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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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ISO 23625:
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Small craft — Lithium-ion batteries

WARNING — Lithium-ion batteries used in direct current (DC) electrical systems on boats that
operate at potentials of 60 V or higher have additional safety requirements not addressed by this

document

1 Scope

. Refer to the battery manufacturer’s recommendations.

This docuy
ion batteri

This document is applicable to lithium-ion batteries and battery systems with a_.¢apacity gr

500 Wh ug
systems. It

2 Norm

The follow
requireme
the latest ¢

[SO 8846,
[SO 13297,
ISO 25197,
IEC 60529,

IEC 62619
requiremer

[EC 62620,
cells and b4
3 Term

For the puj
ISO and IE

hent specifies requirements and recommendations for the selection and installation
s for boats, as well as requirements for the safety information provided by theqmanuf

ed on small craft for providing power for general electrical loads and/orto electric
is primarily intended for manufacturers and battery installers.

ative references

ng documents are referred to in the text in such a way that’seme or all of their content
hts of this document. For dated references, only the editien cited applies. For undated
dition of the referenced document (including any amendments) applies.

bmall craft — Electrical devices — Protection against’ignition of surrounding flammable |
Small craft — Electrical systems — Alternatipgiand direct current installations
Small craft — Electrical/electronic contrel systems for steering, shift and throttle
Degrees of protection provided by enclosures (IP Code)

Secondary cells and batteries—containing alkaline or other non-acid electrolytes
ts for secondary lithium cells.and batteries, for use in industrial applications

Secondary cells and battenies containing alkaline or other non-acid electrolytes — Second
tteries for use in induStrial applications
s and definjtions

poses ofithis document, the following terms and definitions apply.

[ maifitain terminology databases for use in standardization at the following addresse

of lithium-
Acturer.

eater than
propulsion

ronstitutes
references,

jases

— Safety

ary lithium

[92)

ISO O

3.1

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

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

ampere interrupt capacity

AlIC

maximum current a circuit breaker or fuse is rated to safely interrupt at a specific voltage

3.2
battery

collection of cells (3.7) wired in series (or series/parallel) and constituting a single physical unit

© IS0 2025 - All rights reserved
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battery bank
set of batteries (3.2) electrically connected (parallel/series) to increase capacity and/or voltage

3.4

battery capacity

C

amount of energy storage of the battery (3.2) from the manufacturer’s specified fully charged to discharged

voltage lev

els

Note 1 to entry: The battery capacity is expressed in ampere hours (Ah) at a nominal voltage or in watt hours (Wh).

Note 2 to entry: Ah and Wh capacity rating is at a given discharge rate or time.

3.5

battery management system

BMS

system degigned to protect alithium-ion battery (3.2) from potentially damaging events;such as oyercharging
(3.19) or overdischarging (3.20) and high and low temperatures

3.6

battery syjstem

battery (3.R) or batteries and all ancillary components

3.7

cell

fundamentlal building block that is inside a lithium-ion battery (3:2) where electrical energy is ddrived from
the insertipn/extraction reactions of lithium ions or oxidatior/reduction reaction of lithium bg¢tween the
negative electrode and the positive electrode

3.8

Crating

measure of battery (3.2) charge and discharge rating

Note 1 to enftry: The C rating is expressed as a funcfion of the rated ampere hours (Ah) battery capacity (3}4).
EXAMPLE A 100 Ah battery charged or discharged at 100 A is a 1C rate.

