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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 3-100: Stationary fuel cell power systems — Safety

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization €e@mprisjng

all national electrotechnical committees (IEC National Committees). The object of IEC is(to prom
international co-operation on all questions concerning standardization in the electrical and electronic fields.

bte
To

this end and in addition to other activities, IEC publishes International Standards, Technieal_Specificatiops,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nationak€ommittee interesjed

in the subject dealt with may participate in this preparatory work. International, lgovernmental and n

pn-

governmental organizations liaising with the IEC also participate in this preparation.AEC collaborates closkly

with the International Organization for Standardization (ISO) in accordance with -conditions determined
agreement between the two organizations.

by

The formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an internatiopal

consensus of opinion on the relevant subjects since each technical cammitiee has representation from
interested IEC National Committees.

all

IEC Publications have the form of recommendations for internatiohal,use and are accepted by IEC Natiopal

Committees in that sense. While all reasonable efforts are madé to ensure that the technical content of |

FC

Publications is accurate, IEC cannot be held responsible for(the way in which they are used or for gny

misinterpretation by any end user.

In order to promote international uniformity, IEC Nationgh,Committees undertake to apply IEC Publicati

ns

transparently to the maximum extent possible in theirSnational and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicateq in

the latter.

IEC itself does not provide any attestation of\cenformity. Independent certification bodies provide confornpity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for gny

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 gnd
members of its technical committées and IEC National Committees for any personal injury, property damag¢g or
other damage of any nature-whatsoever, whether direct or indirect, or for costs (including legal fees) and

expenses arising out of theé 'publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn to«the-Normative references cited in this publication. Use of the referenced publicationg

indispensable for thie correct application of this publication.

FC

S

Attention is drawn._to the possibility that some of the elements of this IEC Publication may be the subjecf of

patent rights «lE€‘shall not be held responsible for identifying any or all such patent rights.

is redline version of the official IEC Standard allows the user to identify the chang

s\been made. Additions are in green text, deletions are in strikethrough red text.



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 RLV © IEC 2019 -7 -

International Standard IEC 62282-3-100 has been prepared by IEC technical committee 105:

Fu

el cell technologies.

This second edition cancels and replaces the first edition published in 2012. This edition

co

nstitutes a technical revision.

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

ed

a)

ition:

recognition that fuel carrying components qualified to leakage standards (soundness)

b)
c)

Th

need not be considered as potential flammable leak sources;
new Annex C for small power systems; and

clarifications for numerous requirements and tests.

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

FDIS Report on voting

105/695/FDIS 105/705/RVD

Fyll information on the voting for the approval of this Internatiphal Standard can be found|in
the report on voting indicated in the above table.

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

A |list of all parts in the IEC 62282 series, published under the general title Fuel cell
technologies, can be found on the IEC website.

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

¢ [ reconfirmed,

e | withdrawn,

¢ | replaced by a revised edition, or

e [ amended.

IMPORTANT="The 'colour inside' logo on the cover page of this publication indicatgs
that it .contains colours which are considered to be useful for the corregt
understanding of its contents. Users should therefore print this document using |a

colour-printer.
0! P
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INTRODUCTION

A typical stationary fuel cell power system is shown in Figure 1.

System boundary

19

TH

Power inputs:
electrical, thermal,
mechanical Recovered heat
> |-
» Thermal >
management
system Waste heat
>
] A
Fuel Fuel Y l
| processing
system Fuel Useable power
Y cell stack :
electrical
or Power >
module conditioning
system
Oxidant Oxidant
> processing Water +
system treatment Internal power Discharge
- system needs water
Ventilation >
>
Inert gas : Ventilation Exhgu;t gases,
Water » system Automatic Onboard ventilation >
» control energy
-  » system storage .
EMD: EMI:
vibration, nPb'S“?
wind, rain, vibration
temperature,
ete. IEC

Figure 1 — Typical stationary\fuel cell power systems

e overall design of the power system anticipated by this document forms an assembly

infegrated systems, as necessary, intende&d-to perform designated functions, as follows.

Fuel processing system — Systeni’of chemical and/or physical processing equipment pl
associated heat exchangers -and controls required to prepare, and if necessa
pressurize, the fuel for utilization within a fuel cell power system.

Oxidant processing system — System that meters, conditions, processes and m
pressurize the incoming,supply for use within the fuel cell power system.

Thermal managenient system — System that provides heating or cooling and heat rejecti
to maintain the~fuel cell power system in the operating temperature range, and m
provide for the feécovery of excess heat and assist in heating the power train during st
up.

Water treatment system — System that provides all the necessary purification treatment
the recovered or added water for use within the fuel cell power system.

of

[

S
Y,

ay

ol

y
Irt-

of

RPower conditioning system — Equipment that is used to adapt the electrical enerjgy

produced by the fuel cell stack(s) to application requirements as specified by t

he

manufacturer.

Automatic control system — System(s) that is composed of sensors, actuators, valves,
switches and logic components that maintain the fuel cell power system parameters within
the manufacturer’s specified limits including moving to safe states without manual

intervention.

Ventilation system — System that provides air through-fereced mechanical or natural means

to the fuel cell power system’s enclosure.

Fuel cell modules — Equipment assembly of one or more fuel cell stacks whi
electrochemically converts chemical energy to electric energy and thermal ener
intended to be integrated into a power generation system.

ch
ay
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e Fuel cell stack — Equipment assembly of cells, separators, cooling plates, manifolds and a
support structure that electrochemically converts, typically, hydrogen rich gas and air
reactants to DC power, heat and other reactant bi-products.

e Onboard energy storage — System of internal electric energy storage devices intended to
aid or complement the fuel cell module in providing power to internal or external loads.
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FUEL CELL TECHNOLOGIES -

Part 3-100: Stationary fuel cell power systems — Safety

Scope

Th
or
wh

Th

a)

b)

d)

Th

Ng
rel

Th

outdoor<commercial, industrial and residential use in non-hazardous-(unclassified) areas.

is part of IEC 62282 applies to stationary packaged, self-contained fuel cell power syste:ps

fuel cell power systems comprised of factory matched packages of integrated syste
ich generate electricity through electrochemical reactions.

is document applies to systems
intended for electrical connection to mains direct, or with a transfer switch, or to a star
alone power distribution system;
intended to provide AC or DC power;
with or without the ability to recover useful heat;
intended for operation on the following input fuels:

1) natural gas and other methane rich gases derived from renewable (biomass) or fos
fuel sources, for example, landfill gas, digester gas, coal mine gas;

2) fuels derived from oil refining, for examplé, diesel, gasoline, kerosene, liquefi
petroleum gases such as propane and butane;

3) alcohols, esters, ethers, aldehydes, -ketones, Fischer-Tropsch liquids and oth
suitable hydrogen-rich organic compounds derived from renewable (biomass) or fos
fuel sources, for example, methanolcethanol, di-methyl ether, biodiesel;

4) hydrogen, gaseous mixtures contdining hydrogen gas, for example, synthesis ga
town gas.

is document does not cover:

micro fuel cell power systems;
portable fuel cell powersystems;

propulsion fuel cell\power systems.

TE For special applications such as “marine auxiliary power”, additional requirements-may can be given by
bvant marine ship.register standard.

is document is applicable to stationary fuel cell power systems intended for indoor a

T

S

d-

er
sil

LS,

hd

e

issdocument contemplates all significant hazards, hazardous situations and events, with t

exception of those associated with environmental compatibility (installation conditions),
relevant to fuel cell power systems, when they are used as intended and under the conditions
foreseen by the manufacturer.

This document deals with conditions that can yield hazards on the one hand to persons, and
on the other to damage outside the fuel cell power system only. Protection against damage to
the fuel cell power system internals is not addressed in this document, provided it does not
lead to hazards outside the fuel cell power system.
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2 Normative references

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

= Il H " L B P = H " - e 1 H
) LANIUSIVT atifiuopriciTs = Fdadlt <. LyuipiricTit  Pprotcuuurn Uy }JICDDUIILﬂd
n

IEEC66679

=2
enclosure "p
ek -l , losi B . Classificati :

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas~= Explosive glas
atmospheres

IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — Performance
reqiuirements of detectors for flammable gases

IEC/IEEE 60079-30-1, Explosive atmospheres — Part 30-1: Electrical resistance trace heatipg
— General and testing requirements

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1. Genefal
requirements

IEC 60335-1:20160 2016, Household and similar electrical appliances — Safety — Part |1:
Geéneral requirements

IEC 60335-2-51, Household and similar\electrical appliances — Safety — Part 2-51: Particular
refuirements for stationary circulatiofZpumps for heating and service water installations

a iinmant Availahla from: <httn-/hawnn aranhichl
= HHeRt—AVahatte—HOoMm- - WWWW G PHCHRT

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)

IEC 60730-1, Automatic electrical controls—fer-householdand-similaruse — Part 1: Genetal
reguirements

IELC 60730-2-5, Automatic electrical controls—fer—heusehold—and—simiar—use — Part 2i5:
Pgrticylar requirements for automatic electrical burner control systems

IEC®0730-2-6, Automatic electrical controls—tor household ang shtar ose — Part Z2-6:
Particular requirements for automatic electrical pressure sensing controls including
mechanical requirements

IEC 60730-2-9, Automatic electrical controls—fer—household—and—similar—use — Part 2-9:
Particular requirements for temperature sensing controls

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

IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
currents emissions (equipment input current <16 A per phase)
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IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current <16 A per phase and not subject to conditional connection

IEC TS 61000-3-4, Electromagnetic compatibility (EMC) — Part 3-4: Limits — Limitation of
emission of harmonic currents in low-voltage power supply systems for equipment with rated

Ccu

rrent greater than 16 A

IEC TS 61000-3-5, Electromagnetic compatibility (EMC) — Part 3-5: Limits — Limitation of

VO

tage fluctuations and flicker in low-voltage power supply systems for equipment with rat

ed

Cu

IE
VO
Ed

IE

Immunity standard for residential, commercial and light-industrial environments

IE

Immunity standard for industrial environments

IE
En

IE
En

IE

IE

re

IE

IE

Frent greater than 75 A

C 61000-3-11, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation
tage changes, voltage fluctuations and flicker in public low-voltage supply~systems
uipment with rated current <75 A and subject to conditional connection

C 61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards
C 61000-6-2, Electromagnetic compatibility (EMC) - Part,.6:2° Generic standards
C 61000-6-3, Electromagnetic compatibility (EMC) =XPart 6-3: Generic standards

hission standard for residential, commercial and light-industrial environments

C 61000-6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards
nission standard for industrial environments

C 61511-1, Functional safety — Safety instrumented systems for the process industry sec
Part 1: Framework, definifions, system, hardware and application programmi
Juirements

C 62040-1, Uninterruptible power systems (UPS) — Part 1:-General-and Safety requiremer
-UPS

C 62061, Safety_of machinery — Functional safety of safety-related electrical, electronic a
bgrammableselectronic control systems

of

C 61508 (all parts), Functional safety@of electrical/electronic/programmable electronic
safety-related systems

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

ISO 3864-2, Graphical symbols — Safety colours and safety signs — Part 2: Design principles
for product safety labels

ISO 4413, Hydraulic fluid power — General rules and safety requirements for systems and
their components
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ISO 4414, Pneumatic fluid power — General rules and safety requirements for systems and
their components

ISO 5388, Stationary air compressors — Safety rules and code of practice

ISO 10439 (all parts), Petroleum, petrochemical and natural gas-service industries — Axial and

ce

IS
dis

IS
Cco

IS
ce

IS

IS

IS

IS

IS
p

=

IS
IS
IS

IS
hy|

IS

frifiaaol cora v acoare ool RSN . R PPN
o gar CoOmpPTresSSorsTat AP o CoOTTPTeSSOTS

D 10440-1, Petroleum, petrochemical and natural gas industries — Rotary-type {ositiy
placement compressors — Part 1: Process compressors

D 10440-2, Petroleum and natural gas industries — Rotary-type positive-displaceme
mpressors — Part 2: Packaged air compressors (oil-free)

D 10442, Petroleum, chemical and gas service industries — Packaged, integrally gear
htrifugal air compressors

D 12499, Industrial fans — Mechanical safety of fans — Guarding

D 13707, Petroleum and natural gas industries —{Reciprocating compressors
D 13709, Centrifugal pumps for petroleum,¢petrochemical and natural gas industries

D 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: Gene
nciples for design

D 13850, Safety of machinery £)Emergency stop function — Principles for design
D 14847, Rotary positiverdisplacement pumps — Technical requirements
D 15649, Petroleum’and natural gas industries — Piping

D 16111, Transportable gas storage devices — Hydrogen absorbed in reversible me
dride

D 23550, Safety and control devices for gas and/or oil burners and-gas-burning applianc
Seneral requirements

D 13631, Petroleum and natural gas industries — Packaged reciprocating gas compressors

e_

nt

4%
o

Fal

fal

ISO 23551-1, Safety and control devices for gas burners and gas-burning appliances —
Particular requirements — Part 1: Automatic and semi-automatic valves

ISO 23553-1, Safety and control devices for oil burners and oil-burning appliances -
Particular requirements — Part 1:—Shut-off devices—for—oi—burners Automatic and semi-
automatic valves

ISO 26142, Hydrogen detection apparatus — Stationary applications

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following

ad

dresses:

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

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

3.1

ac

cessible

area to which, under normal operating conditions, one of the following applies:

a)
b)
c)
No
de
No

thg

3.
an

catalyst reactor which oxidizes hydrogen-rich gas used forhydrogen fuel cell power systems

3.

access can be gained without the Uuse of a tool,
the means of access is deliberately provided to the end-user;

the-end user is instructed to enter regardless of whether or not a tool is needed'to ga
access

e 1 to entry: The terms "access" and "accessible", unless qualified, relate to-end-useraecess—area an a
bmed accessible as defined above.

e 2 to entry:  Only service-technicians personnel are allowed into non-accessible afeas. Service personnel-{
maintenance manual.

b

ode exhaust catalytic reactor

B

Sy
fl
m

No

3.4
bu
ah

3.

combustible material

ite

No
tre

No

a;];omatic burner control system

tem which—menitors—the—operatioh—of fuelbbrhrers—H includes a programming unit,

meloxidation detector and may include an,ighition source and/or ignition device and whi
nitors the operation of fuel burners

e 1to entry: The various functions of the system may be in one or more housings.

|
rner port
¥ opening in a burner headthrough which gas or gas-air mixture is discharged for ignition

D

m capable of-ceiBustion being ignited and burned

e 1 to entry: S Such materials-shal-be are considered combustible even though flame-proofed, fire-retard
hted, or plastered.

e 2 to“entry: When pertaining to materials adjacent to, or in contact with, heat-producing appliances, v

co

meferials made of or surfaced with wood, compressed paper, plant fibres, or other materials that are capable
be

nectors, flue gas vents, steam and hot water pipes, and warm air ducts, combustible materials are thd

-allowed-access-into-non-accessible-areas may need to have proper personal protettive equipment as noted i

LN

hat

5

nt

BNt
se
of

noianited-and-burned
g

3.6
design pressure
highest pressure that may occur under any and all operating modes, including steady state

an

d transient

3.7
effluent
products of combustion plus the excess air being discharged from gas utilization equipment
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3.8
electromagnetic disturbance
EMD

ahy electromagnetic phenomenon that may degrade the performance of a device, equipment

or system, or adversely affect living or inert matter

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

3.9
electromagnetic interference

NAL

L UL
delgradation of the performance of an equipment, transmission channel or system caused
an| electromagnetic disturbance

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

3.10
el¢ctrical equipment

material, fittings, devices, appliances, fixtures, apparatus and the li
usied as part of, or in connection with, an electrical installation

ergy (DC power), heat and other reactien products

[SPURCE: IEC TS 62282-1:2013, 33, modified — In the definition, "other" has been addeq.

3.13

fugl cell power system

generator system that uses one or more fuel cell module(s) to generate electric power a
heat

[SPURCE: IECITS/62282-1:2013, 3.49]

3.14
fugl compartment

ke

er

al

eaf’me{ ¢compartments with internal sources of flammable gas/vapour release

3.15

flue gas vent

passageway for conveying vent gas from gas utilization equipment or their vent connectors
the outside atmosphere

Note 1 to entry: See also 3.33.

to
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3.16

heat exchanger
. oy . : : .

3.16

gas carrying circuit

assembly of parts of the stationary fuel cell power system that carry or contain supply gas or
process gas

3.17
igpiter
dejvice which utilizes electrical energy to ignite gas at a pilot burner or main burner

3.18
ighition device
dejvice mounted on or adjacent to a burner for igniting fuel at the burner

EXIAMPLE Pilot burners, spark electrodes and hot surface igniters.

3.19
ighition system timings

3.19.1

flgme-establishing period
pelriod of time between the signal to energize the fuel flaw/means and the signal indicatipg
presence of the burner flame

Nofe 1 to entry: This may be applicable to proof of the ignitien.source or main burner flame, or both.

3.19.2

ighition activation period
pelriod of time between energizing the main“gas valve and deactivation of the ignition means
prior to the lock-out time

3.19.3

start-up lock-out time
pelriod of time between the ipitiation of gas flow and the action to shut off the gas flow in the
event of failure to establish:proof of the supervised ignition source or the supervised main

rner flame. Re-initiating the lighting sequence requires-a manual operation

puyrge time
pefriod of timeSintended to allow for the dissipation of any unburned gas or residual products|of
combustion

3.19.4.1
prespurge time
purge time which occurs at the beginning of a burner operating cycle prior to initiating ignition

3.19.4.2
post-purge time
purge time which occurs at the end of a burner operating cycle

3.19.5

recycle time

period of time between the signal to de-energize the gas supply following loss of the
supervised ignition source or the supervised flame and the signal to begin a new start-up
procedure
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3.20

interlock
control to prove the physical state of a required condition and to furnish that proof to the
safety related control device which performs the safety shutdown

3.21

lock-out time
period of time between the signal indicating absence of flame and the action to shut off the
fuel supply

3.t2
main burner

device or group of devices essentially forming an integral unit for the final conveyance of g
orla mixture of gas and air to the combustion zone, and on which combustion takes place
accomplish the function for which the equipment is designed

3.23

manifold

conduit(s) which supplies fluid to or collects it from the fuel cell or thefuel cell stack
[SPURCE: IEC TS 62282-1:2013, 3.70, modified — The notes te‘entry have been deleted.]
3.24

pgrmissive

copdition within a logic sequence that-must has to bessatisfied before the sequence is allow
to|proceed to the next phase

3.25

pilot

small gas flame used to ignite the gas at th€é“main burner

3.25.1

continuous pilot

pil
th

3.
in
pil

b main burner is firing or not
5.2
ermittent pilot

ot which is automatically lit each time there is a signal for initialization and burns during t

entire period that\the main burner is firing

.25.3

errupted pilot
ilot which |s automaUcaIIy%eaeh%%e#m%a%gmaHew%&aﬂmﬂh&m@H&%

od ignited prior to

as
to

9%
o

pt that burns without turning off'throughout the entire time the burner is in service, whether

he

admission or tuel to the main burner and wh|ch 1S automatlcally extmgwshed when the main
flame is established

3.26
process gas

Su

pply gas that has been transformed to a gas containing predominantly hydrogen



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

- 18 - IEC 62282-3-100:2019 RLV © IEC 2019

3.27

purge

protective operation to remove gases and/or liquids, such as fuel, hydrogen, air or water, from
a fuel cell power system

3.28
recovered heat
thermal energy that has been recovered for useful purposes

Note 1 to entry: The recovered heat is measured by determining the temperatures and flow rates of heat recovery
flujd (water, steam, air or oil, etc.) entering and leaving the thermal energy recovery subsystem at the interfgce
point of the small fuel cell power system.

3.29
reformer
reqictor to produce a hydrogen rich gas mixture from a raw fuel

ratio-of the waiaht or mass of a aiven volume of 3 substance to thdt of an eaual volumelof
R—Ho—-o+—the-Wweignt-o—mhasS—o+ra—ghvenr—vordime—o+a-StHistahcetothiat_otah—egqguai—YortHe{o4
3 thar cubstancae (air for aases watar for liauids and solidsysichd a3 a3 standard bdt
aRotier——SsSuRsStahcea—te—gasesSs—wWate 1o HgtHasS—ahRe——SoHaS)HsSe 6—asSa—StahGalra—ohgth

small fuel cell power system
fugel cell power system with rated electrical output less than 10 kW, and maximum pressure|of
le¢s than 0,1 MPa (gauge) for fuel and oxidant passages

Nofe 1 to entry: Replacement subclauses for small fuel cgll power systems are given in Annex C.

3.31
state

3.31.1
cold state
state of a fuel cell power system at ambient temperature with no power input or output

3.81.2
opgerational state
state of a fuel cell power system with substantial electrical active output power available

3.31.3

pgssive state
state of thequel cell power system when the fuel and oxidant systems have been purged wjth
steam, air'op nitrogen or per manufacturer’s instructions

¢
«b
)
$
&

state of a fuel cell power system being at sufficient operating temperature and in such an
operational mode, with zero electrical output power, that the fuel cell power system is capable
of being promptly switched to an operational state with substantial electrical active output
power

3.31.5

steady state condition

<small fuel cell power system> condition when the fluctuation of electric power output is within
+2 % of rated power output
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3.31.6

storage state

state of a fuel cell power system being non-operational and possibly requiring, under
conditions specified by the manufacturer, the input of thermal and/or electric energy and/or an
inert atmosphere in order to prevent deterioration of the components

3.32

thermal equilibrium conditions
stable temperature conditions indicated by temperature changes of no more than 3 K-{(5-°F) or
1 % of the absolute operating temperature, whichever is higher between three readings
19 min apart

3

pply gas
s supplied externally to the stationary fuel cell power system

B4

prpducts of combustion from gas utilization equipment plus excess air, plus dilution air in the

ngturalventilation
movement of air and its replacement with fresh air due to the effects of wind andfor
temperature gradients

[SOURCE: IEC 60050-426:2008, 426-03-07]

3.39

venting system

flue gas vent and vent connector if used, assembled to form a continuous open passageway
from the flue collar of gas utilization equipment to the outside atmosphere for the purpose of
removing vent gases
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4 Safety requirements and protective measures

4.1 General safety strategy
The manufacturer shall perform in written form a risk-anabysis assessment to ensure that:

a) all reasonably foreseeable hazards, hazardous situations and events and foreseeable
misuse throughout the anticipated fuel cell power system’s lifetime have been identified

{see-Annex-A-foralisting-of typical-hazards) Annex A provides a list of hazards that have

been dealt with in this document ;

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;

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-practical-poessible through application of:

1) inherently safe design of the construction and its methods; or
2) guards and protective devices provided

i) by passive control of energy releases without endangéring the surroundipg
environment (for example, burst discs, release valves,hermal cut-off devices), |or
ii) by active control of energy (for example, by electronic control equipment included
in the fuel cell power system, which enforces ad€éguate countermeasures based pn
the evaluation of the sensor signal and by safety related control functions);

d)| for residual risks which could not have been reduced by the measures according to-H-apd
2) c¢), provisions such as labels, warnings, er\requirements of special training shall pe
taken, considering that such measures need to be understood by the persons who arefin
the area of the hazards.

Fgr functional safety, the required severity level, performance level or the class of contfol
function shall be determined and desigred in accordance with:

1)| IEC 62061 —{respectively and,~if" applicable, 1SO 13849-1 or IEC 61508 (all parts) [in

conjunction with IEC 61511-+1for applications according to IEC 60204-1;

2)| IEC 60730-1 or ISO 23550 for appliances according to IEC 60335-1, IEC 6095011,
IEC 62368-1 or IEC 62040-1;

3)| IEC 61508 (all parts) in conjunction with IEC 61511-1 for other applications.

Fdr failure modesand effects analysis (FMEA) and fault tree analysis methods the followipg
standards can be used as guidance:

e | IEC 60812,
e [ SAEJ1I739;
e [{EC 61025.

4.2  Physical environment and operating conditions
4.2.1 General

The fuel cell power system and protective systems shall be so designed and constructed as to
be capable of performing their intended function(s) in the physical environment and operating
conditions specified in 4.2.2 to 4.2.8.

4.2.2 Electrical power input

The fuel cell power system shall be designed to operate correctly with the conditions of
electrical power input specified in the relevant electrical product application standard as given
in 4.7 or as otherwise specified by the manufacturer.


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IE

C 62282-3-100:2019 RLV © IEC 2019 -21-

4.2.3 Physical environment

The manufacturer shall specify the physical environment conditions for which the fuel cell
power system is suitable. Consideration should be given to:

a)
b)

c)

d)
4.

TH
an

4.

Th
sh

4.
TH

machine and its associated equipment and those“created by the physical environment) sh

be

po
se
fo

4.

Th
ta
of

temperature ranges may be specified by the manufacturer.

TH

a)

b)

n:tural gas).—%m%w%%&%ﬁ%ﬂ%rm

indoor/outdoor use;

the altitude above sea-level up to which the fuel cell power system-shall must be capable

of operating correctly;

the range of air temperatures and humidity within which the fuel cell power system-shal

must be capable of operating correctly:

the seismic zone where it may be sited.
.4 Fuel input

e fuel cell power system shall be designed to operate correctly within the composition lim
d supply characteristics of the fuels for which its design is intended (for example, pipeli

.5 Water input

all be specified by the manufacturer.

p.6 Vibration, shock and bump
e undesirable effects of vibration, shock angdybump (including those generated by t

avoided by the selection of suitable equipment, by mounting it away from the fuel ¢
wer system, or by the use of anti-vibration mountings. This does not include the effects
smic shock, which shall be addressed separately if the manufacturer deems it approprig
its product (see 4.2.3).

.7 Handling, transportation, and storage

e fuel cell power system shall be designed to withstand, or suitable precautions shall
en to protect against, theveffects of transportation and storage temperatures within a ran
-25 °C to +55 °C and for short periods not exceeding 24 h at up to +70 °C. Alternati

e fuel cell power system or each component part thereof shall

be capable of being handled and transported safely, and when necessary, be provid
with_suitable means for handling by cranes or similar equipment,

be‘packaged or designed so that it can be stored safely and without damage (for examp

its
he

e quality and supply characteristics of the water to be used'inthe fuel cell power systeis

he
all
ell
of
te

e
Ve

e,

adequate stability, special supports;—ete.).

The manufacturer shall specify special means for handling, transportation and storage if
required.

4.2.8 System purging

Means shall be provided in fuel cell power systems to purge where, for safety reasons, a
passive state is required after shutdown or prior to start-up, as specified by the manufacturer.
A suitable purge system utilizing a medium specified by the manufacturer such as, but not
limited to, nitrogen, air or steam in a non-hazardous situation within the intended use may be

us

ed.
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4.3 Selection of materials

4.3.1 All materials shall be suitable for the intended purpose.

4.3.2 When materials used to construct the fuel cell power system are known to pose
hazards under certain circumstances, the manufacturer shall implement the measures and
provide the information necessary to sufficiently minimize the risk of endangering persons’
safety or health.

4.3.3 Asbestos or asbestos-containing material(s) shall not be used in the construction of a
fuel cell power system. The use of other hazardous substances such as lead, cadmium,
mercury, hexavalent chromium, polybrominated biphenyl, polybrominated diphenyl ether, ahd
palychlorinated biphenyl shall be addressed in accordance with national and “regional
regulations.

Metallic and non-metallic materials used to construct internal or external parts of the fuel clell
power system, in particular those exposed directly or indirectly to moisture or that contain
prpcess gas or liquid streams, as well as all parts and materials used to.seal or interconnect
th¢ same, for example, welding consumables, shall be suitable for all physical, chemical apd
thermal conditions which are reasonably foreseeable within the @cheduled lifetime of the
equipment and for all test conditions. In particular:

a)| they shall retain their mechanical stability with respect to strength (fatigue propertigs,
endurance limit, creep strength) when exposed to the.full range of service conditions ahd
lifetime as specified by the manufacturer;

b)| they shall be sufficiently resistant to the chemiéal and physical action of the fluids that
they contain and to environmental degradation;

c)| the chemical and physical properties necessary for operational safety shall not pe
significantly affected within the scheduled lifetime of the equipment unless replacement|is
foreseen;

d)| speecificathyy when selecting materials“and manufacturing methods, due account shall pe
taken of the material’'s corrosign,"and wear resistance, electrical conductivity, impact
strength, aging resistance, the-effects of temperature variations, the effects arising whgen
materials are put togetherx(for example, galvanic corrosion), the effects of ultraviojet
radiation, and to the degradation effects of hydrogen on the mechanical performance of a
material.

NQTE Guidance to account for the degradation effects of hydrogen on the mechanical performance of a matefial
can be found in ISO/TR 15916, ASME B31.12 and Annex B.

4.8.4 Where conditions of erosion, abrasion, corrosion or other chemical attack may arige,
adequate measures shall be taken to:

a)| minimize that effect by appropriate design, for example, additional thickness, or py
appropriate protection, for example, use of liners, cladding materials or surface coatings,
taking due account of the intended and reasonably foreseeable use;

b) —permitTeptacement of parts which are most affected;

c) draw attention, in the maintenance instructions referred to in 7.4.5, to the type and
frequency of inspection and maintenance measures necessary for continued safe use;
where appropriate, it shall be indicated which parts are subject to wear and the criteria for
replacement.

4.4  General requirements

4.4.1 In so far as their purpose allows, accessible parts of the fuel cell power system shall
have no sharp edges, no sharp angles and no rough surfaces likely to cause injury.

4.4.2 The fuel cell power system, or parts of it where there is a reasonable expectation of
access, shall be designed and constructed to prevent persons slipping, tripping or falling on or
off these parts.
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4.4.3 The fuel cell power system, components and fittings thereof shall be so designed and
constructed that they are stable enough, under the foreseen operating conditions (if
necessary taking climatic conditions into account) for use without risk of overturning, falling or
unexpected movement. Otherwise, appropriate means of anchorage shall be incorporated and
indicated in the instructions.

4.4.4  The moving parts of the fuel cell power system shall be designed, built and laid out to
avoid hazards or, where hazards persist, fixed with guards or protective devices in such a way
as to prevent all risk of contact which could lead to accidents.

4.4.5 The various parts of the fuel cell power system and their linkages shall be ko
copstructed that, when used normally, no instability, distortion, breakage or wear likely [to
impair their safety can occur.

4.4.6 The fuel cell power system shall be so designed, constructed and/orceguipped sufch
that risks due to gases, liquids, dust or vapours released during the operationor maintenance
of |a fuel cell power system are avoided.

4.4.7 All parts shall be securely mounted or attached and rigidly) Supported. The use |of
shiock-mounts is permitted when suitable for the application.

4.4.8 All safety shutdown system components, whose failure may result in a hazardous

event, as identified by the risk-aralysis assessment noted.i’ 4.1, shall be-recognized,—certifipd
off-separatelytestedfortheir—intended—usage in corfipliance with the relevant standgrd

considering the intended use.

fina
e

P

+

O 9
@D

4.4.9 The manufacturer shall take steps to eliminate any risk of injury caused by contact
with, or proximity to, external surfacés of the fuel cell power system enclosure, handle, grips
or|lknobs at high temperatures.

4.4.10 If external surfaces @©f the fuel cell power system’s enclosure, handles, grips, knops
or| similar parts may be c¢ontacted by users without personal protective equipment, the
manufacturer shall either limit the temperature of these surfaces at all times according [to
Tgble 1 or the manufacturer shall fix guards or protective devices in such a way as to prevent
risk of contact that'could lead to accidents.
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Table 1 — Allowable surface temperatures rises

Part Temperature rise
2C K
External enclosures, except handles held in normal use 60

S

urfaces of handles, knobs, grips and similar parts which are held for short periods only
in normal use
of metal 35
of porcelain 45
of moulded material (plastic), rubber or wood 60

D 0 =

N T 2

OTE 1 The values in the table are the maximum surface temperature rises above ambient of/extérn
irfaces that-may can be contacted during operation by people without personal protective equipment. Th
bove values are referenced in Table 3 of IEC 60335-1:2010 2016.

OTE 2 The values in the table are based on an ambient temperature not normally exceeding25°C 298,15
it occasionally reaching-35—=2C 308,15 K. However, the temperature rise values specified.are‘based on-25-°
D8,15 K.

D =

O AN

Th
sh

4.4

aifborne noise is reduced to a level suited for the intendéd use or location in compliance w|

ap

4.4
op
ex
its
th

Th
fo

wh
C(

(

(C

e temperatures on walls, floor and ceiling adjacent to a statiohary fuel cell power systd
all not exceed 50 °C above ambient temperature under the test eonditions of 5.12 b).

1.11 The fuel cell power system shall be so designed and constructed that the emission

plicable regional or national airborne noise codes and-standards.

1.12 The fuel cell power system exhaust to atmosphere, under normal steady-sta
erating conditions, shall not contain-eeneentrations volume fraction of carbon monoxide
cess of 0,03 % by volume in an air-free sample of the effluents, which is a sample that h
effluent carbon monoxide (CO)-concefriration volume fraction mathematically corrected
bugh there was zero percent excess_alir.

e CO-conecentration volume fraetion of the dry, air-free combustion products is given by t
mula

CO = (CO)ayg x (CO)max / (CO2)ayq

ere

D is the carbon monoxide concentration of air-free combusti
products in percent;

05) max is the maximum carbon dioxide concentration of the dry, air-fr
combustion products for test fuel in percent;

m

of
th

he

e

Q)4vg and (CO,),,y  are the average values of measured concentrations in the samfrle

or
CO = (CO)qyq x (21 %) 1 (21 % — (Op)ayg)

where

(CO)aVg and (Oz)avg are the average values of measured concentrations in the sample

taken at least 3 times during the test, both expressed in percent.

4.4.13 Where explosive, flammable, or toxic fluids are contained in the piping, appropriate
precautions shall be taken in the design and marking of sampling and take-off points.
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4.4.14 The maximum temperatures of components and materials, as installed in the fuel cell
power system, shall not exceed their temperature ratings.

4.4.15 The manufacturer shall give consideration to the suitability of the fuel cell power
system to operate where contaminants (for example, dust, salt, smoke, and corrosive gases)
are present in the physical environment.

4.4.16 The fuel cell power system enclosure shall be designed to safely contain any
anticipated hazardous liquid leaks (see 4.5.2 f) for liquid fuel. The containment means shall
ave a capacity o 0 % of the maximum volume 0 id anticipated to leak

ThHe manufacturer shall take measures to ensure that vent gas does not escape through

ssurized vessels, such as reactors, heat exchangers, gas-fired“tube heaters and boilefs,
electric boilers, coolers, accumulators and similar containers, and'associated pressure reljef

ssels such as tanks and similar containers that fall qutside the scope of national pressyre
equipment standards shall be constructed of suitablé materials in accordance with 4.3 ahd
I meet the applicable requirements of 4.4.,Such vessels, and their related joints ahd
fitings, shall be designed and constructed with adequate strength for functionality ahd
ledkage resistance to prevent unintended releases.

Hydrogen stored in metal hydrides assemblies shall comply with ISO 16111.

4.5.2 Piping systems

Piping and its associated jeints and fittings shall conform to the applicable clauses |of
ISP 15649.

Piping systems designed’ for internal gauge pressure at or above zero but less than 105 kRa,
handling fluids that™are non-flammable, non-toxic and not damaging to human tissue ahd
having a design (temperature from -29 °C through 186 °C are not included in the scope |of
ISP 15649. Piping systems under these conditions shall be constructed of suitable materigls
in [accordancCe-with 4.3 and shall meet the applicable requirements of 4.4. Such pipes, apd
their related) joints and fittings, shall be designed and constructed with adequate strength for
functionality and leakage resistance to prevent unintended releases.

T adaocian and caonctriiction Af bhath e
e—o eSSt orS o oot

following aspects.

a) Materials shall meet the requirements specified in 4.3.

b) The internal surfaces of piping shall be thoroughly cleaned to remove loose particles and
the ends of piping shall be carefully reamed to remove obstructions and burrs.

c) |If fluid condensate or sediment accumulation inside gaseous fluid piping could cause
damage from water hammer, vacuum collapse, corrosion and uncontrolled chemical
reactions during start-up, shutdown and/or use, the manufacturer shall provide means for
drainage and removal of deposits from low areas and for access during cleaning,
inspection and maintenance. In particular, the manufacturer shall take measures to ensure
against sediment or condensate accumulation in fuel gas controls. Sediment traps or
filters shall be installed or adequate guidelines shall be provided in the product’s technical
documentation.
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- 26 — IEC 62282-3-100:2019 RLV © IEC 2019

The manufacturer shall take measures to ensure against sediment accumulation in liquid
fuel controls. Sediment traps or filters shall be installed or adequate guidelines shall be

provided in the technical documentation of the product.

Non-metallic piping used to convey combustible gases shall be protected against the

possibility of overheating and mechanical damage. Measures as required by the ri
analysis assessment specified in 4.1 shall be provided to prevent the temperature
components conveying combustible gases from surpassing their design temperatures.

sk
of

Liquid fuel cell power systems shall include provisions for capturing, recycling or safe
disposal of released liquid fuel. Drip pans, spill guards, or double-walled pipe shall be

.3 Flue gas venting systems

e fuel cell power system shall be provided with a venting system to convey yproducts

bustion from fuel utilization equipment to the outside atmosphere. The manufacturer sh
her supply a vent pipe system that meets the requirements, or provide~in‘the produc
hnical documentation adequate instructions to allow selection of a (vent pipe systgq
beting these requirements.

Materials shall meet the requirements specified in 4.3. In particular, the venting systd

material shall be judged on its temperature limitation, strengthland resistance to the acti
of condensate.

The venting system parts of a fuel cell power system<shall be durable. Venting systq
parts, including parts within the fuel cell power system, shall not break, disassemble
become damaged to the extent that they permit ufisafe fuel cell power system operation,|

The vent pipe shall be properly supported and ‘'shall be provided with a rain cap or oth
feature that would not limit or obstruct the gas flow from venting.

Means, such as drainage, shall be provided to prevent water, ice and other debris frg
accumulating inside the vent pipe or gbstructing the vent pipe.

A venting system for a fuel cell power system shall be leak-tight.

The exhaust outlet collar shall be-of such size as to accommodate a vent connector that
commercially available or tocaccommodate a conduit as specified in the manufacture
installation instructions.

Pressure switches used\to prove exhaust gas flow, if used, shall be factory set, or at t
manufacturer’s discretion, be set by-autherized service personnel at the construction si
The adjustment meahs shall then be secured. A pressure switch shall bear a marki
indicating clearnlyythe appliance manufacturer’s or distributor’'s part number or approprig
documentation which correlates to the locked pressure setting.

Parts of awpressure switch in contact with exhaust gas condensate shall be corrosid
resistantto exhaust gas condensate at the normal operating temperatures.

Thefuel cell power system shall be capable of starting up and then shall operate with t
appropriate carbon monoxide (CO) level when the venting system is exposed to up

of
all
t's
m

m

shall be constructed of material resistant to corrosion by )condensate. Non-metallic

olp

or
er
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116 Pa static pressure or up to 134,5 Pa velocity pressure (from 9 km/h to 54 km/h wi

nd

)

k)

velocity) according to the tests in 5.13.

When the fuel cell power system is provided with a venting system, the temperature of t

he

exhaust gases conveyed by that venting system shall not exceed temperatures acceptable

for the materials used to construct the venting system.

The venting system length shall be within the limits bounded by the testing carried out
Clause 5.

4.5.4 Gas-conveying parts

The gas-conveying parts shall-cemphrwith-the fellowing-condition:

in

—the gas—passage—shall be gas-tight such that the tightness—shallnot cannot be

un

dermined under ordinary transportation, installation and use.
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There are no external leakage requirements for parts or segments of the gas circuit that

op

erate at all operating conditions below ambient air pressure.

If a control function ensures that a gas circuit operates below ambient air pressure, then the
measures to ensure safety shall comply with the requirements as given in the relevant

ap

plication standard as specified in 4.1.

4.6 Protection against fire or explosion hazards

4.6.1 Prevention against fire and explosion hazards in fuel cell power systems

Fa
pr

a)

b)

d)

provided with-ecabinets enclosures

r parts of the gas carrying circuit where the internal gas pressure is above the anfbient
pssure, the following applies.

The integrated systems of the fuel cell power system shall be assembled so| as to preve
hazards associated with flammable atmosphere accumulations within the)fuel cell pow
system.

The boundary for dilution of normal internal releases to below-25 % of the low
flammability limit (LFL) may be determined by computational fluid.dynamic analysis, trad
gas, or similar methods, such as those given in IEC 60079-10-1. All devices install
within dilution boundaries shall meet the requirements spegified in 4.6.1 e). The volun
within dilution boundaries shall be classified according(te IEC 60079-10-1. The LFL
typical gases are provided in IEC 60079-20-1.

NOTE 1 Examples of normal internal releases are fuel cel} statk leak at the seals without a fault condit]
and do not include leak tight components. See 4.6.1 g) 2).

Cabinet-compartments Enclosures with internal‘Sources of flammable gas/vapour relea]
are defined as fuel compartments. Fuel compartments shall be designed to

1) maintain gas mixtures below 25 % (LFL), except in dilution boundaries, and
2) limit the extent of dilution boundaries to within the fuel compartment.

Methods to maintain normal internal releases below 25 % (LFL), except in diluti
boundaries, include the following.

1) Controlled oxidation of normal internal releases

This may be accomplished by the provision of a continuous and reliable ignition a
oxidant sources that'ensures the combustion of the released gases or the utilization
catalytic oxidation-units.

The manufacturer shall ensure that the maximum credible release, when reacte
produces ( pressures and temperatures that can be contained within the fu
compasrtment and tolerated by the components exposed to such conditions.

2) Airdilution of normal internal releases

This may be accomplished by the provision of mechanical ventilation to dilute with
the concentration of normal releases to less than 25 % (LFL), except within diluti

i
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boundaries. In_all cases. the minimum_ventilation rate shall be consistent with t

he

allowable leakage rate test given in 5.4.

Ventilated fuel compartments shall be designed to operate at negative pressure

relative to other types of compartments in the fuel cell power system and

its

surroundings. This negative pressure in the fuel compartment is established by means

such as induced or exhaust ventilation. Proper operation of the ventilation system sh

all

be confirmed by measuring either flow or pressure. Failure of ventilation shall cause a

shutdown of the process equipment. Control functions to ensure this ventilation sh

all

be according to the standard for functional safety as given in 4.1. Alternatively, fuel

compartments of fuel cell power systems need not be ventilated at negative pressur
if adequate means are provided to limit the concentration of flammable gas below 25

es
%

of the LFL under all conditions of use except within dilution boundaries or as described

in4.6.1 g).
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Fuel compartments that rely on ventilation for protection against accumulation of
flammable atmospheres shall be purged in such a way that the atmosphere will be
brought below 25 % of the LFL.

NOTE 2 One method of accomplishing this is with at least four air exchanges within an appropriate time
interval to ensure this result.

The purging will take place prior to the energization of any devices that are not suitable
for the area classification according to 4.6.1 b). Purging is not required if the
atmosphere within the compartment and associated ducts can be demonstrated by
design to be non-hazardous. All devices, which shall be energized prior to purging or

in order to accomplish purging, shall meet the requirements specified in 4.6.1 e).

Within areas classified as hazardous in 4.6.1 b), except for units that use the pfotectipn
method described in 4.6.1 d) 1), the manufacturer shall eliminate ignition sources [y

ensuring that the

1)

installed electncal eqmpment is suitable for the area classmcatlon according |to
2 ] IEC©0079-10-1;

2) installed electrical resistance trace heating, if available, complies wijth
IEC/IEEE 60079-30-1;

3) surface temperatures do not exceed 80 % of the auto-ignifioh’ temperature, expressgd
in degrees Celsius, of the flammable gas or vapour. See-]EC 60079-20-1 for guidance
regarding auto-ignition temperatures of various flammgable fluids;

4) equipment containing materials capable of catalysifig’the reaction of flammable fluids
with air shall be capable of suppressing the propagation of the reaction from the
equipment to the surrounding flammable atmoSphere;

5) potential for static discharge has been eliminated by proper bonding and grounding,
and by proper material selection.

Compartments that contain electrical or “mechanical equipment shall be maintained |at

positive pressure relative to adjacept~compartments with sources of flammable gas |or

vapour according to IEC 60079-2, unless the equipment meets the requirements specified

in4.6.1 e).

The fuel cell power system._shall be provided with passive and active means, or| a

combination thereof, to maintain abnormal internal releases below 25 % (LFL), except|in

dilution boundaries.

NOTE 3 Abnormal internalfeleases include gas leakage under fault conditions, e.g. a pressure relief vajve

releasing gas into the space of the fuel cell appliance.

1)

2)

Sudden and tcatastrophic failures need not be considered a release scenario in this
analysis when protection against such failures has already been contemplated in the
pressureequipment and piping design (see also 4.5).

Parts\ of the gas carrying circuit which comply with the following need not pe
considered as potential leak sources:

¥ according to ISO 23550, or

3)

4)

) Lol H H lo L H ol H | (H + L ol H 1 i L 4.
II} SQUITU |JI|JIIIU WITICIT TO UCDIUIICU abbUIUIIIU LU LI'TT UCDIUII TUICTOS TITULTU 11T =.J.
“Passive” means include, but are not limited to, the mechanical limitation of releases of
flammable gases or vapours to a maximum value by using pipe orifices and similar

methods of flow restriction or joints permanently secured and so constructed that they
limit the release rate to a predictable maximum value.

“Active” means may include flow measurements and controls or the provision of safety
devices such as combustible gas sensors. These means shall meet the requirements
specified in 4.9, and shall cause a fuel cell power system shutdown upon occurrence
of conditions under which the concentration of any flammable gas in the ventilation
exhaust exceeds 25 % of the LFL of that gas.

The fuel cell power system shall be designed for the safe dispersal of the ventilation and
process exhaust streams. In particular, for indoor installations the ventilation and process
exhaust shall be designed for connection to a flue or venting system.
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j)

Potential for static discharge—has—been shall be eliminated by proper bonding and
grounding of metallic parts by selecting materials that do not generate charges which
could result in a spark capable to ignite an ignitable gas/air mixture. The effect of flow

rates within pipes generating possible charges shall also be considered.

A control function whose purpose is to avoid exceeding 25 % of the LFL by, for examp

le,

dilution with air and/or measuring the concentration and shut-off if exceeding the limit,

shall be designed according to the requirements specified in 4.1.

NOTE 4 Non-metallic tubing carrying hydrogen gas-may can accumulate electrostatic charge along its surface.
Discharges from the surface of this tube-may can be sufficient to ignite a flammable mixture of gas or vapour in the

su

rounding—environment—lEC 60079.10.1 addresses-measures—to eliminate electrostatic-discharaesin-Zone

1

an
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to

Zo
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ch
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a)

b)

d)

e)

f)

9)

6.2 Prevention of fire and explosion hazards in burners

| 2. This-may can be achieved by specifying a tube material with sufficient conductivity, or by limiting gas\f
ocity to values below which electrostatic charge does not accumulate. Tubing that relies on a protective_syst
Eliminate electrostatic discharge (e.g. a grounding wire or braid) is not addressed in IEC 60079 (ali{ parts)

he O locations.

TE 5 Metal braid coverings, or conductive wires within the non-metallic tubing wall-maycan increase
nce of electrostatic discharge if those conductors become disconnected from their~bonding conduct
Bitively securing bonding and grounding conductors in Zones 1 and 2 by mechanical (medns addresses t
Le.

Fuel cell power systems shall be designed in such a way.that the unsafe build-up
flammable or explosive gases in burners (start, main and auxiliary burners of a reform
section, tail gas burners) is avoided.

The main burner shall be fitted with a pilot or a device fordirect ignition.

