged, subjected to a maximum power discharge for 10 min. After
10 min open the internal communication line of the EESS. The system shall be obsefved
until ultimate conditions ‘hiave occurred after the fault condition application.

Repeat the test withimaximum power charging.
2) Internal communication line is short circuited

Start condition of the EESS with a state of charge where there is sufficient energy for
testing but not fully charged, subjected to a maximum power discharge for 10 min. After
10 min short circuit the internal communication line of the EESS. The system shall be
observed-until ultimate conditions have occurred after the fault condition application.

Repeat the test with maximum power charging.

) /Internal communication line is disturbed (applied noise on the communication line)

Stdlt bUII\JI;t;UII Uf EESS VV;t:I d atatc Uf b:ldlyc VV:ICIU thclc ib ouffi\,icnt CIICIUy fUI tc\.“ng
but not fully charged, subjected to a maximum power discharge for 10 min. After 10 min
apply noise to the internal communication line of the EESS. The system shall be
observed until ultimate conditions have occurred after the fault condition application.

Repeat the test with maximum power charging.

NOTE 1 The opening of the line (internal and external) can be achieved by pulling the plug out of the communication
cable (example CAN BUS).

NOTE 2 The short circuit of the line (internal and external) can be achieved with a short circuit on at least two lines
of the terminal of the communication cable (example CAN BUS) in accordance with the risk analysis.

NOTE 3 The disturbance of the line (internal and external) will be selected in reference to the environment of the
site of installation (i.e. residential, industrial or substation). The following are the reference standards to select the
disturbance to apply on the EESS: IEC 61000-1-2, IEC 61000-6-1, IEC 61000-6-2, IEC 61000-6-5, and
IEC 61000-6-7.
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8.11.5 EESS external communication malfunction
a) Purpose:
There are a number of factors that can affect the safe operation of the EESS, which are set out
below. These factors shall have been considered during the design process; system level risk
analysis (e.g. FMEA), and testing shall be performed to ensure that the EESS enters a safe
state in each case:

1) external communication line is opened,;

2) external communication line is short circuited;

) external communication line Is disturbed.
b) Requirement:

For gll conditions tested, the EESS safety functionality shall not be compromised, and the sgfety
fungtions shall operate in accordance with the risk analysis anticipated outcome:
c) Method:

) External communication line is opened, test mode

The start condition for the EESS is approximately 50 % state~of charge and maximum
power in discharge for 10 min. After 10 min open the external communication line of the
EESS. The system shall be observed after the open circuit fault condition applicdtion
until ultimate results occur.

Repeat the test with maximum power in charge.
2) External communication line is short circuited{ test mode

The start condition for the EESS is approximately 50 % state of charge and maximum
power in discharge for 10 min. After 10 min-short circuit the external communication|line
of the EESS. The system shall be opserved after the short circuit fault condjtion
application until ultimate results occur:

Repeat the test with maximum peower in charge.
8) External communication line_is‘disturbed, test mode

The start condition for the EESS is approximately 50 % state of charge and maximum
power in discharge for.10'min. After 10 min open the external communication line of the
EESS and apply a noise on the internal communication line of the EESS. The sygtem
shall be observed after the noise fault condition application until ultimate results ocfur.

Repeat the test\with maximum power in charge.

NOTE 1 The opening of'the line (internal and external) can be achieved by pulling the plug out of the communigation
cablg (example CAN-BUS).

NOTE 2 The short circuit of the line (internal and external) can be achieved with a short circuit on at least twollines
of the terminal of the communication cable (example CAN BUS) in accordance with the risk analysis.

NOTE3< The disturbance of the line (internal and external) will be selected in reference to the environment gf the
Slte f ;Ilota::at;ull \IU |co;dc||t;a:, ;Ilduotl;a: Ul OUbOth;UII’. T:IU fU::UVV;IIH arc t:IU IUfUIUIIUU Otalldaldo tU OU:U\Jt the
disturbance to apply on the EESS: IEC 61000-1-2, IEC 61000-6-1, IEC 61000-6-2, IEC 61000-6-5, and
IEC 61000-6-7.