3.9

contactor

relay/swit¢h controlled by the Hattery management system (3.5)

3.10

disconnect device

switch conftrolled by thé.battery management system (3.5) which disconnects a battery (3.2) or battery bank
(3.3) from charge afid discharge sources, and other batteries or battery banks

3.11

high voltagé cutout

HVC

battery management system's (3.5) response to a high voltage event (3.12) that protects the battery (3.2)

from overc

3.12
high volta
HVE

harging (3.19)

ge event

condition where a cell (3.7) has been charged to a voltage above the manufacturer’s cell maximum voltage limit

© IS0 2025 - All rights reserved
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low voltage cutout

LVC

battery management system'’s (3.5) response to a low voltage event (3.14) that protects the battery (3.2) from
overdischarging (3.20)

3.14

low voltage event

LVE

condition where a cell (3.7) has been discharged beyond the cell manufacturer’s cell low voltage limit

3.15
high temp

erature cut-off

HTC
battery ma

3.16

nagement system’s (3.5) response to a high temperature event (3.16)

high templerature event

HTE
condition ¥
cell tempet

3.17
low tempd
LTC
battery maq

3.18
low tempe
LTE
condition ¥
cell tempet

3.19
overcharg
charginga

Note 1 to en

3.20
overdisch
dischargin

Note 1 to en
Note 2 to en

3.21

vhere a cell (3.7), parallel string or bank has a temperature above the manufacturer’g
ature limit

rature cut-off

hnagement system’s (3.5) response to a low temperature event (3.18)

rature event

vhere a cell (3.7), parallel string or bank haga temperature below the manufacturer’s
ature limit

ing
rell (3.7) above the cell manufacturer’s upper cell voltage limit, which can result in damag

try: Overcharging can resultiinthermal runaway (3.24) or damage to the battery (3.2) or cells.
Arging

b a battery (3.2) ©r¢ell (3.7) below the manufacturer’s minimum cell voltage limit

try: Overdischarging can result in damage to the battery or cells and can include cell polarity

try: Subsequent charging after overdischarging can result in thermal runaway (3.24).

ressible

readily ac

maximum

minimum

e to the cell

reversal.

capable of being reached quickly and safely for effective use under emergency conditions without the use of tools

3.22

safe operating limits

SOL

set of voltage, temperature and other parameters, within which the battery (3.2) is intended to be operated
and which, if exceeded, initiates a battery management system (3.5) response to correct the problem or to
shut the battery down

© IS0 2025 - All rights reserved
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arge

indication of the amount of usable capacity available in the battery (3.2)

Note 1 to en
EXAMPLE
3.24

try: SOC is expressed as a percentage.

0 % = empty; 100 % = full.

thermal runaway
potentially dangerous and self-propagating battery (3.2) heating condition that can occur within a cell (3.7)

tion

not greater

rements of

s, therefore
ion battery

ufacturer’s

in batteries

he battery

or cells

3.25

watertight

constructeld so that water will not enter the enclosure

Note 1 to enftry: Water integrity specifications can be found in IEC 60529.

3.26

weatherproof

constructed or protected so that exposure to the weather will not interfere with successful opers
Note 1 to enftry: Water integrity specifications can be found in IEC 60529.

3.27

audible alarm

device with a sound pressure measured 1 m from the command: station of at least 75 dB(A), but

than 85 dB|(A)

4 System design requirements

4.1 Lithium-ion batteries and their systems shall be installed in accordance with the requi
[SO 13297.

NOTE llithium-ion batteries are notssubject to routine electrolyte leakage or routine release of g4
requirementts regarding electrolyte containment and routine gas ventilation cannot apply to lithium
installations.

4.2 Lithipm-ion battery  systems shall be installed in accordance with the battery man
recommenfdations.

4.3 All battery system designs shall be done in a way that ensures that all installed lithium-io
are kept wjthin the-battery manufacturer’s specified SOL.

4.4 Therg shall be a BMS installed to control all installed lithium-ion batteries and maintain {
manufacturer’s specified SOL.

4.5 All battery systems shall have a BMS to provide for battery cut-off if hazardous conditions exist.

NOTE 1

NOTE 2
notification

A BMS can be external or internal to the battery.

to the vessel operator.

4.6 Batteries shall meet the requirements of IEC 62619 and IEC 62620.

© IS0 2025 - All rights reserved
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4.7 The battery system shall be sized in accordance with the application and the battery manufacturer’s

defined op

erating limits, and with the appropriate C rating listed in the battery specifications.