The direct ignition device shall be controlled (automatically and shall not cau
deterioration of the burner. Direct ignition devi€es shall be positively positioned w

Pilots shall be controlled automatically and direct ignition shall light any pilot fuel. Pild
shall be designed and fitted in such amway that they are located correctly in relation to t
burners that they ignite. When a pilot is an integral part of the start burner, it need
evaluated only under the construetion and performance specifications of this document.

An automatic electrical burner_control system shall comply with requirements specified
4.9.2 and shall be fitted to*the burner to ensure safe start-up, operation and shutdo

control.

The main burner or pilot flame, or both, shall be supervised by a flame detector or oth
adequate means:ilf'a main burner is ignited by a pilot, the presence of flame at the pi
shall be detected before gas is released to the main burner. A system having
interrupted «pitot shall provide supervision of the main burner flame following the meé
burner flame-establishing period.

burnereven when the fuel supply to the pilot is reduced to the point where the pilot flar
isjust sufficient to actuate the flame supervision according to IEC 60730-2-5.

The supervised pilot flame shall be capable of effectively igniting the fuel at the mai

ow
Em
for

he
or.
his

of
er

Se
th

respect to the main burner ports. Means shalhbé provided to prevent incorrect assemliply
or reversible mounting of any direct ignitionidevice in relation to the burner being served},

ts
he
be

in
vn

including lock-out if required. Flame or oxidation monitoring is an integral function of this

er
ot
an
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h)

)

k)

) 1 — b S R | - Lo oo Laas ol : : — ol £
I rcat mpgut vl d piiot Uuts TIOU CALETU U, 20U RVV, UICTT 15 TTU TESYUITTITICTIU TUT T Tidl

establishing period.

If the heat input of a pilot exceeds 0,250 kW, or in case of direct ignition of the main

burner, the start-up lock-out time is determined by the manufacturer so that,
accordance with the delayed ignition test (5.10.2.8), no health or safety hazard for t
user or damage to the fuel cell power system occurs.

Each pilot or direct main burner ignition attempt begins with the opening of the fuel valv

in
he

es

and ends with the closing of the fuel valves. The spark shall continue at least until ignition

occurs or until the end of the flame-establishing period.

Pilot or direct main burner ignition shall be attempted a maximum of three times, ea
time followed by recycling of the burner control system. A higher number of attempts sh
be determined by the manufacturer on the basis of a safety analysis.

ch
all
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An absence of flame at the end of the third attempt shall result in, at least, a lock-out.
In case of flame failure, the system shall cause at least re-ignition, recycling or lock-out.

The pilot or main burner flame failure lock-out time shall not exceed 3 s. A longer lock-out
time is acceptable as determined by the manufacturer on the basis of a safety analysis.

Exception: The primary safety control need not de-energize all fuel safety valves if the
temperature of the burner cavity surfaces with which the flammable air/fuel mixture is in
contact exceeds the auto-ignition temperature of the fuel—measured—in—2C. See also
4.6.2 x).

If rn-ignifinn takes pl:\r‘n' under the test conditions of 5102 the direct ignifinn device

0)

p)

q)

s)

shall be re-energized within a maximum time of 1 s after the disappearance of a flame
signal. In this case, the flame-establishing period is the same as is used for ignition ahd
starts when the ignition device is energized. An absence of flame at the end of the flane-
establishing period shall result in, at least, a lock-out.

If recycling takes place, under the test conditions of 5.10.2, this shall be preceded by pn
interruption of the gas supply and purging; the ignition sequence shall hestart from the
beginning. In this case the flame-establishing period is the same ashis’used for ignitipn
and starts when the ignition device is energized. Recycling shall berattempted a maximym
of three times, each time followed by purging. An absence of flamg at the end of the third
attempt shall result in, at least, a lock-out.

An automatic electrical burner control system, as defined'in IEC 60730-2-5, shall pe
arranged to prevent feedback by a motor, capacitor or (Similar device from energizing a
fuel valve or ignition device after a control functions to.Shut off the main burner.

When, for safety reasons, a passive state is required prior to start-up or after shutdown,
means shall be provided to automatically purgésa burner housing or enclosure of any
flammable gas mixture before the trial for ignition at the start and in between recycling
trials. This purge shall provide a minimum of feur air changes in the combustion chamber.
The-ameunt-of air purged shall be monitored*by a safety related control function. The leyel
of safety shall be based on the risk-ahalbysis assessment according to 4.1.

Automatic burner control system components shall be installed so the operation of thege
devices and main burner ignition will not be affected by falling particles or condensatipn
during normal operation.

When primary air under pressure is mixed with the fuel supply, effective means shall pe
provided to prevent air from-passing back into the fuel line, or fuel into the air supply. The
fuel and air supply shall-be suitably controlled to prove air flow prior to ignition and|to
prevent fuel from entering each reformer burner until the air supply is available and, in the
event of air fan failure, to shut off the fuel supply.

Mechanical linkage for operating the fuel and air controls, if used, shall be designed|to
reliably maintain the correct fuel/air ratio and to resist accidental breakage ahd
disengagement.

Upon_shutdown, hazardous gases in the process system shall be safely contained, purggd
or reacted.

The” manufacturer shall provide the fuel cell power system with adequate means |to

prevent the r‘rnccing of air into fuel or combustible process gas lines or of fuellor
combustible process gas into air lines.

The fuel cell power system under a blocked outlet condition shall not produce a
concentration of carbon monoxide in excess of 0,03 % in an air-free sample of the
effluents, or as specified in national regulations, according to the test of 5.15.2.2.
Additionally, the fuel cell power system shall not produce a carbon monoxide
concentration in excess of 0,03 % in an air-free sample of the effluents when the air
supply inlet is blocked according to the test of 5.15.2.3.

If the temperature of the combustion compartment and the parts of the combustion
compartment directly in touch with the gas/air mixture is above the auto-ignition
temperature (measured in °C), flame supervision may be substituted by the temperature
monitoring. If the temperature drops below the auto-ignition temperature the safety shut-
off valves shall be de-energized. Furthermore, the release of gas flow shall only—be
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released occur after the self-ignition temperature is ensured. The control function shall be
based on the safety level given in IEC 60730-2-5.

4.6.3 Prevention of fire and explosion hazards in catalytic fuel oxidation systems

a)

b)

d)

e)

f)

)

h)

)

(catalytic burners)

Within fuel cell power system components carrying fluids in which flammable or explosive
gas volumes are intentionally produced to conduct a controlled catalytic fuel oxidation
reaction (for example, catalytic partial oxidation, catalytic combustion), the manufacturer
shall avoid the unsafe build-up of flammable or explosive gases.

When for :nfnf\}/ reasons._—a Ir'\::v:ci\/c\ state is rnqnirnrl Ir'\rinr to start-up or after shutdown

means shall be provided to purge the catalytic fuel oxidation system components. The
purging system may utilize a medium specified by the manufacturer such as, but not
limited to, nitrogen, air or steam. The extent of purging is determined by consideting flpw
characteristics, system dynamics and geometry. The—amount—of purge gas-~shall pe
monitored by a safety related control function. The level of safety shall be\based on the
risk-analysis assessment according to 4.1.

Where air is mixed with fuel, the manufacturer shall provide adequate ‘means to prevgnt
air from flowing back into the fuel line, or fuel into the air supply.

1) For air-rich systems

The fuel and air supply shall be suitably controlled to.(provide air prior to reactipn
initiation, and to prevent fuel from entering the reactor until the air supply is availablel.

2) For fuel-rich systems

The fuel and air supply shall be suitably contrelled to provide fuel prior to reactipn
initiation, and to prevent air from entering the €eactor until the fuel is available.

Mechanical linkage for operating the fuel and air controls, if used, shall be designed|to
reliably maintain the correct fuel-air ratio “and to resist accidental breakage apd
disengagement.

The reaction initiation time shall be determined by considering the response time of the
system control devices and the time required to build up the maximum allowable quanftfity
of flammable or explosive mixture that can safely be contained in the system based pn
flow rates, fuel-air mixture flammability and system dynamics and geometry.

If the catalytic reaction is not’ established within the reaction initiation time, the syst¢m
shall automatically shut eff"the fuel supply or, for fuel-rich operations, the supply of @ll
reactants.

The temperature ©f .the catalyst shall be monitored either directly or indirectly. The
reaction fails if thetemperature or rate of temperature change of the catalyst falls outside
the acceptable range specified by the manufacturer. Then the system shall automaticglly
shut off the{uetl supply, or for fuel-rich operations, the supply of all reactants. The reactipn
failure logk=out time shall not exceed 3 s. A longer lock-out time is acceptable fas
determined by the manufacturer on the basis of a safety analysis.

If a~-mixture of fuel and air could potentially build up inside the fuel cell power systgm
following either the failure of a reaction to start within the reaction initiation time, or the
exfinction of a reaction, or decrease or increase of the reaction rate to unsafe levels, the

manufacturer shall ensure that the maximum quantity of flammable mixture that could
credibly accumulate, if combusted, produces pressures and temperatures that can be
contained within the components exposed to such conditions.

Upon shutdown, hazardous gases in the process system shall be safely contained or
disposed.

Where air and fuel streams are put in close contact as part of the thermal management
system, the manufacturer shall provide the fuel cell power system with adequate means to
prevent health or safety risks from arising from the crossing of air into fuel lines or of fuel
into air lines.

NOTE Subclause 4.6.3 is also applicable to the anode exhaust catalytic reactor.
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4.7 Electrical safety

19

The electric system design and construction, as well as the application of the electric and
electronic equipment, including electric motors and enclosures, shall meet the requirements of
the relevant electrical product application standard; for example:

a)
b)
c)
d)

Vd
ap

NG
fun
theg

IEC 60335-1 (e.g. residential, commercial and light industrial);
IEC 60204-1 (e.g. large industrial);
IEC 60950-1 or IEC 62368-1 (e.g. telecom);

—EC62040-t{egUPS:

ltages above the 600 V limit are permissible when separately evaluated to standar
propriate to the higher voltage.

TE 1 |EC 60204-1 limits this requirement to those components that are relied upon to perférm~a direct saf
ction (gas detector, safety shut-off valve, fan interlock), or would present a safety hazard {ir€, shock, burn
y were to fail. The latter is determined through the safety analysis of 4.1. Electrical compoyents for which th

ds

Bty
if
bre

is ho applicable standard can meet the requirements for electrical isolation, creepage ‘and clearance, leakdge
culfrents, overcurrent protection, as well as grounding and bonding that are found in IEC 80950-1 or IEC 62368-] or
basic publications or group safety publications.

NJTE 2 In some cases, the system integrator can design unique electrigal [eomponents or a circuit bofrd
asg$embly for which no standard is currently available. In that case, design feqdirements for electrical safety fre
found in IEC 60950-1 or IEC 62368-1 or basic safety publications or groupsafety publications.

The selection of the appropriate application will be provided'in the technical specification.

THhe fuel cell designer shall also consider the following.fuel cell specific issues:

a)| residual charge on the fuel cell stack;

b)| energy hazard between cells.

4, Electromagnetic compatibility (EMC)

THe fuel cell power system shall notgenerate electromagnetic disturbances above the levéls
appropriate for its intended places of use. In addition, the equipment shall have an adequgte
leyel of immunity to electromagnetic disturbances so that it can operate correctly in |jits
infended environment. As:applicable, the fuel cell power system shall comply with the
following standards: IEC 61000-3-2, IEC 61000-3-3, IEC TS 61000-3-4, IEC TS 61000-315,
IELC 61000-3-11, IEC 61000-6-1, IEC 61000-6-2, IEC 61000-6-3, and IEC 61000-6-4.

4.9 Control systems and protective components

4.9.1 Geperal requirements

4.9.1.1 The risk-analysis assessment as specified in 4.1 shall provide the basis to set the
prptection parameters of the safety circuit.

4.9.1.2 The fuel cell power system shall be designed in such a way that the single failure

of a component does not cascade into a hazardous condition. Means to prevent cascade

fai

a)

b)
c)
d)
e)

lures include, but are not limited to,

protective devices in the fuel cell power system (for example, interlocking guards, trip

devices),

protective interlocking of the electrical circuit,

use of proven techniques and components,

provision of partial or complete redundancy or diversity, and
provision for functional tests.
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The evaluation of the required measures to avoid and/or control failures if they occur are
given in the application relevant control standards as shown in 4.1.

4.9.2 Control systems

49.2.1 General requirements

Automatic electrical and electronic controls of fuel cell power systems shall be designed and
constructed so that they are safe and reliable. Residential, commercial and light industrial fuel

ce

Il power systems shall conform to IEC 60730-1.

AU

AU

wi

ac

In

Manual controls shall be clearly marked and designed to prevent inadvertent adjustment a
tivation.
particular, the following requirements apply.

4.

Th
fu

SJ

It

stopppage only after the safety conditions,nave been fulfilled. It shall also be possible to rest

th
pr

TH
th

As
th

.9.2.3 Shutdowns

.9.2.3.1 General

tomatic electrical burner control systems shall comply with IEC 60730-2-5.

tomatic electrical control systems for catalytic oxidation reactors shall comply as applicak
h IEC 60730-2-5. Specific requirements are provided in 4.6.3.

D.2.2 Start

e start of an operation shall be possible only when alkthe safeguards are in place and 3
hctional.

itable interlocks shall be provided to secure correct sequential starting.

shall be possible for automated plant funetioning in automatic mode to be restarted afte

p fuel cell power system by intentignal actuation of a control provided for the purpog
pvided such restarting is verifiably. fon-hazardous.

is requirement does not apply-to the restarting of the fuel cell power system resulting frg
e normal sequence of an automatic cycle.

determined:hby the risk-analysis assessment indicated in 4.1, the functional requirements
b fuel celllpower system shall be provided with the following shutdowns:

Emergency shutdowns

An‘emergency shutdown is, for air-rich operation, the de-energization of the main fuel fl

e

art
e,

m

of

DW

means, or for ruel-rich operation, the de-energization of both the process air flow and t
main fuel flow means, as the result of the action of a limiter, a cut-out or the detection
an internal fault of the system.

Normal shutdown

e
of

A normal shutdown is, for air-rich operation, the de-energization of the main fuel flow

means, or for fuel-rich operation, the de-energization of both the process air flow and t
main fuel flow means, as the result of the opening of a control loop by a control devi
sueh-asa-thermestat. The system returns to the start position.

he
ce
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4.9.2.3.2 Emergency shutdowns

a)

General

19

Emergency shutdowns shall be incorporated as part of the fuel cell power system in order

to avert actual or impending danger that cannot be corrected by controls. These functio
shall

1) stop the dangerous condition without creating additional hazards,
2) trigger or permit the triggering of certain safeguard actions where necessary,

3) override all other functions and operations in all modes,

ns

b)

4.

Uy
co

4) prevent reset from initiating a restart,

5) be fitted with restart lock-outs in such a way that a new start command may taKe effg
on normal operation only after the restart lock-outs have been intentionally reset.

Emergency stop

assessment in 4.1, shall have clearly identifiable, clearly visible and ‘quickly accessik
controls in accordance with ISO 13850.

Control functions in the event of control systems failure

In case of fault in the control system logic or failure of, or damage to, the control systg
hardware,

1) the fuel cell power system shall not be prevented“from stopping once the st
command has been given,

2) automatic or manual stopping of the moving parts-shall be unimpeded,

3) the protection devices shall remain fully effective,

4) the fuel cell power system shall not restart unexpectedly.

When a protective device or interlock causes a safety shutdown of the fuel cell pow
system, that condition shall be signalled-to the logic of the control system. The reset of t

systems that can operate safelyin the hazardous situation may be left energized
provide system information.

p.2.3.3 Normal shutdown

set conditions that can_be safely controlled or that do not pose immediate danger may
rrected with a normal shutdown. A normal shutdown may remove all power to t

equipment, or may leave power available to the fuel cell power system actuators.

4.

Pe
an

D.2.4 Permissives

rmissivés)'shall be implemented consistent with requirements established from the r
alysistassessment described in 4.1.

4.

Manual emergency shutdowns (i.e. emergency stops), if required by the"risk—analy$

ct

e

m

Op

er
he

shutdown function shall not initiate\ any hazardous condition. Control and/or monitoring

to

be
he

sk

h 2. 5 (‘nmplm{ installations

When the fuel cell power system is designed to work together with other equipment, the fuel
cell power system shutdown function, including the emergency stop, shall be provided with
means, such as signal interfaces, to enable the coordinated shutdown with equipment
upstream and/or downstream, as applicable, of the fuel cell power system if continued

op

eration can be dangerous.

4,9.2.6 Operating modes

a)

Fuel cell power systems operating modes include

1) an operational state (substantial electrical output power), and
2) a-standby pre-generation state (zero net power output).
Non-operating modes can include
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b)

e acold state,
e a passive state, and
e a storage state.

There shall be two primary transitions: start-up and shutdown:

1) start-up is the transition from NON-OPERATING to OPERATING MODE and shall be

initiated from an external signal;

2) shutdown is the automatic transition from OPERATING to NON-OPERATING MODE.
may be initiated either via an external signal, or internal signal in response to out

It
of

c)

d)

Fu
ot
wh

Sy

a)

b)
4.
4.

SJ

.9.2.7 Remote monitoring and control’systems

limits conditions to the fuel cell power system controller.

Secondary operating modes and transitions may be provided as necessary, sueh\as
allow for different power output rates or for adjustment, maintenance or Anspecti
activities.

Mode selection

If the fuel cell power system has been designed and built to allow for its use in seve
control or operating modes presenting different safety levels (for example, to allow
adjustment, maintenance, inspection, etc.), it shall be capable of .mode selection that c
be secured in each position. Each position of the selector shalllcorrespond to a sing
operating or control mode and shall be fitted with restart locksouts. A new start comma
may take effect on normal operation only after the restart loCk-outs have been intention
reset. Mode selection shall be allowed by any securableymeans, such as a positioni
knob, key lock, or software command, to prevent uninténtional change to a different mo
that may lead to a hazardous condition. The selector may be designed to restrict us
access to certain fuel cell power system operating modes (for example, access codes
certain numerically controlled functions—ete:).

The mode selected shall override all other control systems with the exception of the safg
shutdowns.

el cell power systems that can becoperated remotely shall have a local, labelled switch
her means to disconnect the fuelicell power system from remote signals that may be us
ile a local operator performsfinspection or maintenance. Remote monitoring and cont
stems shall

be allowed on fuel cell power systems only where remote control will not lead to an uns3
condition,

not override locally set protective safety controls.
.3 Protective components
.3.1 General

itable)protective devices, and combinations thereof, comprise adequate monitoring devic

to
pbn
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or
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chias indicators and/or alarms which enable adequate action to be taken eith

er

au

tomatically or manually to keep the fuel cell power system within the allowable limits.

Protective devices shall

a)

b)

be-se designed and constructed so as to be reliable and suitable for their intended duty
and take into account the maintenance and testing requirements of the devices, where

applicable;
have their protective functions independent of other possible functions;

comply with appropriate design principles in order to obtain suitable and reliable

protection. These principles include, in particular, fail-safe modes, redundancy, divers
and self-diagnosis.

ity
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Dangerous overloading of equipment shall be prevented at the design stage by means of
integrated measurement, regulation and control devices, such as over-current cut-off
switches, temperature limiters, differential pressure switches, flow-meters, time-lag relays,
over-speed monitors and/or similar types of monitoring devices.

Protective devices with a measuring function shall be designed and constructed so that they
can cope with foreseeable operating requirements and special conditions of use. Where
necessary, it shall be possible to check the reading accuracy and serviceability of devices.
These devices shall incorporate a safety factor that ensures that the alarm threshold lies far
enough outside the limits to be registered, taking into account, in particular, the operating
conditions of the installation and possible aberrations In the measuring system. If\the
prptective control consists of electronic components then the control shall be designed
according to the requirements specified in 4.1.

4.9.3.2 Type of components

THe following components shall comply with the appropriate safety related measures as given
in the following mentioned standards to ensure the results of 4.1.

a)| Pressure limiting devices, such as pressure switches, shall comply|with IEC 60730-2-6.

b)| Temperature monitoring devices shall have an adequately safe.response time, consistgnt
with the measurement function, according to IEC 60730-2-9%

c)| A fuel cell power system may elect to use a gas detetCtor as a protective component|to
mitigate against possible gas leakage. A gas detector, if used in the fuel cell power
system, shall comply with 1SO 26142, IEC 60079-29-1 or I1SO 23550 in conjunction wjth
I[EC 60730-1 based on the result of the riskddssessment according to 4.1 and the
standards specified therein, as appropriate.

d)| A gas sensor control loop (sensing elementy electronic circuit, shut-off of the fuel supp]y)
shall be fail safe and designed according to’the requirements in 4.1.

e)| All parts of fuel cell power systems which are set or adjusted at the stage of manufactufe,
and which should not be manipulated by the user or the installer, shall be appropriate¢ly
protected.

f) | Levers and other controllingyand setting devices shall be clearly marked and given
appropriate instructions so;as to prevent any error in handling. Their design shall be such
as to preclude accidental(ptanipulation.

4.10 Pneumatic and _hydraulic powered equipment

Prleumatic and hydraulic equipment of fuel cell power systems shall be designed according|to
ISP 4414 and 1S©_4413, respectively.

4.11 Valyes

4.11.1( ,Shut-off valves

a)| ‘Shut-off valves shall be provided for all equipment and systems where containment |or
blockage of the process fluid flow is necessary during shutdown, testing, maintenance,
upset, or emergency conditions.

b) Shut-off valves shall be rated for the service pressure, temperature, and fluid
characteristics.

c) Actuators mounted on shut-off valves shall be temperature-rated to withstand the local
ambient temperature and additional heat conducted from the valve body.

d) Electrically, hydraulically or pneumatically operated shut-off valves shall be of a type that
will move to a failsafe position upon loss of actuation energy.

4.11.2 Fuel valves

Supply fuel valves shall meet the following requirements.
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a)

b)

All fuel supplied to the fuel cell power system shall pass through at least two automatic
valves, in series, each of which serves as a safety shut-off valve and may serve as an

operating control valve.

Any fuel supplied directly to fuel-fired equipment, such as a start-up boiler or a reformer

start burner, shall also pass through at least two automatic valves, in series, each
which serves as an operating valve and a safety shut-off valve. These valves may or m
not be contained in a single control body.

Electrically operated supply fuel valves shall meet the requirements of ISO 23551-1
ISO 23553-1 as applicable.

of
ay

or

d)

e)

d)

e)

When fuel gases are recycled trom appliances using the fuel cell power system ouiy
gas, the connection may be exempt from employing shut-off valves if demonstrated to
safe according to the risk-analysis assessment of 4.1.

Flammable gaseous manual shut-off valves shall be suitable for their intended\applicati
based on ISO 23550.

.12 Rotating equipment

.12.1  General requirements

Rotating equipment shall be designed for the pressures, tempefatures and fluids to whi
they may be subjected under normal operating conditions.

Fluid inlet and outlet lines shall be adequately protected from"damage due to vibration.

Shaft seals shall be compatible with the pumped fluidS-and the operating temperatur
and pressures expected in normal and abnormalioperation and during normal a
emergency shutdowns.

ut
be
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hd

Shaft seals shall be designed such that hazardeus fluid leakage is avoided. If shaft seals

leak hazardous fluids, the manufacturer shall provide hazardous fluid containment
dilution means as necessary to avoid risks\to health or safety.

Motors, bearings, and seals shall be suitable for the expected duty cycles.

.12.2 Compressors

4.12.2.1 Where appropriate, packaged compressors shall conform to one of the followi
standards: ISO 5388, ISO 10439(all parts), ISO 10442, ISO 13707, 1SO 10440-1, ISO 1044
2 or 1ISO 13631.

4.12.2.2 Unless copsidered unnecessary by the risk—analysis assessment in 4

CO

a)

b)

Mmpressors, or compressor systems, shall be provided with the following:

Pressure-relief“devices that limit each stage pressure for the compression cylinder a
piping assogiated with that stage of compression.

This requirement is only applicable when the compression equipment is capable
generating pressure that exceeds the design pressure.

An, automatic shutdown control for high discharge and low suction pressure.

or

g
0-

of

c)

d)

4.12.2.3

Where required to restart the compressor after shutdown, an unloading device that

captures and recycles blow-down gas for re-use, and/or safe venting.
A pressure-limiting device to avoid over pressurization at the inlet.

Compressors excluded from the scope of the standards referenced in 4.12.2.1 due

to small capacity or low discharge pressure need only comply with the requirements specified
in 4.12.2.2.

Packaged low-discharge pressure compressors (fans and blowers) shall be guarded
according to ISO 12499 (see also 4.4.4).
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4.12.3 Pumps

4,12.3.1 Packaged electric pumps for process liquids shall conform to ISO 13709 or
ISO 14847, if applicable.

Packaged electric pumps for water shall conform to IEC 60335-2-51, if applicable.

4.12.3.2  Electric pumps, or electric pump systems, shall be provided with the following:

a) Pressure-relief devices that limit both inlet and outlet pressure to less than the design
pressure of the piping. If the shut-off head of the electric pump is less than the pressyre
rating of the piping, relief valves are not required.

b)| An automatic shutdown control for high discharge pressure.

4.12.3.3 Pumps excluded from the scope of the standards referenced in 4.12.3.1 due |to
snall capacity or low discharge pressure shall comply with the requirements” specified|in
4.12.3.2 and in 4.7.

4.13 Cabinets Enclosures

4.13.1 Fuel cell power system-cabinets enclosures shall have) sufficient strength, rigidity,
durability, resistance to corrosion and other physical propertiesdo”support and protect all fyel
cefl power system components and piping; and, in addition) to meet the requirements |of
storage, transport, installation, and final location conditions:

4.13.2 Fuel cell power system—eabinets enclosufes intended for use indoors or under
conditions of weather-protected outdoor locations~shall be designed and tested so as to meet
a minimum IP20 rating according to IEC 60529.

4.13.3 The fuel cell power system intendéd for use outdoors shall be designed and testged
so|as to meet a minimum IP23 rating.

4.13.4 Ventilation openings shall-be so designed that they will not become obstructed durihg
normal operation either by dust, snow or vegetation in accordance with the expected
application.

4.13.5 All materials used to construct—eabinets enclosures, including joints, vents, ahd
gaskets of doors shall ‘be capable of withstanding the physical, chemical and thermal
conditions that are feasonably foreseeable throughout the fuel cell power system life.

4.13.6 Access panels, covers or insulation that need to be removed for normal servicing apd
accessibilityxshall be designed such that repeated removal and replacement will not cause
damage_ordimpair insulating value.

4,137 Access panels, covers or insulation that need to be removed for normal servicing ahd

1o]1118% y

4.13.8 Any access panel, cover or door that is intended to protect equipment from entry-by

users—or-untrained-personnel shall have means for retaining it in place and shall require the

use of a tool, key or similar mechanical means to open. For residential units, this shall include
all access panels, covers or doors.

4.13.9 Means shall be provided to drain collected liquids and to pipe them to the exterior for
disposal or redirect them to processes associated with the fuel cell power system.

4.13.10 Where personnel can fully enter the-eabinet enclosure, access procedures shall be
provided in the product’s technical documentation.
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4.14 Thermal insulating materials

Insulation systems employed in the fuel cell power system shall be designed to attain:

chemical compatibility with the metals being insulated, the atmosphere and temperatures
to which the systems will be exposed, and the various components of the insulation

system itself;

protection of insulation systems from expected thermal and mechanical abuse (including

damage by atmospheric conditions);

fiue enfnf\l h\l limitina surface fnmnnrafllrne of heat-nroducing nhlnﬁfe to-_nrovent t
J Lad J ~

In
m§4

If

maintenance manual the thermal insulation system inspection-and safety requirements.

4.
4.

Th
of

a)
b)

4.
a)

b)

ignition of materlals in proximity to them
future accessibility of piping, fittings, etc. for maintenance purposes.

particular, thermal insulating materials and their internal bonding or adhesive attachme
pans mounted on components of the fuel cell power system shall

be mechanically or adhesively retained in place and shall bep protected agair
displacement or damage from anticipated loads and service operatian,

withstand all air velocities, temperatures and fluids to which they may be subjected
normal operation.

necessary, to avoid hazards to health and safety, the manufacturer shall specify in t

|5 Utilities
|5.1 General requirements

e fuel cell power system shall be designed“and constructed such that in the case of the lo
the utility supply the system will not cause

any health, safety or environmentalthazards, or

permanent damage to the system-

|5.2 Water supply

Where the fuel cell powér’system requires water to operate, it shall be provided through
connection to an on-site water supply in accordance with local regulations, or through
self-contained water source. Alternatively, it shall be shown to produce water in sufficiq
guantities during operation.

Process water shall be prevented from contaminating potable water sources
accordance-with local regulations.

If applicable, means shall be provided to prevent backflow of steam into the wa
treatment system of the fuel cell power system. A suitable check valve or equivalg
device meets the intent of this provision.
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5.3 Fuelgas supply

If applicable, means shall be provided to prevent backflow of processed fuel gas and/or purge
gases into the fuel source.

4.15.4 Electrical connections

4.15.4.1 Service receptacle

A service receptacle outlet, or lighting circuit, not under control of a disconnecting means may
be part of the fuel cell power system, provided

a)
b)

the voltage does not exceed nominal domestic mains voltage,
the receptacle is earthed,
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c) the receptacle is so located as not to constitute a hazard when servicing the fuel cell
power system, and

d) a suitable marking indicating the voltage and current limitation of the receptacle is located
adjacent to the receptacle.

4.15.4.2 Disconnection from the mains supply
4.15.4.2.1 Lock-outs

Any electrical disconnection devices provided to shut power down for the safety of service
p IbUIIIIUi bildii iJB [.)IUViull::ul VViI.;I a 1redallis I,UI [J;beibd.“y iUbkiIIQ'UUL I.ill:: ulibbullllb'bliull ulb'Vi e
to|prevent inadvertent reconnection before servicing has been completed.

NJTE Instructions can be provided to allow servicing parts of the equipment with or without(opening the
disconnection device.

4.15.4.2.2 Disconnection devices

Disconnection devices shall be provided to disconnect the fuel cell-generater power systgm
frgm the AC or DC supplies for servicing-by—gualified-persennel. The means of isolation cpn
be| located either in the service access area or external to the equipment. The disconnectipn
shiall be suitable for the overvoltage category of the intended application. If a disconnectipn
degvice is incorporated in the equipment, it shall be connected as)closely as practicable to the
ingoming supply. Functional switches are permitted as disconnection devices, provided that
they comply with all the requirements for such devices. Forstationary fuel cell power systems,
the¢ disconnection device shall be incorporated in the_‘equipment, unless the equipment|is
accompanied by installation instructions stating that an appropriate disconnection device shall
bel provided external to the equipment.

4.15.4.2.3 Parts which remain energized

P4rts on the supply side of a disconnectiofni“device in the equipment which remain energizged
when the disconnection device is switched off shall be guarded and labelled so as to redugce
the likelihood of accidental contact byya' service person.

4.15.4.2.4 Disconnect operation

If [the operating means_~of\"the disconnection device is operated vertically rather thpn
rofationally, or horizontally, the “UP” position of the operating means shall be in the “ON”
position.

4.15.4.2.5 Three-phase equipment

Fgr three-phase equipment, the disconnection device shall disconnect simultaneously all line
conductors_of the AC mains supply. For equipment requiring a neutral connection to a power
digtributien system, the disconnection device shall be a four-pole device and shall disconn
alll libe-Conductors and the neutral conductor. If this four-pole device is not provided in the
e
external to the equipment. If a disconnection device interrupts the neutral conductor, it shall
simultaneously interrupt all line conductors.

4.15.4.2.6 Single-phase and DC equipment

A disconnection device, if provided in or as part of the equipment, shall disconnect both poles
simultaneously, except that

a) if it is possible to rely on the identification of the earthed conductor in the DC mains
supply, or an earthed neutral in an AC mains supply, it is permitted to use a single-pole
disconnection device that disconnects the unearthed (line) conductor, or

b) if it is not possible to rely on the identification of the earthed conductor in the DC mains
supply, or an earthed neutral in an AC mains supply, and the equipment is not provided
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with a two-pole disconnection device, the installation instructions shall specify that a two-
pole disconnection device is to be provided external to the equipment.

4.15.4.3 Safety shutdowns — Emergency stop

Manual safety shutdowns (i.e. emergency stops), if required by the risk-analysis assessment
in 4.1, shall have clearly identifiable, clearly visible and quickly accessible controls such as
buttons, in accordance with ISO 13850. If the fuel cell generator is provided with an integral
single emergency stop device, or terminals for connection for a remote emergency stop
device, the circuit shall prevent further power supply export in any mode of operation. If
reliance is pl:wnri on additional disconnection of power QII:"\:"\“QQ in the hllilriing \Aliring’ the
ingtallation instructions shall state this. Plug-connected fuel cell generators do not requirg pn
enmpergency switching device if the plug can perform the same function.

4.16 Installation and maintenance
4.16.1 Installation

THe manufacturer shall provide instructions for the proper installation, adjustment, operatign,
and maintenance of the fuel cell power systems.

Erfors likely to be made when fitting or refitting certain parts which”could be a source of risk
shiall be minimized by the design of such parts or, failing this\’by information given on the
parts themselves and/or the housings. The same information-shall be given on moving pafts
and/or their housings where the direction of movement,shall be known to avoid a risk. Any
further information that may be necessary shall be givenin the instructions.

Where a faulty connection can be the source of riSky'incorrect connections shall be minimized
by| design or, failing this, by information givenson the pipes, cables, etc. and/or connector
blgcks.

4.16.2 Maintenance

a)| Adjustment, lubrication and mainténance points shall be located outside zones in whicH a
person is exposed to risk of injury or damage to health; or maintenance instructions shjall
be provided in the product’s*tmaintenance manual specified in 7.4.5, as necessary to avoid
risks to health or safety.

b)| It shall be possible tg carry out adjustment, maintenance, repair, cleaning and servicipg
operations while .the fuel cell power system is at a standstill. When adjustmept,
maintenance, repair, cleaning and servicing is to be conducted while the fuel cell power
system is operating, the fuel cell power system shall be designed so that those functiops
can be performed without the risk of injury.

c)| Automatéd-fuel cell power system components that have to be changed frequently shall pe
capable ) of being removed and replaced without the risk of injury. Access to the
components shall enable these tasks to be carried out with the necessary technical means
(toels, measuring instruments, etc.) in accordance with the product’s technigal
documentation.

d) Where, for protection of health, safety instructions or diagrams are to be adhered to the
fuel cell power system, they shall be displayed using a permanent method, resistant to, or
protected from, the environmental conditions of use.

4.17 Equivalent safety

The requirements of this document are not intended to constrain innovation. When
considering fuels, materials, designs or constructions not specifically dealt with in this
document, these alternatives shall be evaluated as to their ability to yield levels of safety and
performance equivalent to those specified in this document.
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Type tests

5.1 General requirements

51.1 General

A sample, representative of production, shall be examined for compliance with this document.

Each new design shall be subjected to the type tests. Components making up the system that
have been pre-certified need not be re-tested when applied within their rating and listing

refuirements.

In
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order to obtain the required operating conditions, type tests shall be performed in a té
vironment simulating that for which the fuel cell power system is designed. In patticular, t
5t environment shall provide interfaces at boundary limits according to~the design
plication of the fuel cell power system (see Figure 1). It is recommended that'the type tes

hditions may be destructive.

st measurements shall be converted to the following reference cenditions:

temperature (15 °C);
pressure (101,325 kPa).

st
he
ed
ts

performed in the order described in 5.4 through 5.21. The type teStyunder abnormal

st
'S

LS,

e

5.1.2 Operating parameters for tests
5.1.2.1 Unless there are specific test conditiops called for elsewhere in this document, te
conditions shall be formulated from the most unfavourable combination of the manufacture
operating specifications and the parameters sefrout below:
a)| supply voltage;
b)| supply frequency;
c)| physical location of equipment and position of movable parts;
d)| operating mode;
e)| adjustment of thermostats; regulating devices or similar controls in erd-user access ared
which are
1) adjustable withgut the use of a tool, or
2) adjustable~using a means, such as a key or a tool, deliberately provided for the e
user.
5.1.2.2 Except where otherwise stated in the particular clauses, measurements shall
cafried eut-with the maximum uncertainties indicated below:
a)| atmospheric pressure (Pa) {+ 0,5 kPa);
b) combustion chamber and test flue pressure (Pa) + 5 % of full scale or {+ 50 Pa),
c) gas pressure (Pa) + 2 % of full scale;
d) water-side pressure loss (Pa) + 5 %;
e) water rate (#1-m3/h) +2 %;
f) gas rate (m3/h) +2 %;
g) air rate (m3/h) + 2 %;
h) time (h)
— for ignition timings +0,2s;

— for all other timings + 0,1 %;
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i) auxitary electrical energy/perfermance (KWh-a\W-)  + 2 %;

j) temperatures: (°C or K)

— ambient +1K;
— water + 2 K;
— combustion products + 5 K;
— fuel gas +1KatT <100 °C;
+ 1 % of reading in °C: 100 °C < T < 300 °C;
+ 5 % of reading in °C: T> 300 °C;
— surface +5K;
k)[ CO, CO, and O, for the calculation of flue losses + 6 % of reading;
l) | gas calorific value (kWh/m3) + 1 %,;
m) gas density(kg/m3) +1 %;
n)[ mass (kg) + 1 %;
0)| torque (N-m) + 10 %;
p)| force (N) + 10 %;
q)| current (A) +a %,;
r) | voltage (V) 1 %;
s)| electrical power (W, kW) + 2 %.
THe full range of the measuring apparatus is chgsen to be suitable for maximum anticipat

ue.

Fdr the determination of the leakage rate;@ method is used which gives such accuracy th
the error in its determination does not exceed 2 % of related volume per hour.

THe measurement uncertaintiesy  indicated concern individual measurements. R
me¢asurements requiring a combination of individual measurements (for example, efficien
me¢asurements), the lower uneertainties associated with individual measurements may
nelcessary to limit the total-uncertainty.

5.1.2.3 Normal operating voltages are determined by the manufacturer’s specifications.
Test fuels

A A fuel cell power system intended for use with natural gas shall have the tes

pressurés-reflect those of commercially available natural gas at the maximum and minimi
expected gas pressure. If required by the country of destination, the following tests shall al

at

or

2%
be

ts

m

bel cenducted with limit gases:

a) burner operating characteristics (5.9);
b) effective ignition (5.10.2.2);

c) ignition — voltage variation (5.10.2.3);

d) recycling or spark restoration (5.10.2.6);
e) pilot flame reduction (5.10.2.7);

f) delayed ignition (5.10.2.8).

5.2.2 A fuel cell power system intended for use with liquefied petroleum gases shall have
the tests specified in a) through f) below conducted with a gas whose composition and supply
pressures reflect those of commercially available liquefied petroleum gas at the maximum and
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minimum expected gas pressure. If required by the country of destination, the following tests

sh

a)
b)
c)
d)
e)

all also be conducted with limit gas n-butane:

burner operating characteristics (5.9);
effective ignition (5.10.2.2);

ignition — voltage variation (5.10.2.3);
recycling or spark restoration (5.10.2.6);
pilot flame reduction (5.10.2.7);

f)

5.
sh
fu
ex|

w

up
an

Un

a)
b)

d)

Ts

.8 Basic test arrangements

tetayedgmition(5-16-2-8):

.3 A fuel cell power system intended for use with other types of fuel{s) (see Clause
all be tested with test fuel(s) of composition and supply characteristics representative of t
[(s). If the fuel has a range of composition, the following tests shall be conducted at t
tremes of the composition range:

burner operating characteristics (5.9);

effective ignition (5.10.2.2);

ignition — voltage variation (5.10.2.3);

recycling or spark restoration (5.10.2.6);

pilot flame reduction (5.10.2.7);

delayed ignition (5.10.2.8).

devices, venting or exhaust systems and allfield furnished equipment shall be install
d operated in accordance with the manufacturer’s instructions.

less otherwise stated, the fuel cell power system shall be operated:

with the inlet supply pressure as\defined in 5.2;

within +5 % of the rated voltage and frequency, and within + 10 % of the rated pow
output as specified by the"manufacturer;

within + 5 % of the rated fuel consumption when operated at rated conditions;
at ambient temperature and pressure which do not degrade the results of the tests.

sting shall commence when the fuel cell power system components are at equilibrit

te

5.

5.

perature, unless otherwise specified.

Leakage tests

N § General

1)
he
he

hen the tests are conducted, the entire fuel cell\power system, including any air filters, stajrt-

ed

er

m

The procedures in 5.4 shall be performed twice: prior to and following the conduction of all

no

n-destructive tests specified in 5.6 through to 5.21.

5.4.2 Pneumatic leakage tests

5.4.2.1 General

Portions of the fuel cell power system subject to this test shall not leak externally in excess of
the limit specified below when tested with appropriate gases or vapours (for example, the
nominal operating gases, clean dry air or inert gas as specified by the manufacturer) that

co

rrelate with the expected constituents during operation and shutdown.
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For the following items only the pass/fail criterion given in Table 2 as “no bubble” applies to

su

pply gas circuit.

Prior to conducting this test, it shall be established which components are subject to the same
internal pressure during normal operation of the fuel cell power system. These components
shall comprise an individual test section which shall then be pressurized separately and, when
deemed necessary, isolated from the rest of the fuel cell power system by any convenient
means.

A

uitable pressurizing system, capable of supplving the gaseous medium at the required t

st

pr
an
de
TH
sh
all
de

If
de
25

5.4

If
de

wh

or

pssure, and a suitable flow-measuring device, capable of measuring the leakage rate W,
accuracy of 2 %, shall be connected to the inlet of a test section. The flow measuri
vice shall be located between the pressuring system and the test section to be pressurizg

all be caused to assume their open position so that the required test pressure\is exerted
parts of the test section. Alternatively, another leak detection means sugh &s a pressu
caying device may be used.

e gaseous medium shall be gradually admitted to the test sectionsse-that a uniform gau
pssure of not less than the pressure stipulated in Table 24%is” attained gradually
proximately—1-min until stabilized. This pressure shall be maintaihed for at least & 10 m

-greater—as—appropriate; at which time any leakage, as indicated by the flow-measuri
vice, shall be noted.

4.2.2 Test method 1

hatural ventilation is used to compensate for fuel/leakage, the allowable leakage shall
termined by means of a gas detector to ensure that the area concentration does not exce
% of the lower flammability limit (LFL) in an unclassified zone as defined by 4.6.

1.2.3 Test method 2

mechanical ventilation is used to c@mpensate for fuel leakage, the allowable leakage rate
termined by the formula:

L = 0,01 x (V/R)

ere
is the allowable leakage rate, in cubic metres per hour, for each part or all paf
respectively;

= (TGSG I/EGSG)Y2, where TGSG is the test gas specific gravity and FGSG is the fuel g
specificygravity;

e outlet of the test section shall be sealed by any convenient means. All functiohal paf

th

ng
d.

he
et
N+
ng

be
ed

S

R =Fest Fruel) WITETE Tt 1S tTE tEStUAS abSUTUtE VISTUSIty ard I, o1 1S the fuet gas atsotute

viscosity;

The R value that results in the lower allowable leakage rate shall be reported.

\

is the minimum ventilation rate, in cubic metres per hour of air.

A correction factor may be used when fuel gas of less than 100 % flammables is used:

L = 0,01 x (V/R) x (1/C)

where C is the concentration of combustibles.
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5.4.2.4 Test method 3

In the case of odorized natural gas and/or liquefied petroleum circuits meeting 4.6.1 g) 2) and
for the supply gas circuit, it shall be demonstrated that there is no leakage after having
removed and replaced all routinely serviced assemblies five times. This can be verified by use
of an industry accepted leakage detection fluid applied at all associated joints and fittings.
There shall be no bubbles present under the test parameters of Table 2.
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Table 2 — Leakage test requirements & d. e

Hazard Test type System design Test parameters Pass/fail criteria
conditions
Flammable Hydrostatic? All pressures 1,5 times design No leakage as
pressure defined in 5.4.3
Pneumatic® All pressures 1,1 times design No bubbles using an
pressure industry accepted
leakage detection
fluid
5. 477 Test method 1
5.4.2.3 Test method 2
Toxic Hydrostatic® > 100 kPa (gauge) 1,5 times design No leakage, as
(elg. carbon pressure defined in5.4.3
m@noxide)

< 100 kPa (gauge)

1,0 1,1 times design
pressure

No leakage as
defined in 5.4.3

Pneumatic®

All pressures

1,1 times design
pressure

No bubbles using a
industry accepted
leakage detection
fluid

5.4.2.2 Test method 1

5.4.2.3 Test method 2

Acceptable leakage
as defined in 5.20

Thiermal-burn hazard

Gas
(e.g. air and exhaust)

> 300 °C

During fuel cell power
system operation

v

Ambient temperature
adjacent to the pipi
system and/or the
piping insulation
cannot exceed

300 °C.

«Q

Can be conducted
concurrently with teg
in5.12.

—_

<300 °C

No requirement

No requirement

Liquid
(e.g. coolants)

>1,1 MPa or > 120 °C

1,5 times design
pressure for
hydrostatic

No leakage as
defined in 5.4.3

1,1 times design
pressure for
pneumatic

No bubbles using al
industry accepted
leakage detection
fluid

< 1,1 MPa and
<120 °C

1,0 times design
pressure for
hydrostatic

No leakage as
defined in 5.4.3

1,0 times design
pressure for
pneumatic

No bubbles using al
industry accepted
leakage detection

Tluid

a8 The test pressure at any point in the piping system shall not exceed the maximum allowable test pressure of
any non-isolated components, such as vessels, pumps, or valves. The pressure shall be contlnuously
maintained for a minimum of 10 min-a

certifying body.

Pneumatic testing may alternately be used assuming component compatibility and the concurrence of the

¢ Hydrostatic testing may alternately be used assuming component compatibility and the concurrence of the

certifying body.

steady state and transient.

The design pressure is the highest pressure that may occur under any and all operating modes,

including

€ If a system is tested in sections, the summation of the leakage of all sections shall not exceed the leakage
requirements of this table.
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5.4.3 Hydrostatic leakage tests

Portions of the fuel cell power system subject to this test shall not leak externally.

The test fluid shall be the design liquid. If the manufacturer considers that testing with the
design liquid is impractical, then the test liquid shall be water. If there is the possibility of
damage due to freezing or to adverse effects of water on the piping system, another suitable
non-toxic liquid may be used. If the liquid is flammable, its flash point shall be at least 50 °C

a considaration-cshall ha aivan tao tha tact anviranmant
E—-EOHRSTHE e atroH—SHaBe—grveH—totHe eSSt roreHt:

THe hydrostatic test pressure shall not be less than the pressure stipulated in Table 2¢

All external surfaces of the components that convey liquids shall be made visihle\to check for
ledkage. If certain components cannot be made visible, provisions shall be_made to captyre
and route leakage to a point of visibility. If leak routing cannot be achieved-then an alterngte
leqak check will need to be devised by the manufacturer.

Prjor to test performance, it shall be determined which liquid-conveying components dre
supject to the same internal pressure during normal operation of, the fuel cell power system.
THese components shall comprise an individual test section, which shall then be pressurizpd
separately and, when deemed necessary, isolated from the(rest of the power system by any
convenient means.

THe test apparatus shall be filled with the liquid medium and connected to a suitable hydraulic
syptem, including a pressure-measuring device,\capable of sustaining the required test
pressure. Care should be taken to vent air from:the test section during liquid fill.

THhe test pressure shall be gradually increased so that a uniform gauge pressure is attaingd.
THis pressure shall be maintained for at feast 10 min, or longer as necessary, to complete the
leqak checks, while inspecting all exterfal surfaces of the system for any sign of leakage. If a
leqk routing system is employed, the.tést pressure shall be held for a minimum of 3 h.

