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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 4-2: Guidance on environmental issues —
Assessment of the environmental impact of battery
failure in an electrochemical based storage system

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

IEC 62933-4-2 has been prepared by IEC technical committee 120: Electrical Energy Storage
(EES) Systems. It is an International Standard.

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

Draft Report on voting

120/387/FDIS 120/403/RVD

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

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

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

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

e reconfirmed,

e withdrawn, or

e revised.
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 4-2: Guidance on environmental issues —
Assessment of the environmental impact of battery
failure in an electrochemical based storage system

1 Scope

This part of IEC 62933 defines the requirements for evaluating and reporting the negative
impact on the environment caused by the failure of a cell, flow cell, battery or flow battery in
the accumulation subsystem of a battery energy storage system (BESS).

The batteries within this scope used in a BESS are classified according to the type of their
electrolyte. These electrolyte types are aqueous, non-aqueous or solid.

The environmental impacts directly caused by the failure of other components of the BESS are
not within the scope of this document.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

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

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

¢ |ISO Online browsing platform: available at https://www.iso.org/obp

3.1.1

cell

basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usually separators, that is a source of electric energy obtained by direct conversion of
chemical energy

[SOURCE: IEC 60050-482:2004, 482-01-01, modified — the Note has been deleted.]

3.1.2

flow cell

secondary cell characterized by the spatial separation of the electrodes and the movement of
the energy storage fluids

[SOURCE: IEC 62932-1:2020, 3.1.14, modified — the Note has been deleted.]
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3.1.3

flow battery

two or more flow cells electrically connected including all components for use in an
electrochemical energy storage system

3.1.4

battery

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

[SOURCE: IEC 60050-482:2004, 482-01-04]

3.1.5

battery system

assembly of batteries or flow batteries installed on racks or in cabinets with associated
electrical, electromechanical, environmental control components and ready to operate

3.1.6

battery management system

BMS

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

[SOURCE: IEC 62619:2022, 3.12, modified — the Notes have been deleted.]

3.1.7
failure
loss of ability of the cell, flow cell, battery or flow battery to perform as required

Note 1 to entry: This failure results in a fault of the accumulation subsystem and by derivation, of the BESS.

[SOURCE IEC 60050-192:2015, 192-03-01, modified — replaced "item" with "the cell, flow cell,
battery or flow battery", notes have been deleted and added new Note 1.]

3.1.8
failure cause
set of circumstances that leads to failure

Note 1 to entry: A failure cause can originate during specification, design, manufacture, transportation, installation,
operation or maintenance of an item

[SOURCE: IEC 60050-192:2015, 192-03-11]

3.1.9

environment

natural and man-made surroundings in which an EES system is installed, operates and
interacts, including buildings and facilities, air, water, land, natural resources, flora, fauna
(including human inhabitants) of those surroundings

[SOURCE: IEC 60050-904:2014, 904-01-01, modified — expansion of the scope to include man-
made surroundings, dynamic interactions, and specific EES system contexts.]

3.1.10
system integrator
entity that specializes in planning, coordinating, building, implementing and testing of systems
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3.1.11

manufacturer

entity that produces the specified item and owns the manufacturing process by which it was
created

3.2 Abbreviated terms

BESS battery energy storage system
BMS battery management system
EES electrical energy storage
HVAC heating, ventilation and air conditioning
LFP lithium iron phosphate

LTO lithium titanium oxide

MSDS material safety data sheet
NCA nickel cobalt aluminium oxide
NMC nickel manganese cobalt oxide
PCS power conversion system

POC point of connection

SDS safety data sheet

SOC state of charge

SOH state of health

VRLA valve regulated lead acid

4 General

The environmental impact of a battery failure depends on the battery type, design and structures.
This document provides guidance and requirements on how to identify the potential impacts on
the environment when the battery of an electrochemical energy accumulation system fails.

The operation, under conditions licensed by the local authorities, of the BESS including its
batteries and flow batteries, is considered to occur without any negative environmental impact.

5 Failure of the electrochemical accumulation system in a BESS resulting in
environmental issues

5.1 General

A failure is defined in this document as a loss of ability of the cell, flow cell, battery or flow
battery in the electrochemical accumulation subsystem to perform as required. This failure
results in a fault of the accumulation subsystem and, by derivation, can result also in a failure
of the BESS with possibly environmental issues.

For the present document, those failure-inducing causes are considered if the subsequent
failure(s) of the cell, flow cell, battery or flow battery in the electrochemical accumulation
subsystem negatively impact(s) the environment surrounding the BESS.
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The failure causes to be considered in this document are the result of:

1) electrochemical accumulation subsystem internal causes such as a fault developing due to
weakness of materials or of an assembly or divergent chemical or electrochemical reactions;
or

2) electrochemical accumulation subsystem external causes such as a fault developing due to
a failure of ancillary equipment, unfavourable environmental conditions or loss of essential
parameters, data and functions needed for safe operation.

Failures of other subsystems of the BESS are not assessed within this document for their direct
negative impact on the environment.

5.2 View of the subsystem structure in a BESS and the battery-related failure site

The typical subsystems architecture of a BESS is shown in Figure 1 with the location of the
battery highlighted

Control
subsystem

|
Communication subsystem |

|

I |

| Communication
I Management subsystem :4—»@ interface

|

|

|

Protection subsystem I

i o L L] 72 ot L o8 I Y N I
| lemm e ] i i i Y Auxiliary
| Auxiliary subsystem = =4 connection Auxiliary POC
' I terminal
' P '
! D '
| T T P270CUHIITCINC CITOCVvITCY y |
| Primary | i ! I
| | i ! I
Subsystemi R i |
[ ' [
| ! I | Electrochemical Power | Primary
ﬂ B | | accumulation conversion ! connection —Q Primary POC
Iy subsystem subsystem : terminal
=== t |
Battery : !________________________I |
L 1

IEC

NOTE The location of the electrochemical accumulation subsystem and its battery are highlighted in the dark grey
box.