4.8 Output control from charging sources shall be within the battery manufacturer’s specified ranges.

4.9

If a shut-down condition is approaching for propulsion systems or other critical system (equipment

vital to safety), a BMS or system shall notify the operator with a visual and/or audible alarm, clearly
perceptible from the main helm position, prior to disconnecting the battery from the DC system.

4.10 Batteries of different chemistries shall not be connected in series. A means shall be provided to prevent
overcurrent conditions when connecting in parallel.

4.11 Mult

voltage, loj

protection

4.12 Onir
of providin

NOTE

5 Safe ¢perating limits

5.1 The

limits, cha

specificati

ion battery.

NOTE
operating a

low SOC. Thiis needs to be taken into account in terms of the SOL.

5.2 Lithi
manufacty
within spe

For craftin

storage pr

6 Gene

6.1 Lithi
acceptable
extend to a

]

4

v voltage and load isolation. A single contactor is permitted, if the control systént p
from all conditions.

stallations greater than 1 500 Wh when used for propulsion, the battery’system shall
g a state of health of the battery system compared to its original capacity.

'his indication can be available as a service function.

bOL of a lithium-ion battery are defined by the mantfacturer and comprise high and
rging/discharging current limits, charging/dischiarging temperature limits, and i
ns. The SOL shall be adhered to during the design; storage, installation and operation g

A1l lithium-ion batteries lose capacity through cycling and over time. Capacity is also adverselyj
E higher temperatures and maintaining a lithium-ion battery in a high SOC and/or extended

Lum-ion batteries have very strict temperature operating limits established by the 1
[rers. To prevent damage-and potentially hazardous conditions, the system shall b
rified operating temperatures under all operating conditions.

long-term storagesthe’battery installation shall follow the manufacturer’s recommengd
cedures, based gnambient temperature, connected charging sources and parasitic log

ral lithiumr-ion battery installations

ple contactors are permitted (HVC, LVC, plus main), each providing specific protectimjn from high

rovides for

be capable

w voltage
nstallation
falithium-

affected by
periods at a

attery/cell
e operated

led battery
ids.

Lum-<on batteries shall not be installed in locations where temperatures outside (high or low)

payameters can occur. Battery manufacturer installation specifications shall be met

This shall

reas that can be neated Irom the sun or other neat sources.

6.2 System connections and BMS electronics shall be protected from corrosion.

6.3 Lithium-ion batteries shall be installed and restrained in locations that prevent damage from shock
and vibration, unless batteries are designed specifically for that application by the battery manufacturer.

© IS0 2025 - All rights reserved
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6.4 Lithium-ion battery systems shall be designed, constructed and installed so that they do not have their
safe operation jeopardized, during normal craft operation, by the damaging effects of exposure to water.

6.4.1 Lithium-ion batteries and their system components installed in locations subject to flooding or
momentary submersion shall be watertight under the test conditions specified in IEC 60529, IP67.

6.4.2 Lithium-ion batteries and their system components installed in locations not subject to flooding or
momentary submersion shall be weatherproof under the test conditions specified in IEC 60529, IP55.

6.5 Lithium-ion batteries, their system components and their electrical connections shall be protected
from corrosion.

Ces located in compartments that require ignition protection shall be protected agailllst ignition

6.6 Devi

in accordance with ISO 8846.

6.7 Lithipm-ion battery connections: No electrical connections shall be made dipectly to|a lithium-
ion battery that would bypass the BMS or the protection devices, unless specifiedyby the battery system
manufactufrer’s instructions.

6.8 Overfcurrent protection: All lithium-ion battery installations shall have overcurrent protection that
does not exceed the current interrupting capacity of the BMS. Examples of overcurrent protection and

overcurrer

6.9 Amp
units such

6.10 Serig
specificati

Appropriaf
including t

If used

t protective devices can be found in Annexes B and C.

ere interrupt capacity (AIC): If necessary, the lithiumsion battery bank shall be subd
that the AIC rating of fusing is not exceeded.

s and paralleling installations shall comply with the lithium-ion battery man
ns.

he following:

, automatic paralleling devices should have an appropriate current-limiting capabil

switches (e.g. a 1, 2, both switch oron/off switch) and automatic paralleling devices are not

approf
Specia
6.11 Ifal

shall be md
current.