Nq liquid leakage is allowed. Any visible evidence of leakage is a cause for failing the test.

5.5 Strength tests
5.5.1 General

Any certified component(s), with a pressure rating of not less than the system’s design
pressure shall'be considered as complying with the applicable provision(s) of 5.5.

5.5.2 Pneumatic strength tests

Pgrtions of the fuel cell power system subject to this test shall not rupture, fracture, deformj|or
exhibit other signs of physical damage when tested with appropriate gases or vapours (for
example, the nominal operating gases, clean dry air or inert gas as specified by the
manufacturer) that correlate with the expected constituents during operation and shutdown.

Prior to conducting this test, it shall be established which components are subject to the same
internal pressure during normal operation of the fuel cell power system. These components
shall comprise an individual test section which shall then be pressurized separately and, when
deemed necessary, isolated from the rest of the fuel cell power system by any convenient
means.

A suitable pressurizing system, capable of supplying the gaseous medium at the required test
pressure shall be connected to the inlet of a test section. All functional components shall be
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caused to assume their open position so that the required test pressure is exerted on all
components of the test section.

The gaseous medium shall be gradually admitted to the test section so that a uniform gauge
pressure of not less than the pressure stipulated in Table 3 is attained gradually in
approximatehr1-min until stabilized. This pressure shall be maintained for at least-Z 10 min-e¢
greater—as-appropriate; at which time the pressure shall be decreased to the design pressure

and the system inspected.

Acceptance shall be determined according to Table 3
Table 3 — Ultimate strength test requirements & d
Hazard Test type System design Test parameters Pass/fail’criterial
conditions
Flammable or toxic HydrostaticP? All pressures 1,5 times design No rupture, fracture
pressure deformation or othe
physical damage
Pneumatic® > 13 kPa 43 1,1 times désign |No rupture, fracture
) pressure deformation or othe
See Figure 8 physical damage
For the system: 17 kPa No rupture, fracture
deformation or othe
> 3,5 kPa but < 13 kPa- physical damage
(except-
For the stack:
> 5,5 kPa but < 13%kPa-
for-stack)
For the systemy For the system: No rupture, fracture
<35 kP 5 times design deformation or othe
=9 afexcept hysical damage
pressure-{except Py g
For the'stack:
For the stack:
<5)5 kPa
3 times design
pressure
Prgssured or heated |Hydrostatic® > 100 kPa or 2 300 °C |43 1,5 times design  [No rupture, fracture
gak pressure deformation or othe
(elg. air or physical damage
asphyxiant) - -
< 100 kPa and < 300 °C |No requirement No requirement
Pneumatic® > 100 kPa or > 300 °C 1.3 1,1 times design |No rupture, fracture
pressure deformation or othe
physical damage
< 100 kPa and < 300 °C |No requirement No requirement
Prgssured-tiquid Hydrostatic® >1,1 MPa or > 120 °C 1,5 times design No rupture, fracture
(elg. water, steam, pressure deformation or othe
glycoly physical damage
< 1,1 MPa and < 120 °C |No requirement No requirement
Pneumatic® > 1,1 MPaor > 120 °C 4.3 1,1 times design |No rupture, fracture,
pressure deformation or other
physical damage
< 1,1 MPa and < 120 °C |No requirement No requirement
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& The test pressure at any point in the piping system shall not exceed the maximum allowable test pressure of
any non-isolated components, such as vessels, pumps or valves. The pressure shall be contlnuously
maintained for a minimum of 10 min-a

Pneumatic testing may alternately be used assuming component compatibility and the concurrence of the
certifying body.

¢ Hydrostatic testing may alternately be used assuming component compatibility and the concurrence of the
certifying body.

The design pressure is the highest pressure that may occur under any and all operating modes, including
steady state and transient.

Figure 2 is a visual explanation of the minimum test pressures.
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Figure 2 — Minimum test pressures

5.5.3 Hydrostatic strength test

Pgrtions,of the fuel cell power system subject to this test shall not rupture, fracture, deform|or
exhibit-other signs of physical damage when tested with the appropriate test fluid.

The test fluid shall be the design liquid. If the manufacturer considers that testing with the
design liquid is impractical, then the test liquid shall be water. If there is the possibility of
damage due to freezing or to adverse effects of water on the piping system, another suitable
non-toxic liquid may be used. If the liquid is flammable, its flash point shall be at least 50 °C
and consideration shall be given to the test environment.

Prior to testing, it shall be determined which components are subject to the same internal
pressure during normal operation of the fuel cell power system. These parts shall comprise an
individual test section which shall then be pressurized separately and, when deemed
necessary, isolated from the rest of the power system by any convenient means.
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The test apparatus shall be filled with the liquid medium and connected to a suitable hydraulic
system, including a pressure-measuring device capable of sustaining the required test
pressure. Care should be taken to vent air from the test section during liquid fill.

The test pressure shall be gradually increased so that a uniform gauge pressure of not less
than the pressure stipulated in Table 3 is obtained. This pressure then shall be maintained for

at

least-2 10 min.

Acceptance shall be determined according to Table 3.

5.

Velri

b Normal operation type test

Vdrify the nameplate values for the electrical input and output at the minimunm™gnd maximy

fu
th

5.

bl pressures. This test shall be performed at nominal ambient temperaturé agreed upon
b manufacturer and their conformity assessment organization.

1 Electrical overload test

THhe fuel cell power system shall be capable of withstanding an' electrical overload. Where
manufacturer permits an output current higher than the rated-current for a certain period, t

fu
sh

| cell power system shall be thermally stabilized at ratéd-current, then the output curre

byl the manufacturer.

a
he
nt

all be increased to the defined value and held constantfor the defined time, both specified

THere shall be no flame,—risk—ef shock hazard, <upture, fracture, permanent deformation |or
other physical damage to the system.

If po higher current is allowed by the manufacturer, the test shall not be performed.

5.8 Shutdown parameters

Means shall be provided for automatic shutdown of the appropriate system(s) of the fuel cell
power system for any of the“critical anomalies resulting from the risk—analysis assessmgnt
delscribed in 4.1.

Cqmpliance with 5.8«<shall be established for each anomaly using a simulated test procedyre
or|supportive evideénce from the manufacturer, either of which verifies that the required actipn
wi|l occur.

5.9  Bummer operating characteristics tests

5.9.1 General
The—preecedures—of-5-0—are—appheableto—fuelecelpowersystems—eguipped-with—a—burner—or

example, dedicated to the reformer section, and shall be performed during the burner start-up
and immediately following steady-state operating conditions:

a)
b)

c)

at the test pressures and using test gases as defined in 5.2;

at the maximum and minimum fuel supply pressures specified by the manufacturer, if
different from those pressures defined in 5.9.1 a);

when operating at 85 % and 110 % of the nominal input voltage. When provided with
voltage variation protection within this range, the system shall be tested at the specified
limits. In addition, the voltage variation protection shall be verified according to 5.10.2.3.
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5.9.2 General testing

The automatic burner control system shall effect ignition of burner fuel immediately after the
fuel reaches the burner port(s). A continuous pilot, when provided, shall not extinguish when
the burner fuel gas is turned “ON” or “OFF". This provision does not apply to an intermittent or
interrupted type pilot when the burner fuel is turned “OFF".

During the test it shall be verified that

a) the burner fuel ignites effectively without delayed ignition, flashback, undue noise or
cquiplllcm u'allld.gc,

b)| the burner flames extinguish without flashback and undue noise,

c)| the burner flames do not flash outside the combustion chamber,

d)| the burner does not deposit carbon,

e)| there is no gas escaping or backflow at the burner’s primary air openingsg

5.9.3 Limit testing

THe test is carried out without altering the adjustment of the burner_and ignition burner. The
pressure at the fuel inlet is adjusted to the minimum and maximum, pressure supplied on the
name plate reduced to the minimum supply pressure as stated,on the name plate from the
normal pressure. This test is carried out at minimal and maximum vent length or minimum ahd
maximum back pressure due to vent length. Under thesg./conditions, it is checked that the
burner is safely operating, and that the carbon monoxide*emissions remain below the level
required in 4.4.12. This test is repeated at the minimum“heat input permitted by the controls| if
igmition is possible under these conditions.

5.10 Automatic control of burners and catalytic oxidation reactors
5.10.1 General

THe procedures of 5.10 are associatediwith the start of all components intended to conduct a
controlled oxidation reaction, for example, combustion (start burner of a reformer sectiop),
catalytic partial oxidation and catalytic combustion.

THe manufacturer may opt\to-conduct ignition tests (see 5.10.2.4 through 5.10.2.8) on a fyel
cell power system subassembly, rather than on a completely built unit, provided the syb-
assembly contains allithe parts (for example, the igniter and main burner, the manufacturef’s
specified igniter location, combustion chamber and, if applicable, the combustion/exhaust fan
dedicated to the combustion chamber) that may have an effect on the test results.

NJTE Subclause'5.10 also applies to the anode exhaust catalytic reactor.

5.10.2 _<Automatic ignition control burners

5.10.271 General

The automatic ignition control of fuel cell power system burners shall be tested according to
5.10.2.2 and 5.10.2.3.

5.10.2.2 Effective ignition

This test is carried out at minimum and maximum vent length or minimum and maximum back
pressure due to vent length.

The igniter shall light the main burner fuel immediately after fuel reaches the main burner
ports. With the fuel cell power system maintained at rated voltage, the igniter shall be
activated and ignition observed. Flames shall not flash outside the fuel cell power system, nor
shall there be any damage to the fuel cell power system. Three ignition attempts shall be
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made, and in each instance ignition shall occur immediately after fuel reaches the main
burner ports.

5.10.2.3 Ignition — voltage variation
5.10.2.3.1  General

These tests are carried out at the maximum vent length or the maximum back pressure due to
vent length.

5.10.2.3.2 Undervoltage

THe voltage to the fuel cell power system shall be adjusted to 85 % of the rating plate voltape
or|in the event that the fuel cell power system has voltage variation protection, to(he lowegst
voltage that this protective device permits, but no lower than 85 % of the rating plate voltage.
Under this condition, the igniter shall light the main burner fuel within the."main flame
establishing period. Flames shall not flash outside the fuel cell power system, hor shall thgre
bel any damage to the fuel cell power system. A sufficient number of ignitiog-attempts shall pe
made, and in each instance ignition shall occur within the designated time

5.10.2.3.3 Overvoltage

THe voltage to the fuel cell power system shall be adjusted to 110 % of the rating plgte
voJtage or in the event that the fuel cell power system has{vgltage variation protection, to the
highest voltage that this protective device permits, butino ‘greater than 110 % of the ratipg
plate voltage. Under this condition, the igniter shall light'the main burner fuel within the main
flame establishing period. Flames shall not flash outside the fuel cell power system, nor shill
thére be any damage to the fuel cell power systeém? A sufficient number of ignition attempts
shiall be made, and in each instance ignition shall occur within the designated time.

232

5.10.2.4 Flame-establishing period

The flame-establishing period shall be*checked when the fuel cell power system is beipg
operated as specified in 5.3. The time& from energizing the main fuel flow to the time of prqof
of the ignition device or burner flame, as applicable, shall not exceed the appropriate start-pp
lo¢k-out time as specified in 4.6.2.-Flamefallure lock-out-time-

5.10.2.5 Flame failurelock-out time

The fuel cell power system shall operate at its rated fuel consumption rate until thermal
equilibrium is achieved. The flame failure lock-out time is measured between the moment
when the pilot (if equipped) and main burner are intentionally extinguished by shutting off the
fugl and theemoment when, after admission of the fuel is restored, it ceases by the action|of
th¢ safety(evice. The safety device shall de-energize all fuel safety shut-off valves within the
flame failure lock-out time specified in 4.6.2. With the burner alight, flame failure is simulated
byl disconnection of the flame detector, and the time that elapses between this moment apd
that\when the flame supervision device effectively shuts off the fuel supply is measured. Hor
the purposes of this test, the control manufaciurer's specified maximum flame failure Tock-out
time shall be used.

5.10.2.6 Recycling or spark restoration

With a recycling of the automatic burner control system, the recycle time shall be checked
with the fuel cell power system being adjusted to its rated fuel consumption rate. When spark
restoration occurs, it shall be verified that after flame failure the igniter effectively re-lit the
fuel within the flame establishing period.

Flames shall not flash outside the fuel cell power system, nor shall there be any damage to
the fuel cell power system. With the burner alight, flame failure is simulated by disconnection
of the flame detector.
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The time that elapses between flame outage and when the flame detector acts to shut down
fuel flow shall be observed, as well as the time that elapses between the moment the fuel flow
stops and the moment the igniter re-energizes. For the purposes of this test, the control
manufacturer's specified maximum flame failure lock-out time and minimum recycle time shall
be used.

5.10.2.7 Pilot flame reduction

This test is carried out at minimum and maximum vent length or minimum and maximum back
pressure due to vent length.

A pilot, when provided, shall effect safe ignition of fuel at the burner when the pilot fuel sup;I)Iy
is reduced to an amount just sufficient to keep the safety shut-off valve open or just ahove the
paint of flame extinction, whichever represents the higher pilot fuel rate. FlamesS/shall not
flash outside the fuel cell power system, nor shall there be any damage to the fael cell power
syptem.

Fdr the purposes of this test, the control manufacturer's specified maximum®flame failure logk-
out time shall be used.

THis test shall be initiated from both a cold start and immediately after the fuel cell power
syptem has been shut off after equilibrium conditions are attained.

5.10.2.8 Delayed ignition

THis test is carried out at minimum and maximum vent length or minimum and maximum back
préssure due to vent length.

Fagr a fuel cell power system that is arranged-for ignition of the main burner directly by pn
electric igniter, delay of ignition of the fuelshall not result in flashback of flame to the outsige
of |the fuel cell power system or any damage to the fuel cell power system and the connected
venting system. For the purposes of this test, the control manufacturer's specified maximdm
trigl for ignition period for the automatic burner control system shall be used. For systems that
dejactivate the igniter prior to the@nd of the trial for ignition period, the test shall be conducted
usjng the control manufactureris specified maximum ignition activation period timing.

WI|th the fuel cell power‘system at room temperature, the fuel cell power system shall pe
placed into operation,_ at normal heat input rate with the ignition means temporalily
cifcumvented for varying intervals of time up to the control manufacturer's maximum specified
trigl for ignition period or maximum specified ignition activation period, whichever is shorter.
Fdr multi-try systems, attempts to ignite shall be made for varying intervals of time for each
trigl for ignition period and any time the ignition means is activated throughout the tofal
oplerating §equence up to lock-out. The ignition of the main burner shall be observed for eakch
of|the trials. There shall be no flame flashout or damage to the fuel cell power syste
Dglayed/ignition testing is also used to confirm the flame-establishing period provided by the
manufacturer.

5.10.2.9 Automatic burner control system components temperature test

Thermocouples or equivalent temperature measuring devices shall be suitably attached to
applicable points of each automatic burner control system component. The fuel cell power
system shall be operated at rated fuel consumption rate until equilibrium conditions are
obtained. Temperatures of the components shall then be obtained. The temperatures obtained
shall not exceed those specified by the components’ manufacturers.

5.10.2.10 Pre-purge

This test is applicable to systems that require purge according to 4.6.2 q).
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According to the option chosen by the manufacturer, the pre-purge volume or the pre-purge
time is determined as follows.

a)

Pre-purge volume

1) The rate is measured at the outlet of the combustion products evacuation duct,
ambient temperature (measured as nominal flow).

2) The fuel cell power system is at ambient temperature and not operating. The fan
supplied with electricity under actual pre-purge conditions.

3) The rate, measured with a limit of error of £5 %, is corrected to reference conditions.

at

is

b)

a)

b)

W
of
ac|

.10.3 Automated control of catalytic oxidation reactors

.11 Exhaust,gas temperature test

4) The manufacturer states the volume of the combustion circuit.
Pre-purge time
1) The fuel cell power system is at ambient temperature and not operating.

2) The time between the fan starting and the ignition device being)energized
determined.

The time of initiation of the fuel flow to proof of the reaction initjdtion shall not exceed t
reaction initiation time specified in 4.6.3 e).

Method of test: The fuel cell power system shall be éperated as specified by t
manufacturer until conditions for reaction initiation are attained. Then, the fuel supply,

air-rich operation, or the air supply, for fuel-rich operation, shall be opened. The systg
response time shall begin at that point of time and shall end when the reactor monitori

initiated. The reaction initiation time shall not exceed the value specified in 4.6.3 e).

In the event of reaction extinction or reaction“rate decrease or increase to unsafe leve
the primary safety control shall de-enetgize the fuel safety shut-off valve, for air-ri
operation, or the air safety shut-off valve, for fuel-rich operation, followed by the d
energizing of the fuel safety shut-off* valve, within the reaction failure lock-out tif
specified in 4.6.3 g).

equilibrium conditions are attained. Then, the fuel supply, for air-rich operation, or the
supply, for fuel-rich operation, shall be shut off. With the catalytic reactor alight, reacti
failure is simulated by.disconnection of the device monitoring the reaction temperatu
The time measured béetween this moment and the time when the system control shuts
the fuel supply for.air. rich operation, or the supply of all reactants for fuel-rich operatig
shall not exceed-the'reaction failure lock-out time specified in 4.6.3.

hen the fuel—cell power system is provided with a venting system, the maximum temperatu
the exhaust gases conveyed by that venting system shall not exceed temperatur
ceptable for the materials used to construct the venting system.

Method of test: The fuel cell power system shall be operated as specified in 5.3 until

S

he

he
or
m

g

devices signal as specified by the manufacturer/that the reaction has been successfully

S,
ch
e-
he

Air
pn
e.
Dff
n,

M

noa ot test. I'ne exnaust gas temperature sndll e measured Dy a therimocoupie or Silmil

ar

devices. A sufficient number of test instruments should be used to establish the maximum
temperature within the exhaust streams while considering size and symmetry of the venting
systems.

The fuel cell power system shall be installed and operated as specified in the applicable
provisions of 5.3, except the fuel supply is at nominal pressure. When equilibrium conditions
are attained, the maximum temperature of the exhaust gases shall be determined as specified
above. The temperature obtained shall not exceed the temperature for which the venting
system material has been determined to be acceptable.
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5.12 Surface and component temperatures

a) The fuel cell power system shall be installed and operated as specified in 5.3, except the
fuel supply is at nominal pressure. When thermal equilibrium conditions are attained,
temperatures shall be determined using any suitable temperature instrumentation means.

1)

2)

The maximum temperature of any surface that may be contacted by personnel
performing regular and routine service while the fuel cell power system is in operation
shall not exceed the limits specified in 4.4.10.

The maximum temperature of any remaining surface that may be unintentionally
exposed to flammable gas or vapour shall meet the requirements as specified in

b)

c)

d)

5.
5.

w
fo

de
flu

76.16).

3) The maximum temperature of system components shall not exceed the temperature
which the components are rated.

Wall, floor and ceiling temperatures

temperatures or a design that allows the heat to radiate to external surfaces exceedi
the requirements in 4.4.10 intended for installation on or near combustible surfaces.

2) The fuel cell power system is placed on the test panels made of wood.

3) The manufacturer shall specify the distance between the fuel cell power system a
the back and sidewalls, ceiling (and closet door, if applicable) of the test panels.

discs of copper or brass. The front of the disc is flush with the surface of t
boards.

As far as possible, the fuel cell power system is positioned so that the thermocoupl
detect the highest temperatures.

The fuel cell power system shall be operated at maximum power output. After equilibrit
temperatures have been oObtained, the temperature of the test panels shall be measur
and checked according to the requirements of 4.4.10.

|3 Wind tests
3.1 General

nd tests arevonly applicable for fuel cell power systems intended for outdoor installation

indoor¢umits having horizontal air inlets and exhaust to the outdoors. Alternate means
monstrating an equivalent level of compliance may be considered, such as computatior
id dynemic (CFD) analysis.

to

1) This test is only for fuel cell power systems having either-cabinet encldsure surface

4) The fuel cell power system is placed on the test) panels having the followihg
specifications.
i) Dull black-painted plywood approximately 20mm thick is used for the test panels
ii) Temperature rises are determined by means of thermocouples.
iii) Thermocouples used for determining.the temperature rise of the surface of walls,
ceiling and floor of the test cornerare attached to the back of small blackengd

he

m
ed

or
of
al

These tests are carried out at minimum and maximum vent length or minimum and maximum
back pressure due to vent length.

5.13.2 Wind source calibration procedure for winds directed perpendicular to the wall

The wind source calibration configuration shall consist of the centre of the wind source being
directed perpendicular to the centre of a test wall equipped with four ports located around a

ve

nt terminal which is installed in the centre of the test wall, in accordance with t

manufacturer's installation instructions (see Figure 3).

he

Figure 3 shows the points designating static pressure ports located 305 mm (1 ft) horizontally

an

d vertically from the extremities of the vent terminal.


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 RLV © IEC 2019 - 57 -

The vent terminal is located in the centre of the test wall and in accordance with the
manufacturer’s installation instructions.

Dimensions in millimetres

305 mm from

terminal
horizontal and Vent
vertical terminal

2 440

Port
typical

2 440 ‘

IEC

Figure 3 — Test wall with static pressure ports
and vent terminal locations

THe ports shall be manifolded to obtain a single average static pressure reading. With the
wihd source directed against the wall, the average.static pressure reading as measured by a

manometer referenced at the fuel cell power systém process air opening shall form the basgis
forf calibrating the wind source using the data,in\Table 4.
Table 4~'Wind calibration
Nomjnal Average static pressure
km/h Pa
16 1012
54 116 135
Agqditionaly—the—wind-—source—calibrated—at- 54 kmfh—shall-netgenerate—a—velocitypressyre
exgeeding 12 Pa- (16 km/h) at a distance of 305 mm perpendicular-to-the test wall- and-in-lipe
with-the ports-
5.13.3 _Verification of operation of outdoor fuel cell power systems under wind
conditions
The prnr‘ndnrnc of 51313 apply nnl\Jl to fuel coll power cycfnmc intended foroutddor

installation or components of fuel cell power systems intended for outdoor installation.

Cabinets Enclosures of fuel cell power systems intended for outdoor installation or enclosures
of components of fuel cell power systems intended for outdoor installation shall be subject to,
and pass, a wind test according to the following method.

Method of test: The fuel cell power system shall start and operate normally, without damage
or malfunctioning of any part and without creating a hazardous or unsafe condition, when
exposed to winds having nominal velocities from 9 km/h up to and including 54 km/h.

A wind, produced by a fan/blower of sufficient capacity to develop a draft having a velocity
from 9 km/h up to and including 54 km/h, shall be directed against an outer surface of the fuel
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19

cell power system at the point(s) deemed most critical by the-testing—agenecy conformity
assessment organization. The fan/blower shall be located so a uniform wind, covering the
entire projected area of the outer surface, is directed horizontally toward the fuel cell power
system at the specified velocity measured in a vertical plane 50 cm from the windward surface

of

the fuel cell power system.

With the fuel cell power system subjected to a wind having a nominal velocity of 16 km/h, the
pilot, when provided, shall be capable of being ignited.

With powe em hie d i i i OCity O km/h

M¢

a)

ilot flames shall not extinguish. The pilot, when provided, shall be operated alone, as.well
imultaneously with the burner.

.13.4 Verification of operation of indoor fuel cell powersystems vented horizontally

rner gas shall ignite from the ignition device without excessive delay and the burner‘a

th the hydrogen (H,) fuel cell power system subjected to a wind having a nominal veloc

d the combustor shall not stop its oxidizing reaction.

the discretion of the conformity assessment organization, additional tests may
hducted with winds of specified and unspecified velocities directed-from other direction(s)

through an outside wall
bthod of test: These tests shall be conducted at normabinlet test pressure.

The fuel cell power system shall meet the requirement of 4.5.3 j) when testing with a wi
direction other than perpendicular to the wall,*except that the wind produced by the wi

pressure) measured with the wind paraflel to the wall with a Pitot tube at three locatio
positioned on a plane perpendicular to\the wall and also bisecting the venting system. T
three locations shall be at distanees of 305 mm horizontally and vertically from t
extremities of the venting system(See Figure 4.)

54 km/h, the anode exhaust gas shall be oxidized in the combustor without excessive delay

hd
hd

source shall have a nominal velocity af\54 km/h (434;5 135 Pa free-stream velocjty

ns
he
he
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b)

— 59 —

Dimensions in millimetres

Plane perpendicular
-~ to test wall

\0\

~~_
-~
S~
-

Vent system —=

1
=}
™
305

Test wall

IEC

Figure 4< Vent test wall

After the calibration of the wind source parallel to the wall, the wind source or test w
shall be rotated to direct the wind$rom other angles at the discretion of the test agency.

The fuel cell power system(Shall meet the requirement of 4.5.3 j). For wind direct
perpendicularly to the wallleither of the following test methods 1), 2) or 3) shall apply.

1) The following test~method shall be applied at the maximum vent length specifie
Remove only the. vent terminal from the horizontal vent, when a vent terminal is usq
Equip the vent.pipe with a piezo ring 305 mm from the outlet of the horizontal vent (s
Figure 5).

all

oo

(1%
@
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Dimensions in millimetres

No. 60 drill size

Vventppe T

S lE=———)

DN

Pressure measurement connector

305

Vent pipe ——| %

—
—

610

IEC

Figure 5 — Piezo ring and details of typical construction

Connectithe piezo ring to a differential pressure gage that can be read directly
within) 3,24 Pa pressure. The manometer reference pressure connection shall
extended to a point adjacent to the fuel cell combustion air supply opening.

Start fuel cell power system operation. Restrict the end of the vent until the pressure

to
be

at

the piezo ring reaches 116 Pa. Stop fuel cell power system operations. Turn on the ggs
I E : ith 1 > o he fuel E”

power system operation from a cold start. While under the above condition, the fuel
cell power system shall not shut down. After steady-state conditions are attained
readjust the restriction to maintain 116 Pa. While operating under the above condition,
the fuel cell power system shall not shut down for a period of 10 min. While
maintaining the vent pressure of 116 Pa, the fuel cell power system shall be turned on
and off by the automatic controls, and the fuel cell power system shall start up without

excessive delay.

2) The fuel cell power system shall successfully initiate start-up when subjected to a wind

speed of 9 km/h up to and including 54 km/h.

3) The fuel cell power system shall continue to operate when subjected to a wind speed

of 9 km/h up to and including 54 km/h.
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5.13.5 Carbon monoxide (CO) and flammable gas components emissions under wind —
Indoor units

For fuel cell power systems installed indoors and utilizing an exterior wall vent air inlet, the
CO and flammable gas emissions shall be checked when a wind ranging from 9 km/h up to
and including 54 km/h is exerted against the vent-air intake terminal(s). The wind is applied
from any horizontal direction with respect to the vent-air terminals. The vent-air intake system
is exposed to a 54 km/h wind velocity (free-stream velocity pressure of 134,5 Pa measured
with a Pitot tube at three locations on a plane perpendicular to the wall and also bisecting the
vent- air intake system). The three Iocat|ons shaII be at distances of 305 mm horizontally and

oplerate at nomrnal input rate untll a constant exhaust gas temperature is achieved. During\the
application of this range of wind velocities, the emissions are measured at least three\timles
within 15 min. The average values shall be deemed the concentrations in this testiand shill
bel analysed to determine that the CO concentration complies with 4.4.12 and flammables
conpcentration is below 25 % of the LFL.

After the calibration of the wind source parallel to the wall, the wind soureg”or test wall shjll
be| rotated to direct the wind from other angles at the discretion of the conformity assessmgnt
organization.

Fdr wind directed perpendicular to the wall, the fuel cell powercsystem shall be operated until
a |constant exhaust gas temperature has been attained. Either of the tests specified |in
5.13.4 b) shall be applied.

When using test method 5.13.4 b) 1), the vent pressure’shall be varied from zero to 116 Ha.
Dyring the application of this range of vent pressure, sufficient effluent samples shall pe
secured and analysed to determine that the CO concentration complies with 4.4.12 ahd
flmmables with less than 25 % of the LFL.

When using test method 5.13.4 b) 2) the.wind produced by the wind source shall be varied|to
have nominal velocities from— 9 km/h«up to and including 54 km/h calibrated as specified|in
5.13.2. During the application of this@ange of wind velocities, sufficient effluent samples shjall
bel secured and analysed to determine that the CO concentration complies with 4.4.12 aphd
flammables with less than 25 %*of'the LFL.

5.13.6 Carbon monoxide(CO) and flammable gas components emissions under wind|—
Outdoor units

Fdr fuel cell power(systems installed outdoors, the CO and flammable gas emissions shall pe
checked when the_unit is exposed to a wind ranging from 9 km/h up to and including 54 kmfh.
A wind, produeed by a blower of sufficient capacity to develop a draft having a velocity up|to
an(d including54 km/h, shall be directed against an outer surface of the fuel cell power system
at[the points deemed most critical by the conformity assessment organization. The blower
shill be located so a uniform wind, covering the entire projected area of the outer surface,|is
di ected horizontally toward the fuel cell power system at the specified velocity measured in a
Ve -] plalle .7 an alan e A llA_l S aCE a e - DOMLE 2188 e e e”
power system shall operate at a hominal |nput rate unt|I a constant exhaust gas temperature
is achieved. During the application of this range of wind velocities, the emissions are
measured at least three times within 15 min. Its average values shall be deemed the
concentrations in this test and shall be analysed to determine that the CO concentration
complies with 4.4.12 and flammable concentration is below 25 % of the LFL.

5.14 Rain test
5.14.1 Outdoor units

A simulated rain test shall be performed equivalent to a minimum IP rating of 3 (second
characteristic numeral 3) as defined in IEC 60529 or the manufacturer’'s higher declared IP
rating. Compliance is defined in 5.14.3.
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5.14.2 Indoor units supplied with horizontal venting hardware

The simulated rain is to be apphed to the vent termlnat|on Use-the test-method-as prescribed

-3~ A simulated rain test shall be
performed equivalent to a minimum IP rating of 3 (second characteristic numeral 3) as defined
in IEC 60529 or the manufacturer’s higher declared IP rating.

5.14.3 Test method

The fuel cell power-plant system shall start and operate without damage or malfunction of any

partt o I I i . | rttet T :

upgon completion of exposure to the simulated rainstorm, there shall be no evidence |of
damage or malfunction of any part of the fuel cell power system that will result in a‘dazardojus
copdition, nor detrimental accumulation of water in any part of the fuel cell powersystem. The
tegt is not to result in the-entrance ingress of water into an electrical enclosure above the
loyvest live part or in wetting live parts, except motor windings may be judged by a dielectfic
withstand test, providing the motor(s) is constructed, located or shielded so that the windings
arg not directly exposed to water.

NJTE The ingress of water into an electrical enclosure is verified visually and QY [the dielectric strength test.
5.15 Emissions
5.15.1 General

Cqnduct the tests in 5.15.2 and 5.15.3 at minimum aRd maximum fuel supply pressure.

THese tests are carried out at minimum and maximum back pressure due to vent length.

NJTE Instead of installing a vent length, minimum.atd maximum back pressure can be simulated.
5.15.2 Carbon monoxide (CO) and-flammable gas emissions
5.15.2.1 General

C4rbon monoxide emissions imeasured at the fuel cell power system shall not be in excess|of
0,03 % CO in an air-free"sample of the effluents according to the tests of 5.15.2.2 apd
5.15.2.3, and flammable*~gas concentration is below 25 % of the LFL in the effluents,
according to the tests 'of 5.15.2.2 and 5.15.2.3.

5.15.2.2 Blocked exhaust outlet

ThHe CO and~flammable gas emissions shall be checked with the fuel cell power syst¢m
exhaust qutlet blocked to any degree up to and including complete closure. The fuel cll
powersystem shall be operated at nominal fuel input rate for at least 15 min. When the fyel
cell power system mcorporates a control to automatlcally shut off the main fuel supply under

Iowest pomt at wh|ch the control WI|| remain in |ts open posmon

At this blockage, and once thermal equilibrium has been achieved, the emissions shall be
measured. The measurements shall be carried out at least three times within 15 min. The
average values shall be regarded as the concentrations in this test.

5.15.2.3 Blocked air supply

Subclause 5.15.2.3 applies to indoor systems that use nonconventional venting. The air is
taken from outdoors through a dedicated pipe and subsequently routed into the fuel cell power
system for process air purposes.
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The CO and flammable gas emissions shall be checked with the fuel cell power system air
supply blocked to any degree up to and including complete closure. The fuel cell power
system shall be operated at nominal fuel input rate for at least 15 min. When the fuel cell
power system incorporates a control to automatically shut off the main fuel supply under
blocked outlet conditions, the area of the air supply shall be gradually decreased to the lowest
point at which the control will remain in its open position.

At this blockage, and once thermal equilibrium has been achieved, the emissions shall be
measured. The measurements shall be carried out at least three times within 15 min. The
average values shall be deemed as the concentrations in this test.

5.15.3 Normal conditions

THis test applies to both indoor and outdoor units.

THe CO emissions shall be checked with the fuel cell power system exhaustunrestricted. The
fugl cell power system shall be operated at-rermal nominal voltage and at\nominal fuel input
rafe for at least 15 min. The effluent will then be analysed.

THis test is repeated at the minimum heat input permitted by-the" controls, if ignition
possible under these conditions.

S

5.16 Blocked condensate line test

A fuel cell power system having a condensate disposal(System(s) shall, under conditions of a
blpcked condensate drain line(s), continue to operate satisfactorily or shall shut down duripg
copduct-of the following test.

THe condensate disposal system(s) shall bexinstalled in accordance with the manufacturef's
ingtallation instructions. The condensate drain line(s) shall be blocked at, or upstream of, the

nj‘ﬁrerowest point in the system(s). When the condensate disposal system(s) is provided with pn
I

overflow port, blockage shall be applied upstream of the overflow port or the port shall pe
pligged.

The fuel cell power system shall be placed in operation at normal input rate(s) and nornjal
inlet test pressure. The condensate disposal system(s) shall be filled to the maximum level|of
W$er attainable or to the_point just prior to causing the fuel cell to shut off (the method |of
filing shall be at the wdiscretion of the-testing—ageney conformity assessment organizatiof).
THe emissions shatl~be monitored during filling. At no time shall the concentration of carbpn
monoxide in an @ir-free sample of the effluents, when tested in an atmosphere having| a
normal oxygen‘supply, exceed 0,03 % or the fuel cell power system shall shut down. Also,]|at
no time shalfflammable gas discharge into the fuel cell power system’s interior compartments
or|exhaust.

—

THe duel cell power system shall not present an electric shock hazard as determined by the
electrical safety tests ins518

A fuel cell power system which cannot be placed in operation under conditions of blocked
condensate drain line(s) shall be deemed to comply with this test.

5.17 Condensate discharge test

Many technologies collect condensate overflow, not all are pressurized with flammable gas.
The requirement is meant to apply to condensate removed from a flammable gas stream. The
design of a fuel cell power system which is required to have a vent drain shall be such that
the condensate trap(s) self-prime and effluent and/or flammable gas shall not be discharged
from the condensate drain line(s) after the condensate trap(s) self-prime under the following
test.
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The test shall be performed with the shortest vent specified by the appliance manufacturer.
The vent material shall be a material specified by the fuel cell manufacturer, and the material
with the least heat conduction from the vent gas to the air.

The condensate trap(s), if provided or supplied as part of the fuel cell power system or if the
installation instructions require it to be supplied by the installer, shall be installed in
accordance with the manufacturer's installation instructions. Do not fill the trap(s) with water
prior to-conductof this test.

This test shall be conducted up to and including maximum blocked flue conditions where the
fuel cell power system continues to operate.

THis provision shall be deemed met if the effluents and/or flammable gas do not issue frgm
the¢ condensate drain line(s).

5.18 Electrical safety tests

THhe electrical safety of the fuel cell power system shall be verified against the applicatipn
standard as shown in 4.7.

Cgmponents connected to an electrical circuit, which are not;approved by an international
standard for electrical safety, shall comply with 4.7.

5.19 EMC test

THe fuel cell power system shall be tested according-to the relevant standard as shown in 4J8.

5.20 Venting system leakage test

THis test applies to-ratural-gas hydrocarben“fuelled fuel cell power systems.

All joints and connections of a venting system shall be tight. This provision shall be deemgd
m¢t when leakage from the system=is not in excess of the limit specified below.

A lventing system operating under a negative internal pressure need not be subjected to the
prpcedure of this provision.

Fdr the purposes of-this test, the entire venting system, excluding the vent terminal, shall pe
isglated from the-rest of the fuel cell power system by any convenient means and, when
applicable, shall be sealed in accordance with the manufacturer's instructions. The outlet|of
the venting system shall be sealed by any convenient means.

ThHe manufacturer shall supply a suitable test fitting which shall be attached and sealed to the
inletyof~the venting system. This test fitting shall also have an inlet tap which shall pe
coEnected to_an air_pressure source and a pressure measuring device for measuring the
internal pressure of the system. This device shall have an accuracy of +2,0 % of span and
have a full scale pressure such that the operating pressure occurs in the middle half of the
scale.

A suitable supply of clean dry air shall be permitted to flow through a metering device and into
the venting system through the air supply fitting.

The internal air pressure in the venting system shall be maintained at 0,5 kPa or twice the
design pressure specified by the manufacturer, whichever is greater. The leakage rate shall
be measured in cubic metres per hour (cubic feet per hour).

This provision shall be deemed met when leakage from the venting system does not exceed
2 % of the total volume of effluents. This value shall be determined by the following formula:
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L=0,02x1xV

where

L is the allowable leakage rate from the venting system, in m3/h (ft3/h);

I is the fuel gas consumption, MJ/h (kBTU/h); and

V= 0,402 6 m3/MJ (15 ft3/kBTU) of gas consumed. Value based on 50 % excess air added
to effluent.

n3/s)_can be

v
ermined by multinlving thae fugl gas consumupiion in kilowaits (AN by 8 08
>4 AP AR > ™ T AY AN )

5.21 Leakage tests (repeat)

The fuel cell power system shall be re-tested for leakage at the same testing conditions fas
specified in 5.4.

6 | Routine tests

6.1 General requirements

Rqutine tests shall be performed on all production units. They-shall be performed in a tgst
environment simulating the application of the fuel cell power system, for which the fuel cfell
power system is designed, in order to obtain the required<eperating conditions. In particulgr,
the¢ test environment for the routine tests shall provide interfaces at boundary limits accordipg
to|the designed application of the fuel cell plant. It is recommended that the routine tests pe
pefrformed in the following order: 6.2, then 6.3, thep6%4.

If the routine tests are performed in direct conjunction with the initial start-up and conditionipg
propcedure of the fuel cell power system, it'is’ connected to the conditioning facility and|is
unfder operational conditions as specified\by-the manufacturer.

THe routine tests given in 6.2 to 6.4:shall be performed on all fuel cell power systems.

Tgst each fuel cell power system to determine the tightness of pressure bearing parts ahd
components including joints @and connections. This applies to systems with hazardous fluids

6.2 Leakage test

Leflakage tests shall’be conducted in accordance with 5.4 and shall meet or exceed the
acceptance criteria therein, or they shall be pressurized with an appropriate dry gas (for
example, air~0r nitrogen) over the specified pressure, then sealed and left for longer than
10 min. The‘leakage calculated from the pressure difference between, before and after the
elapse afitime using the following formula shall be not more than the specified value.

1 =\L I o (WA i, N T 1
BT v o g g P Par o T+

Ly =V xTolpg x {(p1 + Pa)/( T1) — (P2 + Pa2)/(T2)} x 60/t

where
L, is the gas leakage rate from fuel cell power system (Nm3/h);

V is the internal space volume within the pressurized—range -section (m3) (gas volume
excepting the internal structure volume);

To is the reference temperature (288,15 K{15-°C));
T, isthe internal space temperature-{°C) at the beginning of measurement (K);
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is the internal space temperature-(°C) at the end of measurement (K);
is the reference pressure (101,325 kPa-(4-atm));
is the internal space pressure at the beginning of the measurement (kPag);

is the internal space pressure at the end of the measurement (kPag);

p,1 is the atmospheric pressure at the beginning of the measurement (kPa),

p,o is the atmospheric pressure at the end of the measurement (kPa);

t

is the measuring time (min).
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.3 Dielectric strength test

ielectric strength test: as described in the relevant product application”standard as given

.4 Burner operation test

.1 General requirements

.2 Fuel cell power system marking

r systems with installed relief valves, amending the test pressure from the levels in 54
% of the relief valve set point is allowed if mutually agreed between the manufacturer,a

p-testing-ageney conformity assessment organization.

7.

e following tests shall be performed on the basis of a sampling plan:

burner operation test as described in 5.9.1;
carbon monoxide (CO) emissions are measuréd during the burner operation test
described in 5.9.1. The limits shall be in accordance with 4.4.12.

Marking, labelling and packaging

e fuel cell power system shall be marked in compliance with the applicable clauses

ch fuel cell powér)system shall bear a data plate or combination of adjacent labels locat
as to be easily.read when the fuel cell power system is in a normally installed position.

e marking<shall clearly state any restrictions on use, in particular the restriction where|

D 3864-2. Marking and mounting methods shall be durable and suitable for the applicatior).

p fuel cel¥power system shall be installed only in areas where there is sufficient ventilation.

to
hd

n

of

4%
o

by

edata plate/label(s) shall include the following information:

b)
c)
d)

f)
9)
h)

manufacturer's name (with trademark), and location;
manufacturer’s model number or trade name;

serial number of the fuel cell power system and year of manufacture;

electrical input, as applicable: voltageitype—of, current, frequency, phase, power

consumption;

electrical output: voltage/type—of, current, frequency, phase, rated power, or kVA a
power factor;

fuel type to be used by the fuel cell power system;
range of fuel supply pressure;
fuel consumption at rated power (kW);

nd
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i)

)
k)

range of ambient temperatures (minimum and maximum) within which the fuel cell power

system is intended to operate in degrees Celsius;
outdoor or indoor use;

warnings for alerting personnel to the potential for personal injury or equipment damage

and requirements to follow installation and operation instructions.

If the fuel cell power system is rated under hazardous area classification according to
IEC 60079-10-1, it shall be marked accordingly.

7.3

Al
th

w

Markimgof compoTments

user serviceable parts shall be identified to match the fuel cell power system drawings
b user’'s manual.

st

C
th
a
IE

P4
th

TH

a)
b)

c)
d)

brning signs shall be appropriately placed to identify electrical hazards, contepts from dré
ves, hot components and mechanical hazards. Preference should be given to the use
ndard symbols given in ISO 3864-2.

ntrol devices, visual indicators and displays (particularly those #elated to safety) used
man-machine interface shall be clearly marked with regard tg their functions either on

jacent to the item. Preference should be given to the use(pfi/standard symbols given
60417 and ISO 7000.

Technical documentation

1 General

e installation, operation, and servicing of the'fuel cell power system and shall, in particul
hw attention to any restrictions on use.'Jhe information shall be provided in the form
hnical documents such as drawings, diagrams, charts, tables and instructions, and the
all be on suitable data medium anddanguage.

rt of the technical information might be provided only to qualified personnel, in which ca|
e manufacturer shall specifyleriteria for qualification of personnel.

e information provided with the fuel cell power system shall include the following:

a clear, comprehensive description of the equipment, installation and mounting, and t
connection to(electrical supply(ies) and other site interfaces;

according. to 4.2;
electrie circuit diagrams;
information (where appropriate) on

physical ghvironment and operating conditions (fuel and water supply characteristics, etf.

n

in
of

in
or
in

or
ar,
of
Se

Se

e)

1) handling, transportation and storage,

2) software programming,

3) sequence of operations,

4) frequency of inspection,

5) frequency and method of functional testing,

6) guidance on the adjustment, maintenance, and repair, particularly of the protecti
devices and circuits,

7) parts list and recommended spare parts list;

a description (including interconnection diagrams) of the safeguards, interlocki
functions, and interlocking of guards for potentially hazardous situations;

ve

ng
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f) a description of the safeguarding and of the means provided where it is necessary to
suspend the safeguarding (for example, for manual programming, programme verification).

7.4.2 Installation manual

The installation manual shall provide the installer with all the information necessary for the
preliminary work of setting-up the fuel cell power system.

In particular, an interconnection diagram or table shall be provided. That diagram or table
shall give full information about all external connections (for example, electrical supply, fuel

tradditien-te-theabeve; The installation manual shall specify the follow)nRg:
¢ [ the manufacturer’s or distributor’'s name and location, and the|model number of the fdel
cell power system;

e | the minimum and maximum fuel supply pressures and the method of determining these
pressures;

e | the composition limits of the fuels;

o [ adequate clearances around air supply, ventilation and exhaust openings;
¢ | ventilation requirements;

¢ [ adequate clearances for maintenance, servicing and proper operation;
¢ | location and design of the fuel cell power system foundation;

e | protection from weather hazards;

e | recommended height in relatiog to the base flood elevation;

e | requirements for a securipysenclosure, if needed;

e | acceptable distances from combustible materials;

o | acceptable distances from vegetation;

e | acceptable distances from public ways;

e | protectiondrom vehicular impact;

e [ that assediment trap or filter must be provided upstream of the fuel controls, whgen
applicable;

o | ifappropriate, special instructions for extended dormant periods;

e ITISITUTHONS WHICT—SHat COVET VENtng SYStENT TEqUITENTENTS, mctudinmgair_imtake pipe (if
used);

e that the physical support around the base of the fuel cell must be sound, without sagging,
cracks, gaps, etc., so as to minimize vermin intrusion.

7.4.3 User’s information manual

For fuel cell power systems to be installed for residential use, the system supplier shall
provide to the residence owner a user’s information manual, together with any appropriate
additional information to facilitate maintenance (for example, addresses of the importer,
repairer;—ete-).
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The user’s information manuals shall be typed or typeset and formatted to provide easy to
follow procedures. lllustrations should be used to identify fuel cell components, dimensions
and clearances, assembled components, and connection points as needed to make the
instructions clear. lllustrations should also be used to identify the location of serviceable

co

mponents and illustrate correct methods for performing service procedures.

When text is shown in quotation marks, it shall appear in the user’s information manual

ex

T

actly as shown.

e user’s information manual shall be affixed to the fuel cell in a pocket or attached by a ¢

ip

wh

a)
b)

ich is part of the fuel cell or shall be supplied in an envelope(s) marked with instructions;

to the installer to affix them on, or adjacent to, the fuel cell; and/or
to the consumer to retain them for future reference.

ch user’s information manual should be divided into appropriate chapters~or’sections a
ould include a table of contents and clearly marked page numbers.

e user's information manual shall contain the following safety information, as applicable:

Front cover

The front cover shall present the user(s) with only the mostiimportant safety instructio
The front cover or, in the absence of a cover, the first{page of the manual shall bear t
following safety precautions boxed as-preseribed indicated in Figures 6, 7 and 8:

AWARNING:

FIRE OR EXPLOSION HAZARD
Failure to follow~safety warnings exactly could
result in serious™injury, death or property damage.

— Do not-store or use gasoline or other flammable
vapours and liquids in the vicinity of this or any
other appliance.

=SWHAT TO DO IF YOU SMELL GAS
e Do not try to light any appliance.

e Do not touch any electrical switch; do not use
any phone in the area.

e Leave the area immediately.

nd

S.
he

e Immediately call your gas supplier. Follow the

gas supplier's instructions.

e If you cannot reach your gas supplier, call the
fire department.

— Installation and service must be performed by a
gualified installer, service agency or the gas
supplier.

IEC

Figure 6 — Safety precautions for odorized gas-fuelled systems
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AWARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings exactly
could result in serious injury, death or
property damage.

— Do not store or use gasoline or other

flammahle vanours  and  liauids  in thg
e HRaE4 V-eH-O-LH G & H—A

g
vicinity of this or any other appliance.