9 Instruction manuals and guidelines

9.1 General

The manuals shall include the EESS specifications including electrical input and output ratings,
environmental ratings, system overall dimensions, weight and an overall description of the
EESS and its operation. All markings and signage for the system shall be included in the
manuals. The language for manuals shall either be in English or another language. Local
regulations can apply.
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The manuals for multi-part EESS shall include a description of all of the parts of the system,
and the layout of the parts when installed as a system, with a single-line electrical diagram of
the EESS identifying all interconnections and ports.

The electrical schematic and piping and instrument diagram of the systems if applicable shall
be included in the manuals of the system.

The manuals shall provide contact information for support with installation, operation, and
maintenance for the EESS. There shall also be emergency contact information in the event of
a safety incident involving the EESS.

The[manuals can be available in either hard copy or digital format (online) that can becprifted.
The[manuals shall be in a format that is accessible when necessary over the life of the 'system.

If the information in the manuals is not clear or is incomplete in some aspect(in the event of
resifual risk for some complex systems, the manufacturer will have to provide additipnal
information or additional training to address missing or unclear information-in'the manuals

9.2 Installation manual

An [nstallation manual shall be provided. The installation manual shall contain at least| the
follgwing related parts:

. general description of the characteristics of the facility*and system;

he safety rules for installation including information on the appropriate PPE required to
erform the various tasks of the installation;

he instructions for installation;

he instructions for commissioning;

he instructions for the interface contral;

he instructions for troubleshooting \during installation;

instructions on any equipment'that is installed on site that is part of the system such as
VAC;

instructions on protection mechanisms that have to be installed on site such as fire detegtion
nd suppression systems;

e the instructions regarding how to decommission the EESS.

Thelinstallation ifformation shall include instructions for making all necessary connections for
elecfrical, communications, piping for fuels and other fluids, etc. as well as connections to gther
equlpment that are part of the system. Multi-part EESS shall have all parts identified in| the
installation-instructions with instructions for the installation and interconnection of those parts.

Thelinstructions shall include information on electrical disconnects shut off valves and ather
devices required to be installed with the system. The installation instructions shall include the
parameters required for electrical connections and installed devices in electrical circuits
(communication protocols, circuits and devices) as well as parameters for fuel and other fluid
connections and control devices necessary for the operation of the EESS.

Environmental limits of the system installation shall be included in the installation instructions.
These will include whether the system is intended for outdoor installations only, limitations
regarding installations in seismic or in marine environments. Those EESS that require restricted
access shall include instructions for installations in restricted access areas.
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9.3 Maintenance manual
9.3.1 General

The EESS shall be provided with maintenance instructions for service personnel as well as a
separate set of instructions for any basic maintenance procedures that would be handled by
operators of the system. Maintenance instructions shall include instructions for minor repairs
that can be considered as part of basic maintenance such as fuse replacement and instructions
that indicate when the service personnel are required to handle the repair.

The maintenance instructions shall include safety measures to be followed during maintenance
of tHe system whether by service personnel or for basic maintenance procedures handlefl by
system operators.

Maintenance instructions shall include the frequency of routine maintenance to be ‘performed
inclyding annual checks on any subsystems such as the accumulation subsystem including the
battgries, any containment systems and pressure vessels, the auxiliary subsystem including
any|gas detection devices, HVAC systems, fire suppression system, .€te., as well as|any
operational tests to be performed.

Whdn maintenance operations are planned, appropriate analysis’ of the system shal|l be
condlucted prior to the start to ensure that the maintenance canbe carried out in a safe marlner.
Thig includes determining of the need for electric isolation<of any piece of equipment t¢ be
perfprmed and documented before any maintenance.

9.3.2 Personal protective equipment (PPE) guidelines

Maimtenance instructions shall include information*on the appropriate PPE required to perform
the parious tasks. Areas within and around theEESS requiring special protection measpres
against inherent dangers (e.g., electrical,~mechanical, chemical, heat and stored energy
hazards) shall be provided with cautionary signage to identify the hazards and necespary
preqautions.

Maintenance instructions shall include information on safe working practices. Whergever
possgible, work shall commence-only when conductors normally energized at a dangefous
voltage have been securely.isolated and earthed. Areas within and around the energy stofage
system requiring special protection measures against arc flash and shock hazards shall be
proJided with cautionary.signage to identify the electrical hazards and necessary precautipns.
Whare isolation is net possible, for example work on battery terminals, instructions shall be
proJided on the appropriate PPE required to perform the task.

