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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 2: Fuel cell modules

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /6f 1k is to promote
international co-operation on all questions concerning standardization in the electric ectronic fields. To
this end and in addition to other activities, IEC publishes International Standards,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hexe “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE terested
in the subject dealt with may participate in this preparatory work. i and non-

governmental organlzatlons Ilalsmg with the IEC also partlmpate in this araton. korates closely

agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters ¢ posgible, an international
consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

In order to promote international uniformity i s i undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' i and regional publications. Any divergence
between any IEC Publication and the corre }
the latter.

All users should
No liability shall

International Standar@d IEC 62282-2 has been prepared by IEC technical committee 105: Fuel
cell technologies.

This second edition cancels and replaces the first edition, published in 2004, its amendment 1
(2007) and constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

inclusion of definitions for hazards and hazardous locations based on the IEC 60079
series;

the general safety strategy is modified to reflect the needs for different application
standards. The modifications are in line with similar modifications made to
IEC 62282-3-100;

the electrical components clause is modified to reflect the needs for different application
standards. The modifications are in line with similar modifications made to
IEC 62282-3-100;
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e the marking and instructions have been enlarged to provide the system integrator with the
necessary information.

The text of this standard is based on the following documents:

FDIS Report on voting
105/378/FDIS 105/389/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directive art 2.

clauses on differing practices of a less permanent naty
standard.

* reconfirmed,
* withdrawn,
» replaced by a revised edjtion, or

* amended.

IMPORTANT —<F~Q/a>' |d o Ythe cover page of this publication indicates
that it contains {(co e considered to be useful for the correct
understanding i tehts. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Fuel cell modules are electrochemical devices which convert continuously supplied fuel, such
as hydrogen or hydrogen rich gases, alcohols, hydrocarbons and oxidants to d.c. power, heat,
water and other by-products.

Fuel cell modules are sub-assemblies that are integrated into end-use products incorporating
one or more fuel cell stacks and, if applicable, additional components.

@%
S
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FUEL CELL TECHNOLOGIES -

Part 2: Fuel cell modules

1 Scope

This part of IEC 62282 provides the minimum requirements for safety and performance of fuel
cell modules and applies to fuel cell modules with the following electrolyte chemistry:

— alkaline;
— polymer electrolyte (including direct methanol fuel cells)1;

— phosphoric acid;
— molten carbonate;
— solid oxide;

— aqueous solution of salts.

These requirements may %
modules as required fo

requirements
this standaxd.

components of final products. These products require evaluation to

appropriate end-prodyct safety requirements.

1 Also known as proton exchange membrane fuel cell.
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Fuel cell power system Scope
System boundary
Power inputs o~
Electrical
Thermal Thermal
. ﬁ P Useable heat
Mechanical management |
Fuel system / P Waste heat
Fuel | processing v & 4
system N
Fuel Power
cell . | conditioning Useable power
module g system » electrical
Oxidant g g
Oxidant | processing
system Water Internal power
treatment needs
Ventilation _ system
Inert gas ; Ventilation . Energy to
Water Automatic elec./mech.
> system .
control conversio
system system \
EMD ’ \ ~
vibration,
wind, rain, \
temperature
etc. IEC 331/12

Key

EMD electromagnetic disturbance
EMI electromagnetic interference

ponents
This standard covers only
This standard do

This standard does
module.

whole or in part, are normatively referenced in this document and
are mdlspensle for\its application. For dated references, only the edition cited applies. For
undated references,/ the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60079 (all parts), Explosive atmospheres
IEC 60079-10 (all Parts 10), Explosive atmospheres — Part 10: Classification of areas

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60335-1, Household and similar electrical appliances — Safety — Part 1: General
requirements

IEC 60352 (all parts), Solderless connections

IEC 60512-15 (all parts), Connectors for electronic equipment — Tests and measurements —
Part 15: Connector tests (mechanical)