— Installation and service must be performed
by a qualified installer, service agency or
the gas supplier.

IEC

Figure 7 — Safety precautions for odorant-free gas fuelled)systems

AWARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings‘.exactly could
result in serious injury, death or property
damage.

— Do not store or ¢use gasoline or other
flammable vapoursyand liquids (except for the
relevant liquid fuel for the fuel cell power
system) in the\ vicinity of this or any other
appliance.

- WHAT TO DO IF YOU SEE LIQUID LEAKAGE
e Do nat'try to light any appliance.

e Do;not touch any electrical switch; do not
use any phone in the area.

e Leave the area immediately.

e Immediately call your fuel supplier. Follow
the fuel supplier's instructions.

e |If you cannot reach your fuel supplier, call
the fire department.

- Installation and service must be performed by
a qualified installer, service agency or the fuel
supplier.

IEC

Figure 8 — Safety precautions for liquid fuelled systems

The front cover shall include a statement informing users that they must read all
instructions in the manual and must keep all manuals for future reference.

Safety section

A safety section shall be included near the front of the manual to present fuel cell users
with a listing of potential hazards and safety-related instructions for a particular fuel cell
power system. A statement of at least the following shall be included in the safety section
with references to a specific section or page of the manual.
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1) Directions that the area surrounding the fuel cell must be kept clear and free of
combustible materials, gasoline and other flammable vapours and liquids.

2) Where requiring air for combustion or ventilation, instructions not to block or obstruct
air openings on the fuel cell, air openings communicating with the area in which the
fuel cell is installed, and the required spacings around the fuel cell that provide
clearances to secure and discharge required air.

3) Instructions for starting and shutting down the fuel cell. These instructions shall
pictorially illustrate and locate all user interface components.

4) The following statement: "Do not use this fuel cell if any part has been under water. A
tflood-damaged tuel cell Is potentially dangerous. Attempts to use the tuel cell\chn
result in fire or explosion." A qualified service agency should be contacted to inSpgct
the fuel cell and to replace all gas controls, control system parts, electrical parts that
have been wet.

5) Specifications for the frequency of filter change or cleaning and the dimensional size
and type of filter for replacements. These instructions shall contain.'directions for
removal and replacement of filters and pictorially illustrate and locate all components
supplied by the manufacturer referred to in the instructions “for removal apd
replacement of filters.

6) Recommended methods for periodic cleaning of necessary parts.
7) Instructions for examining the fuel cell installation to detérmine that

i) any intake or exhaust openings associated with-thase items covered in 4.5.2 aphd
4.5.3 are clear and free of obstructions;

ii) there are no obvious signs of deterioration of the fuel cell.

8) Fhe-manualshal-indicate An indication” of the necessity and minimum frequency for
the examination (see 7.4.3 2) and 7)’i) and ii)) by the user. The periodic inspection|of
the fuel cell by a qualified service*agent shall also be specified.

9) An indication that excessive exposure of the fuel cell power system to contaminated hir
may result in safety and performance related problems. Instructions shall include| a
representative list of known contaminants.

c)| In-text safety information

In-text safety instructions should refer to or incorporate safety precautions from the frgnt
cover and from the. safety section of the manual. Potentially hazardous situations
described in thetmanual require that additional safety precautionary statements pe
created.

7.4.4 Opefating manual

THhe operating manual shall detail proper procedures for the set-up and use of the fuel cell
power(system. Particular attention should be given to the-safety protective measures provided
and.tothe improper methods of operation that are anticipated.

The operation manual shall include a section on the hazards related to the use of the fuel cell
power system.

Where the operation of equipment can be programmed, detailed information on methods of
programming, equipment required, programme verification and additional safety procedures
(where required) shall be provided.

The instructions shall give information concerning airborne noise emissions by the fuel cell
power system, either the actual value or a value established on the basis of measurements
made on identical fuel cell power system.
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In the case of the fuel cell power system which may also be intended for use by non-
professional operators, the wording and layout of the instructions for use, whilst respecting
the other essential requirements mentioned above, shall take into account the level of general
education and acumen that can reasonably be expected from such operators.

7.4.5 Maintenance manual

The maintenance manual shall detail proper procedures for adjustment, servicing, and
preventive inspection, and repair. Recommendations on maintenance/servicing records
should be part of the maintenance manual. Where methods for the verification of proper
opferation are provided (for example, soltware esting programimes), tne use ol such metnods
shiall be detailed.

THis manual shall contain clearly defined, legible and complete instructions for ,atleast the
following.

a)| Instructions for starting and shutting down the fuel cell power system. (Fhese instructions
shall pictorially illustrate and locate all relevant components.

b)| Specifications for the frequency of filter change or cleaning and the-dimensional size apd
type of filter for replacements. These instructions shall contain @irections for removal ahd
replacement of filters and pictorially illustrate and locate allccamponents supplied by the
manufacturer referred to in the instructions for removal and replacement of filters.

c)| Instructions to caution users of any electrical compgonents that may retain residgal
voltage/energy after shutdown, and how to properly dissipate the voltage/energy to a sgfe
level.

d)| Recommended methods for periodic cleaning of hecessary parts.
e)| Instructions for lubrication of moving parts, inctuding type, grade and amount of lubrican{g.
f) | Instructions for examining the fuel cell power system installation to determine that:
1) any intake or exhaust openings arg(clear and free of obstructions;

2) there are no obvious signs of physical deterioration of the fuel cell power system or jits
support (i.e. base, frame,-cabifiet enclosures, etc.).

g)| Periodic examination of the vénting system, gas detection, and related functional parts.

h)[ A replacement parts .list, including information necessary for ordering spare |or
replacement parts.

i) | Directions that the, area surrounding the fuel cell power system must be kept clean ahd
free of combustible*materials, gasoline and other flammable vapours and liquids.

j) | The following _statement: "Do not use this fuel cell power system if any part has begn
under watersimmediately call qualified service personnel to inspect the fuel cell power
system_and'to replace any function part which has been under water."

k)| Instructions and a schedule for neutralizing condensate, if appropriate.

TheSmaintenance manual shall also provide an enumeration of all regular and routipe
m ;IItCIIGIIbC ﬂbthItICD tU bC 'JCIfUIIIICC!l Ul thC fucl LIC:: PUVVCI DyDtCIII \JUIII'JUIICIItD A d
indicate the necessity and minimum frequency for these examinations.—Fhe—mainrtenance

ne ‘aYallla Nna aYally v am aka aka a¥a'
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Annex A
(informative)

Significant hazards, hazardous situations
and events dealt with in this document

Table A.1 gives the significant hazards, hazardous situations and events dealt with in this
document, together with the relevant subclause(s).

Table A.1 — Hazardous situations and events
Significant hazards, hazardous situations and events Subclausg
[J| Mechanical hazards due to:
[J| Vvibration 4.2,4.12
[J] Shape (sharp surfaces) 4.4
[J| Relative location (trip/crash hazard) 4.4
[J] Mass and stability (potential energy of elements which may move under the effect of gravity) 4.4
| Mass and velocity (kinetic energy of elements in controlled or uncontrolled-mdtion) 4.4,4.12
[J]| Inadequacy of mechanical strength (inadequate specification of materialor geometry) 4.4,4.5,4.13
[J| Fluids under pressure (over-pressurization, ejection of fluids undér pressure, vacuum) 4.4,4.5
[J| Electrical hazards due to:
[I| Stored electrical energy 4.7
[J| Contact of persons with live parts (direct contact) 4.7
[J] Contact of persons with parts that have become.five under faulty conditions (indirect contact) 4.7
[J] Approach to live parts under high voltage 4.7
[J]| Electrostatic phenomena 4.6, 4.7
[J] Electromagnetic phenomena 4.8
[J| Heat/chemical effects from shoft,circuits, overloads 4.7
[J] Projection of molten particles 4.7
[J| Thermal hazards due.to:
[J] Contact of persofis,with surfaces at extreme high temperatures 4.4
[J| Release of high‘temperature fluids 4.5
O| Thermalfatigue 4.3, 4.5
[J| Equipment over temperature causing unsafe operation 4.9
[J]| Hazards generated by materials and substances:
[0 Hazards from contact with, or inhalation of, harmful fluids, gases, mists, fumes and dusts 4.4
[ Fire or explosion hazard due to leak of flammable fluids 4.6
[J Fire or explosion hazard due to internal build-up of flammable mixture 4.6
[J Hazardous situations caused by material deterioration (for example, corrosion) or accumulation |4.3
(for example, fouling)
[J Asphyxiation 4.4
[J Reactive materials (pyrophoric) 4.4
[J Hazards generated by malfunctions:
[J Unsafe operation due to failures or inadequacy of software or control logic 4.9
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Significant hazards, hazardous situations and events Subclause
[J Unsafe operation due to failures of control circuit or protective/safety components 4.9
[J Unsafe operation due to power outage 4.9
[J Hazards generated by neglecting ergonomic principles:
[J Hazards due to inadequate design, location or identification of manual controls 4.9
[J Hazards due to inadequate design or location of visual display units and warning signs 4.9
[J Noise 4.4
| Hazards generated by erroneous human intervention:
[J| Hazards due to deviation from correct operating 4.9,/7.4
[J| Hazards due to errors of manufacturing/fitting/installation 4.4y 7.4
[J| Hazards due to errors of maintenance 7.4
[J| vandalism
[J| Environmental hazards:
[J] Unsafe operation in extreme hot/cold environments 4.13
| Rain, flooding 4.13
| wind 4.13
[J| Earthquake 4.4
[J| External fire
[J| smoke
[J| snow, ice load 4.13
0| Attack by vermin
[J| Pollution
[J] Air pollution 4.4
[J] water pollution 4.4,45
[J] Soil pollution 4.4



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 RLV © IEC 2019 - 75—

B.

Annex B
(informative)

Carburization and material compatibility for hydrogen service

1 Carburization

Conventional carburization is a familiar problem with high-temperature alloys in steam

is

re
hy]
pr
du

In
pi

infernal stresses that give rise to premature failure of equipment. Failurehis”usually by cre
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drocarbon cracking, resulting in the formation of carbides within the metal matrix=T
pcess is promoted by high temperature, typically > 800 °C, and leads ultimately toless
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general, carburization of an alloy results in low ductility at ambient temperatures. Carb
k-up will increase the volume of the metal and coefficient of expansion,gsulting in stro
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B.

J2  Material compatibility for hydrogen service

p.1 General

bture and low-cycle fatigue. If carburization is sufficiently severe, fitycan also affect t
vated temperature creep and rupture characteristics. There seéms to be differences
erance between the various alloys regarding this issue.

nerally the carburization rate varies with

temperature — the rate roughly doubles for every 55 °C increase;

reaction kinetics which are controlled by the ratioc of CO/CO, in the gas and by t
temperature;

strongly carburizing conditions which are GQ/CH,/H,-flows with a low steam/carbon ra|
at intermediate temperatures (usually 450:2C to 850 °C), and an oxide layer with flaws;

nickel and silicon content — high values.are beneficial;
protective and regenerative oxide filims — Cr, Si and Al in the alloy are beneficial.

ese rules are general and may net be true for all material/environment combinations due
b anomalous character of metal-reactions.

mponents in‘which gaseous hydrogen or hydrogen-containing fluids are processed, as W
all partsCused to seal or interconnect the same, should be sufficiently resistant to t
emical.and physical action of hydrogen at the operating conditions.

D2 Metals and metallic materials
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Users of this document should be aware that engineering materials exposed to hydrogen in
their service environment may exhibit an increased susceptibility to hydrogen-assisted

co

rrosion via different mechanisms such as hydrogen embrittlement and hydrogen attack.

Hydrogen embrittlement is defined as a process resulting in a decrease of the toughness or

du

ctility of a metal due to the permeation of atomic hydrogen.

Hydrogen embrittlement has been recognized classically as being of two types. The first,
known as internal hydrogen embrittlement, occurs when the hydrogen enters the metal matrix
through material processing techniques and supersaturates the metal with hydrogen. The
second type, environmental hydrogen embrittlement, results from hydrogen being absorbed by

SO

lid metals from the service environment.
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Atomic hydrogen dissolved within a metal interacts with the intrinsic defects of the metal,
typically increasing crack propagation susceptibility and thus degrading such basic properties
as ductility and fracture toughness. There are both important material and environmental
variables that contribute to hydrogen-assisted fracture in metals. The material microstructure
is an important consideration as second phases, which may or may not be present due to
compositional and processing variations, may affect the resistance of the metal to fracture.
Second phases, such as ferrite stringers in austenitic stainless steels, may also have a
specific orientation leading to profound anisotropic response in the materials. In general,
metals can also be processed to have a wide range of strengths, and the resistance to
hydrogen-assisted fracture is known to decrease as the strength of the alloy is increased.

THe environmental variables affecting hydrogen-assisted fracture include pressure®|of
rogen, temperature, chemical environment and strain rate. In general, the susceptibility|to
rogen-assisted fracture increases as hydrogen pressure increases. TheOeffect |of

exhibit a local maximum in hydrogen-assisted fracture susceptibility as.” @ function |of

affect hydrogen-assisted fracture. Moisture, for example, may be detrimental to aluminiym
alloys since wet oxidation produces high-fugacity hydrogen, while in some steels moisture|is
bellieved to improve resistance to hydrogen-assisted fracture by producing surface films that

erved in the presence of hydrogen; in other words, metals are less susceptible |to
rogen-assisted fracture at high strain rates.

At[temperatures close to ambient, this phenomenon can ‘affect metals with body-centred culpic
crystal lattice structure, for example, ferritic steels., In' the absence of residual stress |or
external loading, environmental hydrogen embrittlement is manifested in various forms, such
as| blistering, internal cracking, hydride formation/and reduced ductility. With a tensile strelss
or|stress-intensity factor exceeding a specificithreshold, the atomic hydrogen interacts wjth
thé metal to induce sub-critical crack growth leading to fracture.

Hydrogen embrittlement can occur during elevated-temperature thermal treatments and|in
sefvice during electro-plating, contact with maintenance chemicals, corrosion reactions,
hodic protection, and operating i high-pressure, high-temperature hydrogen.

At|temperatures above 473 G, many low-alloyed structural steels may suffer from hydrogen
atfack. This is a non-reversible degradation of the steel microstructure caused by a chemigal
reqiction between diffusing”hydrogen and the carbide particles in the steels that results in the
nucleation, growth and'merging of methane bubbles along grain boundaries to form fissures

Hydride embrittlement occurs in metals such as titanium and zirconium and is the process|of
fofming thermedynamically stable and relatively brittle hydride phases within the structure.

Clad welding and welds between dissimilar materials often involve high alloy materials. Durihg
operation at temperatures over 250 °C, hydrogen diffuses in the fusion line between the high
alloy’weld and the unalloyed/low alloy base material. During shutdown, the materjal
temperature drops. The reduced solubility and diffusibility of hydrogen breaks the weld by
disbonding.

The following are some general recommendations for managing the risk of hydrogen
embrittlement.

e Select raw materials with a low susceptibility to hydrogen embrittlement by controlling
chemistry (for example, use of carbide stabilizers), microstructure (for example, use of
austenitic stainless steels), and mechanical properties (for example, restriction of
hardness, preferably below 225 HV, and minimization of residual stresses through heat
treatment). Use test methods specified in ISO 11114-4 to select metallic materials
resistant to hydrogen embrittlement. The API Publication 941 shows the limitations of
various types of steel as a function of hydrogen pressure and temperature. The
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susceptibility to hydrogen embrittlement of some commonly used metals is summarized in
ISO/TR 15916.

Clad welds and welds between dissimilar materials used in hydrogen service should be
ultrasonically tested at regular intervals and after uncontrolled shutdowns in which the
equipment may have cooled rapidly.

Minimize the level of applied stress and exposure to fatigue situations.

When plating parts, manage anode/cathode surface area and efficiency, resulting in
proper control of applied current densities. High-current densities increase hydrogen
charging.

B.

Clean the metals in non-cathodic alkaline solutions and in inhibited acid solutions.
Use abrasive cleaners for materials having a hardness of 40 HRC or above.

Use process control checks, when necessary, to mitigate risk of hydrogen embrittlemgnt
during manufacturing.

P.3 Polymers, elastomers, and other non-metallic materials

Most polymers can be considered suitable for gaseous hydrogen seryice? Due account shodld
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given to the fact that hydrogen diffuses through these materials,'/much more easily thpn
ough metals. Polytetrafluoroethylene (PTFE—e+Feflon®) and [polychlorotrifluoroethylepe
CTFE-orKel-F®) are generally suitable for hydrogen servicénSuitability of other materigls
ould be verified. Guidance can be found in ISO/TR 15916 jand the NASA document N$S
40.16. See also ANSI/AGA 3.1:1995 2014 for guidancewith regard to gaskets, diaphragms,
d other non-metallic parts.

rther guidance on hydrogen-assisted corrosien/and control techniques may be foupd
ough the standards and organizations given in B.2.4.
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Standard Test Method for Determining Threshold Stress Intensity Factor for Environment-
Assisted Cracking of Metallic Materials

ASTM F1459-93-01-Nev-1993-06:2017
Standard Test Method for Determination of the Susceptibility of Metallic Materials to-Gaseous
Hydrogen Gas Embrittlement


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

- 78 — IEC 62282-3-100:2019 RLV © IEC 2019

ASTM F1624-00-01-Aug-2000-12:2012
Standard Test Method for Measurement of Hydrogen Embrittlement Threshold in Steel by the

Incremental Step Loading Technique

ASTM F1940-01-04-Nev-2001:2014
Standard Test Method for Process Control Verification to Prevent Hydrogen Embrittlement in
Plated or Coated Fasteners

ASTM F2078-01-04-Neov-:2001
Standard Terminology Relating to Hydrogen Embrittlement Testing

A$TM F326-96-01-Nev-199617:2017
Sthndard Test Method for Electronic Measurement for Hydrogen Embrittlement frgm
C4gdmium-Electroplating Processes
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Annex C
(normative)

Normative replacement subclauses for small fuel cell power system

S

with rated electrical output less than 10 kW, and maximum pressure

of less than 0,1 MPa (gauge) for fuel and oxidant passages

Annex C provides replacement subclauses for small stationary fuel cell power systems with

ra

ed electrical output of less than 10 kW and maximum allowable pressure of less than
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| MPa (gauge) for the fuel and oxidant passages. Annex C applies to type test onlw

es not cover supplementary heat generator. Q},
p.2.2 Start ,\Q
Q
e start of an operation shall be possible only when all the safeguards ar '(]ﬁlace and 8
hctional.
,,\Q

itable interlocks shall be provided to secure correct sequential starric?

hall be possible for automated plant functioning in automati q;kde to be restarted afte

stpppage only after the safety conditions have been fulfilled. t shall also be possible to rest
ided such restarting is verifialply

e small fuel cell power system by service personnel, p
n-hazardous. 18

O

is requirement does not apply to the restarting L@(e small fuel cell power system resulti
m the normal sequence of an automatic cycle.Q

»

bted so as to meet a minimum IPX4D rating.

4.13.3 The small fuel cell power system ég)nded for use outdoors shall be designed a

.6 Normal operation type test A’\Q)

rify the nameplate eIectricaI\@Iues. The rated output shall be measured for more th
ee hours after the rated QL&&ut is reached and kept for thirty minutes.

o

e procedures of are associated with the start of all components intended to conduc

|0.1 General

c

htrolled oxid tﬁm reaction, for example, combustion (start burner of a reformer sectio
alytic part@Oxidation and catalytic combustion. However, the catalytic reactor of t

combustio ducts line is “exempted”.
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Fdr @fuel cell power systems, only “ignition tests” and “automated control of cataly
o éj

n reactors tests” are necessary.

NOTE Subclause 5.10 also applies to the anode exhaust catalytic reactor.

5.11 Exhaust gas temperature test

When the fuel cell power system is provided with a venting system, the maximum temperature
of the exhaust gases conveyed by that venting system shall not exceed the lower temperature
of 260 °C or temperatures acceptable for the materials used to construct the venting system.

Method of test: The exhaust gas temperature shall be measured by a thermocouple or similar
devices. A sufficient number of test instruments should be used to establish the maximum
temperature within the exhaust streams while considering size and symmetry of the venting
systems.
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The small fuel cell power system shall be installed and operated as specified in the applicable
provisions of 5.3. When equilibrium conditions are attained, the maximum temperature of the
exhaust gases shall be determined as specified above. The temperature obtained shall not

exceed 260 °C or the (lower) temperature for which the venting system material has been
determined to be acceptable.

0
&
<
N
@Q’
o
4\
0
&
N



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 RLV © IEC 2019 - 83 -

Bibliography

IEC 60079 (all parts), Explosive atmospheres

IEC 60079-20-11, Explosive atmospheres — Part 20-1: Material characteristics for gas and

va

pour classification — Test methods and data

IEC 60417, Graphical symbols for use on equipment (available from: http://www.graphical-
symbols.info/equipment)

IE

C 60812, Analysis techniques for system reliability — Procedure for failure mode and effeq

anjalysis (FMEA)

C 61025, Fault tree analysis (FTA)

SA
Fa
FN

C TS 62282-1:2013, Fuel cell technologies — Part 1: Terminology

D 7000, Graphical symbols for use on equipment. (av@ijable at: http://www.graphic
mbols.info/equipment)

D/TR 15916, Basic considerations for the safety of¢hydrogen systems

ME B31.12, Hydrogen piping and pipelines

ilure Mode and Effects Analysis in “Manufacturing and Assembly Processes (Proce
IEA)and Effects Analysis for Machinery (Machinery FMEA)

=
1

E J1739, Potential Failure Mode and Effects Analysis in Design (Design FMEA), Potenfal

SS

1

Withdrawn.



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019-02(en-fr)

IEC 62282-3-100

Edition 2.0 2019-02

INTERNATIONAL
STANDARD

NORME ~

9

N
INTERNATIONALE P

S "
o5
a2
S
O
_ &

Fuel cell technologies — Q)

Part 3-100: Stationary fuel cell power syst@é — Safety

Technologies des piles a combustibl <§\
Partie 3-100: Systemes a piles a cggbustible stationnaires — Securité
b\



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

-2 - IEC 62282-3-100:2019 © IEC 2019

CONTENTS
L@ T T @ ] = I L 6
LN I @ 7 1 L3 1 ] S 8
O T oo o1 PP 10
2 NOIMALIVE FEIEIENCES ..ttt et e e e e e 11
3 Terms and definitiONS ... e 13
4 odlely requiremems alld prOIeCtive LIS 118 1 S T 19
4.1 General Safety StratEgY ...uiuii it e 19
4.2 Physical environment and operating conditions ...........ccocoviiiiiiiiiii e e A0]
4.2.1 GENETAL .. T N e PO
4.2.2 Electrical POWET INPUL ... A e ea e A0]
4.2.3 Physical environment.........cooiiiiiiiiee e O T e PO
4.2.4 FUBT INPUL Lo e e e e Be e et et e e e e e aneens PO
4.2.5 Water INPUL.....coi e L A0]
4.2.6 Vibration, shock and bump ..o T 0]
4.2.7 Handling, transportation, and storage ...............{m A0]
4.2.8 SYSTEM PUIGING . cuieiiiiieie e e e e e e e e e e P1
4.3 Selection of Materials ... N D1
4.4 General reqUIremMents ........ooiieiiiinieee M D2
4.5 Pressure equipment and Piping .....coeee et P4
45.1 Pressure eqUIPMENt . ... e P4
4.5.2 PIPING SYSIEMS L.oniiiiiiiie e e e e e e e e e e P4
4.5.3 Flue gas venting SYStEMS ... . D5
4.5.4 GaS-CONVEYING PAITS ..t et eee ettt e e e e e e et et e et e e e e e et et e et e e eane e e e eennenes P5
4.6 Protection against fire or eXplosion hazards...........ccooiviiiiiiiii i P 6
4.6.1 Prevention against.fire and explosion hazards in fuel cell power

systems providedhWith @NCIOSUIES......cou. i D6
4.6.2 Prevention of fire and explosion hazards in burners............cccccoiviiviiniineenen. P8

4.6.3 Prevention.of fire and explosion hazards in catalytic fuel oxidation
systems_(Catalytic DUINEIS) ... e B0
4.7 Bl CtriCal SOty e B1
4.8 Electromiagnetic compatibility (EMC) ....cuiiuiiiiiiii e B1
4.9 Control systems and protective COMPONENTS .......ivuiiiiiiiiiiieiiee e B1
4.9.1 (T aT=T o= U =T o UL =0 01T 0L £ B1
4932 (Ofe T 1 { fo] I3V £] =T 1 4 1 PPN B2
4.9.3 Protective COMPONENTS ..o e B4
2 T0——Preumatic and Mydrauiic pPOWETEd EOUIPTITENL oo 5
I R V- 17T PP UPRPN 35
4.11.1 SHUL-Off VAIVES. ..ot e 35
4.11.2 FUBT VAIVES ..o 35
4.12  ROtAtiNg EQUIPIMENT ettt e e 36
4.12.1 (T aT=T o= U =T o UL =0 01T 0L £ 36
4.12.2 (67011 0] o] (1T o] £ S PP 36
4.12.3 P U I DS et 37
A. 13 ENCIOSUIES et 37
4.14 Thermal insulating Materials ........ccoiiiiiii e 38
T © ) 1 11 4= PP 38


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 © IEC 2019 -3-

4.15.1 (T aT=T o= U =T o UL = 0 01T 0L £ 38
4.15.2 LAV LE ST GRSTUT o] o]V PP 38
4.15.3 FUBL GAS SUPPIY e 38
4.15.4 Electrical CONNECHIONS . ... 38
4.16 Installation and MaiNtENANCE. ... .. cou i 40
4.16.1 INSTAITALION ...t 40
4.16.2 YT T (=T = U Lo = PP 40
A.17  EQUIVAIENT SAFOLY couiiii 40
5 TYPEESIS i 11
5.1 General rEQUITEMENTS ...iui et e e e e e e e e e e e e en e e en 11
5.1.1 GBNBIA e e e 11
5.1.2 Operating parameters for teStS ... N e 11
5.2 TS fUBIS e e 12
5.3 Basic test arrangements ........oo.oeeiiiiiinieeeeeeee e O T 13
5.4 [ICT= 1= Vo =0 =1 £ T 13
5.4.1 GENEral ..o L 13
5.4.2 Pneumatic leakage testS......ccovviiiiiiiiiiccee O 13
5.4.3 Hydrostatic leakage testS......cocvvvvvviviviiene e e, 7
5.5 SrENGLh tESTS .o A N7
5.5.1 GENETAL i N N7
5.5.2 Pneumatic strength tests ... A, N7
5.5.3 Hydrostatic strength test ... 19
5.6 Normal operation tyPe St ... . e e 19
5.7 Electrical overload test. .. ... i e 60
5.8 Shutdown Parameters ..o et 650
5.9 Burner operating characteriStiCS teStS ... i 60
5.9.1 LCT=T aToT Y PP 60
5.9.2 G NIl TESHING e e 60
5.9.3 gL =3 T o 650
5.10 Automatic control-of burners and catalytic oxidation reactors ............cccooeevevieinennnns 61
5.10.1 (1] 1=T o= | PRI 61
5.10.2 Automatic ignition control BUINErs.......coovii i 51
5.10.3 Automated control of catalytic oxidation reactors ...........ccooeoveevieiiniinciineennenn. 63
5.11 Exhaust’gas temMpPerature tESt ... e e ea e b4
5.12 Sdarface and coOmMpPoNeNnt tEMPEIatUIES ... .vuuiuiiei et e e e e e e e eneens b4
I RS N VYT To IR (T £ PPN b5
5(13:1 GBNEIAL i b5
5713.2 Wind source calibration procedure for winds directed perpendicular to
TE WAl . e e 55
5.13.3 Verification of operation of outdoor fuel cell power systems under wind
Lodo] o L1 4 Lo} ¢ 1= 30 PP 56
5.13.4 Verification of operation of indoor fuel cell power systems vented
horizontally through an outside wall ... 57
5.13.5 Carbon monoxide (CO) and flammable gas components emissions
under wind — INAOOr UNIES .....uieii e e 59
5.13.6 Carbon monoxide (CO) and flammable gas components emissions
under wWind — OULAOOT UNITS .....iuit i eeaas 59
S - Y1 o T (] S PP 60
5.14.1 (@101 o [oTo ] U1 o 1 £ PP 60

5.14.2 Indoor units supplied with horizontal venting hardware ..............ccocovvviiennnen. 60


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

-4 - IEC 62282-3-100:2019 © IEC 2019

5.14.3 TSt MELNOA ..o 60
T T = o 0 11T T ] L PPN 60
5.15.1 (1] 1=T o= | PPN 60
5.15.2 Carbon monoxide (CO) and flammable gas emissions ..........ccccevvvvviineinennnns 60
5.15.3 NOIrMAl CONAILIONS ...t 61
5.16 Blocked condensate lINE teSt .....iiuiiiiiii e 61
5.17 Condensate diSCharge teST. .. .. e 61
5.18 EleCtrical Safety 18SES ciuuitiiiiii e 62
I EMC eSSt 2
5.20 Venting system leakage teSt .. ... g 52
5.21 Leakage teStS (FEPEAL) ..ivuiit i e e e e e e e e e S ee e 653
6 ROULING 1SS ittt et N T 63
6.1 General reqQUITEMENTS ...iuiii e e e e e e e e e e e s e e e eeneenaees 653
6.2 Leakage teSt ..o O T 63
6.3 DieleCtric StreNgth tEST .. it B e 64
6.4 Burner operation test ... ..o L 54
7 | Marking, labelling and packaging.......cc.ccovveniiniiniiinni e 54
7.1 General reqUIremMeNnts ... O 54
7.2 Fuel cell power system marking .......c.oovveuiiineineesfo e 64
7.3 Marking of COMPONENTS .....iuniiiii e e 65
7.4 Technical dOCUMENLAtION ... e 55
7.4.1 GENEIAL i 55
7.4.2 Installation ManUal ... e 56
7.4.3 User’s information manual ... 0. 56
7.4.4 Operating ManUal ... ... 59
7.4.5 MaiNteNaNCe MaNUAL. ... .. e 70
Arnex A (informative) Significant hazards, hazardous situations and events dealt with
Tl 4T3 e (o 1T U] 1 1= o | e PPN 71
Arnex B (informative) Carburization and material compatibility for hydrogen service ........... 73
B.1 LOF= 14 o101 g 14= Vi o] o I PR 73
B.2 Material compatibility for hydrogen ServiCe.......coooviiiiiiiiiiiiii e 73
B.2.1 G BN N e 73
B.2.2 Metals and metallic materialS.........ooveiii i 73
B.2.3 Rolymers, elastomers, and other non-metallic materials...............ccoocoveeniennn. 75
B.2.4 ReferenCce dOCUMEBNTS ... e 75
Arnex C(frormative) Normative replacement subclauses for small fuel cell power
syptems)with rated electrical output less than 10 kW, and maximum pressure of less
th?n 0/1 MPa (gauge) for fuel and oXidant PASSAQES ... ..ovuvueineeei e eaees 79
(27T o] TeTo | = o] 1| V2T 81
Figure 1 — Typical stationary fuel cell pOWer SYStEeM ... 8
Figure 2 — MiniMUM @St PrESSUIES ...ttt et et et e e e eneans 49
Figure 3 — Test wall with static pressure ports and vent terminal locations........................... 56
Figure 4 — Vent teSt Wall ... e 57
Figure 5 — Piezo ring and details of typical conStruction.............ccooiiiiiiiiiii e, 58
Figure 6 — Safety precautions for odorized gas-fuelled Systems .........cc.oooiiiiiiiiiiiinineen, 67
Figure 7 — Safety precautions for odorant-free gas fuelled systems ...........ccoccoviiiiiiininennn. 68

Figure 8 — Safety precautions for liquid fuelled SYyStemMS ..o, 68


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 © IEC 2019 -5-

Table 1 — Allowable surface temMPEerature FMSES ... ..viuiiiiiii e 23
Table 2 — Leakage tesSt reqUIrEIMENTS ... e e e e 46
Table 3 — Ultimate strength test reqUIreMENtS ... 48
Table 4 — Wind caliDration ... 56

Table A.1 — Hazardous SituationNs anNd EVENTS.......iieieie it e e aaeaaaes 71



https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

-6 - IEC 62282-3-100:2019 © IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 3-100: Stationary fuel cell power systems — Safety
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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization €¢empris
all national electrotechnical committees (IEC National Committees). The object of IEC is(to prom
international co-operation on all questions concerning standardization in the electrical and electronic fields.
this end and in addition to other activities, IEC publishes International Standards, Technieal_Specificatio|
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “I
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nationak€ommittee interes
in the subject dealt with may participate in this preparatory work. International, lgovernmental and n
governmental organizations liaising with the IEC also participate in this preparation.AEC collaborates clos|
with the International Organization for Standardization (ISO) in accordance with -eonditions determined
agreement between the two organizations.

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

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

In order to promote international uniformity, IEC Nationah.Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in theirtnational and regional publications. Any divergel

between any IEC Publication and the corresponding national or regional publication shall be clearly indicated i

the latter.

IEC itself does not provide any attestation of\cenformity. Independent certification bodies provide conforn
assessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible for &
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 4
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature:whatsoever, whether direct or indirect, or for costs (including legal fees) 3
expenses arising out of th€ /publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn to<«theNormative references cited in this publication. Use of the referenced publications
indispensable for the ¢orrect application of this publication.

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

ernational Standard IEC 62282-3-100 has been prepared by IEC technical committee 1(
el celktechnologies.
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isssacaond edition cancels and rnplanne the first odition pllhlichnf’l 2012 This editi

constitutes a technical revision.

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

ed

a)

b)
c)

ition:

recognition that fuel carrying components qualified to leakage standards (soundness)

need not be considered as potential flammable leak sources;
new Annex C for small power systems; and
clarifications for numerous requirements and tests.
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e text of this International Standard is based on the following documents:
FDIS Report on voting
105/695/FDIS 105/705/RVD

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

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

A
te

Th
St4
th

list of all parts in the IEC 62282 series, published under the general title Euel c
hnologies, can be found on the IEC website.

e committee has decided that the contents of this document will remain unchanged until t
hbility date indicated on the IEC website under "http://webstore.iec.ch” in the data related
b specific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

ell
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to
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th
un

calour printer.

PORTANT — The 'colour inside' logo on thexcover page of this publication indicate
At it contains colours which are considered to be useful for the corre
derstanding of its contents. Users should therefore print this document using

—
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INTRODUCTION

A typical stationary fuel cell power system is shown in Figure 1.

System boundary

TH

infegrated systems, as necessary, intende&d-to perform designated functions, as follows.

Power inputs:
electrical, thermal,
mechanical Recovered heat
> |-
» Thermal >
management
system Waste heat
>
] A
Fuel Fuel Y l
| processing
system Fuel Useable power
Y cell stack :
electrical
or Power >
module conditioning
system
Oxidant Oxidant
> processing Water +
system treatment Internal power Discharge
- system needs water
Ventilation >
>
Inert gas : Ventilation Exhgu;t gases,
Water » system Automatic Onboard ventilation >
» control energy
-  » system storage .
EMD: EMI:
vibration, nPb'S“?
wind, rain, vibration
temperature,
ete. IEC

Figure 1 — Typical stationaryfuel cell power system

e overall design of the power system anticipated by this document forms an assembly|of

Fuel processing system — Systeni’0f chemical and/or physical processing equipment plus
associated heat exchangers ~and controls required to prepare, and if necessaly,
pressurize, the fuel for utilization within a fuel cell power system.

[

Oxidant processing system — System that meters, conditions, processes and mfay
pressurize the incoming,supply for use within the fuel cell power system.

Thermal management system — System that provides heating or cooling and heat rejectipn
to maintain the~fuel cell power system in the operating temperature range, and may
provide for the fecovery of excess heat and assist in heating the power train during stgrt-
up.

Water treatment system — System that provides all the necessary purification treatment|of
the recovered or added water for use within the fuel cell power system.

Power conditioning system — Equipment that is used to adapt the electrical energy
produced by the fuel cell stack(s) to application requirements as specified by the

manufacturer.

Automatic control system — System(s) that is composed of sensors, actuators, valves,
switches and logic components that maintain the fuel cell power system parameters within
the manufacturer’s specified limits including moving to safe states without manual
intervention.

Ventilation system — System that provides air through mechanical or natural means to the
fuel cell power system’s enclosure.

Fuel cell modules — Equipment assembly of one or more fuel cell stacks which
electrochemically converts chemical energy to electric energy and thermal energy
intended to be integrated into a power generation system.
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e Fuel cell stack — Equipment assembly of cells, separators, cooling plates, manifolds and a
support structure that electrochemically converts, typically, hydrogen rich gas and air
reactants to DC power, heat and other reactant bi-products.

e Onboard energy storage — System of internal electric energy storage devices intended to
aid or complement the fuel cell module in providing power to internal or external loads.
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FUEL CELL TECHNOLOGIES -

Part 3-100: Stationary fuel cell power systems — Safety

Scope

Th
or
wh

Th

a)

b)

d)

Th

Ng
rel

Th

outdoorscommercial, industrial and residential use in non-hazardous areas.

fuel cell power systems comprised of factory matched packages of integrated syste
ich generate electricity through electrochemical reactions.

is document applies to systems
intended for electrical connection to mains direct, or with a transfer switch, or to a star
alone power distribution system;
intended to provide AC or DC power;
with or without the ability to recover useful heat;
intended for operation on the following input fuels:

1) natural gas and other methane rich gases derived §rom renewable (biomass) or fos
fuel sources, for example, landfill gas, digester gas, coal mine gas;

2) fuels derived from oil refining, for examplé, diesel, gasoline, kerosene, liquefi
petroleum gases such as propane and butane;

3) alcohols, esters, ethers, aldehydes, -ketones, Fischer-Tropsch liquids and oth
suitable hydrogen-rich organic compounds derived from renewable (biomass) or fos
fuel sources, for example, methanolcethanol, di-methyl ether, biodiesel;

4) hydrogen, gaseous mixtures contdining hydrogen gas, for example, synthesis ga
town gas.

is document does not cover:

micro fuel cell power systems;
portable fuel cell powersystems;

propulsion fuel cell\power systems.

TE For special applications such as “marine auxiliary power”, additional requirements can be given by
bvant marine ship.register standard.

is document is applicable to stationary fuel cell power systems intended for indoor a

T

is part of IEC 62282 applies to stationary packaged, self-contained fuel cell power syste:ps

S

d-

er
sil

LS,

hd

issdocument contemplates all significant hazards, hazardous situations and events, with t

e

exception of those associated with environmental compatibility (installation conditions),
relevant to fuel cell power systems, when they are used as intended and under the conditions
foreseen by the manufacturer.

This document deals with conditions that can yield hazards on the one hand to persons, and
on the other to damage outside the fuel cell power system only. Protection against damage to
the fuel cell power system internals is not addressed in this document, provided it does not
lead to hazards outside the fuel cell power system.
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2 Normative references

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

IEC 60079-2, Explosive atmospheres — Part 2: Equipment protection by pressurized

enclosure "p

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive.gas
atmospheres

IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — (Rerformance
reqiuirements of detectors for flammable gases

IEC/IEEE 60079-30-1, Explosive atmospheres — Part 30-1: Electrical resistance trace heatipg
— General and testing requirements

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1. Genefal
requirements

IEC 60335-1:2016, Household and similar electrical appliahces — Safety — Part 1: General
refiuirements

IEC 60335-2-51, Household and similar electrical/appliances — Safety — Part 2-51: Particular
reqiuirements for stationary circulation pumps forsheating and service water installations

IEC 60529, Degrees of protection provided-by enclosures (IP Code)
IEC 60730-1, Automatic electrical cofitrols — Part 1. General requirements

IEC 60730-2-5, Automatic electrical controls — Part 2-5: Particular requirements for automatic
elgctrical burner control systems

IEC 60730-2-6, Automatie electrical controls — Part 2-6: Particular requirements for automattic
elgctrical pressure sensing controls including mechanical requirements

IELC 60730-2-9,\Automatic electrical controls — Part 2-9: Particular requirements for
temperature{sensing control

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

IEC6I000-3-Z, Electromagnetic compatibility (EMT) — Part 3-27 Limits — Limits for_harmonic

current emissions (equipment input current <16 A per phase)

IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current <16 A per phase and not subject to conditional connection

IEC TS 61000-3-4, Electromagnetic compatibility (EMC) — Part 3-4: Limits — Limitation of
emission of harmonic currents in low-voltage power supply systems for equipment with rated
current greater than 16 A
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IEC TS 61000-3-5, Electromagnetic compatibility (EMC) — Part 3-5: Limits — Limitation of
voltage fluctuations and flicker in low-voltage power supply systems for equipment with rated
current greater than 75 A

IEC 61000-3-11, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems —
Equipment with rated current <75 A and subject to conditional connection

IEC 61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1:. Generic standards -
Immunity standard for residential, commercial and light-industrial environments

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards| —
Immunity standard for industrial environments

IEC 61000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generi¢ | standards| —
Emission standard for residential, commercial and light-industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards| —
Emission standard for industrial environments

IEC 61508 (all parts), Functional safety of electrical/electrgnic/programmable electrof
safety-related systems

c

IEC 61511-1, Functional safety — Safety instrumented systems for the process industry secfor
— | Part 1: Framework, definitions, system, hardware and application programmipg
requirements

IEC 62040-1, Uninterruptible power systems (UPS) — Part 1: Safety requirements

IEC 62061, Safety of machinery — Functional safety of safety-related electrical, electronic apd
propgrammable electronic control systems

IEC 62368-1, Audio/video, information and communication technology equipment — Part|1:
Sgfety requirements

ISP 3864-2, Graphical symbols — Safety colours and safety signs — Part 2: Design principles
foll product safety labels

ISP 4413, Hydesautlic fluid power — General rules and safety requirements for systems ahd
their compopents

ISP 4414;*Pneumatic fluid power — General rules and safety requirements for systems ahd
their,components

ISO 5388, Stationary air compressors — Safety rules and code of practice

ISO 10439 (all parts), Petroleum, petrochemical and natural gas industries — Axial and
centrifugal compressors and expander-compressors

ISO 10440-1, Petroleum, petrochemical and natural gas industries — Rotary-type positive-
displacement compressors — Part 1: Process compressors

ISO 10440-2, Petroleum and natural gas industries — Rotary-type positive-displacement
compressors — Part 2: Packaged air compressors (oil-free)
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ISO 10442, Petroleum, chemical and gas service industries — Packaged, integrally geared
centrifugal air compressors

ISO 12499, Industrial fans — Mechanical safety of fans — Guarding
ISO 13631, Petroleum and natural gas industries — Packaged reciprocating gas compressors

ISO 13707, Petroleum and natural gas industries — Reciprocating compressors

ISO 13709, centrifugal pumps tor petroleum, petrochemical and natural gas Industries

ISP 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1:"Genefal
principles for design

ISP 13850, Safety of machinery — Emergency stop function — Principles for design
ISP 14847, Rotary positive displacement pumps — Technical requirements
ISP 15649, Petroleum and natural gas industries — Piping

ISPp 16111, Transportable gas storage devices — Hydrogen)absorbed in reversible mefal
hydride

ISP 23550, Safety and control devices for gas and/or oil burners and appliances — Genefal
requirements

ISP 23551-1, Safety and control devices forrgas burners and gas-burning appliances| —
Pgrticular requirements — Part 1. Automatictand semi-automatic valves

ISP 23553-1, Safety and control devices for oil burners and oil-burning appliances| —
Pdrticular requirements — Part 1: Autematic and semi-automatic valves

ISP 26142, Hydrogen detection-apparatus — Stationary applications

3| Terms and definjtions
Fdr the purposes(of this document, the following terms and definitions apply.

ISP and IECG{ maintain terminological databases for use in standardization at the followihg
addresses:

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

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

3.1

accessible

area to which, under normal operating conditions, one of the following applies:

a) access can be gained without the use of a tool;

b) the means of access is deliberately provided to the user;

c) the user is instructed to enter regardless of whether or not a tool is needed to gain access

Note 1 to entry: The terms "access" and "accessible", unless qualified, relate to an area deemed accessible as
defined above.
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Note 2 to entry: Only service personnel are allowed into non-accessible areas. Service personnel may need to
have proper personal protective equipment as noted in the maintenance manual.

3.2
anode exhaust catalytic reactor
catalyst reactor which oxidizes hydrogen-rich gas used for hydrogen fuel cell power systems

3.3
automatic burner control system
system which mcludes a programmlng unlt a flame detector and may mcIude an ignition

combustible material

itejm capable of being ignited and burned

Nofe 1 to entry: Such materials are considered combustible even though-flame-proofed, fire-retardant treated,| or
plastered.

Nofe 2 to entry: When pertaining to materials adjacent to, or in céntact with, heat-producing appliances, vent
comnectors, flue gas vents, steam and hot water pipes, and warm’ air ducts, combustible materials are thgse
materials made of or surfaced with wood, compressed paper,-plant fibres, or other materials that are capableg of
being ignited and burned.

3.6
dgsign pressure
highest pressure that may occur under any and all operating modes, including steady stdte
anld transient

3.7
effluent
prpducts of combustion plus the excess air being discharged from gas utilization equipment

3.
eléctromagnetic disturbance
END

elgctromagnetic phenomenon that may degrade the performance of a device, equipment |or
sygtem, or adversely affect living or inert matter

Nofe 1 toentry: This note applies to the French language only.

3.

E|t.bt|un|ag||cti\., ;IItCIfCICIIbC
EMI

degradation of the performance of an equipment, transmission channel or system caused by
an electromagnetic disturbance

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

3.10

electrical equipment

material, fittings, devices, appliances, fixtures, apparatus and the like used as part of, or in
connection with, an electrical installation
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3.11

emergency shutdown
safety shutdown
control system actions, based on process parameters, taken to stop the fuel cell power
system and all its reactions immediately to avoid damage to equipment and/or persons

3.12
fuel cell
electrochemical device that converts the chemical energy of a fuel and an oxidant to electrical

en

ergy (DC power), heat and other reaction products

[S

3.
fu

generator system that uses one or more fuel cell module(s) to generate electfic power a

he
[S

3.
fu
co

3.
fly

pa
thg

No|

3.

g3
as|

pr

3.
ig
de

ig
de

.18

| 3
e| cell power system

at
DURCE: IEC TS 62282-1:2013, 3.49]

| 4
bl compartment
Mmpartment with internal sources of flammable gas/vapout/elease

| 5

e gas vent

ssageway for conveying vent gas from gas utilization equipment or their vent connectors
b outside atmosphere

e 1to entry: See also 3.33.

| 6

s carrying circuit

sembly of parts of the stationary fuel cell power system that carry or contain supply gas
hcess gas

| 7
hiter
vice which utilizes electrical energy to ignite gas at a pilot burner or main burner

hition device
vice mounted on or adjacent to a burner for igniting fuel at the burner

EX

DURCE: IEC TS 62282-1:2013, 3.43, modified — In the definition, "other" has been addeqd.

hd

or

AMPLEE Pilot burners, spark electrodes and hot surface igniters.

3.19

ignition system timings
3.19.1

flame-establishing period

period of time between the signal to energize the fuel flow means and the signal indicating
presence of the burner flame

Note 1 to entry: This may be applicable to proof of the ignition source or main burner flame, or both.