6.12 Char

riate.

| attention to balancing is very important in larger battery banks.

attery manufdcturer specifies a voltage deviation limit between individual battery

provided b

y‘the lithium-ion battery or cell manufacturer.

e measures shall be taken to allow for balancing and overcurrent protection betweel

t before thebatteries are paralleled or connected in series to prevent excessive battery

oing Sources shall be operated/controlled to meet the charging profile recomy

ivided into

ufacturer’s

h batteries,

ty. Manual
hecessarily

voltages, it
r to battery

nendations

7 Fire protection and cell venting

71

characteristics. See Annex A for more information.

© IS0 2025 - All rights reserved
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7.2 The battery manufacturer's recommendation(s) shall be followed to protect against fire hazards,
including venting and specific fire suppression mechanisms (e.g. specific fire-extinguishing medium).

The arrangement of the energy storage system spaces shall be such that the safety of passengers, crew and
vessel is ensured. The safety philosophy for the energy storage space (ESS) shall be documented. The safety
philosophy should cover all potential hazards represented by the type of ESS and cover at least:

fire ha

explos

gas development hazard (toxic, flammable, corrosive);

zard;

on hazard:

necessary detection, monitoring and alarm systems (off-gas detection, fire detection, etc.) and ventilation;

ventilg

extern

NOTE 1

7.3 Fire

NOTE i

7.4 Battg
shall allow]

8 Batte

8.1 Thel
a) safety;
1) ov
2) oV

3) ov
ex

b) perfor
8.2 The
LTE in the
do so. Acti

inverters olr inverter/chargers.

tion handling in case of off-gas release and/or fire;
al hazards (fire, water ingress, etc.).

ithium-ion batteries can emit toxic, flammable or explosive gases during a thermal runaway e

Hetection: Consideration shall be given to the installation of a fire detection system.

Requirements for fire protection are provided in ISO 9094.

for cell venting such that the safety of persons onboard\is not endangered.

ry management system and testing

BMS shall be designed and tested to manage‘the following:

related elements:

ercharging, to protect the lithiutn-ion battery from excessive charging;
erdischarging, to protect thelithium-ion battery from excessive discharging;

er and under temperature, to protect the lithium-ion battery from excessive tg
tremes;

mance-related elements: balancing, to provide for automatic balancing of cells or strin

BMS shall be-equipped with HVC, LVC, HTC and LTC actions to prevent an HVE, LV}
event the.programmed functions in the charging sources, inverters or inverter/char
bns taken by the BMS shall be in addition to the programmed functions in the chargi

ivent.

ry cell venting: In case of a failure mode that results itha“cell venting, the battery installation

mperature

os of cells.

£, HTE and
oers fail to
g sources,

8.3 The BMS shall monitor cell voltage to determine if the battery is approaching an HVE or LVE condition.

8.4 HVE/HVC: The BMS shall protect a lithium-ion battery from an HVE by initiating a multistage HVC

consisting

of the following steps:

— it shall provide a stop charging signal to each charging source;

for the

operator, clearly perceptible from the main helm position;

the HVE.

© IS0 2025 - All rights reserved
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8.5 LVE/LVC: The BMS shall protect the lithium-ion battery from an LVE by initiating a multistage LVC

consisting

of the following steps:

it shall provide an audible and/or visual alarm to the operator, clearly perceptible from the main helm

position, that indicates that the SOC of the lithium-ion battery bank is approaching the low SOC threshold

specifi

ed by the manufacturer;

consumers;

if this does not prevent the LVE, the BMS shall disconnect all electrical loads.

if the operator fails to prevent the LVE, the BMS shall initiate the disconnection of non-essential electrical

8.6 Temperature: The BMS shall respond to low or high temperature situations in a manner that ensures

the battery
potential a

8.7 Adis
the battery

8.8 BMS
conditions
engine sta
alternativd

8.9 Para

8.10 Thel

9 Many
The batter

cell cH
materi
design

capaci

a desc
operaf

reset

a detai

cannot be driven into an unsafe condition. Temperature sensing shall be sufficient to
reas of overheating.

connect device shall be capable of disconnecting the output immediately when operg
’s or the battery system’s maximum specified rate of discharge.