Maintenance _procedures shall ensure that the EESS is operating as intended after maintengnce
and|that protective functions are functioning. Maintenance procedures for equipment and garts
in hpzardous areas or zones shall ensure that the hazardous area or zone protection is| not
compromised.

Instructions for walk-in systems and secured areas of the EESS shall indicate that sufficient
precautions are to be taken to ensure there is no one is inside the door before locking it from
the outside.

9.4 Operator manual
The operator manual shall contain at least the following related parts:

e general description of the characteristics of the EESS;

e main safety rules including information on the appropriate PPE required to perform the
various tasks;

e instruction for operating the EESS and instructions for interface control;
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e instructions regarding the different states of operation and meaning of indicators of
operation and how to determine the state of operation;

e how to troubleshoot if there are incorrect state indications during the EESS operation that
do not require further maintenance;

e instructions on communication protocols for the EESS;

e instructions on procedures in the event of warning indicators or alarms from the EESS and
when to initiate emergency procedures.

If the system can be remotely operated, there shall be instructions regarding how to safely

Instfuctions for walk-in systems shall indicate that sufficient precautions are, to be taken to
enslire there is no one inside the door before locking it from the outside.

9.5| Emergency procedure manual

Thelemergency procedure manual shall contain at least the following/information:

Prog¢edures for pre-planning of potential emergency events that'can occur based upon the EESS
technology, design and mode of operation (e.g., remote or local).

The|EESS manufacturer shall provide information on-the reasonably foreseeable emergency
conglitions with the EESS that could occur.

NOTE It is the responsibility of the owner or operator of the.EESS that suitable and effective local emergency plans
are in place.

Thelemergency procedure manual shall include:

e & description of the action which should be taken to control the conditions or events and to
limit their consequences, including a description of the safety equipment and the resoufces
available for all foreseeable 'conditions or events which could be significant in bringing apout
& major accident;

e arrangements for limiting the risks to persons on site including how warnings are to be gjven
and the actions persons are expected to take upon receipt of a warning (first responder
guidelines, emergency evacuation plan);

e arrangements\for providing early warning of the incident to the authority responsiblg for
setting the external emergency plan in motion, the type of information which should be
¢ontainegd )in an initial warning and the arrangements for the provision of more detailed
information as it becomes available;

d to

9.6 First response manual

The first response manual shall describe methods and general steps that have to be taken in
the event of an emergency involving the EESS (e.g. fire mitigation, explosion risk prevention).
Site specific procedures or instructions shall be developed, and roles and responsibilities
clearly noted to identify the individuals required to perform the designated actions or steps.

The operation of an automatic fire suppression system shall be described and the precautions
to take when triggered shall be given.

The first response manual shall also describe methods and general steps that shall be taken
for other types of non-fire hazards such as chemical spills, electrical hazards, toxic gas releases,
etc.
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Markings and sighage

General

Required markings including the nameplate and warning markings and signage shall be legible
and permanent and located on the EESS where they will be visible when the EESS is installed.

10.2 Nameplate

The nameplate of the EESS shall include the manufacturer name or trademark, the model
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nameplate shall be located where it is visible on the system after installation’.

pital link (web address, QR code, bar code or other) to the system manuals shall be prov
jital manuals are provided.

multi-part EES systems, a nameplate marking as noted above‘shall be provided on at |
hccumulation subsystem, and it shall indicate that it is a multi-part EESS and it shall inc

e multi-part EES system shall be provided with their own nameplate marking reportin

Cautionary markings and signhage

need for cautionary markings or signageto be provided shall be determined by the
ysis of the system. Cautionary markings\and signage shall be designed in accordance
7010.

mples of cautionary markingscan include symbols and warnings regarding hot sur
ings, electrical shock hazards; chemical hazards and hazardous moving parts hazard
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design. Local regulations can apply.
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(informative)

Annex A has information on potential failure modes or conditions and their consequences with
various EESS technologies and is not a complete list of all hazards that can occur. It is not
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Pumped hydro storage

ni fo replace a thorough risk assessment. Tt is the EESS manufacturers’ responsibili
uct a thorough risk assessment of their system in accordance with this document taTidentify
mitigate against the potential hazards of their system.

ped hydro storage is a particular type of hydroelectric facility. These plants have
connected water reservoirs located at different elevations. During off-peaks hours, water
umped to the upper reservoir to store energy. Then, duringperiods of high electrjicity
sumption, water is released, via water turbines, into the lower reservoir to produce electricity.

main risk scenarios for pumped hydro storage are giveniin Table A.1.