3.19.2
ignition activation period
period of time between energizing the main gas valve and deactivation of the ignition means

pri

or to the lock-out time
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3.19.3
start-up lock-out time
period of time between the initiation of gas flow and the action to shut off the gas flow in t

19

he

event of failure to establish proof of the supervised ignition source or the supervised main

burner flame

3.19.4

purge time

period of time intended to allow for the dissipation of any unburned gas or residual products
combustion

of

3.19.4.1
pre-purge time
purge time which occurs at the beginning of a burner operating cycle prior to initiating ignitio

3.19.4.2
pgst-purge time
purge time which occurs at the end of a burner operating cycle

ety related control device which performs the safety shutdown

3.21

logk-out time

pefriod of time between the signal-indicating absence of flame and the action to shut off t
fuel supply

3.22

main burner

delvice or group of devices essentially forming an integral unit for the final conveyance of g
or|a mixture of gas and air to the combustion zone, and on which combustion takes place
accomplish the funetion for which the equipment is designed

3.23
manifold
conduit(s) which supplies fluid to or collects it from the fuel cell or the fuel cell stack

he
Lp

as
to

[SOURCE: TEC TS 62282-1:2013, 3.70, modified — The notes to eniry have been deleied.]

3.24

permissive

condition within a logic sequence that has to be satisfied before the sequence is allowed
proceed to the next phase

3.25
pilot
small gas flame used to ignite the gas at the main burner

to
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3.25.1

co

ntinuous pilot

pilot that burns without turning off throughout the entire time the burner is in service, whether
the main burner is firing or not

3.25.2
intermittent pilot
pilot which is automatically lit each time there is a signal for initialization and burns during the

entire period that the main burner is firing

3.25.3

interrupted pilot

pilot which is automatically ignited prior to the admission of fuel to the main burner and which
is putomatically extinguished when the main flame is established

3.26

prpcess gas

supply gas that has been transformed to a gas containing predominantly;hydrogen

3.27

purge

prptective operation to remove gases and/or liquids, such as fuel; hydrogen, air or water, frgm
a fuel cell power system

3.28

regovered heat

thermal energy that has been recovered for useful purposes

Nofe 1 to entry: The recovered heat is measured by detérmining the temperatures and flow rates of heat recovery
fluid (water, steam, air or oil, etc.) entering and leaving the thermal energy recovery subsystem at the interfgce
point of the small fuel cell power system.

3.29

reformer

reqctor to produce a hydrogen rich’ gas mixture from a raw fuel

3.80

small fuel cell power _system

fuel cell power systemiwith rated electrical output less than 10 kW, and maximum pressure|of
legs than 0,1 MPa.(gauge) for fuel and oxidant passages

Nofe 1 to entry;~ ‘Replacement subclauses for small fuel cell power systems are given in Annex C.

3.81

state

3.30%

cold state

state of a fuel cell power system at ambient temperature with no power input or output

3.31.2
operational state
state of a fuel cell power system with substantial electrical active output power available

3.31.3

passive state
state of the fuel cell power system when the fuel and oxidant systems have been purged with
steam, air or nitrogen or per manufacturer’s instructions
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3.31.4
pre-generation state

state of a fuel cell power system being at sufficient operating temperature and in such an
operational mode, with zero electrical output power, that the fuel cell power system is capable
of being promptly switched to an operational state with substantial electrical active output

power

3.31.5
steady state condition

<small fuel cell power system> condition when the fluctuation of electric power output is within

% of rated power output

3.31.6

stprage state

state of a fuel cell power system being non-operational and possibly reguiring, und
conditions specified by the manufacturer, the input of thermal and/or electric enefgy and/or
ingrt atmosphere in order to prevent deterioration of the components

3.82
thermal equilibrium conditions
stable temperature conditions indicated by temperature changes)of’no more than 3 K or 1

vent\terminal

er

he

he

veht cap
fitting at the end of the vent pipe that directs the flue products into the outside atmosphere

3.38
ventilation

3.38.1
mechanical ventilation
movement of air and its replacement with fresh air by mechanical means

3.38.2
natural ventilation

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

temperature gradients
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[SOURCE: IEC 60050-426:2008, 426-03-07]

3.39

ve

nting system

flue gas vent and vent connector if used, assembled to form a continuous open passageway
from the flue collar of gas utilization equipment to the outside atmosphere for the purpose of
removing vent gases

4

Safety requirements and protective measures

4.
Th

a)

b)

d)

Fg
fu

1
2)

3)

|  General safety strategy
e manufacturer shall perform in written form a risk assessment to ensure that:

all reasonably foreseeable hazards, hazardous situations and events ahd foreseeal
misuse throughout the anticipated fuel cell power system’s lifetime have_been identifie
Annex A provides a list of hazards that have been dealt with in this document;

of occurrence of the hazard and of its foreseeable severity;

the two factors which determine each one of the estimated risks (probability and severi
have been eliminated or reduced to a level not exceeding,the’acceptable risk level throu
application of:

1) inherently safe design of the construction and its methods; or
2) guards and protective devices provided

i) by passive control of energy releases’ without endangering the surroundi
environment (for example, burst discsy release valves, thermal cut-off devices), o

ii) by active control of energy (for example, by electronic control equipment includ
in the fuel cell power system, which enforces adequate countermeasures based
the evaluation of the sensor signal and by safety related control functions);

for residual risks which could not’have been reduced by the measures according to
provisions such as labels, warnhings, or requirements of special training shall be takg
considering that such meastires need to be understood by the persons who are in the ar
of the hazards.

nction shall be determined and designed in accordance with:
IEC 62061 and,”if applicable, ISO 13849-1 or IEC 61508 (all parts) in conjunction w|
IEC 61511-%.for applications according to IEC 60204-1;

IEC 60430-1 or 1SO 23550 for appliances according to IEC 60335-1, IEC 60950
IEC 62368-1 or IEC 62040-1;

IEC_61508 (all parts) in conjunction with IEC 61511-1 for other applications.

r functional safety, the-fequired severity level, performance level or the class of contf

)

the risk for each of these hazards has been estimated from the combination of probability

y)
gh

For fallure mode and effecis analysis (FMEA) and fault iree analySis methods the Tollowl
standards can be used as guidance:

IEC 60812;
SAE J1739;
IEC 61025.
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4.2 Physical environment and operating conditions
4.2.1 General

The fuel cell power system and protective systems shall be so desighed and constructed as to
be capable of performing their intended function(s) in the physical environment and operating
conditions specified in 4.2.2 to 4.2.8.

4.2.2 Electrical power input

T afuaol oall osovnar cvctam chall bha docianad o onaratn ooveaoth, gt thn ool o s o f
CTOCT CCT PUOUWCT SyStCTiT oAt T OCSTgTToU (U~ optTatC— CoUTT o oty vvith oic— COTTOTtOroOTTS (0]

elg¢ctrical power input specified in the relevant electrical product application standard as-given
in 4.7 or as otherwise specified by the manufacturer.

4.2.3 Physical environment

ThHe manufacturer shall specify the physical environment conditions for which the fuel cell
power system is suitable. Consideration should be given to:

a)| indoor/outdoor use;

b)| the altitude above sea-level up to which the fuel cell power System must be capable |of
operating correctly;

c)| the range of air temperatures and humidity within which(the fuel cell power system muyst
be capable of operating correctly;

d)| the seismic zone where it may be sited.
4.2.4 Fuel input

THe fuel cell power system shall be designed. to,operate correctly within the composition limfits
and supply characteristics of the fuels for which its design is intended (for example, pipelihe
natural gas).

4.2.5 Water input

THe quality and supply charactéristics of the water to be used in the fuel cell power systems
shiall be specified by the manufacturer.

4.2.6 Vibration, shock and bump

THe undesirable gffects of vibration, shock and bump (including those generated by the
machine and its associated equipment and those created by the physical environment) shill
bg avoided bhy-the selection of suitable equipment, by mounting it away from the fuel cell
power system; or by the use of anti-vibration mountings. This does not include the effects|of
selismic _stieck, which shall be addressed separately if the manufacturer deems it approprigte
for its product (see 4.2.3).

4.2°7 Handling, transportation, and storage

The fuel cell power system shall be designed to withstand, or suitable precautions shall be
taken to protect against, the effects of transportation and storage temperatures within a range
of =25 °C to +55 °C and for short periods not exceeding 24 h at up to +70 °C. Alternative
temperature ranges may be specified by the manufacturer.

The fuel cell power system or each component part thereof shall
a) be capable of being handled and transported safely, and when necessary, be provided
with suitable means for handling by cranes or similar equipment,

b) be packaged or designed so that it can be stored safely and without damage (for example,
adequate stability, special supports).
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The manufacturer shall specify special means for handling, transportation and storage if
required.

4.2.8 System purging

Means shall be provided in fuel cell power systems to purge where, for safety reasons, a
passive state is required after shutdown or prior to start-up, as specified by the manufacturer.
A suitable purge system utilizing a medium specified by the manufacturer such as, but not
limited to, nitrogen, air or steam in a non-hazardous situation within the intended use may be
used.

Selection of materials

A All materials shall be suitable for the intended purpose.

2 When materials used to construct the fuel cell power system are-khown to poge
zards under certain circumstances, the manufacturer shall implement the’ measures aphd
provide the information necessary to sufficiently minimize the risk of endangering persofs’
safety or health.

4.8.3 Asbestos or asbestos-containing material(s) shall not be"used in the construction of a
fug¢l cell power system. The use of other hazardous substances such as lead, cadmium,
mercury, hexavalent chromium, polybrominated biphenyl, polybrominated diphenyl ether apd
lychlorinated biphenyl shall be addressed in accordarice with national and regional
regulations.

Metallic and non-metallic materials used to construet internal or external parts of the fuel cell
er system, in particular those exposed directly or indirectly to moisture or that contdin
prpcess gas or liquid streams, as well as all¢parts and materials used to seal or interconnect
the same, for example, welding consumables, shall be suitable for all physical, chemical apd
thérmal conditions which are reasonably. foreseeable within the scheduled lifetime of the
uipment and for all test conditions. In-particular:

a)| they shall retain their mechanical stability with respect to strength (fatigue propertigs,
endurance limit, creep strength) when exposed to the full range of service conditions apd
lifetime as specified by theimanufacturer;

b)| they shall be sufficiefitly resistant to the chemical and physical action of the fluids that
they contain and tQ énvironmental degradation;

c)| the chemical and physical properties necessary for operational safety shall not pe
significantly dffected within the scheduled lifetime of the equipment unless replacement|is
foreseen;

d)| when seléecting materials and manufacturing methods, due account shall be taken of the
matefial’'s corrosion and wear resistance, electrical conductivity, impact strength, agipg
resistance, the effects of temperature variations, the effects arising when materials are gut
together (for example, galvanic corrosion), the effects of ultraviolet radiation, and to the

ol ot ££ + £ ool +la IS H ] £ £ + H |
UCHIC\UQLIUII CITTULlO Ul IIyuIUuCII ulr uare rmieoirrarioeal PCIIUIIIIC\IIL;C Ul A T1ITatcriar.

NOTE Guidance to account for the degradation effects of hydrogen on the mechanical performance of a material
can be found in ISO/TR 15916, ASME B31.12 and Annex B.

4.3.4 Where conditions of erosion, abrasion, corrosion or other chemical attack may arise,
adequate measures shall be taken to:

a) minimize that effect by appropriate design, for example, additional thickness, or by
appropriate protection, for example, use of liners, cladding materials or surface coatings,
taking due account of the intended and reasonably foreseeable use;

b) permit replacement of parts which are most affected;

c) draw attention, in the maintenance instructions referred to in 7.4.5, to the type and
frequency of inspection and maintenance measures necessary for continued safe use;
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where appropriate, it shall be indicated which parts are subject to wear and the criteria for

replacement.
4.4  General requirements

4.4.1 In so far as their purpose allows, accessible parts of the fuel cell power system sh
have no sharp edges, no sharp angles and no rough surfaces likely to cause injury.

4.4.2 The fuel cell power system, or parts of it where there is a reasonable expectation
access, shall be designed and constructed to prevent persons slipping, tripping or falling on

all

of
or

e it
orrtmese parts.

4.4.3 The fuel cell power system, components and fittings thereof shall be so designed a
copstructed that they are stable enough, under the foreseen operating caondijtions
essary taking climatic conditions into account) for use without risk of overturming, falling
unexpected movement. Otherwise, appropriate means of anchorage shall be incorporated a
indlicated in the instructions.

4.4.4 The moving parts of the fuel cell power system shall be designed, built and laid out
id hazards or, where hazards persist, fixed with guards or protective devices in such a w|
as|to prevent all risk of contact which could lead to accidents.

4.4.5 The various parts of the fuel cell power system\and their linkages shall be
copstructed that, when used normally, no instability, distortion, breakage or wear likely
imjpair their safety can occur.

4.4.6 The fuel cell power system shall be so designed, constructed and/or equipped su
that risks due to gases, liquids, dust or vapoursireleased during the operation or maintenan
of [a fuel cell power system are avoided.

4.4.7 All parts shall be securely mounted or attached and rigidly supported. The use
shpck-mounts is permitted when suitable for the application.

4.4.8 All safety shutdown system components, whose failure may result in a hazardo
nt, as identified by the risk assessment noted in 4.1, shall be in compliance with t
relevant standard considering-the intended use.

4.4.9 The manufacturer shall take steps to eliminate any risk of injury caused by conta

hd
(if
or
hd

of

us
he

\Ct

with, or proximity t0,)external surfaces of the fuel cell power system enclosure, handle, grips

or|knobs at high temperatures.

4.4.10 If-external surfaces of the fuel cell power system’s enclosure, handles, grips, knops

or| similar;-parts may be contacted by users without personal protective equipment, t
manufacturer shall either limit the temperature of these surfaces at all times according
Tgble 1 or the manufacturer shall fix guards or protective devices in such a way as to preve

he
to
nt

ol £ " ) + bl [ el +
rIsKorccontacttnat cota Treattoaccroents:
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Table 1 — Allowable surface temperature rises

Part Temperature rise
K
External enclosures, except handles held in normal use 60

Surfaces of handles, knobs, grips and similar parts which are held for short periods only
in normal use

— of metal 35
— of porcelain 45
—| of moulded material (plastic), rubber or wood 60

Z

OTE 1 The values in the table are the maximum surface temperature rises above ambient of externf
rfaces that can be contacted during operation by people without personal protective equipment. The aboy
hlues are referenced in Table 3 of IEC 60335-1:2016.

n
@

<

Z

OTE 2 The values in the table are based on an ambient temperature not normally exceeding=298,15 K b
Ccasionally reaching 308,15 K. However, the temperature rise values specified are based on 298,15 K.

o
=3

THe temperatures on walls, floor and ceiling adjacent to a stationary fuel cell power syst¢m
shiall not exceed 50 °C above ambient temperature under the test €onditions of 5.12 b).

4.4.11 The fuel cell power system shall be so designed and constructed that the emission|of
aifborne noise is reduced to a level suited for the intended<use or location in compliance wjth
applicable regional or national airborne noise codes and-Standards.

4.4.12 The fuel cell power system exhaust te\.atmosphere, under normal steady-stgte
oplerating conditions, shall not contain volume fraction of carbon monoxide in excess |of
0,03 % by volume in an air-free sample of the.éffluents, which is a sample that has its efflugnt
carbon monoxide (CO) volume fraction mathematically corrected as though there was zgro
percent excess air.

THe CO volume fraction of the dry, air-free combustion products is given by the formula

€0 = (Co)avg x (CO2)max / (Coz)avg

where

Cco is the carbon monoxide concentration of air-free combustipn
products in percent;

(CO2) max is the maximum carbon dioxide concentration of the dry, air-free

combustion products for test fuel in percent;

(CO)an and (COz)an are the average values of measured concentrations in the sample
taken at least 3 times during the test, both expressed in percent;

or
CO = (CO)ayg x (21 %) 1 (21 % — (O3)ayg)
where
(CO)an and (Oz)avg are the average values of measured concentrations in the sample

taken at least 3 times during the test, both expressed in percent.

4.4.13 Where explosive, flammable, or toxic fluids are contained in the piping, appropriate
precautions shall be taken in the design and marking of sampling and take-off points.

4.4.14 The maximum temperatures of components and materials, as installed in the fuel cell
power system, shall not exceed their temperature ratings.
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4.4.15 The manufacturer shall give consideration to the suitability of the fuel cell power
system to operate where contaminants (for example, dust, salt, smoke, and corrosive gases)
are present in the physical environment.

4.4.16 The fuel cell power system enclosure shall be designed to safely contain any
anticipated hazardous liquid leaks (see 4.5.2 f) for liquid fuel. The containment means shall
have a capacity of 110 % of the maximum volume of fluid anticipated to leak.

4.4.17 The manufacturer shall take measures to ensure against condensate accumulation.
c e c 1igh

Pi
IS

Pi

ings, shall be designed and constructed with adeguate strength for functionality al
akage resistance to prevent unintended releases.

drogen stored in metal hydrides assemblies shall comply with ISO 16111.

5.2 Piping systems

bing and its associated joints andtfittings shall conform to the applicable clauses
D 15649.

bing systems designed for internal gauge pressure at or above zero but less than 105 kH

handling fluids that are neon-flammable, non-toxic and not damaging to human tissue a

ha
IS
in
th
fu

Th
fol

ving a design temperature from -29 °C through 186 °C are not included in the scope

s,
ef

re
nd
nhd
hd

of

al
hd
of

D 15649. Piping systems under these conditions shall be constructed of suitable materigls

accordance with-4:3 and shall meet the applicable requirements of 4.4. Such pipes, &
ir related joints and fittings, shall be designed and constructed with adequate strength
nctionality and [eakage resistance to prevent unintended releases.

e design Jand construction of both rigid and flexible pipes and fittings shall consider t
lowing.aspects.

hd
or

he

a)

Madterials shall meet the requirements specified in 4.3.

b)

c)

The internal surfaces of piping shall be thoroughly cleaned to remove loose particles and
the ends of piping shall be carefully reamed to remove obstructions and burrs.

If fluid condensate or sediment accumulation inside gaseous fluid piping could cause
damage from water hammer, vacuum collapse, corrosion and uncontrolled chemical
reactions during start-up, shutdown and/or use, the manufacturer shall provide means for
drainage and removal of deposits from low areas and for access during cleaning,
inspection and maintenance. In particular, the manufacturer shall take measures to ensure
against sediment or condensate accumulation in fuel gas controls. Sediment traps or
filters shall be installed or adequate guidelines shall be provided in the product’s technical
documentation.
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d)

e)

f)

4.

T
co|
ei
te
m¢

a)

b)

d)

e)

f)

)

h)

The manufacturer shall take measures to ensure against sediment accumulation in liquid
fuel controls. Sediment traps or filters shall be installed or adequate guidelines shall be

provided in the technical documentation of the product.

Non-metallic piping used to convey combustible gases shall be protected against the

possibility of overheating and mechanical damage. Measures as required by the ri

sk

assessment specified in 4.1 shall be provided to prevent the temperature of components

conveying combustible gases from surpassing their design temperatures.

Liquid fuel cell power systems shall include provisions for capturing, recycling or safe
disposal of released liquid fuel. Drip pans, spill guards, or double-walled pipe shall be

.3 Flue gas venting systems

e fuel cell power system shall be provided with a venting system to convey jproducts

bustion from fuel utilization equipment to the outside atmosphere. The manufacturer sh
her supply a vent pipe system that meets the requirements, or provide~in‘the produc
thnical documentation adequate instructions to allow selection of a (vent pipe systg
beting these requirements.

Materials shall meet the requirements specified in 4.3. In particular, the venting systd

material shall be judged on its temperature limitation, strengthland resistance to the acti
of condensate.

The venting system parts of a fuel cell power system<shall be durable. Venting systq
parts, including parts within the fuel cell power system, shall not break, disassemble
become damaged to the extent that they permit ufisafe fuel cell power system operation,|

The vent pipe shall be properly supported and ‘'shall be provided with a rain cap or oth
feature that would not limit or obstruct the gas flow from venting.

Means, such as drainage, shall be provided to prevent water, ice and other debris frd
accumulating inside the vent pipe or @bstructing the vent pipe.

A venting system for a fuel cell power system shall be leak-tight.

The exhaust outlet collar shall be of such size as to accommodate a vent connector that
commercially available or tocaccommodate a conduit as specified in the manufacture
installation instructions.

Pressure switches used\to prove exhaust gas flow, if used, shall be factory set, or at t
manufacturer’s discretion, be set by service personnel at the construction site. T
adjustment means\ shall then be secured. A pressure switch shall bear a marki
indicating clearnlyythe appliance manufacturer’s or distributor’'s part number or approprig
documentation which correlates to the locked pressure setting.

Parts of .awpressure switch in contact with exhaust gas condensate shall be corrosid
resistantto exhaust gas condensate at the normal operating temperatures.

Theuel cell power system shall be capable of starting up and then shall operate with t
appropriate carbon monoxide (CO) level when the venting system is exposed to up

of
all
t's
m

m

shall be constructed of material resistant to corrosion by )condensate. Non-metallic

oy

or

er

m

is
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116 Pa static pressure or up to 134,5 Pa velocity pressure (from 9 km/h to 54 km/h wi

nd

)

k)

velocity) according to the tests in 5.13.
When the fuel cell power system is provided with a venting system, the temperature of t

he

exhaust gases conveyed by that venting system shall not exceed temperatures acceptable

for the materials used to construct the venting system.

The venting system length shall be within the limits bounded by the testing carried out
Clause 5.

4.5.4 Gas-conveying parts

in

The gas-conveying parts shall be gas-tight such that the tightness cannot be undermined

un

der ordinary transportation, installation and use.
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There are no external leakage requirements for parts or segments of the gas circuit that

op

erate at all operating conditions below ambient air pressure.

If a control function ensures that a gas circuit operates below ambient air pressure, then the
measures to ensure safety shall comply with the requirements as given in the relevant

ap

plication standard as specified in 4.1.

4.6 Protection against fire or explosion hazards

4.6.1 Prevention against fire and explosion hazards in fuel cell power systems

Fg
pr

a)

b)

d)

provided with enclosures

r parts of the gas carrying circuit where the internal gas pressure is above the anmbient
bssure, the following applies.

The integrated systems of the fuel cell power system shall be assembled so| as to preve
hazards associated with flammable atmosphere accumulations within the)fuel cell pow
system.

The boundary for dilution of normal internal releases to below-25 % of the low
flammability limit (LFL) may be determined by computational fluid.dynamic analysis, trad
gas, or similar methods, such as those given in IEC 60079-10-1. All devices install
within dilution boundaries shall meet the requirements spegified in 4.6.1 e). The volun
within dilution boundaries shall be classified according(te IEC 60079-10-1. The LFL
typical gases are provided in IEC 60079-20-1.

NOTE 1 Examples of normal internal releases are fuel cell stack leak at the seals without a fault condit]
and do not include leak tight components. See 4.6.1 g) 2).

Enclosures with internal sources of flammable”gas/vapour release are defined as fi
compartments. Fuel compartments shall beidesigned to

1) maintain gas mixtures below 25 % (LFL), except in dilution boundaries, and
2) limit the extent of dilution boundaries to within the fuel compartment.

Methods to maintain normal internal releases below 25 % (LFL), except in diluti
boundaries, include the following.

1) Controlled oxidation of normal internal releases

This may be accomplished by the provision of a continuous and reliable ignition a
oxidant sources that'ensures the combustion of the released gases or the utilization
catalytic oxidation-units.

The manufacturer shall ensure that the maximum credible release, when reacte
produces ( pressures and temperatures that can be contained within the fu
compasrtment and tolerated by the components exposed to such conditions.

2) Airdilution of normal internal releases

This may be accomplished by the provision of mechanical ventilation to dilute with
the concentration of normal releases to less than 25 % (LFL), except within diluti

BT
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boundaries. In_all cases. the minimum_ventilation rate shall be consistent with t

he

allowable leakage rate test given in 5.4.

Ventilated fuel compartments shall be designed to operate at negative pressure

relative to other types of compartments in the fuel cell power system and
surroundings. This negative pressure in the fuel compartment is established by mea
such as induced or exhaust ventilation. Proper operation of the ventilation system sh

its
ns
all

be confirmed by measuring either flow or pressure. Failure of ventilation shall cause a

shutdown of the process equipment. Control functions to ensure this ventilation sh

all

be according to the standard for functional safety as given in 4.1. Alternatively, fuel

compartments of fuel cell power systems need not be ventilated at negative pressur
if adequate means are provided to limit the concentration of flammable gas below 25

es
%

of the LFL under all conditions of use except within dilution boundaries or as described

in4.6.1 g).
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f)

9)

h)

Fuel compartments that rely on ventilation for protection against accumulation of
flammable atmospheres shall be purged in such a way that the atmosphere will be
brought below 25 % of the LFL.

NOTE 2 One method of accomplishing this is with at least four air exchanges within an appropriate time
interval to ensure this result.

The purging will take place prior to the energization of any devices that are not suitable
for the area classification according to 4.6.1 b). Purging is not required if the
atmosphere within the compartment and associated ducts can be demonstrated by
design to be non-hazardous. All devices, which shall be energized prior to purging or

in order to accomplish purging, shall meet the requirements specified in 4.6.1 e).

Within areas classified as hazardous in 4.6.1 b), except for units that use the pfotecti
method described in 4.6.1 d) 1), the manufacturer shall eliminate ignition sources
ensuring that the

DN
by

1) installed electrical equipment is suitable for the area classification Yaccording [to
IEC 60079-10-1;

2) installed electrical resistance trace heating, if available, complies wijth
IEC/IEEE 60079-30-1;

3) surface temperatures do not exceed 80 % of the auto-ignifioh’ temperature, expressgd
in degrees Celsius, of the flammable gas or vapour. See-]EC 60079-20-1 for guidance
regarding auto-ignition temperatures of various flammable fluids;

4) equipment containing materials capable of catalysifig’the reaction of flammable fluids
with air shall be capable of suppressing the propagation of the reaction from the

equipment to the surrounding flammable atmoSphere;

5) potential for static discharge has been eliminated by proper bonding and grounding,

and by proper material selection.

Compartments that contain electrical or “mechanical equipment shall be maintained
positive pressure relative to adjacept~compartments with sources of flammable gas

at
or

vapour according to IEC 60079-2, unless the equipment meets the requirements specifiped

in4.6.1 e).
The fuel cell power system._shall be provided with passive and active means, or| a
combination thereof, to maintain abnormal internal releases below 25 % (LFL), except|in

dilution boundaries.

NOTE 3 Abnormal internal-releases include gas leakage under fault conditions, e.g. a pressure relief vajve

releasing gas into the space of the fuel cell appliance.

1)

2)

Sudden and tcatastrophic failures need not be considered a release scenario in this
analysis when protection against such failures has already been contemplated in the
pressureequipment and piping design (see also 4.5).

Parts’ of the gas carrying circuit which comply with the following need not pe
considered as potential leak sources:

) according to ISO 23550, or

3)

4)

HAAY Lial H H | R - pu | + pu | ol + 4l pu | + l + ol y, I
L)) SUTNTU PTPITTY WITICTT 1o UTOTYTIiTu AdaLULUTUTITY U LT UTOIYIT TUITTOS TITULTU T 5.9,
“Passive” means include, but are not limited to, the mechanical limitation of releases of
flammable gases or vapours to a maximum value by using pipe orifices and similar

methods of flow restriction or joints permanently secured and so constructed that they
limit the release rate to a predictable maximum value.

“Active” means may include flow measurements and controls or the provision of safety
devices such as combustible gas sensors. These means shall meet the requirements
specified in 4.9, and shall cause a fuel cell power system shutdown upon occurrence
of conditions under which the concentration of any flammable gas in the ventilation
exhaust exceeds 25 % of the LFL of that gas.

The fuel cell power system shall be designed for the safe dispersal of the ventilation and
process exhaust streams. In particular, for indoor installations the ventilation and process
exhaust shall be designed for connection to a flue or venting system.
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Potential for static discharge shall be eliminated by proper bonding and grounding

of

metallic parts by selecting materials that do not generate charges which could result in a

spark capable to ignite an ignitable gas/air mixture. The effect of flow rates within pip
generating possible charges shall also be considered.

A control function whose purpose is to avoid exceeding 25 % of the LFL by, for examp

es

le,

dilution with air and/or measuring the concentration and shut-off if exceeding the limit,

shall be designed according to the requirements specified in 4.1.

NOTE 4 Non-metallic tubing carrying hydrogen gas can accumulate electrostatic charge along its surface.
Discharges from the surface of this tube can be sufficient to ignite a flammable mixture of gas or vapour in the

su

rounding—environment—1lEC 60079.10.1 addresses-measures—to eliminate electrostatic-discharaes in-Zone

1

an
vel
to
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NG

elg
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4.
a)

b)

d)

f)

9)

i 2. This can be achieved by specifying a tube material with sufficient conductivity, or by limiting gas\f
ocity to values below which electrostatic charge does not accumulate. Tubing that relies on a protective_syst
Pliminate electrostatic discharge (e.g. a grounding wire or braid) is not addressed in IEC 60079 (all parts)

he O locations.

TE 5 Metal braid coverings, or conductive wires within the non-metallic tubing wall can increase’ the chance
ctrostatic discharge if those conductors become disconnected from their bonding conductor. 'Positively secur|
ding and grounding conductors in Zones 1 and 2 by mechanical means addresses this issue-

.2 Prevention of fire and explosion hazards in burners

Fuel cell power systems shall be designed in such a way thatithe unsafe build-up
flammable or explosive gases in burners (start, main and auxiliary burners of a reform
section, tail gas burners) is avoided.

The main burner shall be fitted with a pilot or a device fer‘direct ignition.

The direct ignition device shall be controlled automatically and shall not cau
deterioration of the burner. Direct ignition devices’ shall be positively positioned w

ow
Em
for

of
ng

of
er

Se
th

respect to the main burner ports. Means shalloe\provided to prevent incorrect assemliply

or reversible mounting of any direct ignition dévice in relation to the burner being served],

Pilots shall be controlled automatically and,direct ignition shall light any pilot fuel. Pilg
shall be designed and fitted in such a way*that they are located correctly in relation to t
burners that they ignite. When a pilofNs an integral part of the start burner, it need
evaluated only under the construction and performance specifications of this document.

An automatic electrical burner caftrol system shall comply with requirements specified
4.9.2 and shall be fitted to the burner to ensure safe start-up, operation and shutdo

ts
he
be

in
vn

including lock-out if required>~Flame or oxidation monitoring is an integral function of tlis

control.

The main burner or pilot flame, or both, shall be supervised by a flame detector or oth
adequate means. {f a main burner is ignited by a pilot, the presence of flame at the pi
shall be detected” before gas is released to the main burner. A system having
interrupted pilot-shall provide supervision of the main burner flame following the ma3
burner flame:-establishing period.

The supervised pilot flame shall be capable of effectively igniting the fuel at the ma
burnerieven when the fuel supply to the pilot is reduced to the point where the pilot flar
is just sufficient to actuate the flame supervision according to IEC 60730-2-5.

er
ot
an
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Lin

h)

Ifithe heat input of a pilot does not exceed 0,250 kW, there is no requirement for the flan

ne

)

k)

establishing period.

If the heat input of a pilot exceeds 0,250 kW, or in case of direct ignition of the main

burner, the start-up lock-out time is determined by the manufacturer so that,

in

accordance with the delayed ignition test (5.10.2.8), no health or safety hazard for the

user or damage to the fuel cell power system occurs.

Each pilot or direct main burner ignition attempt begins with the opening of the fuel valves
and ends with the closing of the fuel valves. The spark shall continue at least until ignition

occurs or until the end of the flame-establishing period.

Pilot or direct main burner ignition shall be attempted a maximum of three times, ea
time followed by recycling of the burner control system. A higher number of attempts sh
be determined by the manufacturer on the basis of a safety analysis.

An absence of flame at the end of the third attempt shall result in, at least, a lock-out.

ch
all
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In case of flame failure, the system shall cause at least re-ignition, recycling or lock-out.

The pilot or main burner flame failure lock-out time shall not exceed 3 s. A longer lock-out
time is acceptable as determined by the manufacturer on the basis of a safety analysis.

Exception: The primary safety control need not de-energize all fuel safety valves if the
temperature of the burner cavity surfaces with which the flammable air/fuel mixture is in
contact exceeds the auto-ignition temperature of the fuel. See also 4.6.2 x).

If re-ignition takes place, under the test conditions of 5.10.2, the direct ignition device
shall be re-energized within a maximum time of 1 s after the disappearance of a flame
signal. In this case, the flame-establishing period is the same as is used for ignition and

0)

p)

q)

t)

u)

starts when the ignition device Is energized. An absence of flame at the end of the flane-
establishing period shall result in, at least, a lock-out.

If recycling takes place, under the test conditions of 5.10.2, this shall be preceded by pn
interruption of the gas supply and purging; the ignition sequence shall restart“from the
beginning. In this case the flame-establishing period is the same as is used for ignitipn
and starts when the ignition device is energized. Recycling shall be attempted a maximym
of three times, each time followed by purging. An absence of flame at, the“end of the th|rd
attempt shall result in, at least, a lock-out.

An automatic electrical burner control system, as defined in MEC 60730-2-5, shall pe
arranged to prevent feedback by a motor, capacitor or similafdevice from energizing a
fuel valve or ignition device after a control function to shut off thé main burner.

When, for safety reasons, a passive state is required prior to start-up or after shutdown,
means shall be provided to automatically purge a bdrher housing or enclosure of anhy
flammable gas mixture before the trial for ignition at the start and in between recycling
trials. This purge shall provide a minimum of fourrairchanges in the combustion chamber.
The air purged shall be monitored by a safety related control function. The level of safety
shall be based on the risk assessment according’to 4.1.

Automatic burner control system compongnts shall be installed so the operation of thege
devices and main burner ignition will net be affected by falling particles or condensatipn
during normal operation.

When primary air under pressuresis*mixed with the fuel supply, effective means shall pe
provided to prevent air from passing back into the fuel line, or fuel into the air supply. The
fuel and air supply shall be suitably controlled to prove air flow prior to ignition and|to
prevent fuel from entering each reformer burner until the air supply is available and, in the
event of air fan failure, to(shut off the fuel supply.

Mechanical linkage for/operating the fuel and air controls, if used, shall be designed|to
reliably maintain t«the correct fuel/air ratio and to resist accidental breakage ahd
disengagement;

Upon shutdown), hazardous gases in the process system shall be safely contained, purged
or reacteds

The manufacturer shall provide the fuel cell power system with adequate means [to
prevent the crossing of air into fuel or combustible process gas lines or of fuel |or
combustible process gas into air lines.

X)

The fuel cell power system under a blocked outlet condition shall not prndm‘p a
concentration of carbon monoxide in excess of 0,03 % in an air-free sample of the
effluents, or as specified in national regulations, according to the test of 5.15.2.2.
Additionally, the fuel cell power system shall not produce a carbon monoxide
concentration in excess of 0,03 % in an air-free sample of the effluents when the air
supply inlet is blocked according to the test of 5.15.2.3.

If the temperature of the combustion compartment and the parts of the combustion
compartment directly in touch with the gas/air mixture is above the auto-ignition
temperature (measured in °C), flame supervision may be substituted by the temperature
monitoring. If the temperature drops below the auto-ignition temperature the safety shut-
off valves shall be de-energized. Furthermore, the release of gas flow shall only occur
after the self-ignition temperature is ensured. The control function shall be based on the
safety level given in IEC 60730-2-5.
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4.6.3 Prevention of fire and explosion hazards in catalytic fuel oxidation systems

a)

b)

c)

d)

f)

9)

h)

)

(catalytic burners)

Within fuel cell power system components carrying fluids in which flammable or explosive
gas volumes are intentionally produced to conduct a controlled catalytic fuel oxidation
reaction (for example, catalytic partial oxidation, catalytic combustion), the manufacturer
shall avoid the unsafe build-up of flammable or explosive gases.

When, for safety reasons, a passive state is required prior to start-up or after shutdown,
means shall be provided to purge the catalytic fuel oxidation system components. The
purging system may utilize a medium specified by the manufacturer such as, but not

nitracgaen—alr aor ctaoam  Tha aviant of Airaina 1o datarminad hy concidarinag fl W
o gt oS te ot e Ctte T O por g g o arere e ooy oSt e g
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characteristics, system dynamics and geometry. The purge gas shall be monitored-by a
safety related control function. The level of safety shall be based on the risk assessment
according to 4.1.

Where air is mixed with fuel, the manufacturer shall provide adequate means‘to prevgnt
air from flowing back into the fuel line, or fuel into the air supply.

1) For air-rich systems

The fuel and air supply shall be suitably controlled to provide~air prior to reactipn
initiation, and to prevent fuel from entering the reactor until the&ir supply is availablél.

2) For fuel-rich systems

The fuel and air supply shall be suitably controlled to“provide fuel prior to reactipn
initiation, and to prevent air from entering the reactaor until the fuel is available.

Mechanical linkage for operating the fuel and air controls, if used, shall be designed|to
reliably maintain the correct fuel-air ratio and “to resist accidental breakage apd
disengagement.

The reaction initiation time shall be determinéd by considering the response time of the
system control devices and the time required to build up the maximum allowable quanffity
of flammable or explosive mixture that.can safely be contained in the system based pn
flow rates, fuel-air mixture flammability’and system dynamics and geometry.

If the catalytic reaction is not established within the reaction initiation time, the system
shall automatically shut off the fégel supply or, for fuel-rich operations, the supply of @ll
reactants.

The temperature of the scatalyst shall be monitored either directly or indirectly. The
reaction fails if the temperature or rate of temperature change of the catalyst falls outsigde
the acceptable range'specified by the manufacturer. Then the system shall automaticdlly
shut off the fuel supply, or for fuel-rich operations, the supply of all reactants. The reactipn
failure lock-out~time shall not exceed 3 s. A longer lock-out time is acceptable fas
determined bythe manufacturer on the basis of a safety analysis.

If a mixture\'of fuel and air could potentially build up inside the fuel cell power systgm
followingweither the failure of a reaction to start within the reaction initiation time, or the
extinction of a reaction, or decrease or increase of the reaction rate to unsafe levels, the
manufacturer shall ensure that the maximum quantity of flammable mixture that coyld
cfedibly accumulate, if combusted, produces pressures and temperatures that can pe

contained within the components nylnncprl to such conditions

Upon shutdown, hazardous gases in the process system shall be safely contained or
disposed.

Where air and fuel streams are put in close contact as part of the thermal management
system, the manufacturer shall provide the fuel cell power system with adequate means to
prevent health or safety risks from arising from the crossing of air into fuel lines or of fuel
into air lines.

NOTE Subclause 4.6.3 is also applicable to the anode exhaust catalytic reactor.
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4.7 Electrical safety

The electric system design and construction, as well as the application of the electric and
electronic equipment, including electric motors and enclosures, shall meet the requirements of
the relevant electrical product application standard; for example:

a)
b)
c)
d)

V@
ap

Ng
fun
thg

IEC 60335-1 (e.g. residential, commercial and light industrial);
IEC 60204-1 (e.g. large industrial);
IEC 60950-1 or IEC 62368-1 (e.g. telecom);

—EC62040-t{e g UPS:

Itages above the 600V limit are permissible when separately evaluated to standar
propriate to the higher voltage.

TE 1 |EC 60204-1 limits this requirement to those components that are relied upon to perférm-a direct saf]
ction (gas detector, safety shut-off valve, fan interlock), or would present a safety hazard ({ire, shock, burn
y were to fail. The latter is determined through the safety analysis of 4.1. Electrical componéents for which th

ds

bty
if
Pre

is ho applicable standard can meet the requirements for electrical isolation, creepage and clearance, leakdge
cufrents, overcurrent protection, as well as grounding and bonding that are found in IEC 60950-1 or IEC 62368-1 or
basic publications or group safety publications.

NJQTE 2 In some cases, the system integrator can design unique electrical [eomponents or a circuit bofrd
ass$embly for which no standard is currently available. In that case, design fequirements for electrical safety gre
foynd in IEC 60950-1 or IEC 62368-1 or basic safety publications or groupsafety publications.

The selection of the appropriate application will be provided'in the technical specification.

THhe fuel cell designer shall also consider the following.fuel cell specific issues:

a)| residual charge on the fuel cell stack;

b)| energy hazard between cells.

4. Electromagnetic compatibility (EMC)

THe fuel cell power system shall not'generate electromagnetic disturbances above the levgls
appropriate for its intended places of use. In addition, the equipment shall have an adequgte
leyel of immunity to electromagnetic disturbances so that it can operate correctly in |jits
infended environment. As:applicable, the fuel cell power system shall comply with the
following standards: IEC 61000-3-2, IEC 61000-3-3, IEC TS 61000-3-4, IEC TS 61000-315,
IELC 61000-3-11, IEC 61000-6-1, IEC 61000-6-2, IEC 61000-6-3, and IEC 61000-6-4.

4.9 Control systems and protective components

4.9.1 Geperal requirements

4.9.1.1 The risk assessment as specified in 4.1 shall provide the basis to set the
protection parameters of the safety circuit.

4.9.1.2 The fuel cell power system shall be designed in such a way that the single failure

of a component does not cascade into a hazardous condition. Means to prevent cascade

fai

a)

b)
c)
d)
e)

lures include, but are not limited to,

protective devices in the fuel cell power system (for example, interlocking guards, trip

devices),

protective interlocking of the electrical circuit,

use of proven techniques and components,

provision of partial or complete redundancy or diversity, and
provision for functional tests.
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The evaluation of the required measures to avoid and/or control failures if they occur are
given in the application relevant control standards as shown in 4.1.

4.9.2 Control systems

49.2.1 General requirements

Automatic electrical and electronic controls of fuel cell power systems shall be designed and
constructed so that they are safe and reliable. Residential, commercial and light industrial fuel

cell power systems shall conform to IEC 60730-1.
Adtomatic electrical burner control systems shall comply with IEC 60730-2-5.
Adtomatic electrical control systems for catalytic oxidation reactors shall comply as applicahle
with IEC 60730-2-5. Specific requirements are provided in 4.6.3.
Manual controls shall be clearly marked and designed to prevent inadvertent adjustment ahd
activation.
In [particular, the following requirements apply.
4.9.2.2 Start
THe start of an operation shall be possible only when alkthe safeguards are in place and gre
fumnctional.
Sditable interlocks shall be provided to secure correct sequential starting.
It shall be possible for automated plant funetioning in automatic mode to be restarted aftef a
stopppage only after the safety conditions,have been fulfilled. It shall also be possible to restart
the fuel cell power system by intentignal actuation of a control provided for the purpoge,
provided such restarting is verifiably fon-hazardous.
THis requirement does not apply-to the restarting of the fuel cell power system resulting frgm
the¢ normal sequence of an autematic cycle.
4.9.2.3 Shutdowns
4.9.2.3.1 General
Aq determined:hy the risk assessment indicated in 4.1, the functional requirements of the fyel
ce|l power system shall be provided with the following shutdowns:
e [ Emergency shutdowns
An‘emergency shutdown is, for air-rich operation, the de-energization of the main fuel flpw
means, or for fuel-rich operation, the de-energization of both the process air flow and the
main fuel flow means, as the result of the action of a limiter, a cut-out or the detection of

an internal fault of the system.

Normal shutdown

A normal shutdown is, for air-rich operation, the de-energization of the main fuel flow
means, or for fuel-rich operation, the de-energization of both the process air flow and the
main fuel flow means, as the result of the opening of a control loop by a control device.
The system returns to the start position.
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4,9.2.3.2 Emergency shutdowns

a) General
Emergency shutdowns shall be incorporated as part of the fuel cell power system in order
to avert actual or impending danger that cannot be corrected by controls. These functions
shall
1) stop the dangerous condition without creating additional hazards,
2) trigger or permit the triggering of certain safeguard actions where necessary,
3) override all other functions and operations in all modes,
4) prevent reset from initiating a restart,
5) be fitted with restart lock-outs in such a way that a new start command may take effect
on normal operation only after the restart lock-outs have been intentionally reset.
b)| Emergency stop
Manual emergency shutdowns (i.e. emergency stops), if required by the(risk assessmgnt
in 4.1, shall have clearly identifiable, clearly visible and quickly accessible controls|in
accordance with 1SO 13850.
c)| Control functions in the event of control systems failure
In case of fault in the control system logic or failure of, or damage to, the control systgm
hardware,
1) the fuel cell power system shall not be prevented“from stopping once the stpp
command has been given,
2) automatic or manual stopping of the moving parts-shall be unimpeded,
3) the protection devices shall remain fully effective,
4) the fuel cell power system shall not restart unexpectedly.
When a protective device or interlock causes a safety shutdown of the fuel cell power
system, that condition shall be signalled-to the logic of the control system. The reset of the
shutdown function shall not initiate\ any hazardous condition. Control and/or monitoring
systems that can operate safelyin the hazardous situation may be left energized |to
provide system information.
4.9.2.3.3 Normal shutdown
Upset conditions that can _be safely controlled or that do not pose immediate danger may pe
cofrected with a normal shutdown. A normal shutdown may remove all power to the

equipment, or may leave power available to the fuel cell power system actuators.

4.

P4
as|

D.2.4 Permissives

rmissivés)'shall be implemented consistent with requirements established from the r
sessment described in 4.1.

4.92.5 (‘nmplpy installations

sk

When the fuel cell power system is designed to work together with other equipment, the fuel
cell power system shutdown function, including the emergency stop, shall be provided with
means, such as signal interfaces, to enable the coordinated shutdown with equipment
upstream and/or downstream, as applicable, of the fuel cell power system if continued

op

eration can be dangerous.

4.9.2.6 Operating modes

a)

Fuel cell power systems operating modes include

1) an operational state (substantial electrical output power), and
2) a pre-generation state (zero net power output).
Non-operating modes can include
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e a cold state,

e a passive state, and

e a storage state.

There shall be two primary transitions: start-up and shutdown:

1) start-up is the transition from NON-OPERATING to OPERATING MODE and shall be

initiated from an external signal;

2) shutdown is the automatic transition from OPERATING to NON-OPERATING MODE.
may be initiated either via an external signal, or internal signal in response to out

It
of

d)

e)

Fu
ot
wh

sy

a)

b)
4.
4.

SJ

.9.2.7 Remote monitoring and control’ systems

limits conditions to the fuel cell power system controller.

Secondary operating modes and transitions may be provided as necessary, suchhas
allow for different power output rates or for adjustment, maintenance or Anspecti
activities.

Mode selection

If the fuel cell power system has been designed and built to allow for(its use in seve
control or operating modes presenting different safety levels (for example, to allow

adjustment, maintenance, inspection, etc.), it shall be capable of .mode selection that c
be secured in each position. Each position of the selector shall lcorrespond to a sing
operating or control mode and shall be fitted with restart locksouts. A new start comma
may take effect on normal operation only after the restart loCk-outs have been intention

reset. Mode selection shall be allowed by any securable;means, such as a positioni
knob, key lock, or software command, to prevent uninténtional change to a different mo
that may lead to a hazardous condition. The selector may be designed to restrict us
access to certain fuel cell power system operating modes (for example, access codes
certain numerically controlled functions).

The mode selected shall override all other control systems with the exception of the safg
shutdowns.

el cell power systems that can becoperated remotely shall have a local, labelled switch
her means to disconnect the fuelicell power system from remote signals that may be us
ile a local operator performs(inspection or maintenance. Remote monitoring and cont
stems shall

be allowed on fuel cell_ power systems only where remote control will not lead to an uns3
condition,

not override locally set protective safety controls.
.3 Protective components
.3.1 General

itable)protective devices, and combinations thereof, comprise adequate monitoring devic

to
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chias indicators and/or alarms which enable adequate action to be taken eith

er

au

tomatically or manually to keep the tfuel cell power system within the allowable limits.

Protective devices shall

a)

b)

be designed and constructed so as to be reliable and suitable for their intended duty a

nd

take into account the maintenance and testing requirements of the devices, where

applicable;
have their protective functions independent of other possible functions;

comply with appropriate design principles in order to obtain suitable and reliable

protection. These principles include, in particular, fail-safe modes, redundancy, divers
and self-diagnosis.

ity
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Dangerous overloading of equipment shall be prevented at the design stage by means of
integrated measurement, regulation and control devices, such as over-current cut-off
switches, temperature limiters, differential pressure switches, flow-meters, time-lag relays,
over-speed monitors and/or similar types of monitoring devices.