62282-2 © IEC:2012 -9-

IEC 60512-16 (all parts) Connectors for electronic equipment — Tests and measurements —
Part 16: Mechanical tests on contacts and terminations

IEC 60529, Degrees of protection provided by enclosures (IP Code)
IEC 60617, Graphical symbols for diagrams
IEC 60695 (all parts), Fire hazard testing

IEC 60730-1, Automatic electrical controls for household and similar use — Part 1: General
requirements

IEC 60950-1, Information technology equipment — Safety — Part 1: Gene

IEC 61508 (all parts), Functional safety of electrical/electroni
safety-related systems

IEC 62040-1, Uninterruptible power systems (UPS) — Part
for UPS

IEC 62061, Safety of machinery — Functional safet
programmable electronic control syste

ISO 13849-1, Safety of machinery — Sa
principles for design

ISO 23550, Safety and con
requirements

EN 50178, Electropic &

acceptar
contractual
specification

Rroveé to the customer that the item meets certain conditions of its

[SOURCE: IEC 60050-151:2001, 151-16-23] [1]2

3.2

allowable differential working pressure

maximum pressure difference between the anode and cathode side specified by the
manufacturer which the fuel cell module can withstand without any damage or permanent loss
of functional properties

2 References in square brackets refer to the bibliography.
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3.3

allowable working pressure

maximum gauge pressure specified by the manufacturer which the fuel cell module can
withstand without any damage or permanent loss of functional properties

Note 1 to entry: For fuel cell modules incorporating pressure relief devices, this is normally used to define the
threshold of the set pressure.

3.4

ambient temperature

temperature of the medium surrounding a device, equipment or installation which may affect
the performance of the device, equipment or installation

3.5
conditioning

technology.

3.6

fuel cell
electrochemical device that converts the chemica
energy (DC power), heat and reaction prqduct

Note 1 to entry: The fuel and oxidant are typica
they are consumed.

3.7

fuel cell stack
assembly of cells, separa i gnifolds and a supporting structure that
electrochemically con gas and air reactants to DC power, heat

and other reaction~prod
[SOURCE: IEC 6§ :

3.8

fuel cell module

assembly incorpo more fuel cell stacks and other main and, if applicable,
additiona Rich Ts intended to be integrated into a power system

Note 1 to entry: ell module is comprised of the following main components: one or more fuel cell stack(s),

piping system for conveying fuels, oxidants and exhausts, electrical connections for the power delivered by the
stack(s) and means fo onitoring and/or control. Additionally, a fuel cell module may comprise: means for
conveying additional fluids (e.g. cooling media, inert gas), means for detecting normal and/or abnormal operating
conditions, enclosures or pressure vessels and module ventilation systems.

3.9

rated current

maximum continuous electric current as specified by the fuel cell module manufacturer at
which the fuel cell module has been designed to operate

3.10

crossover

cross leakage

leakage between the fuel side and the oxidant side, of a fuel cell, in either direction, generally
through the electrolyte

3.1
gas leakage
sum of all gases leaving the fuel cell module except the intended exhaust gases
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Note 1 to entry: Gas leakage may occur from

— the fuel cell stack;
— associated pressure relief devices;

— other gas ducting and flow controlling components.

3.12

hazard

potential source of harm in the form of physical injury to the health of people, property or the
environment

3.13
hazardous area
classified area
area or space where combustible dust, ignitable fibres, or flammable
vapours or mixtures are or may be present in the air in quantit
explosive or ignitable mixtures

3.14
heat deflection temperature
temperature at which a standard test bar deflects a speeifi

Note 1 to entry: It is used to determine short-term heat resistan

3.15
lower flammability limit
LFL

minimum concentration of fuel in a fue
ignition source

Note 1 to entry: A fuel-air mixt is Y@ ion can be started by an ignition source. The main
component is the proportions.or ¢ iti i xture. A mixture that has less than a critical amount

minimum voltage
lowest voltage that a fuel cell module is able to produce continuously at its rated power or
during its maximum permissible overload conditions, whichever voltage is lower

Note 1 to entry: The minimum voltage is expressed in V.