[s) can suddenly and unexpectedly disconnect a battery from loads-and charging sour
Consideration shall be given for providing an alternative power‘seurce for critical sy
Fting, propulsion, navigation lights) that can be affected if a BMS shuts down the b
power source can be another lithium-ion battery.

Kitic loads: The BMS and/or system design shall ensurethat parasitic loads do not resul

BMS shall comply with the electromagnetic compatibility (EMC) requirements of ISO 2

facturer’s safety information and.operator’s manual

y manufacturer shall provide safety information, including:

al (cathode) (e.g. LiCoO,, LiMn,0,, LiNijgsCoAlj 050, LiNij33C04 33Mng 330,, Lik
(e.g. cylindrical, prismatig,pouch);

'y ratings including a.diseharge rate or time, and temperature;

Fiption of the primary features of the battery with regard to safety (e.g. use of touch-§
ion of the BMSseell venting, manual service disconnects);

roceduresfor the battery system if a shutdown event occurs;

led deScription of operating requirements necessary to ensure safe operation, with dg

SOL,i

4

limits,[and any external relays and other features necessary to ensure operation within the §

cluding high and low voltage limits, relevant charge and discharge characteristics and te

monitor all

ting under

es in some
stems (e.g.
httery. The

tin an LVE.

5197.

emistry of negative active material (anode) (e.g. graphite, carbon, titanium), positive active

ePO,) and

afe covers,

tails of the
mperature

OL;

requirements, if any, for the control of charging sources;

the effects of an external fire or excessive external heating, together with a description of measures to

be taken, if any, to guard against external hazards such as fire and impact, including any venting and

specifi

c fire suppression mechanisms (e.g. specific fire-extinguishing medium);

runaway event;

information about the toxic, flammable or explosive gases that can be released given a thermal

a description on the limits to connecting batteries in series and parallel, and a description of a safe

means of making the connections up to the specified limits, including overcurrent and other required
protective mechanisms;

© IS0 2025 - All rights reserved
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a description of the hazards, if any, that occur with submersion in freshwater and saltwater;
battery short circuit current or the rating of the overcurrent protection device to protect the circuit;

requirements for restraining the battery in the craft, including information about shock and vibration
and movement limits of the battery;

storage and winterization procedures;
any limitations on the working angle of the battery system;
information regarding the recycling and/or disposal of lithium-ion batteries;

caution about combining different battery types.

© IS0 2025 - All rights reserved
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Annex A
(informative)

Battery thermal runaway

Lithium-ion batteries are unlike lead-acid batteries in the following two important respects:

a) Gases that are released during cell failure, and the electrolytes within most lithium-ion batteries are

flamm

able.

b) Under
which
that is

given

certain fault conditions, lithium-ion batteries can enter a condition known as “thermal
results in rapid internal heating that, once initiated, is a self-perpetuating exotherm
difficult to halt. Examples of the causes and impact of cell chemistry on thermal ry
n Figures A.1 and A.2. The rate of temperature rise during thermal punaway, an

tempe
lithiu

construction features (e.g. cylindrical cells versus flat plate, differentseparator material
doping).

During a

electrolyte, whereas others do not. In all cases, internal cell pressures rise, which can result
of gases and electrolyte from the cell(s) experiencing thermal.runaway. The flammability of
materials yaries widely depending on chemistry, cell doping dnd other features. During therma
even if the internal temperature is not high enough to cause,ignition, any kind of spark or fir
likely to cquse ignition. Once ignited, because of the exothermic (self-perpetuating) nature of th

reaction f

approach i
with water
flotation, ¢

The over-

r
batteries Ell

fault condi

additid
therm

— asituation in which extérnal heat sources initiate thermal runaway in the battery.