Protective devices with a measuring function shall be designed and constructed so that they
can cope with foreseeable operating requirements and special conditions of use. Where
necessary, it shall be possible to check the reading accuracy and serviceability of devices.
These devices shall incorporate a safety factor that ensures that the alarm threshold lies far
enough outside the limits to be registered, taking into account, in particular, the operating
conditions of the Installation and possible aberrations In the measuring system. If\the
prptective control consists of electronic components then the control shall be designpd
according to the requirements specified in 4.1.

4.9.3.2 Type of components

THe following components shall comply with the appropriate safety related measures as given
in the following mentioned standards to ensure the results of 4.1.

a)| Pressure limiting devices, such as pressure switches, shall comply|with IEC 60730-2-6.

b)| Temperature monitoring devices shall have an adequately safe.response time, consistgnt
with the measurement function, according to IEC 60730-2-9%

c)| A fuel cell power system may elect to use a gas detetCtor as a protective component|to
mitigate against possible gas leakage. A gas detector, if used in the fuel cell power
system, shall comply with 1SO 26142, IEC 60079-29-1 or I1SO 23550 in conjunction wjth
IEC 60730-1 based on the result of the riskiassessment according to 4.1 and the
standards specified therein, as appropriate.

d)| A gas sensor control loop (sensing elementyelectronic circuit, shut-off of the fuel supply)
shall be fail safe and designed according to’the requirements in 4.1.

e)| All parts of fuel cell power systems which are set or adjusted at the stage of manufactufe,
and which should not be manipulated by the user or the installer, shall be appropriately
protected.

f) | Levers and other controllingyand setting devices shall be clearly marked and given
appropriate instructions so;as to prevent any error in handling. Their design shall be such
as to preclude accidental(ptanipulation.

4.10 Pneumatic and hydraulic powered equipment

Prleumatic and hydraulic equipment of fuel cell power systems shall be designed according|to
ISP 4414 and 1S©_4413, respectively.

4.11 Valyes

4.11.1( ,Shut-off valves

a)| ‘Shut-off valves shall be provided for all equipment and systems where containment |or
blockage of the process fluid flow is necessary during shutdown, testing, maintenance,
upset, or emergency conditions.

b) Shut-off valves shall be rated for the service pressure, temperature, and fluid
characteristics.

c) Actuators mounted on shut-off valves shall be temperature-rated to withstand the local
ambient temperature and additional heat conducted from the valve body.

d) Electrically, hydraulically or pneumatically operated shut-off valves shall be of a type that
will move to a failsafe position upon loss of actuation energy.

4.11.2 Fuel valves

Supply fuel valves shall meet the following requirements.
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d)

e)

d)

e)

4.

- 36 — IEC 62282-3-100:2019 © IEC 2019

All fuel supplied to the fuel cell power system shall pass through at least two automatic
valves, in series, each of which serves as a safety shut-off valve and may serve as an

operating control valve.

Any fuel supplied directly to fuel-fired equipment, such as a start-up boiler or a reformer

start burner, shall also pass through at least two automatic valves, in series, each
which serves as an operating valve and a safety shut-off valve. These valves may or m
not be contained in a single control body.

Electrically operated supply fuel valves shall meet the requirements of ISO 23551-1
ISO 23553-1 as applicable.

of
ay

or

When fuel gases are recycled trom appliances using the fuel cell power system ouiy
gas, the connection may be exempt from employing shut-off valves if demonstrated to
safe according to the risk assessment of 4.1.

Flammable gaseous manual shut-off valves shall be suitable for their intended\applicati
based on ISO 23550.

.12 Rotating equipment

.12.1  General requirements

Rotating equipment shall be designed for the pressures, tempefatures and fluids to whi
they may be subjected under normal operating conditions.

Fluid inlet and outlet lines shall be adequately protected from"damage due to vibration.

Shaft seals shall be compatible with the pumped fluidS-and the operating temperatur
and pressures expected in normal and abnormalioperation and during normal a
emergency shutdowns.

ut
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Shaft seals shall be designed such that hazardeus fluid leakage is avoided. If shaft seals

leak hazardous fluids, the manufacturer shall provide hazardous fluid containment
dilution means as necessary to avoid risks\to health or safety.

Motors, bearings, and seals shall be suitable for the expected duty cycles.

|2.2 Compressors

4.12.2.1 Where appropriate, packaged compressors shall conform to one of the followi
standards: ISO 5388, 1SO 10439-(all parts), ISO 10442, ISO 13707, 1SO 10440-1, 1SO 1044
2 or 1ISO 13631.

4.12.2.2 Unless considered unnecessary by the risk assessment in 4.1, compressors,

or

g
0-

or

compressor systems,shall be provided with the following:

a)| Pressure-relief’devices that limit each stage pressure for the compression cylinder apd
piping assogiated with that stage of compression.
This requirement is only applicable when the compression equipment is capable |of
generating pressure that exceeds the design pressure.

b)| -Anautomatic shutdown control for high discharge and low suction pressure.

c) Where required to restart the compressor after shutdown, an unloading device that
captures and recycles blow-down gas for re-use, and/or safe venting.

d) A pressure-limiting device to avoid over pressurization at the inlet.

4.12.2.3 Compressors excluded from the scope of the standards referenced in 4.12.2.1 due

to small capacity or low discharge pressure need only comply with the requirements specified

in 4.12.2.2.

Packaged low-discharge pressure compressors (fans and blowers) shall be guarded

ac

cording to ISO 12499 (see also 4.4.4).
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4.12.3 Pumps

4,12.3.1 Packaged electric pumps for process liquids shall conform to ISO 13709 or
ISO 14847, if applicable.

Packaged electric pumps for water shall conform to IEC 60335-2-51, if applicable.

4.12.3.2  Electric pumps, or electric pump systems, shall be provided with the following:

a) Pressure-relief devices that limit both inlet and outlet pressure to less than the design
pressure of the piping. If the shut-off head of the electric pump is less than the pressyre
rating of the piping, relief valves are not required.

b)| An automatic shutdown control for high discharge pressure.

4.12.3.3 Pumps excluded from the scope of the standards referenced in 4.12.3.1 due |to
small capacity or low discharge pressure shall comply with the requirements” specified|in
4.12.3.2 and in 4.7.

4.13 Enclosures

4.13.1 Fuel cell power system enclosures shall have sufficientystrength, rigidity, durability,
regsistance to corrosion and other physical properties to support@nd protect all fuel cell power
sygtem components and piping; and, in addition, to meet)the requirements of storage,
trgnsport, installation, and final location conditions.

4.13.2 Fuel cell power system enclosures intende® for use indoors or under conditions |of
weather-protected outdoor locations shall be designed and tested so as to meet a minimym
IPRO rating according to IEC 60529.

4.13.3 The fuel cell power system intendéd for use outdoors shall be designed and tested
solas to meet a minimum P23 rating.

4.13.4 Ventilation openings shall-be so designed that they will not become obstructed duripg
normal operation either by dust snow or vegetation in accordance with the expected
application.

4.13.5 All materials used to construct enclosures, including joints, vents, and gaskets |of
doors shall be capahlé.of withstanding the physical, chemical and thermal conditions that gre
reasonably foreseeahle throughout the fuel cell power system life.

4.13.6 Access 'panels, covers or insulation that need to be removed for normal servicing apd
accessibility:shall be designed such that repeated removal and replacement will not caule
damage_or-impair insulating value.

4.1337 Access panels, covers or insulation that need to be removed for normal servicing ahd
acCessibility shall not be mnterchangeable 1T that Interchange may lead to an unsare conaition.

4.13.8 Any access panel, cover or door that is intended to protect equipment from entry
shall have means for retaining it in place and shall require the use of a tool, key or similar
mechanical means to open. For residential units, this shall include all access panels, covers
or doors.

4.13.9 Means shall be provided to drain collected liquids and to pipe them to the exterior for
disposal or redirect them to processes associated with the fuel cell power system.

4.13.10 Where personnel can fully enter the enclosure, access procedures shall be provided
in the product’s technical documentation.
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4.14 Thermal insulating materials

Insulation systems employed in the fuel cell power system shall be designed to attain:

chemical compatibility with the metals being insulated, the atmosphere and temperatur

es

to which the systems will be exposed, and the various components of the insulation

system itself;

protection of insulation systems from expected thermal and mechanical abuse (includi
damage by atmospheric conditions);

firo safotvy  hyv limitina siuface temneratires of heat-nroducinag ohiects to nrovent t
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ignition of materials in proximity to them;

future accessibility of piping, fittings, etc. for maintenance purposes.

particular, thermal insulating materials and their internal bonding or adhesive attachmg
bans mounted on components of the fuel cell power system shall

be mechanically or adhesively retained in place and shall bep 'protected agair
displacement or damage from anticipated loads and service operation,

withstand all air velocities, temperatures and fluids to which they may be subjected
normal operation.

necessary, to avoid hazards to health and safety, the manufacturer shall specify in t

maintenance manual the thermal insulation system inspection-and safety requirements.

4.
4.

Th
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a)

b)

a)

b)

|5 Utilities
|5.1 General requirements

e fuel cell power system shall be designed‘and constructed such that in the case of the Ig
the utility supply the system will not cause

any health, safety or environmentalthazards, or
permanent damage to the system:

.15.2 Water supply

Where the fuel cell powér'system requires water to operate, it shall be provided through
connection to an on-site water supply in accordance with local regulations, or through
self-contained water source. Alternatively, it shall be shown to produce water in sufficie
guantities during~operation.

Process water shall be prevented from contaminating potable water sources
accordance-with local regulations.

If applicable, means shall be provided to prevent backflow of steam into the wa
treatment system of the fuel cell power system. A suitable check valve or equivalg
device meets the intent of this provision.
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5.3 Fuel gas supply

If applicable, means shall be provided to prevent backflow of processed fuel gas and/or purge
gases into the fuel source.

4.15.4 Electrical connections

4.15.4.1 Service receptacle

A service receptacle outlet, or lighting circuit, not under control of a disconnecting means may

be

a)
b)

part of the fuel cell power system, provided

the voltage does not exceed nominal domestic mains voltage,

the receptacle is earthed,
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c) the receptacle is so located as not to constitute a hazard when servicing the fuel cell
power system, and

d) a suitable marking indicating the voltage and current limitation of the receptacle is located
adjacent to the receptacle.

4.15.4.2 Disconnection from the mains supply
4.15.4.2.1 Lock-outs

Any electrical disconnection devices provided to shut power down for the safety of service
p IbUIIIIUi bildii iJB [.)IUViull::ul VViI.;I a Iredalls I,UI [J;beibd.“y iUbkiIIQ'UuL l.ilb' UlibbUIIIIULLiUII Ulb'Vi e
to|prevent inadvertent reconnection before servicing has been completed.

NJTE Instructions can be provided to allow servicing parts of the equipment with or without(opening the
disconnection device.

4.15.4.2.2 Disconnection devices

Digconnection devices shall be provided to disconnect the fuel cell power,system from the AC
or| DC supplies for servicing. The means of isolation can be located-éither in the service
access area or external to the equipment. The disconnection shall be suitable for the
overvoltage category of the intended application. If a disconnectiofn device is incorporated|in
thé equipment, it shall be connected as closely as practicable to the incoming supply.
Functional switches are permitted as disconnection devices, provided that they comply with fall
the requirements for such devices. For stationary fuel cell\power systems, the disconnectipn
device shall be incorporated in the equipment, unlessithe equipment is accompanied py
ingtallation instructions stating that an appropriate /disconnection device shall be provided
external to the equipment.

4.15.4.2.3 Parts which remain energized

P4drts on the supply side of a disconnectiofn-device in the equipment which remain energizged
when the disconnection device is switched off shall be guarded and labelled so as to redugce
the likelihood of accidental contact byya' service person.

4.15.4.2.4 Disconnect operation

If [the operating means_of\"the disconnection device is operated vertically rather thpn
rofationally, or horizontally; the “UP” position of the operating means shall be in the “ON”
position.

4.15.4.2.5 Three-phase equipment

Fgr three-phase equipment, the disconnection device shall disconnect simultaneously all line
conductors_of the AC mains supply. For equipment requiring a neutral connection to a power
digtribytien system, the disconnection device shall be a four-pole device and shall disconn
all] lineconductors and the neutral conductor. If this four-pole device is not provided in the
ol : S : . g ;
external to the equipment. If a disconnection device interrupts the neutral conductor, it shall
simultaneously interrupt all line conductors.

4.15.4.2.6 Single-phase and DC equipment

A disconnection device, if provided in or as part of the equipment, shall disconnect both poles
simultaneously, except that

a) if it is possible to rely on the identification of the earthed conductor in the DC mains
supply, or an earthed neutral in an AC mains supply, it is permitted to use a single-pole
disconnection device that disconnects the unearthed (line) conductor, or

b) if it is not possible to rely on the identification of the earthed conductor in the DC mains
supply, or an earthed neutral in an AC mains supply, and the equipment is not provided
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with a two-pole disconnection device, the installation instructions shall specify that a two-
pole disconnection device is to be provided external to the equipment.

4.15.4.3 Safety shutdowns — Emergency stop

Manual safety shutdowns (i.e. emergency stops), if required by the risk assessment in 4.1,
shall have clearly identifiable, clearly visible and quickly accessible controls such as buttons,
in accordance with 1SO 13850. If the fuel cell generator is provided with an integral single
emergency stop device, or terminals for connection for a remote emergency stop device, the
circuit shall prevent further power supply export in any mode of operation. If reliance is placed
0 additional disconnection of power QII:"\:"\“PQ in_the |"\Ili|dihg \Alil"ihg1 the installation
ingtructions shall state this. Plug-connected fuel cell generators do not require an emergency
switching device if the plug can perform the same function.

4.16 Installation and maintenance
4.16.1 Installation

THe manufacturer shall provide instructions for the proper installation, adjustment, operatign,
and maintenance of the fuel cell power systems.

Erfors likely to be made when fitting or refitting certain parts which”could be a source of risk
shiall be minimized by the design of such parts or, failing this\’by information given on the
parts themselves and/or the housings. The same information-shall be given on moving pafts
and/or their housings where the direction of movement,shall be known to avoid a risk. Anhy
further information that may be necessary shall be givenin the instructions.

Where a faulty connection can be the source of risky'incorrect connections shall be minimized
byl design or, failing this, by information givenson the pipes, cables, etc. and/or connector
blocks.

4.16.2 Maintenance

a)| Adjustment, lubrication and mainténance points shall be located outside zones in whicH a
person is exposed to risk of injury or damage to health; or maintenance instructions shjall
be provided in the product’s*tmaintenance manual specified in 7.4.5, as necessary to avoid
risks to health or safety.

b)| It shall be possible tg carry out adjustment, maintenance, repair, cleaning and servicipg
operations while .the fuel cell power system is at a standstill. When adjustmept,
maintenance, repair, cleaning and servicing is to be conducted while the fuel cell power
system is operating, the fuel cell power system shall be designed so that those functiops
can be performed without the risk of injury.

c)| Automatéd-fuel cell power system components that have to be changed frequently shall pe
capable ) of being removed and replaced without the risk of injury. Access to the
components shall enable these tasks to be carried out with the necessary technical means
(toels, measuring instruments, etc.) in accordance with the product’s technigal
documentation.

d) Where, for protection of health, safety instructions or diagrams are to be adhered to the
fuel cell power system, they shall be displayed using a permanent method, resistant to, or
protected from, the environmental conditions of use.

4.17 Equivalent safety

The requirements of this document are not intended to constrain innovation. When
considering fuels, materials, designs or constructions not specifically dealt with in this
document, these alternatives shall be evaluated as to their ability to yield levels of safety and
performance equivalent to those specified in this document.
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5

Type tests

5.1 General requirements

5.1.1 General

A sample, representative of production, shall be examined for compliance with this document.

Each new design shall be subjected to the type tests. Components making up the system that
have been pre-certified need not be re-tested when applied within their rating and listing

refuirements.

In

environment simulating that for which the fuel cell power system is designed. In patticular, t
tegt environment shall provide interfaces at boundary limits according to~the design

ap
be

Ts

order to obtain the required operating conditions, type tests shall be performed in a té

plication of the fuel cell power system (see Figure 1). It is recommended that'the type tes

st measurements shall be converted to the following reference cenditions:

temperature (15 °C);
pressure (101,325 kPa).

st
he
ed
ts

performed in the order described in 5.4 through 5.21. The type teStyunder abnormal
conditions may be destructive.

st
'S

LS,

be

5.1.2 Operating parameters for tests
5.1.2.1 Unless there are specific test conditiopns called for elsewhere in this document, te
conditions shall be formulated from the most unfavourable combination of the manufacture
operating specifications and the parameters sebout below:
a)| supply voltage;
b)| supply frequency;
c)| physical location of equipment and position of movable parts;
d)| operating mode;
e)| adjustment of thermostats, regulating devices or similar controls in user access arez
which are
1) adjustable withgut the use of a tool, or
2) adjustable-using a means, such as a key or a tool, deliberately provided for the user.
5.1.2.2 Except where otherwise stated in the particular clauses, measurements shall
cafried outwith the maximum uncertainties indicated below:
a)| atmospheric pressure (Pa) + 0,5 kPa;
b)|_combustion chamber and test flue pressure (Pa) + 5 % of full scale or + 50 Pa;
c) gas pressure (Pa) + 2 % of full scale;
d) water-side pressure loss (Pa) + 5 %;
e) water rate (m3/h) + 2 %;
f) gas rate (m3/h) +2 %;
g) air rate (m3/h) + 2 %;
h) time (h)
— for ignition timings +0,2s;
— for all other timings + 0,1 %;
i) electrical energy (kWh) + 2 %,;
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j) temperatures: (°C or K)

— ambient +1K;
— water + 2 K;
— combustion products + 5 K;
— fuel gas +1KatT <100 °C;
+ 1 % of reading in °C: 100 °C < T < 300 °C;
+ 5 % of reading in °C: T> 300 °C;
— surface +5K;
k)| CO, CO, and O, for the calculation of flue losses + 6 % of reading;
l) | gas calorific value (kWh/m3) + 1 %;
m) gas density(kg/m3) +1 %;
n)[ mass (kg) + 1 %;
0)| torque (N-m) + 10 %;
p)| force (N) + 10 %;
q)| current (A) + 1 %¢
r) | voltage (V) +a %,;
s)| electrical power (W, kW) 2 %.
THe full range of the measuring apparatus is chosen to be suitable for maximum anticipat

ue.

Fdr the determination of the leakage rate, acmethod is used which gives such accuracy th
the error in its determination does not exceed 2 % of related volume per hour.

ThHe measurement uncertainties _ifidicated concern individual measurements. H
me¢asurements requiring a combination of individual measurements (for example, efficien
me¢asurements), the lower uncertainties associated with individual measurements may
nelcessary to limit the total uncertainty.

2.3 Normal operating voltages are determined by the manufacturer’s specifications.

Test fuels

A A fueltcell power system intended for use with natural gas shall have the tej

at

or

9
be

ts

m

a) burner operating characteristics (5.9);
b) effective ignition (5.10.2.2);

c) ignition — voltage variation (5.10.2.3);

d) recycling or spark restoration (5.10.2.6);
e) pilot flame reduction (5.10.2.7);

f) delayed ignition (5.10.2.8).
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5.2.2 A fuel cell power system intended for use with liquefied petroleum gases shall have
the tests specified in a) through f) below conducted with a gas whose composition and supply
pressures reflect those of commercially available liquefied petroleum gas at the maximum and
minimum expected gas pressure. If required by the country of destination, the following tests
shall also be conducted with limit gas n-butane:

a) burner operating characteristics (5.9);
b) effective ignition (5.10.2.2);
c) ignition — voltage variation (5.10.2.3);

d)[Tecycling or spark restoration (5.10.2.6);
e)| pilot flame reduction (5.10.2.7);

f) | delayed ignition (5.10.2.8).

5.2.3 A fuel cell power system intended for use with other types of fuel (see@lause 1) shiall
be| tested with test fuel(s) of composition and supply characteristics représentative of the
fugl(s). If the fuel has a range of composition, the following tests shall be.conducted at the
exremes of the composition range:

a)| burner operating characteristics (5.9);
b)| effective ignition (5.10.2.2);

c)| ignition — voltage variation (5.10.2.3);

d)| recycling or spark restoration (5.10.2.6);
e)| pilot flame reduction (5.10.2.7);

f) | delayed ignition (5.10.2.8).

5.3 Basic test arrangements

When the tests are conducted, the entire fuel cell power system, including any air filters, stajrt-
upl devices, venting or exhaust systems“and all field furnished equipment shall be installed
and operated in accordance with the pranufacturer’s instructions.

Urnless otherwise stated, the fuel'cell power system shall be operated:

a)| with the inlet supply pressure as defined in 5.2;

b)[ within £ 5 % of the-rated voltage and frequency, and within + 10 % of the rated power
output as specified\by the manufacturer;

c)| within £ 5 % of the rated fuel consumption when operated at rated conditions;
d)| at ambientitemperature and pressure which do not degrade the results of the tests.

Tgsting shall commence when the fuel cell power system components are at equilibrigm
ter[wperature, unless otherwise specified.

5.4 teakagetests
54.1 General

The procedures in 5.4 shall be performed twice: prior to and following the conduction of all
non-destructive tests specified in 5.6 through to 5.21.

5.4.2 Pneumatic leakage tests
5.4.2.1 General

Portions of the fuel cell power system subject to this test shall not leak externally in excess of
the limit specified below when tested with appropriate gases or vapours (for example, the
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nominal operating gases, clean dry air or inert gas as specified by the manufacturer) that
correlate with the expected constituents during operation and shutdown.

For the following items only the pass/fail criterion given in Table 2 as “no bubble” applies to
supply gas circuit.

Prior to conducting this test, it shall be established which components are subject to the same
internal pressure during normal operation of the fuel cell power system. These components
shall comprise an individual test section which shall then be pressurized separately and, when

A Buitable pressurizing system, capable of supplying the gaseous medium at the required tgst
pressure, and a suitable flow-measuring device, capable of measuring the leakage-rate wjth
an[ accuracy of 2 %, shall be connected to the inlet of a test section. The flow measurihg
device shall be located between the pressuring system and the test section to\be pressurizgd.
THe outlet of the test section shall be sealed by any convenient means.,All functional pafts
shiall be caused to assume their open position so that the required test pressure is exerted pn
alll parts of the test section. Alternatively, another leak detection means such as a pressyre

5.4.2.2 Test method 1
If hatural ventilation is used to compensate ‘for fuel leakage, the allowable leakage shall pe

determined by means of a gas detector to ensure that the area concentration does not excegd
25 % of the lower flammability limit (LFL)<n an unclassified zone as defined by 4.6.

5.4.2.3 Test method 2

If mechanical ventilation is used'to compensate for fuel leakage, the allowable leakage rate
determined by the formula:

S

L = 0,01 x (V/R)

where

L | is the allewable leakage rate, in cubic metres per hour, for each part or all pafts
respectively;

R (TGSG / FGSG)Y/2, where TGSG is the test gas specific gravity and FGSG is the fuel gas
specific gravity;

or

R = (Uest/Msye)) Where g is the test gas absolute viscosity and g, is the fuel gas absolute
viscosity;

The R value that results in the lower allowable leakage rate shall be reported.
V  is the minimum ventilation rate, in cubic metres per hour of air.

A correction factor may be used when fuel gas of less than 100 % flammables is used:

L = 0,01 x (V/R) x (1/C)
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where C is the concentration of combustibles.

5.4.2.4 Test method 3

In the case of odorized natural gas and/or liqguefied petroleum circuits meeting 4.6.1 g) 2) and
for the supply gas circuit, it shall be demonstrated that there is no leakage after having
removed and replaced all routinely serviced assemblies five times. This can be verified by use
of an industry accepted leakage detection fluid applied at all associated joints and fittings.
There shall be no bubbles present under the test parameters of Table 2.
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Table 2 — Leakage test requirements & d. e

Hazard Test type System design Test parameters Pass/fail criteria
conditions
Flammable Hydrostatic? All pressures 1,5 times design No leakage as
pressure defined in 5.4.3
Pneumatic® All pressures 1,1 times design No bubbles using an
pressure industry accepted
leakage detection
fluid
5. 477 Test method 1
5.4.2.3 Test method 2
Toxic Hydrostatic® > 100 kPa (gauge) 1,5 times design No leakage, as
(elg. carbon pressure defined in5.4.3
m@noxide)

< 100 kPa (gauge)

1,1 times design
pressure

No leakage as
defined in 5.4.3

Pneumatic®

All pressures

1,1 times design
pressure

No bubbles using a
industry accepted
leakage detection
fluid

5.4.2.2 Test method 1

5.4.2.3 Test method 2

Acceptable leakage
as defined in 5.20

Thiermal-burn hazard

Gas
(e.g. air and exhaust)

> 300 °C

During fuel cell power
system operation

v

Ambient temperature
adjacent to the pipi
system and/or the
piping insulation
cannot exceed

300 °C.

«Q

Can be conducted
concurrently with teg
in5.12.

—_

<300 °C

No requirement

No requirement

Liquid
(e.g. coolants)

>1,1 MPa or > 120 °C

1,5 times design
pressure for
hydrostatic

No leakage as
defined in 5.4.3

1,1 times design
pressure for
pneumatic

No bubbles using al
industry accepted
leakage detection
fluid

< 1,1 MPa and
<120 °C

1,0 times design
pressure for
hydrostatic

No leakage as
defined in 5.4.3

1,0 times design
pressure for
pneumatic

No bubbles using al
industry accepted
leakage detection

Tluid

a8 The test pressure at any point in the piping system shall not exceed the maximum allowable test pressure of
any non-isolated components, such as vessels, pumps, or valves. The pressure shall be continuously
maintained for a minimum of 10 min.

Pneumatic testing may alternately be used assuming component compatibility and the concurrence of the
certifying body.

¢ Hydrostatic testing may alternately be used assuming component compatibility and the concurrence of the
certifying body.

The design pressure is the highest pressure that may occur under any and all operating modes, including
steady state and transient.

¢ If a system is tested in sections, the summation of the leakage of all sections shall not exceed the leakage
requirements of this table.
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5.4.3 Hydrostatic leakage tests

Portions of the fuel cell power system subject to this test shall not leak externally.

The test fluid shall be the design liquid. If the manufacturer considers that testing with the
design liquid is impractical, then the test liquid shall be water. If there is the possibility of
damage due to freezing or to adverse effects of water on the piping system, another suitable
non-toxic liquid may be used. If the liquid is flammable, its flash point shall be at least 50 °C
and consideration shall be given to the test environment.

THe hydrostatic test pressure shall not be less than the pressure stipulated in Table 2.

All external surfaces of the components that convey liquids shall be made visible to.check for
legkage. If certain components cannot be made visible, provisions shall be madeé. te captyre
and route leakage to a point of visibility. If leak routing cannot be achieved then.an alterngte
ledk check will need to be devised by the manufacturer.

Prjor to test performance, it shall be determined which liquid-conveyihg components gdre
subject to the same internal pressure during normal operation of the\fuel cell power system.
THese components shall comprise an individual test section, which-Shall then be pressurizpd
separately and, when deemed necessary, isolated from the rest bf’the power system by any
convenient means.

THe test apparatus shall be filled with the liquid medium @nd connected to a suitable hydradlic
syptem, including a pressure-measuring device capable of sustaining the required test
pressure. Care should be taken to vent air from thetest section during liquid fill.

THhe test pressure shall be gradually increased:so that a uniform gauge pressure is attaingd.
THis pressure shall be maintained for at least\I0 min, or longer as necessary, to complete the
leak checks, while inspecting all external séifaces of the system for any sign of leakage. If a
k routing system is employed, the test pressure shall be held for a minimum of 3 h.

Nq liquid leakage is allowed. Any visible evidence of leakage is a cause for failing the test.

5.5 Strength tests
5.5.1 General

Arly certified component(s), with a pressure rating of not less than the system’s design
pressure shall be{ considered as complying with the applicable provision(s) of 5.5.

55.2 Pneumatic strength tests

Pqrtiops,of the fuel cell power system subject to this test shall not rupture, fracture, deform|or
exhibit other signs of physical damage when tested with appropriate gases or vapours (for
ex mpln’ the nominal nlnr-\rnfing gases, clean (‘ll’\ll air or inert gas—as :Inn(‘ifind h\ll the

manufacturer) that correlate with the expected constituents during operation and shutdown.

Prior to conducting this test, it shall be established which components are subject to the same
internal pressure during normal operation of the fuel cell power system. These components
shall comprise an individual test section which shall then be pressurized separately and, when
deemed necessary, isolated from the rest of the fuel cell power system by any convenient
means.

A suitable pressurizing system, capable of supplying the gaseous medium at the required test
pressure shall be connected to the inlet of a test section. All functional components shall be
caused to assume their open position so that the required test pressure is exerted on all
components of the test section.
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The gaseous medium shall be gradually admitted to the test section so that a uniform gauge
pressure of not less than the pressure stipulated in Table 3 is attained gradually until
stabilized. This pressure shall be maintained for at least 10 min at which time the pressure
shall be decreased to the design pressure and the system inspected.

Acceptance shall be determined according to Table 3.

Table 3 — Ultimate strength test requirements  d

Hazard

Test type

System design

Test parameters

Pass/fail criteri

conditions

Fl

mmable or toxic

Hydrostatic?

All pressures

1,5 times design
pressure

No rupture, fracture
deformation @r othe
physical, damage

Pneumatic® > 13 kPa 1,1 times design No rupture, fracture
. pressure deformation or othe

See Figure 8 physical damage
For the system: 17 kPa No rupture, fracture

deformation or othe

> 3,5 kPa but < 13 kPa physical damage

For the stack:

> 5,5 kPa but < 13 kPa

For'the’system: No rupture, fracture
deformation or othe

physical damage

For the system:

< 3,5 kPa 5 times design

pressure
For the stack:

For the stack:
< 5,5 kPa
3 times design

pressure

Pressured or heated |Hydrostatic?
gak

(elg. air or

> 100 kPazor > 300 °C 1,5 times design

pressure

No rupture, fracture
deformation or othe
physical damage

asphyxiant)

<200 kPa and < 300 °C |No requirement No requirement

Pneumatic® > 100 kPa or > 300 °C 1,1 times design

pressure

No rupture, fracture
deformation or othe
physical damage

< 100 kPa and < 300 °C |No requirement No requirement

Pressured liquid Hydrostatic?

(elg. water, steam,
glycol)

>1,1 MPa or > 120 °C 1,5 times design

pressure

No rupture, fracture
deformation or othe
physical damage

< 1,1 MPa and < 120 °C |No requirement No requirement

Pneumatic® >1,1 MPa or 2120 °C 1,1 times design

pressure

No rupture, fracture
deformation or othe
physical damage

< 1,1 MPa and < 120 °C |No requirement No requirement

a8 "The test pressure at any point In the piping system shall not exceed the maximum allowable test pressure of
any non-isolated components, such as vessels, pumps, or valves. The pressure shall be continuously
maintained for a minimum of 10 min.

b Pneumatic testing may alternately be used assuming component compatibility and the concurrence of the
certifying body.

¢ Hydrostatic testing may alternately be used assuming component compatibility and the concurrence of the
certifying body.

4 The design pressure is the highest pressure that may occur under any and all operating modes, including
steady state and transient.

Figure 2 is a visual explanation of the minimum test pressures.
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Figure 2 — Minimum test pressures

5.5.3 Hydrostatic strength test

Pdrtions of the fuel cell power system subject to this test shall not rupture, fracture, deform|or
exhibit other signs of physical damage when tested with the appropriate test fluid.

THe test fluid shall be the design tiquid. If the manufacturer considers that testing with the
delsign liquid is impractical, then-the test liquid shall be water. If there is the possibility |of
damage due to freezing or to-adverse effects of water on the piping system, another suitalyle
nojn-toxic liquid may be used. If the liquid is flammable, its flash point shall be at least 50 fC
and consideration shall be-given to the test environment.

Prjor to testing, jt'shall be determined which components are subject to the same internpal
preéssure during nermal operation of the fuel cell power system. These parts shall comprise pn
individual test:section which shall then be pressurized separately and, when deemgd
nelcessary;-isolated from the rest of the power system by any convenient means.

THe test/apparatus shall be filled with the liquid medium and connected to a suitable hydraulic
syptem, including a pressure-measuring device capable of sustaining the required test
pressure. Care should be taken to vent air from the test section during liquid fill.

The test pressure shall be gradually increased so that a uniform gauge pressure of not less
than the pressure stipulated in Table 3 is obtained. This pressure then shall be maintained for
at least 10 min.

Acceptance shall be determined according to Table 3.

5.6 Normal operation type test

Verify the nameplate values for the electrical input and output at the minimum and maximum
fuel pressures. This test shall be performed at nominal ambient temperature agreed upon by
the manufacturer and their conformity assessment organization.
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5.7 Electrical overload test

The fuel cell power system shall be capable of withstanding an electrical overload. Where a
manufacturer permits an output current higher than the rated current for a certain period, the
fuel cell power system shall be thermally stabilized at rated current, then the output current
shall be increased to the defined value and held constant for the defined time, both specified

by

the manufacturer.

There shall be no flame, shock hazard, rupture, fracture, permanent deformation or other

ph

ysical damage to the system.

If

5.8 Shutdown parameters

M

po
4.

Cqg
or
wi

Th
ex
an

a)
b)

5.

Th
fu
th

inferrupted-type pilot when the burner fuel is turned “OFF".

DU

.9 Burner operating characteristics tests

9.1 General

no higher current is allowed by the manufacturer, the test shall not be performed.

bans shall be provided for automatic shutdown of the appropriate system(s) of the fuel ¢
wer system for any of the critical anomalies resulting from the risk assessment described
| .

mpliance with 5.8 shall be established for each anomaly using a/simulated test procedd
supportive evidence from the manufacturer, either of which vefifies that the required acti
| occur.

e procedures of 5.9 are applicable to fuel cell“power systems equipped with a burner,
ample, dedicated to the reformer section, andshall be performed during the burner start-
d immediately following steady-state operating conditions:

at the test pressures and using test gases as defined in 5.2;

at the maximum and minimumfael supply pressures specified by the manufacturer,
different from those pressures.defined in 5.9.1 a);

when operating at 85 %+«and 110 % of the nominal input voltage. When provided w
voltage variation protectioh within this range, the system shall be tested at the specifi
limits. In addition, thelvoltage variation protection shall be verified according to 5.10.2.3,

.2 General testihng

e automatic burner control system shall effect ignition of burner fuel immediately after t
bl reaches, the burner port(s). A continuous pilot, when provided, shall not extinguish wh
b burnerAuel gas is turned “ON” or “OFF". This provision does not apply to an intermittent

ell
in

or

th
ed

he
en
or

rigg’the test it shall be verified that

a)

the burner fuel ignites effectively without delayed ignition, flashback, undue noise
equipment damage,

the burner flames extinguish without flashback and undue noise,

the burner flames do not flash outside the combustion chamber,

the burner does not deposit carbon,

there is no gas escaping or backflow at the burner’s primary air openings.

5.9.3 Limit testing

or

The test is carried out without altering the adjustment of the burner and ignition burner. The
pressure at the fuel inlet is adjusted to the minimum and maximum pressure supplied on the
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name plate reduced to the minimum supply pressure as stated on the name plate from the
normal pressure. This test is carried out at minimal and maximum vent length or minimum and
maximum back pressure due to vent length. Under these conditions, it is checked that the
burner is safely operating, and that the carbon monoxide emissions remain below the level
required in 4.4.12. This test is repeated at the minimum heat input permitted by the controls, if
ignition is possible under these conditions.

5.10 Automatic control of burners and catalytic oxidation reactors

5.10.1 General

THe procedures of 5.10 are associated with the start of all components intended to conduct a
controlled oxidation reaction, for example, combustion (start burner of a reformer sgctiop),
catalytic partial oxidation and catalytic combustion.

THe manufacturer may opt to conduct ignition tests (see 5.10.2.4 through 5.10/2.8) on a fyel
cell power system subassembly, rather than on a completely built unit, (provided the syb-
assembly contains all the parts (for example, the igniter and main burner;»the manufacturef’s
specified igniter location, combustion chamber and, if applicable, the combustion/exhaust fan
dicated to the combustion chamber) that may have an effect on the test results.

TE Subclause 5.10 also applies to the anode exhaust catalytic reactor.
.10.2 Automatic ignition control burners
.10.2.1  General

e automatic ignition control of fuel cell power system burners shall be tested according|to
0.2.2 and 5.10.2.3.

0.2.2 Effective ignition

is test is carried out at minimum and-maximum vent length or minimum and maximum back

The igniter shall light the main“burner fuel immediately after fuel reaches the main burner
ports. With the fuel cell power system maintained at rated voltage, the igniter shall pe
activated and ignition obsernved. Flames shall not flash outside the fuel cell power system, rjor
shiall there be any damage to the fuel cell power system. Three ignition attempts shall pe
de, and in eachSinstance ignition shall occur immediately after fuel reaches the main
burner ports.

5.10.2.3 Ignition — voltage variation

5.10.2.3:% General

THesétests are carried out at the maximum vent length or the maximum back pressure due|to
venttengtir

5.10.2.3.2 Undervoltage

The voltage to the fuel cell power system shall be adjusted to 85 % of the rating plate voltage
or in the event that the fuel cell power system has voltage variation protection, to the lowest
voltage that this protective device permits, but no lower than 85 % of the rating plate voltage.
Under this condition, the igniter shall light the main burner fuel within the main flame
establishing period. Flames shall not flash outside the fuel cell power system, nor shall there
be any damage to the fuel cell power system. A sufficient number of ignition attempts shall be
made, and in each instance ignition shall occur within the designated time.
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5.10.2.3.3 Overvoltage

The voltage to the fuel cell power system shall be adjusted to 110 % of the rating plate
voltage or in the event that the fuel cell power system has voltage variation protection, to the
highest voltage that this protective device permits, but no greater than 110 % of the rating
plate voltage. Under this condition, the igniter shall light the main burner fuel within the main
flame establishing period. Flames shall not flash outside the fuel cell power system, nor shall
there be any damage to the fuel cell power system. A sufficient number of ignition attempts
shall be made, and in each instance ignition shall occur within the designated time.

5.[0.Z.4 Flame-establishing period

The flame-establishing period shall be checked when the fuel cell power system 43 beipg
oplerated as specified in 5.3. The time from energizing the main fuel flow to the time of prqof
of [the ignition device or burner flame, as applicable, shall not exceed the appropriate start-pp
logk-out time as specified in 4.6.2.

5.10.2.5 Flame failure lock-out time

The fuel cell power system shall operate at its rated fuel consumption rate until thernpal
equilibrium is achieved. The flame failure lock-out time is measured between the moment
when the pilot (if equipped) and main burner are intentionally extinguished by shutting off the
fugl and the moment when, after admission of the fuel is restored, it ceases by the action|of
the safety device. The safety device shall de-energize all fuel-safety shut-off valves within the
flame failure lock-out time specified in 4.6.2. With the burneft alight, flame failure is simulated
by| disconnection of the flame detector, and the time that elapses between this moment ahd
that when the flame supervision device effectively shiuts off the fuel supply is measured. Hor
the purposes of this test, the control manufacturers.specified maximum flame failure lock-qut
time shall be used.

5.10.2.6 Recycling or spark restoration

Wi]th a recycling of the automatic burfier control system, the recycle time shall be checked
with the fuel cell power system being“adjusted to its rated fuel consumption rate. When spgrk
restoration occurs, it shall be verified that after flame failure the igniter effectively re-lit the
fuel within the flame establishing-period.

Flames shall not flash outside the fuel cell power system, nor shall there be any damage|to
the¢ fuel cell power system. With the burner alight, flame failure is simulated by disconnectipn
of the flame detector.

The time that_elapses between flame outage and when the flame detector acts to shut doyn
fuel flow shall-be observed, as well as the time that elapses between the moment the fuel flpw
stops and _the moment the igniter re-energizes. For the purposes of this test, the contfol
manufacturer's specified maximum flame failure lock-out time and minimum recycle time shall
bel used:

5.10.2.7 Pilot flame reduction

This test is carried out at minimum and maximum vent length or minimum and maximum back
pressure due to vent length.

A pilot, when provided, shall effect safe ignition of fuel at the burner when the pilot fuel supply
is reduced to an amount just sufficient to keep the safety shut-off valve open or just above the
point of flame extinction, whichever represents the higher pilot fuel rate. Flames shall not
flash outside the fuel cell power system, nor shall there be any damage to the fuel cell power
system.

For the purposes of this test, the control manufacturer's specified maximum flame failure lock-
out time shall be used.
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This test shall be initiated from both a cold start and immediately after the fuel cell power

system has been shut off after equilibrium conditions are attained.

5.10.2.8 Delayed ignition

This test is carried out at minimum and maximum vent length or minimum and maximum back

pressure due to vent length.

For a fuel cell power system that is arranged for ignition of the main burner directly by an
electric igniter, delay of ignition of the fuel shall not result in flashback of flame to the outside

of|the fuel cell power system or any damage to the fuel cell power system and the connect
venting system. For the purposes of this test, the control manufacturer's specified maximy
trigl for ignition period for the automatic burner control system shall be used. For systems th
defactivate the igniter prior to the end of the trial for ignition period, the test shall be‘eonduct
usjing the control manufacturer's specified maximum ignition activation period tinfing.

Wi|th the fuel cell power system at room temperature, the fuel cell poweér)system shall

umvented for varying intervals of time up to the control manufacturer's maximum specifi

trigl for ignition period or maximum specified ignition activation pefied, whichever is short

ed
m
at
ed

be

aced into operation at normal heat input rate with the ignition ,means temporalily

ed
br.

Fdr multi-try systems, attempts to ignite shall be made for varying-intervals of time for each

trigl for ignition period and any time the ignition means is ‘@ctivated throughout the to
oplerating sequence up to lock-out. The ignition of the main,burner shall be observed for ea
of|the trials. There shall be no flame flashout or damage’ to the fuel cell power syste
Dglayed ignition testing is also used to confirm the flamé-establishing period provided by
manufacturer.

5.10.2.9 Automatic burner control system components temperature test

THermocouples or equivalent temperature Aneasuring devices shall be suitably attached
applicable points of each automatic burner control system component. The fuel cell pow
syptem shall be operated at rated fuel ‘consumption rate until equilibrium conditions g
obttained. Temperatures of the companénts shall then be obtained. The temperatures obtain
[l not exceed those specified by-the components’ manufacturers.

1) The rate is measured at the outlet of the combustion products evacuation duct,
ambient temperature (measured as nominal flow).

fal
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supplied with
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electricity under actual pre-purge conditions.

3) The rate, measured with a limit of error of £5 %, is corrected to reference conditions.
4) The manufacturer states the volume of the combustion circuit.
b) Pre-purge time
1) The fuel cell power system is at ambient temperature and not operating.
2) The time between the fan starting and the ignition device being energized
determined.
5.10.3 Automated control of catalytic oxidation reactors

a) The time of initiation of the fuel flow to proof of the reaction initiation shall not exceed t
reaction initiation time specified in 4.6.3 e).

is

he
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Method of test: The fuel cell power system shall be operated as specified by the
manufacturer until conditions for reaction initiation are attained. Then, the fuel supply, for
air-rich operation, or the air supply, for fuel-rich operation, shall be opened. The system
response time shall begin at that point of time and shall end when the reactor monitoring
devices signal as specified by the manufacturer that the reaction has been successfully
initiated. The reaction initiation time shall not exceed the value specified in 4.6.3 e).

b) In the event of reaction extinction or reaction rate decrease or increase to unsafe levels,

the primary safety control shall de-energize the fuel safety shut-off valve, for air-rich
operation, or the air safety shut-off valve, for fuel-rich operation, followed by the de-
energizing of the fuel safety shut-off valve, within the reaction failure lock-out time
specified in 4.6.3 g).
Method of test: The fuel cell power system shall be operated as specified in 5,3 until
equilibrium conditions are attained. Then, the fuel supply, for air-rich operations,or the air
supply, for fuel-rich operation, shall be shut off. With the catalytic reactor alight; reactipn
failure is simulated by disconnection of the device monitoring the reaction“temperatufe.
The time measured between this moment and the time when the system-econtrol shuts pff
the fuel supply for air rich operation, or the supply of all reactants for fuel-rich operatign,
shall not exceed the reaction failure lock-out time specified in 4.6.3.

5.11 Exhaust gas temperature test

When the fuel cell power system is provided with a venting systen, the maximum temperatyre

of| the exhaust gases conveyed by that venting system(shall not exceed temperatures

acceptable for the materials used to construct the venting system.

Method of test: The exhaust gas temperature shall bé- measured by a thermocouple or similar

d%ﬂices. A sufficient number of test instruments.Should be used to establish the maximuym

temperature within the exhaust streams while cofisidering size and symmetry of the ventiphg
syptems.

ThHe fuel cell power system shall be installed and operated as specified in the applicaljle

prpvisions of 5.3, except the fuel supply is at nhominal pressure. When equilibrium conditions

arg attained, the maximum temperatuce of the exhaust gases shall be determined as specifipd
above. The temperature obtained shall not exceed the temperature for which the ventipg
syptem material has been determined to be acceptable.

5.12 Surface and component temperatures

a)| The fuel cell power system shall be installed and operated as specified in 5.3, except the
fuel supply is @t nominal pressure. When thermal equilibrium conditions are attaingd,
temperatures(shall be determined using any suitable temperature instrumentation meang.
1) The pmraximum temperature of any surface that may be contacted by personnpel

perfarming regular and routine service while the fuel cell power system is in operatipn
shal’not exceed the limits specified in 4.4.10.

2) \The maximum temperature of any remaining surface that may be unintentionally
exposed to flammable gas or vapour shall meet the requirements as specified |in
4.6.1 e).

3) The maximum temperature of system components shall not exceed the temperature to
which the components are rated.

b) Wall, floor and ceiling temperatures
1) This test is only for fuel cell power systems having either enclosure surface

temperatures or a design that allows the heat to radiate to external surfaces exceeding
the requirements in 4.4.10 intended for installation on or near combustible surfaces.

2) The fuel cell power system is placed on the test panels made of wood.

3) The manufacturer shall specify the distance between the fuel cell power system and

the back and sidewalls, ceiling (and closet door, if applicable) of the test panels.
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4) The fuel cell power system is placed on the test panels having the followi
specifications.

ng

i) Dull black-painted plywood approximately 20 mm thick is used for the test panels.

ii) Temperature rises are determined by means of thermocouples.
iii) Thermocouples used for determining the temperature rise of the surface of wal

Is,

ceiling and floor of the test corner are attached to the back of small blackened

discs of copper or brass. The front of the disc is flush with the surface of t
boards.

As far as r\n::ihln1 the fuel cell power :y:tnm is Ir\n:ifir’mnr‘l so that the fhnrmnr‘nllpl

he

detect the highest temperatures.

The fuel cell power system shall be operated at maximum power output. After equilibrit
temperatures have been obtained, the temperature of the test panels shall beCmeasur
and checked according to the requirements of 4.4.10.

|3 Wind tests

3.1 General

nd tests are only applicable for fuel cell power systems intendedfor outdoor installation
indoor units having horizontal air inlets and exhaust to the putdoors. Alternate means
monstrating an equivalent level of compliance may be considered, such as computatiof
id dynamic (CFD) analysis.

ese tests are carried out at minimum and maximum yent length or minimum and maximt

3.2 Wind source calibration procedure for winds directed perpendicular to the wa

Ve
m

t terminal which is installed in the centre of the test wall, in accordance with t
nufacturer's installation instructions’(see Figure 3).