3.18

natural ventilation

movement of air and its replacement with fresh air due to the effects of wind and/or
temperature gradients

3.19

open-circuit voltage

voltage across the terminals of a fuel cell with fuel and oxidant present and in the absence of
external current flow

Note 1 to entry: The open-circuit voltage is expressed in V.
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3.20
routine test
conformity test made on each individual item during or after manufacture

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

Note 1 to entry: Not to be confused with “Conformity test” [IEC 60050-151:2001, 151-16-15]: test for conformity
evaluation or “Conformity evaluation” [IEC 60050-151:2001, 151-16-14]: systematic examination of the extent to
which a product, process or service fulfils specified requirements.

3.21

standard conditions
test or operating conditions that have been predetermined to be the basis of the test in order
to have reproducible, comparable sets of test data

3.22

safeguarding
control system actions, based on process parameters, taken to awgid
hazardous to personnel or might result in damage to the fuel ce

3.23

safety extra low voltage
SELV

voltage under normal and single fault conditio
peak/d.c. in dry environments or wher
peak/d.c.

3.24
thermal equilibrium conditions

stable temperature conditidons indi
1 % of the absolute operati
apart

3.25 Q
thermal stability

stable temperaturen

3.26

type test

conformj f\made on one or more items representative of the production
[SOURCE: IEX :2001, 151-16-16]

Note 1 to entry: Not be confused with “Conformity test” [IEC 60050-151:2001, 151-16-15]: test for conformity
evaluation or “Conformity evaluation” [IEC 60050-151:2001, 151-16-14]: systematic examination of the extent to
which a product, process or service fulfils specified requirements.

4 Requirements

4.1 General safety strategy
The manufacturer shall perform in written form a risk analysis to ensure that

a) all reasonably foreseeable hazards, hazardous situations and events throughout the
anticipated fuel cell power system’s lifetime have been identified (see Annex A for a listing
of typical hazards),

b) the risk for each of these hazards has been estimated from the combination of probability
of occurrence of the hazard and of its foreseeable severity,
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c) the two factors which determine each one of the estimated risks (probability and severity)
have been eliminated or reduced to a level not exceeding the acceptable risk level, as far
as is practically possible, through

1) inherently safe design of the construction and its methods, or

2) passive control of energy releases without endangering the surrounding environment
(for example, burst disks, release valves, thermal cut-off devices) or by safety related
control functions, and

3) for residual risks which could not have been reduced by the measures according to 1)
and 2), provision of labels, warnings or requirements of special training shall be given,
considering that such measures need to be understood by the persons which are in
the area of the hazards.

For functional safety, the required severity level, performance level o ass of control

function shall be determined and designed in accordance with e.g.:
e |EC 62061 (respectively ISO 13849-1) for applications according
e |EC 60730-1 for appliances according to IEC 60335-1;
e |EC 61508 (all parts) for other applications.

For failure mode and effects analysis (FMEA) and fa \ qethods, the following
standards can be used as guidance:
e |EC 60812 [3];

e SAE J1739 [4];

+ [|EC 61025 [5].

The assessment shall also sover the fo ow@soss Ql ks:

— stack temperature, an
— stack and/or cell vg

— pressure of g

Furthermore, care s

— thermal hazards — hot surfaces, release of high temperature liquids or gases, thermal
fatigue;

— fire and explosion hazards — flammable gases or liquids, potential for explosive mixtures
during normal or abnormal operating conditions, potential for explosive mixtures during
faulted conditions;

— malfunction hazards — unsafe operation due to failures of software, control circuit or
protective/safety components or incorrect manufacturing or misoperation;

— material and substance hazards — material deterioration, corrosion, embrittlement, toxic
releases;

— waste disposal hazards — disposal of toxic materials, recycling, disposal of flammable
liquids or gases;

— environmental hazards — unsafe operation in hot/cold environments, rain, flooding, wind,
earthquake, external fire, smoke.