Some battg
Some of th
batteries ¢
to shut thd

rature reached, vary widely depending on the particular chemistryised in the b
iron phosphate (LFP), nickel manganese cobalt (NMC) or some other chemistry) and

ermal runaway, some batteries can reach high enough tfemperatures to ignite th

elling the thermal runaway, a lithium-ion battery fire is difficult to extinguish. Typical
5 to remove heat as fast as possible, which in‘turn is most effectively done by flooding
, although this can have serious consequences in terms of the boat’s stability, electric
tc.

ching goal of this document is t¢  ensure that the construction and installation of
boats is such that a thermal runaway does not occur, including under any reasonably f
Fions. Nevertheless, some thiought should be given to:

nal protection for the beat in the event the various battery protection mechanismf
il runaway event ogcurs;

ries are assembled inside metal cases that are designed to contain any thermal rung
pse cases.are hermetically sealed and designed to prevent venting, while others have y
pnsist of multiple small cylindrical cells, with each cell designed to contain a therma

battery down so that the event does not propagate. Other batteries have the cells

runaway”,
ic reaction
naway are
1 the peak
httery (e.g.
numerous
5, chemical

e battery’s
in venting
the vented
| runaway,
e source is
e chemical
ly, the best
the battery
h] systems,

ithium-ion
oreseeable

fail and a

way event.
ents. Some

event and
assembled
ince to fire

inside a pl3

isti¢ housing that cannot contain a serious thermal runaway event. The level of resist

of plastic cases varies. Regardless of construction, in all thermal runaway events, venting of gases is likely.
These gases vary significantly in their volatility, flammability, mass (e.g. lighter or heavier than air) and
level of hazard.

Because of the wide variations in terms of battery chemistries, construction, volatility and responses to a
thermal runaway event, it is not possible to issue a generic prescription for battery compartment design and
ventilation, and for fire containment and fire-fighting mechanisms in the event the latter are considered to be
necessary. It is incumbent on the boatbuilder and battery installer to consult with the battery manufacturer
and supplier to determine an appropriate compartment design and venting mechanism, and appropriate fire
containment and fire-fighting mechanisms, if considered necessary.
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Figure A.1 — Causes of thermial runaway
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NOTE1  All measurementat 100 % SOC and for cells with 1,2 M LipF, in EC:EMC (3:7).
Differences in runaway profiles are related to oxygen release and combustion at different positive active

NOTE 2
materials (cathode).
SOURCE: Reference [4], © 2021 The Author(s). Published on behalf of The Electrochemical Society by 10P

NOTE 3
Publishing Limited. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0
License (CC BY, http://creativecommons. org/licenses/by/4.0/), which permits unrestricted reuse of the work in any

medium, provided the original work is properly cited. [DOI: 10.1149/1945-7111/ac0699].

Figure A.2 — Impact of cell chemistry on thermal runaway

© IS0 2025 - All rights reserved
12


http://creativecommons.org/licenses/by/4.0/
https://standardsiso.com/api/?name=03862a4e0e846ff8844f18f3ffdab688

ISO 23625:2025(en)

Annex B
(informative)

Protection devices

The information in this document conveys the operational and functional requirements for the BMS and
cells that constitute a lithium-ion battery for marine small craft. These requirements are agnostic of voltage
and system configuration.

The discor]

battery is maintained within functional parameters.

Additional
facilitate s¢

nect device, managed by the BMS, is the primary device responsible for ensuring.{

protection devices, not covered in this document, are required for the complete batter)
brvice and functional safety requirements. Examples of such devices consist.of, but are

he lithium

 system to
not limited

to: isolating disconnectors, fuses, circuit breakers, pyro fuses, safety interlocks,’ connectors and battery

switches.

Protection
system ang

NOTE j

devices, being dependent upon the voltage and system configuration, are governed by
| wiring standards.

Requirements for protection devices are found in ISO 16315, ISO\13297 and IEC 60092-507.

applicable
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