Fi

THe vent terminal istlocated in the centre of the test wall and in accordance with t

m

ure 3 shows the points desighating static pressure ports located 305 mm (1 ft) horizonta|l
and vertically from the extremities of the vent terminal.

nufacturer’s installation instructions.

m
ed

or
of
al

e wind source calibration configuration shall consist of the centre of the wind source beihg
dtited perpendicular to the centre of a test wall equipped with four ports located around

a
he

y

he
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Dimensions in millimetres

305 mm from

terminal
horizontal and Vent
vertical terminal

2 440

Port
typical

2 440

IEC

Figure 3 — Test wall with static pressure pofts
and vent terminal locations

The ports shall be manifolded to obtain a single average static pressure reading. With the
wihd source directed against the wall, the average static pressure reading as measured by a
manometer referenced at the fuel cell power system process air opening shall form the basis
for calibrating the wind source using the data in Table 4:

Table 4 — Wind €alibration

Nominal Average static pressure
km/h Pa
16 12
54 135

5.13.3 Verification of operdtion of outdoor fuel cell power systems under wind
conditions

ThHe procedures o0f5+13.3 apply only to fuel cell power systems intended for outddor
ingtallation or compenents of fuel cell power systems intended for outdoor installation.

Erlclosures ©f>fuel cell power systems intended for outdoor installation or enclosures |of
componenis) of fuel cell power systems intended for outdoor installation shall be subject {o,
and pass; a wind test according to the following method.

A no cdam

Me dof test: e fuel cell power system shall start and opera = age
or malfunctioning of any part and without creating a hazardous or unsafe condition, when
exposed to winds having nominal velocities from 9 km/h up to and including 54 km/h.

A wind, produced by a fan/blower of sufficient capacity to develop a draft having a velocity
from 9 km/h up to and including 54 km/h, shall be directed against an outer surface of the fuel
cell power system at the point(s) deemed most critical by the conformity assessment
organization. The fan/blower shall be located so a uniform wind, covering the entire projected
area of the outer surface, is directed horizontally toward the fuel cell power system at the
specified velocity measured in a vertical plane 50 cm from the windward surface of the fuel
cell power system.

With the fuel cell power system subjected to a wind having a nominal velocity of 16 km/h, the
pilot, when provided, shall be capable of being ignited.
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With the fuel cell power system subjected to a wind having a nominal velocity of 54 km/h, the
burner gas shall ignite from the ignition device without excessive delay and the burner and
pilot flames shall not extinguish. The pilot, when provided, shall be operated alone, as well as
simultaneously with the burner.

With the hydrogen (H,) fuel cell power system subjected to a wind having a nominal velocity
of 54 km/h, the anode exhaust gas shall be oxidized in the combustor without excessive delay

an

At

d the combustor shall not stop its oxidizing reaction.

the discretion of the conformity assessment organization, additional tests may

CO

Mg

a)

nducted with winds of specified and unspecified velocities directed from other direction(s)

.13.4 Verification of operation of indoor fuel cell power systems vented horjzontally

through an outside wall
bthod of test: These tests shall be conducted at normal inlet test pressure.

The fuel cell power system shall meet the requirement of 4.5.3 j) when testing with a wi
direction other than perpendicular to the wall, except that the wind,produced by the wi
source shall have a nominal velocity of 54 km/h (135 Pa freesstteam velocity pressu
measured with the wind parallel to the wall with a Pitot tube at three locations position
on a plane perpendicular to the wall and also bisecting the“venting system. The thr

of the venting system. (See Figure 4.)

Dimensions in millimet

Plane perpendicular

Test wall

305

hd
hd
e)
ed
pe

locations shall be at distances of 305 mm horizontally ahd vertically from the extremities

es

~~__ to test wall
\o\ \\\:
|
|
|
|
|
[Te) |
Q |
™ |
vent system —» :
. |
- |
o 305 |
e |
|
|
|
|
|
|
|
|
|
|
|
|

Horizontal vent side wall

Figure 4 — Vent test wall

After the calibration of the wind source parallel to the wall, the wind source or test wall

shall be rotated to direct the wind from other angles at the discretion of the test agency.
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b) The fuel cell power system shall meet the requirement of 4.5.3 j). For wind directed
perpendicularly to the wall, either of the following test methods 1), 2) or 3) shall apply.

1) The following test method shall be applied at the maximum vent length specified.
Remove only the vent terminal from the horizontal vent, when a vent terminal is used.
Equip the vent pipe with a piezo ring 305 mm from the outlet of the horizontal vent (see
Figure 5).

Dimensions in millimetres

No. 60 drill size

Vventppe T

— el ——— =)

Pressure measurement connector

305

Vent pipe ——|

i

610

IEC

Eigllrn 5 _— Piezao ring and details of fylnir‘nl canstructiaon

Connect the piezo ring to a differential pressure gage that can be read directly to
within 1,24 Pa pressure. The manometer reference pressure connection shall be
extended to a point adjacent to the fuel cell combustion air supply opening.

Start fuel cell power system operation. Restrict the end of the vent until the pressure at
the piezo ring reaches 116 Pa. Stop fuel cell power system operations. Turn on the gas
supply to the fuel cell power system. With the restriction still in place, start the fuel cell
power system operation from a cold start. While under the above condition, the fuel
cell power system shall not shut down. After steady-state conditions are attained
readjust the restriction to maintain 116 Pa. While operating under the above condition,
the fuel cell power system shall not shut down for a period of 10 min. While
maintaining the vent pressure of 116 Pa, the fuel cell power system shall be turned on
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and off by the automatic controls, and the fuel cell power system shall start up without
excessive delay.

2) The fuel cell power system shall successfully initiate start-up when subjected to a wind
speed of 9 km/h up to and including 54 km/h.

3) The fuel cell power system shall continue to operate when subjected to a wind speed
of 9 km/h up to and including 54 km/h.

5.13.5 Carbon monoxide (CO) and flammable gas components emissions under wind —
Indoor units

Fdr fuel cell power systems installed indoors and utilizing an exterior wall vent air inlet\the
and flammable gas emissions shall be checked when a wind ranging from 9 km/h. up|to
and including 54 km/h is exerted against the vent-air intake terminal(s). The wind _is<applied
frgm any horizontal direction with respect to the vent-air terminals. The vent-air intake systém
is [exposed to a 54 km/h wind velocity (free-stream velocity pressure of 134,5'Pa measurged
with a Pitot tube at three locations on a plane perpendicular to the wall and also’bisecting t
vent-air intake system). The three locations shall be at distances of 305 mmhorizontally a
vertically from the extremities of the vent-air intake system. The fuel cell, power system sh
oplerate at nominal input rate until a constant exhaust gas temperature is’achieved. During t
application of this range of wind velocities, the emissions are measured at least three tim
within 15 min. The average values shall be deemed the concentrations in this test and sh
be analysed to determine that the CO concentration complieS~with 4.4.12 and flammaubl
concentration is below 25 % of the LFL.

=un O® =9 0D

(7]

After the calibration of the wind source parallel to the wall, the wind source or test wall shjall
rotated to direct the wind from other angles at the_discretion of the conformity assessmgnt
organization.

Fdr wind directed perpendicular to the wall, therfuel cell power system shall be operated until
a |constant exhaust gas temperature haspbeen attained. Either of the tests specified [in
5.13.4 b) shall be applied.

When using test method 5.13.4 b)_1),"the vent pressure shall be varied from zero to 116 Ha.
Dyring the application of this range of vent pressure, sufficient effluent samples shall pe
secured and analysed to determine that the CO concentration complies with 4.4.12 ahd
mmables with less than 25(% of the LFL.

When using test methed 5.13.4 b) 2) the wind produced by the wind source shall be varied|to
have nominal velogities from 9 km/h up to and including 54 km/h calibrated as specified|in
5.13.2. During thg application of this range of wind velocities, sufficient effluent samples shpall
be| secured and\ analysed to determine that the CO concentration complies with 4.4.12 ahd
flammables with less than 25 % of the LFL.

5.13.6~ Carbon monoxide (CO) and flammable gas components emissions under wind|—
Outdoor units

For fuel cell power systems installed outdoors, the CO and flammable gas emissions shall be
checked when the unit is exposed to a wind ranging from 9 km/h up to and including 54 km/h.
A wind, produced by a blower of sufficient capacity to develop a draft having a velocity up to
and including 54 km/h, shall be directed against an outer surface of the fuel cell power system
at the points deemed most critical by the conformity assessment organization. The blower
shall be located so a uniform wind, covering the entire projected area of the outer surface, is
directed horizontally toward the fuel cell power system at the specified velocity measured in a
vertical plane 0,5 m from the windward surface of the fuel cell power system. The fuel cell
power system shall operate at a nominal input rate until a constant exhaust gas temperature
is achieved. During the application of this range of wind velocities, the emissions are
measured at least three times within 15 min. Its average values shall be deemed the
concentrations in this test and shall be analysed to determine that the CO concentration
complies with 4.4.12 and flammable concentration is below 25 % of the LFL.
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5.14 Rain test
5.14.1 OQutdoor units

A simulated rain test shall be performed equivalent to a minimum IP rating of 3 (second
characteristic numeral 3) as defined in IEC 60529 or the manufacturer’'s higher declared IP
rating. Compliance is defined in 5.14.3.

5.14.2 Indoor units supplied with horizontal venting hardware

T o—airaillatad ot 1o o bha o liad 0 tha s ot toarieain ot o A—cioanlatad roin oot ol oll
CormoatCU— ot 1o (U DT QP pPTcU toO— T v eTIC T iatroT 7 v o hogiatCO ot to ST STt

performed equivalent to a minimum IP rating of 3 (second characteristic numeral 3) as defingp
in [EC 60529 or the manufacturer’s higher declared IP rating.

[oXNo)}

5.14.3 Test method

The fuel cell power system shall start and operate without damage or malfufnction of any part
that would create a hazardous condition when subjected to a simulated rain test.

upgon completion of exposure to the simulated rainstorm, thereshall be no evidence |of
damage or malfunction of any part of the fuel cell power system that-will result in a hazardolus
condition, nor detrimental accumulation of water in any part of thelfuel cell power system. The
test is not to result in the ingress of water into an electricalenclosure above the lowest live
part or in wetting live parts, except motor windings may lge jjudged by a dielectric withstahd
test, providing the motor(s) is constructed, located or shielded so that the windings are ot
dinectly exposed to water.

NQTE The ingress of water into an electrical enclosure is verified visually and by the dielectric strength test.
5.15 Emissions
5.15.1 General

Cqnduct the tests in 5.15.2 and 5.15.3yat minimum and maximum fuel supply pressure.

These tests are carried out at minimum and maximum back pressure due to vent length.

NQTE Instead of installing a ventlength, minimum and maximum back pressure can be simulated.
5.15.2 Carbon monaoxide (CO) and flammable gas emissions
5.15.2.1 General

rbon monoxide emissions measured at the fuel cell power system shall not be in excess|of
D3 % COin an air-free sample of the effluents according to the tests of 5.15.2.2 aphd
.15.23.and flammable gas concentration is below 25 % of the LFL in the effluents,
accafding to the tests of 5.15.2.2 and 5.15.2.3.

Q)

o n

5.15.2.2 Blocked exhaust outlet

The CO and flammable gas emissions shall be checked with the fuel cell power system
exhaust outlet blocked to any degree up to and including complete closure. The fuel cell
power system shall be operated at nominal fuel input rate for at least 15 min. When the fuel
cell power system incorporates a control to automatically shut off the main fuel supply under
blocked outlet conditions, the area of the exhaust outlet shall be gradually decreased to the
lowest point at which the control will remain in its open position.

At this blockage, and once thermal equilibrium has been achieved, the emissions shall be
measured. The measurements shall be carried out at least three times within 15 min. The
average values shall be regarded as the concentrations in this test.
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5.15.2.3 Blocked air supply

Subclause 5.15.2.3 applies to indoor systems that use nonconventional venting. The air is
taken from outdoors through a dedicated pipe and subsequently routed into the fuel cell power
system for process air purposes.

The CO and flammable gas emissions shall be checked with the fuel cell power system air
supply blocked to any degree up to and including complete closure. The fuel cell power
system shall be operated at nominal fuel input rate for at least 15 min. When the fuel cell
power system incorporates a control to automatically shut off the main fuel supply under
blgTKed outlet conditions, (e area of the air supply shall be gradually decreased 1o the fowest
point at which the control will remain in its open position.

At| this blockage, and once thermal equilibrium has been achieved, the emissions)shall pe
me¢asured. The measurements shall be carried out at least three times within('15 min. The
average values shall be deemed as the concentrations in this test.

5.15.3 Normal conditions

THhis test applies to both indoor and outdoor units.

THe CO emissions shall be checked with the fuel cell power sysitem exhaust unrestricted. The
fuel cell power system shall be operated at nominal voltage ‘and at nominal fuel input rate for
at|least 15 min. The effluent will then be analysed.

THis test is repeated at the minimum heat input-permitted by the controls, if ignition
possible under these conditions.

S

5.16 Blocked condensate line test

A fuel cell power system having a condensate disposal system(s) shall, under conditions of a
blocked condensate drain line(s), continue to operate satisfactorily or shall shut down duripg

I's
he
An
be

supply, exceed 0,03 % or the fuel cell power system shall shut down. Also, at no time shall
flammable gas discharge into the fuel cell power system’s interior compartments or exhaust.

The fuel cell power system shall not present an electric shock hazard as determined by the
electrical safety tests in 5.18.

A fuel cell power system which cannot be placed in operation under conditions of blocked
condensate drain line(s) shall be deemed to comply with this test.

5.17 Condensate discharge test

Many technologies collect condensate overflow, not all are pressurized with flammable gas.
The requirement is meant to apply to condensate removed from a flammable gas stream. The
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design of a fuel cell power system which is required to have a vent drain shall be such that
the condensate trap(s) self-prime and effluent and/or flammable gas shall not be discharged
from the condensate drain line(s) after the condensate trap(s) self-prime under the following
test.

The test shall be performed with the shortest vent specified by the appliance manufacturer.
The vent material shall be a material specified by the fuel cell manufacturer, and the material
with the least heat conduction from the vent gas to the air.

The_condensate trap(s), if provided or supplied as part of the fuel cell power system or if the
ingtallation instructions require it to be supplied by the installer, shall be installed |in
accordance with the manufacturer's installation instructions. Do not fill the trap(s) with.water
prior to this test.

THis test shall be conducted up to and including maximum blocked flue conditions where the
fuel cell power system continues to operate.

THis provision shall be deemed met if the effluents and/or flammable @ds do not issue frgm
th¢ condensate drain line(s).

5.18 Electrical safety tests

The electrical safety of the fuel cell power system shall ©e-verified against the applicatipn
standard as shown in 4.7.

Cgmponents connected to an electrical circuit, which are not approved by an international
standard for electrical safety, shall comply with 4%7.

5.19 EMC test

THhe fuel cell power system shall be tested’according to the relevant standard as shown in 48.

5.20 Venting system leakage test

THhis test applies to hydrocarbon fuelled fuel cell power systems.

All joints and connections of a venting system shall be tight. This provision shall be deempd
met when leakage fremthe system is not in excess of the limit specified below.

A Venting systemoperating under a negative internal pressure need not be subjected to the
prpocedure of-{his provision.

Fdr the-purposes of this test, the entire venting system, excluding the vent terminal, shall pe
isglated/from the rest of the fuel cell power system by any convenient means and, when
applicable, shall be sealed in accordance with the manufacturer's instructions. The outlet|of
the venting system shall be sealed by any convenient means.

The manufacturer shall supply a suitable test fitting which shall be attached and sealed to the
inlet of the venting system. This test fitting shall also have an inlet tap which shall be
connected to an air pressure source and a pressure measuring device for measuring the
internal pressure of the system. This device shall have an accuracy of +2,0 % of span and
have a full scale pressure such that the operating pressure occurs in the middle half of the
scale.

A suitable supply of clean dry air shall be permitted to flow through a metering device and into
the venting system through the air supply fitting.
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The internal air pressure in the venting system shall be maintained at 0,5 kPa or twice the
design pressure specified by the manufacturer, whichever is greater. The leakage rate shall
be measured in cubic metres per hour (cubic feet per hour).

This provision shall be deemed met when leakage from the venting system does not exceed
2 % of the total volume of effluents. This value shall be determined by the following formula:

L=0,02x1xV
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6.

Le

is the allowable leakage rate from the venting system, in m3/h (ft3/h);
is the fuel gas consumption, MJ/h (kBTU/h); and

= 0,402 6 m3/MJ (15 ft3/kBTU) of gas consumed. Value based on 50 % excess air add
to effluent.

.21 Leakage tests (repeat)

e fuel cell power system shall be re-tested for leakage at the same “testing conditions
ecified in 5.4.

Routine tests

.1 General requirements

wer system is designed, in order to obtain.the required operating conditions. In particul
e test environment for the routine tests shall provide interfaces at boundary limits accordi
the designed application of the fuel cellplant. It is recommended that the routine tests
rformed in the following order: 6.2, then 6.3, then 6.4.

he routine tests are performed-in direct conjunction with the initial start-up and conditioni
bcedure of the fuel cell power system, it is connected to the conditioning facility and
der operational conditions @s specified by the manufacturer.

e routine tests given in 6.2 to 6.4 shall be performed on all fuel cell power systems.

st each fuel céllpower system to determine the tightness of pressure bearing parts a
mponents including joints and connections. This applies to systems with hazardous fluids

P Leakage test

akage tests shall be conducted in accordance with 5.4 and shall meet or exceed t

acl

eptance criteria therein, or they shall be pressurized with an appropriate dry gas (

ed

utine tests shall be performed on all productien units. They shall be performed in a tgst
vironment simulating the application of the fuel cell power system, for which the fuel cell

ar,

ng
be

ng
is

he
or

example, air or nitrogen) over the specified pressure, then sealed and left for longer than
10 min. The leakage calculated from the pressure difference between, before and after the
elapse of time using the following formula shall be not more than the specified value.

Ly =V xTolpg x {(P1 + Pa)/( T1) = (P2 + Pa2)/(T2)} x 60/t

where

Ly
V

To

is the gas leakage rate from fuel cell power system (Nm3/h);

is the internal space volume within the pressurized-section (m3) (gas volume excepti
the internal structure volume);

is the reference temperature (288,15 K);

ng
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is the internal space temperature at the beginning of measurement (K);

is the internal space temperature at the end of measurement (K);

is the reference pressure (101,325 kPa);

is the internal space pressure at the beginning of the measurement (kPag);

is the internal space pressure at the end of the measurement (kPag);

P,y is the atmospheric pressure at the beginning of the measurement (kPa),

p,o is the atmospheric pressure at the end of the measurement (kPa);

t
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TS theTmeasuTig tire {TmiT):

r systems with installed relief valves, amending the test pressure from the levels in'5.4
% of the relief valve set point is allowed if mutually agreed between the manufacturer a
b conformity assessment organization.

.8 Dielectric strength test

ielectric strength test: as described in the relevant product application-standard as given

7-

.4 Burner operation test

e following tests shall be performed on the basis of a sampling plan:

burner operation test as described in 5.9.1;

carbon monoxide (CO) emissions are measured during the burner operation test
described in 5.9.1. The limits shall be in accofdahce with 4.4.12.

Marking, labelling and packaging

.1 General requirements

e fuel cell power system shall 'be marked in compliance with the applicable clauses

.2 Fuel cell power system marking

ch fuel cell powerssystem shall bear a data plate or combination of adjacent labels locat
as to be easily read when the fuel cell power system is in a normally installed position.

e marking~shall clearly state any restrictions on use, in particular the restriction where

e data plate/label(s) shall include the following information:

D 3864-2. Marking and mountiog methods shall be durable and suitable for the applicatior).

e fuel cellhpower system shall be installed only in areas where there is sufficient ventilation.

to
hd

n

of

(1%
o

by

a)
b)

d)
e)

f)

9)
h)

manufacturer's name (with trademark), and location;

manufacturer’s model number or trade name;

serial number of the fuel cell power system and year of manufacture;

electrical input, as applicable: voltage, current, frequency, phase, power consumption;

electrical output: voltage, current, frequency, phase, rated power, or kVA and power

factor;

fuel type to be used by the fuel cell power system;
range of fuel supply pressure;

fuel consumption at rated power (kW);
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i)

)
k)

range of ambient temperatures (minimum and maximum) within which the fuel cell power

system is intended to operate in degrees Celsius;
outdoor or indoor use;

warnings for alerting personnel to the potential for personal injury or equipment damage

and requirements to follow installation and operation instructions.

If the fuel cell power system is rated under hazardous area classification according to
IEC 60079-10-1, it shall be marked accordingly.

7.3

Al
th

w

MarkimgofcompoTments

user serviceable parts shall be identified to match the fuel cell power system drawings
b user’'s manual.

st

C
th
a
IE

P4
th

TH

a)
b)

c)
d)

brning signs shall be appropriately placed to identify electrical hazards, contepts from dré
ves, hot components and mechanical hazards. Preference should be given to the use
ndard symbols given in ISO 3864-2.

ntrol devices, visual indicators and displays (particularly those #elated to safety) used
man-machine interface shall be clearly marked with regard tg their functions either on

jacent to the item. Preference should be given to the use(pfi/standard symbols given
60417 and ISO 7000.

Technical documentation

1 General

e installation, operation, and servicing of the'fuel cell power system and shall, in particul
hw attention to any restrictions on use.'Jhe information shall be provided in the form
hnical documents such as drawings, diagrams, charts, tables and instructions, and the
all be on suitable data medium anddanguage.

rt of the technical information might be provided only to qualified personnel, in which ca|
e manufacturer shall specifyleriteria for qualification of personnel.

e information provided with the fuel cell power system shall include the following:

a clear, comprehensive description of the equipment, installation and mounting, and t
connection to(electrical supply(ies) and other site interfaces;

according. to 4.2;
electrie circuit diagrams;
information (where appropriate) on

physical ghvironment and operating conditions (fuel and water supply characteristics, etf.

n

in
of

in
or
in

or
ar,
of
Se

Se

e)

1) handling, transportation and storage,

2) software programming,

3) sequence of operations,

4) frequency of inspection,

5) frequency and method of functional testing,

6) guidance on the adjustment, maintenance, and repair, particularly of the protecti
devices and circuits,

7) parts list and recommended spare parts list;

a description (including interconnection diagrams) of the safeguards, interlocki
functions, and interlocking of guards for potentially hazardous situations;

ve

ng
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f) a description of the safeguarding and of the means provided where it is necessary to
suspend the safeguarding (for example, for manual programming, programme verification).

7.4.2 Installation manual

The installation manual shall provide the installer with all the information necessary for the
preliminary work of setting-up the fuel cell power system.

In particular, an interconnection diagram or table shall be provided. That diagram or table
shall give full information about all external connections (for example, electrical supply, fuel
U : , ) , - o . .

The installation manual shall specify the following:
e | the manufacturer’s or distributor’'s name and location, and the model numbet ‘of the fuel
cell power system;

e [ the minimum and maximum fuel supply pressures and the method of‘determining these
pressures;

e | the composition limits of the fuels;

e | adequate clearances around air supply, ventilation and exhaust epenings;
¢ | ventilation requirements;

¢ [ adequate clearances for maintenance, servicing and proper operation;
¢ | location and design of the fuel cell power system foundation;

e | protection from weather hazards;

¢ | recommended height in relation to the base.flood elevation;

¢ | requirements for a security enclosure, if needed;

e | acceptable distances from combustible.materials;

e | acceptable distances from vegetation;

e | acceptable distances from public'ways;

e | protection from vehicular impact;

e | that a sediment trap~ot filter must be provided upstream of the fuel controls, when
applicable;

o | if appropriate, special instructions for extended dormant periods;
¢ | instructions which cover venting system requirements, including air intake pipe (if used);

¢ [ that the physical support around the base of the fuel cell must be sound, without sagging,
cracksggaps, etc., so as to minimize vermin intrusion.

7.4.3 User’s information manual

Fo—faet—eeH—power—systems—to—be—instated—for—restdentialduse—the—Ssyster——suppher—shall
provide to the residence owner a user’s information manual, together with any appropriate
additional information to facilitate maintenance (for example, addresses of the importer,
repairer).

The user’s information manuals shall be typed or typeset and formatted to provide easy to
follow procedures. lllustrations should be used to identify fuel cell components, dimensions
and clearances, assembled components, and connection points as needed to make the
instructions clear. lllustrations should also be used to identify the location of serviceable
components and illustrate correct methods for performing service procedures.

When text is shown in quotation marks, it shall appear in the user’'s information manual
exactly as shown.
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The user’s information manual shall be affixed to the fuel cell in a pocket or attached by a clip

which is part of the fuel cell or shall be supplied in an envelope(s) marked with instructions:

a) to the installer to affix them on, or adjacent to, the fuel cell; and/or

b) to the consumer to retain them for future reference.

Each user’s information manual should be divided into appropriate chapters or sections and
should include a table of contents and clearly marked page numbers.

The user's information manual shall contain the following safety information, as applicable:

a)

Front cover

The front cover shall present the user(s) with only the most important safety instructior
The front cover or, in the absence of a cover, the first page of the manual shalVbear t

following safety precautions boxed as indicated in Figures 6, 7 and 8:

AWARNING:

FIRE OR EXPLOSION HAZARD
Failure to follow safety warnings exactly ‘Could
result in serious injury, death or property damage.

Figure 6 — Safety precautions for odorized gas-fuelled systems

Do not store or use gasoline or other flammable
vapours and liquids in the vicinity of this or any
other appliance.

WHAT TO DO IF YOU SMELL GAS

Do not try to light any appliance.

Do not touch any electrical switch; do not use
any phone ig;the area.

Leave thearea immediately.

Immediately call your gas supplier. Follow the
gas-supplier's instructions.

If you cannot reach your gas supplier, call the
fire department.

Installation and service must be performed by a
gualified installer, service agency or the gas
supplier.

IEC

S.
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AWARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings exactly
could result in serious injury, death or
property damage.

— Do not store or use gasoline or other

flammahle vanours  and  liauids  in thg
e HRaE4 V-eH-O-LH G & H—A

g
vicinity of this or any other appliance.

— Installation and service must be performed
by a qualified installer, service agency or
the gas supplier.

IEC

Figure 7 — Safety precautions for odorant-free gas fuelled)systems

AWARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings‘.exactly could
result in serious injury, death or property
damage.

— Do not store or ¢use gasoline or other
flammable vapoursyand liquids (except for the
relevant liquid fuel for the fuel cell power
system) in the\ vicinity of this or any other
appliance.

- WHAT TO DO IF YOU SEE LIQUID LEAKAGE
e Do nat'try to light any appliance.

e Do, hot touch any electrical switch; do not
use any phone in the area.

e Leave the area immediately.

e Immediately call your fuel supplier. Follow
the fuel supplier's instructions.

e |If you cannot reach your fuel supplier, call
the fire department.

- Installation and service must be performed by
a qualified installer, service agency or the fuel
supplier.

IEC

Figure 8 — Safety precautions for liquid fuelled systems

The front cover shall include a statement informing users that they must read all
instructions in the manual and must keep all manuals for future reference.

Safety section

A safety section shall be included near the front of the manual to present fuel cell users
with a listing of potential hazards and safety-related instructions for a particular fuel cell
power system. A statement of at least the following shall be included in the safety section
with references to a specific section or page of the manual.


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

IEC 62282-3-100:2019 © IEC 2019 - 69 —

1)

2)

3)

4)

Directions that the area surrounding the fuel cell must be kept clear and free of
combustible materials, gasoline and other flammable vapours and liquids.

Where requiring air for combustion or ventilation, instructions not to block or obstruct
air openings on the fuel cell, air openings communicating with the area in which the
fuel cell is installed, and the required spacings around the fuel cell that provide
clearances to secure and discharge required air.

Instructions for starting and shutting down the fuel cell. These instructions shall
pictorially illustrate and locate all user interface components.

The following statement: "Do not use this fuel cell if any part has been under water. A

c)

Th

po
th

TH

5)

6)
7)

8)

9)

4.4

In-text safety information

tflood-damaged tuel cell Is potentially dangerous. Attempts to use the tuel cell\chn
result in fire or explosion." A qualified service agency should be contacted to insSpegct
the fuel cell and to replace all gas controls, control system parts, electrical parts that
have been wet.

Specifications for the frequency of filter change or cleaning and the dimensional size
and type of filter for replacements. These instructions shall contain.'directions for
removal and replacement of filters and pictorially illustrate and locate all components
supplied by the manufacturer referred to in the instructions “for removal apd
replacement of filters.

Recommended methods for periodic cleaning of necessary parts.
Instructions for examining the fuel cell installation to detérmine that

i) any intake or exhaust openings associated with-thase items covered in 4.5.2 aphd
4.5.3 are clear and free of obstructions;

ii) there are no obvious signs of deterioration,of‘the fuel cell.

An indication of the necessity and minimum frequency for the examination (sge
7.4.32) and 7) i) and ii)) by the user..The periodic inspection of the fuel cell by a
qualified service agent shall also be specified.

An indication that excessive exposurg, of the fuel cell power system to contaminated Rir
may result in safety and performance related problems. Instructions shall include| a
representative list of known contaminants.

In-text safety instructions should refer to or incorporate safety precautions from the frgnt
cover and from the safety section of the manual. Potentially hazardous situations
described in the manual require that additional safety precautionary statements pe
created.

Operating manual

e operating_manual shall detail proper procedures for the set-up and use of the fuel cell
wer system.-Particular attention should be given to the protective measures provided and|to
b impropeh methods of operation that are anticipated.

e©peration manual shall include a section on the hazards related to the use of the fuel cell

p

AMer svstem
P4

Where the operation of equipment can be programmed, detailed information on methods of
programming, equipment required, programme verification and additional safety procedures
(where required) shall be provided.

The instructions shall give information concerning airborne noise emissions by the fuel cell
power system, either the actual value or a value established on the basis of measurements
made on identical fuel cell power system.

In the case of the fuel cell power system which may also be intended for use by non-
professional operators, the wording and layout of the instructions for use, whilst respecting
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the other essential requirements mentioned above, shall take into account the level of general
education and acumen that can reasonably be expected from such operators.

7.4.5 Maintenance manual

The maintenance manual shall detail proper procedures for adjustment, servicing, and
preventive inspection, and repair. Recommendations on maintenance/servicing records
should be part of the maintenance manual. Where methods for the verification of proper
operation are provided (for example, software testing programmes), the use of such methods
shall be detailed.

THis manual shall contain clearly defined, legible and complete instructions for at least the
following.

a)| Instructions for starting and shutting down the fuel cell power system. Thesg\instructions
shall pictorially illustrate and locate all relevant components.

b)| Specifications for the frequency of filter change or cleaning and the dimensional size ahd
type of filter for replacements. These instructions shall contain directions for removal ahd
replacement of filters and pictorially illustrate and locate all components supplied by the
manufacturer referred to in the instructions for removal and replagement of filters.

c)| Instructions to caution users of any electrical components,“that may retain residyal
voltage/energy after shutdown, and how to properly dissipate’the voltage/energy to a sgfe
level.

d)| Recommended methods for periodic cleaning of necessary parts.
e)| Instructions for lubrication of moving parts, including type, grade and amount of lubricant.
f) | Instructions for examining the fuel cell power system installation to determine that:
1) any intake or exhaust openings are clearand free of obstructions;

2) there are no obvious signs of physical deterioration of the fuel cell power system or jits
support (i.e. base, frame, enclosures, etc.).

g)| Periodic examination of the venting system, gas detection, and related functional parts.

h)[ A replacement parts list, .ncluding information necessary for ordering spare |or
replacement parts.

i) | Directions that the area.surrounding the fuel cell power system must be kept clean ahd
free of combustible materials, gasoline and other flammable vapours and liquids.

j) | The following statement: "Do not use this fuel cell power system if any part has begn
under water. Immediately call qualified service personnel to inspect the fuel cell power
system and to_replace any function part which has been under water."

k)| Instructions:and a schedule for neutralizing condensate, if appropriate.

THe maintenance manual shall also provide an enumeration of all regular and routipe
maintenance activities to be performed on the fuel cell power system components aphd
inglicate the necessity and minimum frequency for these examinations.
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Annex A
(informative)

Significant hazards, hazardous situations
and events dealt with in this document

Table A.1 gives the significant hazards, hazardous situations and events dealt with in this
document, together with the relevant subclause(s).

Table A.1 — Hazardous situations and events

Significant hazards, hazardous situations and events Subclausg

Mechanical hazards due to:

Vibration 4.2, 4.12
Shape (sharp surfaces) 4.4

Relative location (trip/crash hazard) 4.4

Mass and stability (potential energy of elements which may move under the effect of gravity) 4.4

Mass and velocity (kinetic energy of elements in controlled or uncontrolled-mation) 4.4,4.12
Inadequacy of mechanical strength (inadequate specification of materiallor geometry) 4.4,4.5,4.13
Fluids under pressure (over-pressurization, ejection of fluids undér pressure, vacuum) 4.4,4.5

Electrical hazards due to:

Stored electrical energy 4.7

Contact of persons with live parts (direct contact) 4.7

Contact of persons with parts that have become.live under faulty conditions (indirect contact) 4.7

Approach to live parts under high voltage 4.7
Electrostatic phenomena 4.6, 4.7
Electromagnetic phenomena 4.8
Heat/chemical effects from shofteircuits, overloads 4.7
Projection of molten particles 4.7

Thermal hazards due.io:

Contact of persofs,with surfaces at extreme high temperatures 4.4
Release of high‘temperature fluids 4.5
Thermal fatigue 4.3,4.5
Equipment over temperature causing unsafe operation 4.9

Hazards generated by materials and substances:

Hazards from contact with, or inhalation of, harmful fluids, gases, mists, fumes and dusts 4.4
Fire or explosion hazard due to leak of flammable fluids 4.6
Fire or explosion hazard due to internal build-up of flammable mixture 4.6

O|og|ogojg|ojlgjog|ggjg|ojgyolg|ojg|olg|g|o|g|o|g| o

Hazardous situations caused by material deterioration (for example, corrosion) or accumulation (4.3
(for example, fouling)

Asphyxiation 4.4

Reactive materials (pyrophoric) 4.4

Hazards generated by malfunctions:

I I W

Unsafe operation due to failures or inadequacy of software or control logic 4.9
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Significant hazards, hazardous situations and events Subclause
[J Unsafe operation due to failures of control circuit or protective/safety components 4.9
[J Unsafe operation due to power outage 4.9
[J Hazards generated by neglecting ergonomic principles:
[J Hazards due to inadequate design, location or identification of manual controls 4.9
[J Hazards due to inadequate design or location of visual display units and warning signs 4.9
[J Noise 4.4
| Hazards generated by erroneous human intervention:
[J| Hazards due to deviation from correct operating 4.9,/7.4
[J| Hazards due to errors of manufacturing/fitting/installation 4.4y 7.4
[J| Hazards due to errors of maintenance 7.4
[J| vandalism
[J| Environmental hazards:
[J] Unsafe operation in extreme hot/cold environments 4.13
| Rain, flooding 4.13
| wind 4.13
[J| Earthquake 4.4
[J| External fire
[J| smoke
[J| snow, ice load 4.13
0| Attack by vermin
[J| Pollution
[J] Air pollution 4.4
[J] water pollution 4.4,45
[J] Soil pollution 4.4
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B.

Annex B
(informative)

Carburization and material compatibility for hydrogen service

1 Carburization

Conventional carburization is a familiar problem with high-temperature alloys in steam
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drocarbon cracking, resulting in the formation of carbides within the metal matrix=T
pcess is promoted by high temperature, typically > 800 °C, and leads ultimately toless
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general, carburization of an alloy results in low ductility at ambient temperatures. Carb
k-up will increase the volume of the metal and coefficient of expansion,gsulting in stro
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B.

J2  Material compatibility for hydrogen service

p.1 General

pture and low-cycle fatigue. If carburization is sufficiently severe, fitycan also affect t
vated temperature creep and rupture characteristics. There seéms to be differences
erance between the various alloys regarding this issue.

nerally the carburization rate varies with

temperature — the rate roughly doubles for every 55 °C increase;

reaction kinetics which are controlled by the ratio of CO/CO, in the gas and by t
temperature;

strongly carburizing conditions which are GQ/CH,/H,-flows with a low steam/carbon ra|
at intermediate temperatures (usually 450:2C to 850 °C), and an oxide layer with flaws;

nickel and silicon content — high values.are beneficial;
protective and regenerative oxide filims — Cr, Si and Al in the alloy are beneficial.

ese rules are general and may net be true for all material/environment combinations due
b anomalous character of metal-reactions.

mponents in‘which gaseous hydrogen or hydrogen-containing fluids are processed, as W
all partsCused to seal or interconnect the same, should be sufficiently resistant to t
emical.and physical action of hydrogen at the operating conditions.

D2 Metals and metallic materials
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Users of this document should be aware that engineering materials exposed to hydrogen in
their service environment may exhibit an increased susceptibility to hydrogen-assisted

co

rrosion via different mechanisms such as hydrogen embrittlement and hydrogen attack.

Hydrogen embrittlement is defined as a process resulting in a decrease of the toughness or

du

ctility of a metal due to the permeation of atomic hydrogen.

Hydrogen embrittlement has been recognized classically as being of two types. The first,
known as internal hydrogen embrittlement, occurs when the hydrogen enters the metal matrix
through material processing techniques and supersaturates the metal with hydrogen. The
second type, environmental hydrogen embrittlement, results from hydrogen being absorbed by

SO

lid metals from the service environment.


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

- 74 - IEC 62282-3-100:2019 © IEC 2019

Atomic hydrogen dissolved within a metal interacts with the intrinsic defects of the metal,
typically increasing crack propagation susceptibility and thus degrading such basic properties
as ductility and fracture toughness. There are both important material and environmental
variables that contribute to hydrogen-assisted fracture in metals. The material microstructure
is an important consideration as second phases, which may or may not be present due to
compositional and processing variations, may affect the resistance of the metal to fracture.
Second phases, such as ferrite stringers in austenitic stainless steels, may also have a
specific orientation leading to profound anisotropic response in the materials. In general,
metals can also be processed to have a wide range of strengths, and the resistance to
hydrogen-assisted fracture is known to decrease as the strength of the alloy is increased.

THe environmental variables affecting hydrogen-assisted fracture include pressure®|of
rogen, temperature, chemical environment and strain rate. In general, the susceptibility|to
rogen-assisted fracture increases as hydrogen pressure increases. TheOeffect |of

exhibit a local maximum in hydrogen-assisted fracture susceptibility as."@ function |of

affect hydrogen-assisted fracture. Moisture, for example, may be detrimental to aluminigm
alloys since wet oxidation produces high-fugacity hydrogen, while in some steels moisture|is
beflieved to improve resistance to hydrogen-assisted fracture by producing surface films that

erved in the presence of hydrogen; in other words, metals are less susceptible |to
rogen-assisted fracture at high strain rates.

At|temperatures close to ambient, this phenomenon can ‘affect metals with body-centred culpic
crystal lattice structure, for example, ferritic steels., In' the absence of residual stress |or
external loading, environmental hydrogen embrittlement is manifested in various forms, sugch
as| blistering, internal cracking, hydride formation/and reduced ductility. With a tensile strelss
or|stress-intensity factor exceeding a specificithreshold, the atomic hydrogen interacts wjth
thé metal to induce sub-critical crack growth leading to fracture.

Hydrogen embrittlement can occur during elevated-temperature thermal treatments and|in
sefvice during electro-plating, contact with maintenance chemicals, corrosion reactions,
hodic protection, and operating i high-pressure, high-temperature hydrogen.

At|temperatures above 473 G, many low-alloyed structural steels may suffer from hydrogen
atfack. This is a non-reversible degradation of the steel microstructure caused by a chemigal
reqction between diffusing”hydrogen and the carbide particles in the steels that results in the
nucleation, growth and'merging of methane bubbles along grain boundaries to form fissures

Hydride embrittlement occurs in metals such as titanium and zirconium and is the process|of
fotming thermadynamically stable and relatively brittle hydride phases within the structure.

Clad welding and welds between dissimilar materials often involve high alloy materials. Duripg
operation at temperatures over 250 °C, hydrogen diffuses in the fusion line between the high
alloyMwveld and the unalloyed/low alloy base material. During shutdown, the materjal
temperature drops. The reduced solubility and diffusibility of hydrogen breaks the weld by
disbonding.

The following are some general recommendations for managing the risk of hydrogen
embrittlement.

e Select raw materials with a low susceptibility to hydrogen embrittlement by controlling
chemistry (for example, use of carbide stabilizers), microstructure (for example, use of
austenitic stainless steels), and mechanical properties (for example, restriction of
hardness, preferably below 225 HV, and minimization of residual stresses through heat
treatment). Use test methods specified in 1SO 11114-4 to select metallic materials
resistant to hydrogen embrittlement. The API Publication 941 shows the limitations of
various types of steel as a function of hydrogen pressure and temperature. The
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susceptibility to hydrogen embrittlement of some commonly used metals is summarized in
ISO/TR 15916.

Clad welds and welds between dissimilar materials used in hydrogen service should be
ultrasonically tested at regular intervals and after uncontrolled shutdowns in which the
equipment may have cooled rapidly.

Minimize the level of applied stress and exposure to fatigue situations.

When plating parts, manage anode/cathode surface area and efficiency, resulting in
proper control of applied current densities. High-current densities increase hydrogen

charging.

B.

Clean the metals in non-cathodic alkaline solutions and in inhibited acid solutions.
Use abrasive cleaners for materials having a hardness of 40 HRC or above.

Use process control checks, when necessary, to mitigate risk of hydrogen embrittlemsd
during manufacturing.

P.3 Polymers, elastomers, and other non-metallic materials

M

be| given to the fact that hydrogen diffuses through these materials imuch more easily th
thjough metals. Polytetrafluoroethylene (PTFE) and polychlorotrifluoroethylene (PCTFE) 3
generally suitable for hydrogen service. Suitability of other(materials should be verifie

G

st polymers can be considered suitable for gaseous hydrogen seryvice< Due account shod

idance can be found in ISO/TR 15916 and the NASA document NSS 1740.16. See al

nt

Id
Aan
re
d.
50

ANSI/AGA 3.1:2014 for guidance with regard to gaskets, diaphragms, and other non-metallic

p

Further guidance on hydrogen-assisted corrosienand control techniques may be fou

th

B.
B.

A4
St
SJ

AS
St
Ar

AS
St
En

rts.

ough the standards and organizations given in B.2.4.

P.4 Reference documents
P.4.1 American Society for Testing and Materials (ASTM)

bTM B577-93:2004
andard Test Methods forx'BPetection of Cuprous Oxide (Hydrogen Embrittlemg
sceptibility) in Copper

5TM B839-04-2014
andard Test Methed for Residual Embrittlement in Metallic Coated, Externally Thread
licles, Fasteners{ and Rod-Inclined Wedge Method

bTM B849-02:2014
andard Specification for Pre-Treatments of Iron or Steel for Reducing Risk of Hydrog
nbrittlement

hd

nt

AS

p TM"B850-98:2015

Standard Guide for Post-Coating Treatments Steel for Reducing the Risk of Hydrogen
Embrittlement

ASTM E1681-03:2013
Standard Test Method for Determining Threshold Stress Intensity Factor for Environment-
Assisted Cracking of Metallic Materials

ASTM F1459-06:2017
Standard Test Method for Determination of the Susceptibility of Metallic Materials to Hydrogen
Gas Embrittlement
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ASTM F1624-12:2012
Standard Test Method for Measurement of Hydrogen Embrittlement Threshold in Steel by the
Incremental Step Loading Technique

ASTM F1940-01:2014
Standard Test Method for Process Control Verification to Prevent Hydrogen Embrittlement in
Plated or Coated Fasteners

ASTM F2078-01:2001
Standard Terminology Relating to Hydrogen Embrittlement Testing

A$TM F326-17:2017
Standard Test Method for Electronic Measurement for Hydrogen Embrittlement frgm
Cgdmium-Electroplating Processes

A$TM F519-17:2017
Stpndard Test Method for Mechanical Hydrogen Embrittlement Evaluation. of Plating/Coatihg
Prpcesses and Service Environments

A$TM G129-00:2013
Standard Practice for Slow Strain Rate Testing to Evaluate(;the Susceptibility of Metallic
Materials to Environmentally Assisted Cracking

AS$TM G142-98:2016
Standard Test Method for Determination of Suscéptibility of Metals to Embrittlement
Hydrogen Containing Environments at High Pressufe) High Temperature, or Both

in

A$TM G146-01:2013
Standard Practice for Evaluation of Disbopding of Bimetallic Stainless Alloy/Steel Plate for
Uge in High-Pressure, High-Temperature<Refinery Hydrogen Service

A$TM G148-97:2018
Sthndard Practice for Evaluation of Hydrogen Uptake, Permeation, and Transport in Metals py
an| Electrochemical Technique

B.p.4.2 The National'Association of Corrosion Engineers

NACE TMO0177-96:2016
Laboratory Testing\of Metals for Resistance to Sulfide Stress Cracking in Hydrogen Sulfide
(HRS) Environments

NACE TM0284-96:2016
Sthndard-Test Method — Evaluation of Pipeline and Pressure Vessel Steels for Resistance
Hydrogen-Induced Cracking

—

o

B.2.4.3 The American Petroleum Institute

APl RP 941:1997
Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petroleum Refineries
and Petrochemical Plants.

API 934: 2000
Materials and Fabrication Requirements for 2-1/4Cr-1Mo & 3Cr-1Mo Steel Heavy Wall
Pressure Vessels for High Temperature, High Pressure Hydrogen Service
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B.2.4.4 American Welding Society

ANSI/AWS A4.3-93:2006
Standard Methods for Determination of the Diffusible Hydrogen Content of Martensitic,
Bainitic, and Ferritic Steel Weld Metal Produced by Arc Welding

ANSI/AGA NGV3.1:2014

Fu

el system components for natural gas powered vehicles

B.2.4.5 The American Society of Mechanical Engineers

AS

AS

AS

B

SA
En

SA

S/

B

IS
Cd

IS
W

IS
Cqg

ME Boiler and Pressure Vessel Code
ME/ANSI B31.3 Chemical plant and petroleum refinery piping

bME/ANSI B31.1 Power piping

.R.4.6 Society of Automotive Engineers

E/AMS 2451/4:2017 Plating, Brush, Cadmium - Corrosion Ptotective, Low Hydrog

nbrittlement
E/AMS 2759/9:1996 Hydrogen Embrittlement Relief (Baking) of Steel Parts
E/USCAR 5:2002 Avoidance of Hydrogen Embrittlement of Steel

R.4.7 International Organization for Standardization (ISO)

D 2626:1973

pper — Hydrogen embrittlement test

D 3690:2012

blding and allied processes — Determination of hydrogen content in arc weld metal

D 7539-6:2011
rrosion of metals and dlloys — Stress corrosion testing — Part 6: Preparation and use of p

crgacked specimens for tests under constant load or constant displacement

IS

D 9587:2007

Metallic and other inorganic coatings — Pretreatment of iron or steel to reduce the risk

hy

IS

drogen embrittlement

D 95882007

M

tallicand other inorganic coatings — Post-coating treatments of iron or steel to reduce t

risk_of hydrogen embrittlement

of

ne

ISO 11114-4:2017
Transportable gas cylinders — Compatibility of cylinders and valve materials with gas contents
— Part 4: Test methods for selecting metallic materials resistant to hydrogen embrittlement

ISO 15330:1999
Fasteners — Preloading test for the detection of hydrogen embrittlement — Parallel bearing

Su

rface method

ISO 15724:2001
Metallic and other inorganic coatings — Electrochemical measurement of diffusible hydrogen in
steels — Barnacle electrode method
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ISO 17081:2014
Method of measurement of hydrogen permeation and the determination of hydrogen uptake
and transport in metals by an electrochemical technique

B.2.4.8 NASA technical standards

NSS 1740.16
Safety Standard for Hydrogen and Hydrogen Systems
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Annex C
(normative)

Normative replacement subclauses for small fuel cell power systems
with rated electrical output less than 10 kW, and maximum pressure
of less than 0,1 MPa (gauge) for fuel and oxidant passages

Annex C provides replacement subclauses for small stationary fuel cell power systems with

ra

ed electrical output of less than 10 kW and maximum allowable pressure of less th

an

O!
do

4.