Table A.1 — Main risk scenarios forpumped hydro storage
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Flywheel

A flywheel stores energy as kinetic energy. A wheel with significant mass at the rim serves as
the storage medium. The wheel is typically sealed in a relative vacuum chamber to reduce
kinetic energy loss due to friction forces. When it is necessary to store energy , the rotational
speed of the wheel is increased, and when stored energy is to be released, the rotational speed
of the wheel is decreased. Conversion of electrical energy to mechanical energy is done with
an electrical machine which can function both as a motor and as a generator.

The main risk scenarios for flywheels are given in Table A.2.
See| Annex C for tests to evaluate the containment of moving parts for an accumuigtion
subsgystem of a flywheel type mechanical EESS.
Table A.2 — Main risk scenarios for flywheel
Causes Failure modes/conditions Hazard Consequences
Ovefspeed due to » Material fatigue due to * Machine at risk of +.) Sickness, injury or
defdctive frequency excessive stress sudden (violent) failure death
inverter ) without warning o
* Rotor imbalance + Damage to buildings
Senpors disturbance - . + Excessive vibration, .
» Disintegration of rotor overheating/of + System perturbation
Conpmand control « Rotor not contained bearings, matérial
distyirbance fatigue
Insufficent heat dissipation » Fire.(Composite rotor),
high speed projectiles
Extgrnal heat flux (all rotors), forceful
- disintegration of
Defgctive vacuum pump or machine (all rotors)
vachum line
] « Forceful disintegration
Air intake caused by of machine, projectiles,
pierging of the enclosure fire
(corfosion, breakage)
Defgctive magnetic
levifation of bearings
Sho¥t circuit or rotor block
in motor/generator
A.4 Gravitational EESS
A griavity engrgy storage is a kind of mechanical energy storage, which lifts the weight to a high
plade through electricity to increase its gravitational potential energy to complete the engergy
storpge process and converts the gravitational potential energy into kinetic energy through the
faIIirpg process of the heavy object, and then into electrical energy. The weight can be ejther

solidweight or water.

The main risk scenarios for gravitational EESS storage are given in Table A.3.
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Table A.3 — Main risk scenarios for gravitational EESS
Causes Failure modes/conditions Hazard Consequences
Earthquake, landslide, * Mechanical rupture * Machine at risk of + Sickness, injury or
water infiltration which . sudden (violent) failure death
could damage the + Core weight blocked without warning o
structure . Seal breakd + Damage to buildings
eal breakdown + Excessive vibration, Mochanical d
Cable to lift the weight . Water leakage overheating of echanical damage
failure bearings, material « Loss of capacity
» Core weight dropped fatigue
Control system to lift o .
weiqht failure » Projectiles and weight
from high altitude

Corfosion of cables, and . Loud noi
othdr mechanical parts oud noise
Corfosion of water tank
Failyire or block of pump
Danjage to containment
system
A.5| Battery energy storage systems
The|main risk scenarios associated with battery energy storage systems BESS are outlingd in
IEC|62933-5-2.
A.6| Hydrogen and synthetic natural gas
A typical hydrogen storage system consistscef’'an electrolyser, a hydrogen storage tank apd a
fuellcell. An electrolyser is an electrochemical converter which splits water using electricity|into
hydfogen and oxygen. It is an endothermic process, i.e. heat is required during the reacgion.
Hydfrogen is stored under pressure in gas bottles or tanks, or in the form of cryogenic liquid.
Hydrogen can be stored by abserption or adsorption on solids or by chemical reaction| To
generate electricity, both gases\flow into the fuel cell where an electrochemical reaction which
is tHe reverse of water splitting’ takes place: hydrogen and oxygen react and produce water,
heal is released, and electricity is generated. For economic and practical reasons oxygen ig not
storgd but vented to the.atmosphere on electrolysis, and oxygen from the air is taken forl the
powger generation.
The[main risks scenarios for hydrogen storage are given in Table A.4.
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