Figure 1 — Example of a BESS structure

5.3 Classification of BESS types

The BESS types are categorized in Table 1, according to IEC 62933-5-2, into five types based
on the specific features of the installed electrochemical storage system, i.e. the installed battery
type and its electrolyte.
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Table 1 — Classification of BESS types

BESS type designation Distinguishing design features
Cell with non-aqueous electrolyte
A (e.g., Li-ion)
c.B Cell with aqueous electrolyte

(e.g., Pb acid, NiMH)

Cell with solid electrolyte and operating above 250 °C or defined as HT (high
c-C temperature) cell

(e.g., NaS, NaNiCl)

Cell with aqueous but recirculating electrolyte or defined as flow cell

C-D
(e.g., V5+/V2+)
Cell with any other electrochemical couple, electrolyte and energy storage concept
c-Z or combinations thereof

(e.g., Li metal with solid electrolyte, electrochemical double layer capacitors)

The classification of the battery types used in a BESS and listed in Table 1 is subject to
evolutions as advances in battery technology bring changes in electrolytes and cell designs.

The attributes of a BESS type designation, based on the installed battery and reported in the
environmental impact assessment document, are only informative in nature. They do not
release the system integrator and battery manufacturer carrying out the environmental impact
assessment of a battery failure according to this document, from considering all features of the
battery or flow battery of the BESS at hand.

5.4 Failure of batteries in the electrochemical accumulation subsystem of a BESS

The failure sites in the electrochemical accumulation subsystem in this document are
highlighted in Figure 2.

BESS system failure

! l } !

Auxiliary subsystems Control ELec(:;tlrj?;:Hgt\iw;?]al Power Primary subsystems
failure subsystems failure ; conversion failure
subsystem failure subsystem failure
C-A type battery C-B type battery C-C type battery C-D type battery C-Z type battery
failure failure failure failure failure

IEC

Figure 2 — Failure sites in the electrochemical accumulation subsystem
within the scope of this document (highlighted in grey)
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6 Guidelines for assessing the environmental impact of a failure of the battery
of the electrochemical accumulation subsystem of the BESS

6.1 General

Batteries and flow batteries are equipment containing reactive metals and chemicals and are
also sources of uninterruptable flows of electrical energy. These components and effects can
be released into the environment in an uncontrolled fashion when the battery or flow battery in
the accumulation subsystem fails.

The system integrator of the BESS, therefore, carries out, in collaboration with the
electrochemical accumulation subsystem, a systematic assessment of when and how wear-out,
ageing, deterioration, damage, non-compliance, environmental factors, flawed operation(s) or
outright failure(s) of a constituent of the BESS result in failures of the electrochemical
accumulation subsystem with a subsequent impact on the environment.

To ensure a structured assessment of the failures, an overview of the cell designs is presented
in Annex D. This is followed in Annex B by an overview of the environmental impacts resulting,
upon a failure, from the battery and flow battery materials, their reactions and associated
disruptive electric effects.

In 6.2 a structured set of root causes of such failures is presented. These root causes reflect
the multiple origins of a failure of the battery or flow battery in a BESS and are applicable to
the designs C-A to C-Z, respectively.

6.2 Root causes of battery and flow battery failures resulting in impact on the
environment

6.2.1 General

Internal and external causes that can result in a failure of the cell, flow cell, battery or flow
battery and possibly have an impact on the environment, are reviewed and enumerated below.

Potential failures are systematically listed below, which are further the result of root causes
depicted in Figure 3.
e Performance degradation
— inability to deliver rated energy (cause 1)
— inability to accept rated energy (cause 2)
e System degradation
— failed structural integrity (cause 3)
— failed system integrity (cause 4)
e Subsystems degradation
— failed accessory components (cause 5)
— failed control subsystem (cause 8)
— failed auxiliary subsystem (cause 9)
e Unexpected inputs from the POC/interface
— failed environmental controls (cause 6)
— failed electric integrity (cause 7)
e Unexpected external environment impacts to the system
— environmental impacts (cause 10)
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A schematic view of key proximate (immediate) root causes leading to failures is shown in
Figure 3.

Environmental
impact

N

Failure of a
cell — flow cell
battery — flow battery

Cause 1 Cause 2

Inability to deliver rated energy Inability to accept rated energy
Cause 3 Cause 4

Failed structural integrity Failed system integrity

Cause 5 " Cause 6

Failed accessory components Failed environmental controls
Cause 7 b Cause 8

Failed electric integrity [ Failed control system

Cause 9 W Cause 10

Failed auxiliary system B Environmental impacts

IEC

Figure 3 — Proximate root causes leading to a battery or flow battery failure
in the BESS with associated environmental impacts

6.2.2 Root causes resulting in battery and flow battery failures
6.2.2.1 General

The assessment of the failures and their environmental impacts shall be carried out on the
battery and its layout by the system integrator in collaboration with the battery or flow battery
manufacturer. Local regulations can apply and can designate any other entity to perform the
assessment.

This assessment shall be made available, in an appropriate format and detail, to the interested
parties such as the BESS operator, licensing authorities, environmental protection agencies or
other relevant entities for follow-up actions as needed. Local regulations can apply.

The assessment activity starts from the relevant proximate, i.e. close-by root cause(s), and
details their resulting impacts on the cells, flow cell, battery and flow battery.

These impacts can lead to their failure resulting in a fault of the BESS.
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