Th
fu

Sy

It

stoppage only after the safety conditions have been fulfilled. jt shall also be possible to rest
b small fuel cell power system by service personnel, provided such restarting is verifiahply

th
no

TH
frg

4.13.3 The small fuel cell power system jintended for use outdoors shall be designed a

Ve
th

5.

Th
Cco

.6 Normal operation type test

| MPa (gauge) for the fuel and oxidant passages. Annex C applies to type test only\a
es not cover supplementary heat generator.

p.2.2 Start

e start of an operation shall be possible only when all the safeguards are-in 'place and 3
hctional.

itable interlocks shall be provided to secure correct sequential starting:

hall be possible for automated plant functioning in automatie! mode to be restarted afte

n-hazardous.
is requirement does not apply to the restarting of'the small fuel cell power system resulti

m the normal sequence of an automatic cycle.

bted so as to meet a minimum IPX4D rating.

rify the nameplate electricalxvalues. The rated output shall be measured for more th

ee hours after the rated output is reached and kept for thirty minutes.
|0.1 General
e procedures of 510 are associated with the start of all components intended to conduc

ntrolled oxidation reaction, for example, combustion (start burner of a reformer sectio

c

combustionfproducts line is “exempted”.

Fdr smalt fuel cell power systems, only “ignition tests” and “automated control of cataly
oxjdation reactors tests” are necessary.

alytic partial\*oxidation and catalytic combustion. However, the catalytic reactor of t

nd

a
A It

n),
he

i

Cc

NOTE Subclause 5.10 also applies to the anode exhaust catalytic reactor.

5.11 Exhaust gas temperature test

When the fuel cell power system is provided with a venting system, the maximum temperature
of the exhaust gases conveyed by that venting system shall not exceed the lower temperature
of 260 °C or temperatures acceptable for the materials used to construct the venting system.

Method of test: The exhaust gas temperature shall be measured by a thermocouple or similar
devices. A sufficient number of test instruments should be used to establish the maximum
temperature within the exhaust streams while considering size and symmetry of the venting
systems.
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The small fuel cell power system shall be installed and operated as specified in the applicable
provisions of 5.3. When equilibrium conditions are attained, the maximum temperature of the
exhaust gases shall be determined as specified above. The temperature obtained shall not
exceed 260 °C or the (lower) temperature for which the venting system material has been
determined to be acceptable.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 3-100: Systemes a piles a combustible stationnaires — Sécurité
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AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de nofptalisat
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).(CHEC a p
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans™es domai
de [I'électricité et de I'¢électronique. A cet effet, 'IEC — entre autres activités — publie) des Nornj
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications” accessibles
public (PAS) et des Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a (¢
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité’ peut participer. L
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, particip
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (IS
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
du possible, un accord international sur les sujets étudiés, étant donné(jqu€ les Comités nationaux de I'l
intéressés sont représentés dans chaque comité d’études.

Les Publications de I'lEC se présentent sous la forme de recommahdations internationales et sont agrég
comme telles par les Comités nationaux de I'lEC. Tous les effofts faisonnables sont entrepris afin que I'l
s'assure de I'exactitude du contenu technique de ses publications}) I'lEC ne peut pas étre tenue responsable
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les,Comités nationaux de I'lEC s'engagent, dans toutq
mesure possible, a appliquer de fagon transparente les _Publications de I'lEC dans leurs publications nationa
et régionales. Toutes divergences entre toutes Puhblications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquées entermes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestationde conformité. Des organismes de certification indépenda
fournissent des services d'évaluation de confermité et, dans certains secteurs, accedent aux marques
conformité de I'lEC. L’IEC n'est responsableid'aucun des services effectués par les organismes de certificat]
indépendants.

Tous les utilisateurs doivent s'assurergu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit\(étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires

mandataires, y compris ses eXperts particuliers et les membres de ses comités d'études et des Comi
nationaux de I'lEC, pour tqQUt ,préjudice causé en cas de dommages corporels et matériels, ou de tout ay
dommage de quelque nature-que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les fi
de justice) et les dépefises découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou
toute autre Publicatjen de I'lEC, ou au crédit qui lui est accordé.

L'attention est atfirée sur les références normatives citées dans cette publication. L'utilisation de publicatig
référencées estiobligatoire pour une application correcte de la présente publication.

L'attention<est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent f4
I'objet de” dyoits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drd
de breuets’et de ne pas avoir signalé leur existence.
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Norme internationale IEC 62282-3-100 a été établie par le comité d'études 105 de I'lE

ac S oo bhictibhla
TS COTTTOUSTIroTCT

Cette deuxieme édition annule et remplace la premiéere édition parue en 2012. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)

il nest pas nécessaire de tenir compte des composants transportant le combustible qui

sont qualifiés par rapport aux normes de fuite (intégrité) comme des sources potentiell
de fuites inflammables;

nouvelle Annexe C relative aux petits systémes a piles & combustible; et
éclaircissements relatifs a de nombreux essais et exigences.

es
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Le

texte de cette Norme internationale est issu des documents suivants:
FDIS Rapport de vote
105/695/FDIS 105/705/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

ab

outi a lI'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 62282, publiées sous le titre .général
Tdchnologies des piles a combustible, peut étre consultée sur le site web de I'lEC.

Lel comité a décidé que le contenu de ce document ne sera pas modifié avant la date fde
stabilité indiquée sur le site web de I'lEC sous «http://webstore.iec.ch» dans les données
relatives au document recherché. A cette date, le document sera

¢ | reconduit,

e [ supprimé,

e | remplacé par une édition révisée, ou

e | amendé.

IMPORTANT — Le logo "colour inside" qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles g
urle bonne compréhension de son contenuxLes utilisateurs devraient, par conséquen

imprimer cette publication en utilisant.ue imprimante couleur.
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INTRODUCTION

Un systéme a pile a combustible stationnaire typique est représenté a la Figure 1.

19

Lal
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Entrées d'énergie: Limite du systeme
électrique, thermique,
mécanique Chaleur récupérée
> Systéme de >
gestion
’ thermique Chaleur résiduelle
>
—1
Combustible Systéme de y
| traitement du
combustible Bloc ou Puissance utile
module de 4 :
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combustible conditionnement
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>
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= > ventilation Systeme de Stockage ventilation >
> controle d’énergie

- > automatique embarqué .

EMD: EM'lf

vibration, vent, ‘bru;',

pluie, vibration
température, etc.

IEC

Figure 1 — Systeme a pile a combustible stationnaire typique

conception globale du systéeme qui est présenté dans le présent document constitue
semblage de systémes intégrés, si néecessaire, pour assurer les fonctions désignées,

salvoir:

Systeme de traitement du combustible — Systéme d’équipement de traitement chimiq

préparer et, si nécessaire, pressuriser le combustible destiné a étre utilisé dans
systéme a pile a combustible.

combustible.

Systéme de.gestion thermique — Systéme qui assure le chauffage ou le refroidissement
le rejet devchaleur pour maintenir le systéme a pile & combustible dans la plage
chauffer’le systeme en période de démarrage.

Systéme de traitement d’eau — Systéme qui fournit le traitement de purification nécessa

de’'l'eau récupérée ou ajoutée, de maniére a pouvoir l'utiliser dans les systémes a piled a

et/ou physique associé auxc¢échangeurs de chaleur et aux commandes exigés pqur

LIN

Systéeme de traitement’de l'oxydant — Systéme qui mesure, conditionne, traite et pqut
pressuriser l'alimehtation entrante destinée a étre utilisée a l'intérieur du systéme a pilg a

et
e

températiires de fonctionnement, et peut récupérer I'excés de chaleur produite pqur

re

combustible.

Systéme de conditionnement de I'électricité — Equipement utilisé pour adapter I'énergie

électrique produite par le ou les blocs de piles & combustible aux exigences d’applicati
spécifiées par le fabricant.

Systeme de contrdle automatique — Systeme(s) composé(s) de capteurs, servomoteu
vannes, commutateurs et composants logiques qui maintiennent les paramétres
fonctionnement du systéme a pile & combustible dans les limites définies par le fabrica
y compris la mise en état sécurisé, sans intervention manuelle.

on

rs,
de
nt,

Systéeme de ventilation — Systéme qui fournit de I'air a I'enveloppe du systéme a pile a

combustible, par des moyens mécaniques ou naturels.

Modules a piles a combustible — Systéme d'un ou de plusieurs blocs de piles

a

combustible qui convertit, par un procédé électrochimique, I'énergie chimique en énergie
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électrique et en énergie thermique, et qui est destiné a étre intégré dans un systéeme de
génération d’alimentation électrique.

e Bloc de piles a combustible — Assemblage de cellules, de séparateurs, de plaques de
refroidissement, de collecteurs et d’'une structure de support qui convertit, par un procédé
électrochimique, un gaz riche en hydrogéne et des réactifs de I'air en courant continu, en
chaleur, en eau et en d'autres sous-produits de réaction.

e Stockage d’énergie embarqué — Systéme de dispositifs de stockage interne de I’énergie
électrique dont le but est d’aider le module a pile a combustible a fournir la puissance aux
charges internes ou externes.
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TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 3-100: Systemes a piles a combustible stationnaires — Sécurité

1 Domaine d’'application

Lal présente partie de I'lEC 62282 s’applique aux systémes a piles & combustible autonomles
assemblés pour étre stationnaires ou aux systémes a piles a combustible d'un ensemble
assemblé en usine de systemes intégrés qui générent de [I'électricité par féactions
électrochimiques.

Le| présent document s’applique aux systémes
a)| destinés a étre connectés au réseau électrique directement ou via un interrupteur e
transfert, ou destinés a étre un systéme de distribution d’énergie autehome;
b)| destinés a fournir de I'alimentation en courant continu ou alternatif,

c)| avec ou sans la capacité de récupérer la chaleur utile;

d)| destinés a fonctionner avec les combustibles suivants en\entrée:

1) gaz naturel et autres gaz riches en méthane«dérivés de sources a combustiljle
renouvelable (biomasse) ou de sources a énetrgie fossile, par exemple le gaz des
décharges, le gaz de digestion, le gaz des mines de charbon;

2) combustibles dérivant du raffinage de I'huile (le diesel, I'essence, le kéroséne, les gpz
de pétrole liquéfiés tels que le propang_etle butane, par exemple);

3) alcools, esters, éthers, aldéhydes,pcetones, liquides de Fischer-Tropsch et autres
composants organiques riches xen hydrogéne appropriés dérivés de sources| a
combustible renouvelable (biomasse) ou de sources a énergie fossile, par exemple|le
méthanol, I'éthanol, I'éther dim@éthylique, le biodiesel;

4) hydrogéne, mélanges gaz€eux contenant du gaz hydrogéne (le gaz de synthese, le gpz
de ville, par exemple).

Lel présent document ne ¢ouvre pas:
e | les systémes a mieropiles a combustible;

o | les systemes (@ piles a combustible portables;

o | les systénjes'a piles a combustible pour la propulsion.

NJTE Pouh_les applications particuliéres (I'alimentation auxiliaire marine, par exemple), des exigenges
supplémentaires peuvent étre données par la norme de registre d'immatriculation des bateaux correspondante.

Lel préesent document s’applique aux systemes a piles a combustibles stationnaires destinég a
un usage a l'intérieur et a I'extérieur, commercial, industriel ou d'habitation, dans des zones
non dangereuses.

Le présent document traite de tous les dangers significatifs, situations et événements
dangereux, a I'exception de ceux associés a la compatibilité environnementale (conditions
d’installation), relatifs aux systémes a piles a combustible, lorsqu’ils sont utilisés comme
prévu et selon les conditions prévues par le fabricant.

Le présent document couvre uniguement les conditions qui peuvent générer d’'une part des
dangers pour les personnes, et d’autre part des dommages a l'extérieur du systéme a pile a
combustible. La protection contre les dommages affectant l'intérieur des systéemes a piles a
combustible n'est pas traitée dans le présent document, pour autant que ceux-ci ne suscitent
pas de dangers a I'extérieur du systéme a pile a combustible.
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2 Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60079-2, Atmospheéeres explosives — Partie 2: Protection du matériel par enveloppe a
surpression interne «p»

IEC 60079-10-1, Atmosphéres explosives — Partie 10-1: Classement des emplacements| —
Atmospheres explosives gazeuses

IEC 60079-29-1, Atmosphéres explosives — Partie 29-1: Détecteurs de gaz(= ‘Exigences
d'aptitude a la fonction des détecteurs de gaz inflammables

IEC/IEEE 60079-30-1, Atmosphéres explosives — Partie 30-1: Tracage par résistance
élg¢ctrique — Exigences générales et d’essais

IEC 60204-1, Sécurité des machines — Equipement électrique) des machines — Partiel1:
EXigences générales

IEC 60335-1:2016, Appareils électrodomestiques et canalogues — Sécurité — Partie|l:
EXigences générales

IE[C 60335-2-51, Appareils électrodomestiques et.analogues — Sécurité — Partie 2-51: Régles
pdrticulieres pour les pompes de circulation:fixes pour installations de chauffage et fde
digtribution d'eau

IELC 60529, Degrés de protection procurés’ par les enveloppes (Code IP)

IEC 60730-1, Dispositifs de commande électrique automatiques — Partie 1: EXigences
générales

IEC 60730-2-5, AutomatiC ,electrical controls — Part 2-5: Exigences particuliéres pour les
syptémes de commande’ électrique automatiques des brileurs

IEC 60730-2-6, Dispositifs de commande électrique automatiques — Partie 2-6: Exigences
pdrticuliéeres pour” les dispositifs de commande électrique automatiques sensibles a |la
preéssion y compris les exigences mécaniques

IEC 60730-2-9, Automatic electrical controls — Part 2-9: Particular requirements for
tellnperature sensing control (disponible en anglais seulement)

IEC 60950-1, Matériels de traitement de Il'information — Sécurité — Partie 1. EXigences
générales

IEC 61000-3-2, Compatibilité électromagnétique (CEM) — Partie 3-2: Limites — Limites pour
les émissions de courant harmonique (courant appelé par les appareils <16 A par phase)

IEC 61000-3-3, Compatibilité électromagnétique (CEM) — Partie 3-3: Limites — Limitation des
variations de tension, des fluctuations de tension et du papillotement dans les réseaux publics
d'alimentation basse tension, pour les matériels ayant un courant assigné <16 A par phase et
non soumis & un raccordement conditionnel
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IEC TS 61000-3-4, Compatibilité électromagnétique (CEM) — Partie 3-4: Limites — Limitation
des émissions de courants harmoniques dans les réseaux basse tension pour les matériels

ay

ant un courant assigné supérieur a 16 A

IEC TS 61000-3-5, Compatibilité électromagnétique (CEM) — Partie 3-5: Limites — Limitation
des fluctuations de tension et du flicker dans les réseaux basse tension pour les équipements

ay

ant un courant appelé supérieur a 75 A

IEC 61000 3-11, Compat|b|l|te electromagnethue (CEM) - Partle 3-11: Limites — L|m|tat|on

de 12 [ 3
p b|ICS dallmentat|on basse tenS|on - Eqmpements ayant un courant aSS|gne <75A
soumis a un raccordement conditionnel

IEC 61000-6-1, Compatibilité électromagnétique (CEM) — Partie 6-1: Normes génériques
Ngrme d’'immunité pour les environnements résidentiels, commerciaux et de l'industrie |égér
IEC 61000-6-2, Compatibilité électromagnétique (CEM) — Partie 6-2: Normes génériques
Ngrme d'immunité pour les environnements industriels

IEC 61000-6-3, Compatibilité électromagnétique (CEM) — Partie‘6-3: Normes génériques
Ngrme sur I'émission pour les environnements résidentiels, commerciaux et de l'indust
légeére

IEC 61000-6-4, Compatibilité électromagnétique (CEM)-= Partie 6-4: Normes génériques

Nd

I1E
élg

rme sur I'émission pour les environnements industfiels

bctroniques programmables relatifs a la séeurijte

e

C 61508 (toutes les parties), Sécurité fonctionnelle des systemes électriques/électroniquegs/

IEC 61511-1, Sécurité fonctionnelle — Systemes instrumentés de sécurité pour le secteur des
indlustries de transformation — Partiell: Cadre, définitions, exigences pour le systéme,|le
matériel et la programmation d'application

IEC 62040-1, Alimentations sans interruption (ASI) — Partie 1: Exigences de sécurité

IEC 62061, Sécurité des-machines — Sécurité fonctionnelle des systémes de commanfe
électriques, électronigues et électroniques programmables relatifs a la sécurité

IE 62368-1, Equipements des technologies de l'audio/vidéo, de l'information et de |la
communication Partie 1: Exigences de sécurité

ISP 386422, Symboles graphiques — Couleurs de sécurité et signaux de sécurité — Partie|2:
Principes de conception pour I'étiquetage de sécurité des produits

ISO 4413, Transmissions hydrauliques — Régles générales et exigences de sécurité relatives

au

X systémes et leurs composants

ISO 4414, Transmissions pneumatiques — Régles générales et exigences de sécurité pour les
systémes et leurs composants

ISO 5388, Compresseurs d’air fixes — Regles de sécurité et code d’exploitation

ISO 10439 (toutes les parties), Industries du pétrole, de la pétrochimie et du gaz naturel —
Compresseurs axiaux et centrifuges et compresseurs-détenteurs
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ISO 10440-1, Industries du pétrole, pétrochimique et du gaz naturel — Compresseurs
volumétriques de type rotatif — Partie 1: Compresseurs de procédé

ISO 10440-2, Industries du pétrole et du gaz naturel — Compresseurs volumétriques de type
rotatif — Partie 2: Compresseurs a air assemblé (sans huile)

ISO 10442, Industries du pétrole, de la chimie et du gaz naturel — Compresseurs d’air
centrifuges assemblés a multiplicateur intégré

o CAporit A o Ao ooy Adecvantilatavc Deaotaontalvo
S SctuourrtcTetarmgut— ot svertatCoTrS mToOTtCttTCoTS

ISP 13631, Industries du pétrole et du gaz naturel — Unités de compresseurs alternatifs-& gaz
ISP 13707, Industries du pétrole et du gaz naturel — Compresseurs alternatifs

ISP 13709, Pompes centrifuges pour les industries du pétrole, de la pétrochimie et du gz
najturel

ISP 13849-1, Sécurité des machines — Parties des systémes de, Commande relatives alla
sécurité — Partie 1: Principes généraux de conception

ISP 13850, Sécurité des machines — Fonction d’arrét d'urgence — Principes de conception
ISP 14847, Pompes volumétriques a mouvement rotatif = Prescriptions techniques
ISP 15649, Industries du pétrole et du gaz naturel'— Tuyauterie

ISPD 16111, Appareils de stockage de gaz, transportables — Hydrogéne absorbé dans pun
hydrure métallique réversible

ISP 23550, Dispositifs de commande et de sécurité pour brlleurs a gaz et appareils a gag —
EXigences générales

ISP 23551-1, Safety and-“¢ontrol devices for gas burners and gas-burning appliances| —
Pgrticular requirements —\Part 1: Automatic and semi-automatic valves (disponible en anglais
seulement)

ISP 23553-1, Dispositifs de commande et de sécurité pour bridleurs a combustible liquide |et
pour appareitsi\~ra combustible liquide — Exigences particulieres — Partie 1: Robingts
automatiques-et semi-automatiques

ISP 26142, Hydrogen detection apparatus — Stationary applications (disponible en anglais
seulement)

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp


https://iecnorm.com/api/?name=fc3029e28e130bf50354f88b5fd161a0

- 94 - IEC 62282-3-100:2019 © IEC 2019

3.1

accessible

zone a laquelle, dans les conditions normales de fonctionnement, une des conditions
suivantes s’applique:

a) il est possible d'avoir accés sans l'aide d'un outil;

b) le moyen d'accés est délibérément fourni & I'utilisateur;

c) l'utilisateur a des instructions pour accéder, qu'il ait besoin ou non d'un outil pour le faire

Note 1 a l'article: Les termes «accés» et «accessible» sans qualificatif s'appliquent a une zone réputée
acgessible telle qu'elle est définie ci-dessus.

Nofe 2 a l'article: Seul le personnel d’entretien peut entrer dans des zones inaccessibles. Le /personpel
d’entretien peut disposer d’'un équipement de protection individuelle (voir le manuel de maintenance).

répcteur catalytique d’échappement d’'anode
réacteur catalytique qui oxyde les gaz riches en hydrogéne utilisé pour les §ystémes a pileg a
combustible a I'hydrogene

sylstéme automatique de commande et de sécurité
syptéme qui est composé d'une unité de programmation, d'unCdétecteur de flamme et pegut
lure une source et/ou un dispositif d'allumage et qui (surveille le fonctionnement des
leurs a combustible

Nofe 1 a l'article: Les différentes fonctions du systéme peuventise situer dans un ou plusieurs boftiers.

rt du braleur
erture sur une téte de brdleur par laquelleNe gaz ou le mélange gaz-air est déchargé pqur
lumage

3.
matériau combustible
¢ment capable de prendre feu<ou de brdler

9

Nofe 1 a l'article: Ces matériaux' sont considérés comme étant combustibles méme s'ils sont résistants qux
flammes, ignifugés ou recouverts?

Nofe 2 a l'article: Lorsqu'ils font partie des matériaux adjacents ou sont en contact avec les appareils produispnt
della chaleur, les connecteurs de ventilation, les évacuations des gaz, les canalisations de vapeur et d’eau chayde
et Jes conduites dlair.chaud, les matériaux combustibles sont constitués ou plagués de bois, papier compresgé,
fibres de plante au autres matériaux capables de prendre feu ou de brdler.

3.6
pressionde calcul
pression la plus élevée qui peut se produire dans tous les modes de fonctionnement,| y
compris le régime établi et transitoire

3.7
effluent
produits de la combustion plus I'excédent d’air déchargé du matériel utilisant du gaz

3.8

perturbation électromagnétique

EMD

phénoméne électromagnétique pouvant compromettre le fonctionnement d'un dispositif,
d'un appareil ou d'un systéme ou altérer la matiere vivante ou inerte

Note 1 a l'article: L’abréviation «EMD» est dérivée du terme anglais développé correspondant «electromagnetic
disturbance».
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3.9

br

ouillage électromagnétique

EMI
trouble apporté au fonctionnement d’un appareil, d’'une voie de transmission ou d’un systeme
par une perturbation électromagnétique

Note 1 a l'article:

L'abréviation «EMI» est dérivée du terme anglais développé correspondant «electromagnetic

interference».

3.10

é ||ipnmnnf élnr‘friqun

matériel, accessoires, dispositifs, appareils, fixations, instruments et éléments analegues
utiflisés comme partie d'une installation électrique ou connectés a une installation électrique
3.11

arfét d'urgence

arfét de sécurité

actions du systéme de commande, basées sur les paramétres du procédéy prises pour arréter
immédiatement le systéeme a pile a combustible et toutes ses réactions pour éviter des
dogmmages de I'équipement et/ou des risques vis-a-vis des personnes

3.12

pile a combustible

digpositif électrochimique qui convertit I'énergie chimique d’uh“combustible et d’'un oxydant en
énergie électrique (puissance continue), en chaleur et encautres produits de réaction
[SPURCE: IEC TS 62282-1:2013, 3.43, modifiée(=~ Le terme «cellule élémentaire» a 4té
remplacé par «pile» et, dans la définition, «autres» a été ajouté.]

3.13

sylsteme a pile a combustible

sygtéme générateur qui utilise un ou plusieurs modules a piles a combustible pour produire ge
I’énergie électrique et de la chaleur

[SPURCE: IEC TS 62282-1:2013,73.49]

3.14

compartiment a combustible

compartiments avec.sources internes de dégagement de gaz/vapeur inflammables

3.15

évjacuationde-fumées

passage permettant de transporter les gaz de ventilation entre le matériel utilisant du gaz pu

sep connecteurs de ventilation et I'atmosphére extérieure

Nole 1 a l'article: Voir également 3.33.

3.16
circuit transportant du gaz
assemblage de parties du systeme a pile a combustible stationnaire qui transportent ou

co

ntiennent du gaz d’alimentation ou du gaz de procédé

3.17

all

umeur

dispositif qui utilise I'énergie électrique pour enflammer un gaz sur un brdleur pilote ou

pri

ncipal
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3.18
dispositif d’allumage
dispositif monté sur ou a c6té d'un brlleur pour allumer le combustible du brdleur

EXEMPLE Veilleuses, électrodes a étincelle et allumeurs a surface chaude.
3.19
chronologies du systéme d’allumage

3.19.1
période d’établissement de la flamme

dé
la

No|
brg

3.

pé
dé
av

3.
te
dg

atfester de la présence de la source d’allumage survéillée ou de la flamme surveillée

br

3.
te

durée destinée a permettre la dissipation de_tout gaz non brdlé ou des produits de combusti

ré

3.
te

d’i

3.
te

temps de purge qui.s’écoule a la fin d'un cycle de fonctionnement d’'un brdleur

3.
te
dég

telr:ps de purge qui s’'écoule "ay’ début d'un cycle de fonctionnement d’'un brdleur avg

lai entre le signal d’alimentation des moyens de débit du combustible et le signal indiqud
présence de la flamme du brileur

e 1 a l'article: Cela peut s’appliquer pour attester la présence de la source d'allumage et/ou de la)flamme
leur principal.

| 9.2

riode d'activation d'allumage

lai entre I'alimentation du robinet principal de gaz et la désactivationdu moyen d’alluma
ant le temps de verrouillage

9.3
mps de verrouillage de mise en marche
lai entre I'amorce du débit de gaz et l'arrét du débit de,gaz en cas de défaillance pg

Ileur principal

9.4
mps de purge

siduels

|19.4.1
mps de prépurge

itier I'allumage

|9.4.2
mps de post-purge

| 9.5
mps derecyclage
lai entre”le signal de fermeture de l'alimentation en gaz suivant la perte de la sour

d’allumage surveillée ou de la flamme surveillée et le signal de début d'une nouve
prpcédure de démarrage

nt

e

ur
Hu

nt

ce
lle

3.20

verrouillage
commande attestant de I'état physique d’'une condition exigée et de la présence du dispositif
de commande relatif a la sécurité qui procéde a l'arrét de sécurité

3.21
temps de verrouillage
délai entre le signal indiquant I'absence de flamme et I'arrét de I'alimentation en combustible
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3.22

braleur principal

dispositif ou groupe de dispositifs formant essentiellement une unité intégrante du transport
final du gaz ou d'un mélange de gaz et d'air vers la zone de combustion, et sur lequel la
combustion se produit pour accomplir la fonction pour laquelle le matériel est congu

3.23

collecteur

conduit(s) qui alimente(nt) en fluide ou qui recueille(nt) des fluides de la cellule élémentaire a
combustible ou de la pile a combustible

[SPURCE: IEC TS 62282-1:2013, 3.70, modifiée — Les notes a l'article ont été supprimées |

3.24

autorisé
condition d’'une séquence logique qui doit étre satisfaite avant que la séquence-puisse pasger
a la phase suivante

3.25
veilleuse
peftite flamme permettant d’allumer le gaz du brileur principal

3.25.1

velilleuse permanente
vejlleuse qui brlle sans faiblir pendant toute la durée‘de service du brileur, que le bralgqur
principal soit allumé ou non

3.25.2
veilleuse intermittente
lleuse allumée automatiquement a chaque signal d’initialisation et qui brile pendant toyte

velilleuse interrompue
vejlleuse allumée automatiqguement avant I'admission de combustible dans le brileur principal
etlautomatiquement éteintelorsque la flamme principale est établie

6
z de transformation
z d’alimentation-transformé en gaz contenant majoritairement de I’hydrogene

«Q Q

7

rge
ératioh de protection pour retirer les gaz et/ou liquides, tels que le combustibje,
'hydregéne, I'air ou I'’eau, d’un systéme a pile a combustible

=0T W

3.28
chaleur récupérée
énergie thermique qui a été récupérée a des fins utiles

Note 1 a I'article: La chaleur récupérée est mesurée en déterminant, au point d'interface du petit systeme a pile a
combustible, les températures et les débits du fluide d’énergie thermique récupérée (eau, vapeur, air ou huile, etc.)
qui entre dans, et qui sort du sous-systéeme de récupération d'énergie thermique.

3.29

reformeur

réacteur permettant de produire un mélange de gaz riche en hydrogene a partir d'un
combustible brut
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3.30

petit systéme a pile a combustible

systeme ayant une puissance en sortie assignée inférieure a 10 kW, et une pression
maximale inférieure a 0,1 MPa (manométrique) pour les passages de combustible et
d’oxydant

Note 1 a l'article: L'Annexe C contient des paragraphes qui sont des variantes applicables aux petits systémes a
piles a combustible.

3.31
état
3.81.1
état froid
état d'un systeme a pile a combustible, a température ambiante, lorsqu’il ne fecoit pas
d’¢nergie et qu’il n’en produit pas

3.31.2

état de fonctionnement
état d’'un systeme a pile a combustible dont la puissance en sorfbie électrique active
supstantielle est disponible

3.81.3

état passif
état d'un systéme a pile a combustible lorsque les systémgs’ de fourniture de combustible pu
d’¢xydant ont été purgés avec de la vapeur, de I'air oy-de I'azote ou suivant les instructions
du fabricant

3.31.4

état de prégénération
état d'un systéme a pile a combustible étant a une température de fonctionnement suffisante
et|dans un mode opérationnel tel queyx‘avec une puissance en sortie électrique nulle,[le
syptéeme a pile a combustible est capable d'étre rapidement commuté dans un mofe
opiérationnel avec une puissance éleé¢frique active importante en sortie

3.31.5

condition d’état stable
<petit systeme a pile a €ombustible> état du systeme lorsque la puissance électrique gn
softie varie a £2 % de la puissance en sortie assignée

3.31.6

état de stockage
état d'un systeme a pile a combustible qui n’est pas en fonctionnement et qui peut impliquer,
sous certaines conditions spécifiées par le fabricant, un apport d’énergie thermique et/pu
électriqueset/ou une atmospheére inerte pour éviter la dégradation des composants

3.82

conditions d'équilibre thermique
conditions de température stable, caractérisées par des variations de température de 3 K au
maximum ou de 1 % de la température de fonctionnement absolue, selon les variations les
plus significatives entre trois lectures espacées de 15 min

3.33
gaz d’alimentation
gaz fournit extérieurement au systéme a pile a combustible stationnaire
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3.34

circuit d’alimentation en gaz

assemblage des parties du systeme a pile a combustible stationnaire qui transportent ou
contiennent le gaz d'alimentation entre le raccordement d’entrée du gaz et la sortie de la
vanne de coupure de sécurité

3.35

connecteur de ventilation

portion du systeme de ventilation qui relie la sortie des produits de combustion du matériel
utilisant du gaz a I’évacuation des gaz ou a la tuyauterie métallique a paroi simple

.39
syjstéme de ventilation

uvement de I'air et son remplacement par de I'air frais dus aux effets du vent et/ou a des
hdients de température

DURCE: IEC 60050-426:20083426-03-07]

évpcuation des fumées' et connecteur de ventilation, le cas échéant, assemblés pour forner
un| passage ouvert’/continu entre le collier de sortie du matériel utilisant du gaz |et

I'afmosphére exterieure afin de retirer les gaz d’évacuation

4

4.

Exigences de sécurité et mesures de protection

| \/Stratégie de sécurité générale

Le fabricant doit procéder par écrit a une appréciation du risque pour vérifier que:

a)

b)

tous les dangers, situations dangereuses, événements dangereux et mauvaises
utilisations raisonnablement prévisibles tout au long de la durée de vie du systéme a pile
a combustible ont été identifiés. L’Annexe A fournit une liste des dangers traités dans le
présent document;

le risque pour chacun de ces dangers a été estimé en fonction de la probabilité
d’occurrence du danger et de sa gravité prévisible;

les deux facteurs qui déterminent chacun des risques estimés (probabilité et gravité) ont
été éliminés ou réduits a un niveau ne dépassant pas le niveau de risque acceptable, par
I'application:

1) d’une conception fondamentalement sdre de la construction et de ses méthodes, ou
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2) des protecteurs ou dispositifs de protection fournis

i) par un controle passif des énergies dégagées sans mettre en danger

I’environnement immédiat (disques d’éclatement, vannes de décharge, disposit
de blocage thermique, par exemple), ou

ifs

ii) par un contrble actif de I'énergie (par exemple, par équipement de commande

électronique inclus dans le systéeme a pile a combustible, qui exécute |

es

contremesures adéquates basées sur I'évaluation du signal du capteur et par

fonctions de commande relatives a la sécurité);

pour les risques résiduels qui n'ont pas pu étre réduits par les mesures conformes a c),

Cqg
la

1

2)

3)

Cd

des dispositions telles que des eéetiquettes, des avertissements ou des exigences
formation particuliere doivent étre prévus, tenant compte du fait qu’il est nécessaire™q
ces mesures soient comprises par les personnes qui se trouvent dans da-"zo
dangereuse.

ncernant la sécurité fonctionnelle, le niveau de gravité exigé, le niveau de péerformances
classe de fonction de commande doivent étre déterminés et concus conformément a:

I'lEC 62061 et, le cas échéant, I'lSO 13849-1 ou I'lEC 61508n.(toutes les partiq
conjointement avec I'lEC 61511-1 pour les applications conformes& I'lEC 60204-1;

I'IEC 60730-1 ou I'lSO 23550 pour les appareils conformes aflJIEC 60335-1, I'lEC 6095
1, ''EC 62368-1 ou I'lEC 62040-1;

I'IEC 61508 (toutes les parties) conjointement avec \I'lEC 61511-1 pour les autr
applications.

of}
e
he

pu

s)

0-

ncernant I'analyse des modes de défaillance et de feurs effets (AMDE) et les méthodes
d’analyse par arbre de panne, les normes suivantes peuvent servir de recommandations:

IEC 60812;

SAE J1739;

IEC 61025.

[ ]
4.]
4.4

Le
co
co

4.1

Le
co

p

=

P Environnement physique et\eonditions de fonctionnement
.1 Généralités

systeme a pile a cogmpustible et les systemes de protection doivent étre congus
nstruits de maniere a femplir leur(s) fonction(s) dans I'environnement physique et |
nditions de fonctionnement spécifiés de 4.2.2 a 4.2.8.

p.2 Energie électrique a I'arrivée

et

systéme.@ pile a combustible doit étre congu pour fonctionner correctement dans les

hditions.d'énergie électrique a l'arrivée définies dans la norme d’application pertinente
bduif électrique indiquée en 4.7 ou telles que spécifiées par le fabricant.

du

4.

.3 Environnement physique

Le fabricant doit spécifier les conditions d’environnement physique auxquelles le systeme a
pile a combustible est adapté. Il convient de prendre en considération:

a)
b)

c)

d)

I'utilisation intérieure/extérieure,

I'altitude au-dessus du niveau de la mer a laquelle le systeme a pile a combustible d
pouvoir fonctionner correctement,

oit

la plage de températures et d’humidité de l'air au sein de laquelle le systéme a pile a

combustible doit pouvoir fonctionner correctement,

la zone sismique dans laquelle il peut étre installé.
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4.2.4 Arrivée de combustible

Le systéme a pile & combustible doit étre concu pour fonctionner correctement dans les
limites de composition et les caractéristiques d’alimentation des combustibles pour lesquels il
est prévu (gaz naturel de pipeline, par exemple).

425 Arrivée d’eau

Les caractéristiques de qualité et d’alimentation de I'eau a utiliser dans les systémes a piles a
combustible doivent étre spécifiées par le fabricant.

4.2.6 Vibrations, chocs et secousses

Lels effets négatifs des vibrations, chocs et secousses (y compris ceux génétés par |la
machine et ses équipements et ceux créés par I'environnement physique) doivent ‘€tre évités
en| choisissant un équipement approprié, en linstallant a I’écart du systéme a pile| a
combustible ou en utilisant des installations antivibrations. Cela ne comptend’pas les effets
dels chocs sismiques qui doivent étre traités séparément si le fabricant juge approprié defle
faijre pour son produit (voir 4.2.3).

4.2.7  Manutention, transport et stockage

Le| systéme a pile & combustible doit étre congu pour résisteraux effets des températures (pu
dejs mesures de protection doivent étre prises pour qu'il efy s0it protégé) lors du transport|et
dul stockage, comprises entre —25 °C et +55 °C, et pendantde courtes durées n’excédant pgas
24 h, jusqu'a +70 °C. D'autres plages de températlres peuvent étre spécifiées par [le
fabricant.

Le| systeme a pile a combustible ou chague comyposant doit
a)| pouvoir étre manipulé et transporté sans risque et, lorsque nécessaire, étre équipé fde
moyens de manipulation par grue ou équipement similaire,

b)| étre emballé ou concu de facom,a pouvoir étre stocké sans risque et sans subir de
détérioration (par exemple, stabilité adéquate, supports spéciaux).

Le fabricant doit spécifier dés moyens spéciaux pour la manutention, le transport et|le

stockage, si cela est exigé.

4.2.8 Systéme de.purge

Dgs moyens de purge doivent étre fournis dans les systémes a piles a combustible lorsqye,
pour des raisons-de sécurité, un état passif est nécessaire aprés I'arrét ou avant la mise en
marche, comume spécifié par le fabricant. Un systéme de purge adéquat faisant intervenir pn
agent spécifie par le fabricant (I'azote, I'air ou la vapeur, par exemple, entre autres) peut éfre
utiflisé dans une situation non dangereuse et dans le cadre de I'utilisation prévue.

4 SAlactiaon dac matArialiy
T et G e sHaterathx

4.3.1 Tous les matériaux doivent étre appropriés pour I'utilisation prévue.

4.3.2 Lorsque des matériaux utilisés pour construire le systeme a pile a combustible sont
considérés comme étant dangereux dans certaines conditions, le fabricant doit mettre en
place des mesures et fournir les informations nécessaires pour réduire le plus possible les
risques de nuire a la santé ou a la sécurité d’autrui.

4.3.3 L'amiante ou les matériaux contenant de I'amiante ne doivent pas étre utilisés pour
la construction d'un systéme a pile a combustible. L’utilisation d’autres substances
dangereuses (le plomb, le cadmium, le mercure, le chrome hexavalent, le diphényle
polybromé, le polybromodiphényléther et le polychlorobiphényle, par exemple) doit étre traitée
conformément aux réglementations nationales et régionales.
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Les matériaux métalliques et non métalliques utilisés pour construire des pieces extérieures
ou intérieures du systeme a pile a combustible, en particulier ceux étant exposés directement
ou indirectement a I’humidité ou contenant du gaz de transformation ou des courants liquides,
ainsi que les pieces et matériaux utilisés pour les souder ou les raccorder (les consommables
pour le soudage, par exemple) doivent étre adaptés a toutes les conditions physiques,
chimiques et thermiques raisonnablement prévisibles au cours du cycle de vie de

I'équipement, et a toutes les conditions d'essais. Plus particulierement:

a) ils doivent conserver leur stabilité mécanique relative a la force (propriétés de fatigue,
limite d’endurance, force de fluage) lorsqu’ils sont exposés a la plage compléte des

atat da ovela dao viin cndAoifidinc nar |n fahvinant.
e oty cre—at—vre—Spe oMt eoparTCanteartt

caonditionce da fanectiannam
o eHHoORS—tae—ToRecHorRHem

a
A>3

b)| ils doivent étre suffisamment résistants a I'action chimique et physique des fluides quli
contiennent et a la dégradation environnementale;

S

c)| les propriétés physiques et chimiques nécessaires a un fonctionnement sans risque pe
doivent pas étre considérablement affectées au cours du cycle de vie de Iéquipement
moins qu’un remplacement ne soit prévu;

Q-

d)| lors du choix des matériaux et des méthodes de fabrication, la résistance a I'usure et a|la
corrosion, la conductivité électrique, la force d'impact, la résistance)au vieillissement, les
effets des variations de température, les effets de I'assemblage dg certains matériaux E
corrosion électrochimique, par exemple), les effets du raygnnement ultraviolet, et |
effets de la dégradation de I’hydrogéne sur les performances‘mécaniques doivent étre pfis
en considération.

NJTE Des recommandations concernant les effets de la dégradation” de I'hydrogéne sur les performanges
mécaniques d’un matériau peuvent étre consultées dans I'lSO/TR 15916, 'ASME B31.12 et dans I’Annexe B.

4.8.4 Lorsque des conditions d’érosion, d’abrasjon, de corrosion ou d’autres attaqules
chimiques peuvent apparaitre, des mesures appropriées doivent étre prises pour:

a)| réduire le plus possible cet effet par une €enception appropriée (I'épaisseur, par exemp|e)
ou par une protection adaptée (l'utilisation de coussinets, de matériaux de parement ou fle
revétements de surface, par exemplé&)~en prenant en compte l'utilisation raisonnablemgnt
prévisible;

b)| permettre le remplacement des-pieces les plus affectées;

c)| attirer I'attention, dans les,instructions de maintenance se reportant au 7.4.5, sur le type
et la fréquence des mesures d’inspection et de maintenance nécessaires pour upe
utilisation sdre et continue; le cas échéant, les piéces sujettes a l'usure et les criteres fde
remplacement doivent étre spécifiés.

4.4 Exigences génerales

4.4.1 Dans_la.mesure ou leur fonction le permet, les piéces accessibles du systéme a plile
a combustible-ne doivent pas présenter de bords coupants, d’angles coupants et de surfaces
rugueuses _pouvant occasionner des blessures.

4.4.2 Les systémes a piles a combustible, ou les piéces pour lesquelles il existe des

4.4.3 Le systeme a pile a combustible, ses composants et fixations doivent par conséquent
étre congus et construits de maniere stable, dans le cadre de I'utilisation prévue (en tenant
compte, si nécessaire, des conditions climatiques) et en aucun cas se retourner, tomber ou
produire un mouvement inattendu. Dans le cas contraire, des moyens appropriés d’'ancrage
doivent étre incorporés et indiqués dans les instructions.

4.4.4 Les pieces mobiles du systéeme a pile a combustible doivent étre congues,
construites et mises en place de maniére a éviter les dangers ou, lorsque les dangers ne sont
pas éliminés, étre fixées avec des protecteurs ou des dispositifs de protection, afin d’'éviter
tout contact pouvant provoquer des accidents.
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4.4.5 Les différentes pieces du systeme a pile a combustible et leurs raccords doivent étre

congus de maniére a éviter, dans le cadre d'une utilisation normale, toute instabilité,
distorsion, casse ou usure, susceptible de compromettre la sécurité.

4.4.6 Le systéeme a pile a combustible doit étre congu, construit et/ou équipé de maniére a
éviter les risques provoqués par le gaz, les liquides, la poussiére ou les vapeurs libérés au
cours de son fonctionnement ou de sa maintenance.

4.4.7 Toutes les piéces doivent étre posées ou fixées de manieére sdre et étre
rigoureusement soutenues, L'utilisation de montures antivibrations est autorisée lorsque cela
est approprié pour l'application.

4.4.8 Tous les composants du systéme d'arrét de sécurité dont la défaillance peut
propvoquer un événement dangereux, tel qu’identifié par I'appréciation du risque de 4|1,
doivent étre conformes a la norme applicable compte tenu de leur utilisation préyue.

4.4.9 Le fabricant doit prendre des mesures pour éliminer le risque de blessures
propvoquées par le contact ou la proximité avec les surfaces externés de I'enveloppe pu
syptéme a pile a combustible, les poignées ou les boutons a haute température.

4.4.10 Si les surfaces externes de l'enveloppe du systemel’a pile a combustible, les
poignées, les boutons ou des pieces similaires peuvent étrecaccessibles sans équipement fde
prptection individuelle, le fabricant doit a tout instant limiter, Ta température de ces surfaces
(vopir Tableau 1) ou doit installer des protecteurs ou des“dispositifs de protection afin d’éviter
leg risques d’accident liés au contact.

Tableau 1 — Augmentations admissibles des températures de surface

Partie Augmentation dg
la température

K

Ehveloppes externes, a I'exception des poignées maintenues en fonctionnement normal 60

Surfaces des poignées, boutons et piéces similaires maintenues pendant de courtes

dpirées en fonctionnement normal

— en métal 35

— en porcelaine 45

— en matiére moulée_(plastique), caoutchouc ou bois 60

OTE 1 Les valelrs)du tableau représentent les augmentations maximales de la température de surface a
essus de la température ambiante des surfaces externes qui peuvent étre touchées lors du fonctionnement p
s personnes) sans équipement de protection individuelle. Les valeurs ci-dessus sont répertoriées dans [e
hbleau 3 de"IEC 60335-1:2016.

ER-N--4

OTE 2 “Les valeurs du tableau reposent sur une température ambiante qui ne dépasse pas normalement
D815, mais pouvant atteindre occasionnellement 308,15 K. Toutefois, les valeurs d'augmentation de |a
gmpérature spécifiées reposent sur 298,15 K.

N Z

—

Les températures des murs, du sol et du plafond attenant au systéme a pile a combustible
stationnaire ne doivent pas excéder 50 °C au-dessus de la température ambiante, dans les
conditions d’essai de 5.12 b).

4.4.11 Le systéeme a pile a combustible doit étre concu et construit de maniére a réduire

I’émission de bruits aériens a un niveau approprié pour ['utilisation ou le lieu prévu(e), en
application des codes et normes locales ou nationales relatives au bruit aérien.

4.4.12 La sortie d’évacuation du systeme a pile a combustible dans I'atmosphére, dans des
conditions d’utilisation normale, ne doit pas contenir une fraction volumique de monoxyde de
carbone supérieure a 0,03 % dans un échantillon exempt d’air des effluents, qui est un
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échantillon dont la fraction volumique de monoxyde de carbone (CO) de ses effluents est
mathématiquement corrigée comme si I’excés d’air était nul.

La fraction volumique de CO des produits de combustion secs et exempts d’air est donnée
par la formule

CO = (CO)4yg x (CO2)max ! (CO2)ayg

ou

co est la concentration en monoxyde de carbone des produits, de
combustion exempts d’air, en pourcentage;

(CO2)max est la concentration maximale en dioxyde de carbone des_produjts
de combustion secs et exempts d'air du combustible "d'essai, pn
pourcentage;

(CO)avg €t (CO2)ayg sont les valeurs moyennes des concentrations\.mesurées dans
I’échantillon prélevé au moins 3 fois pendant I'éssai, exprimées en
pourcentage;

ou

CO = (CO)4yq x (21 %) 1 (21 % <(O3)ayg)

ou

(CO)avg et (O2)avg sont les valeurs moyenngs des concentrations mesurées dans
I’échantillon prélevé au“moins 3 fois pendant I'essai, exprimées En
pourcentage.

4.4.13 Lorsque des liquides explosifs, inflammables ou toxiques sont contenus dans les

alisations, des précautions appropriées doivent étre prises quant a la conception et|le
marquage des prises d’échantillonnageiet de dérivation.

4.4.14 Les températures maximales des composants et matériaux, comme ils sont installgs
dans le systeme a pile a combustible, ne doivent pas excéder leurs valeurs assignées fe
température.

.15 Le fabricant_doit tenir compte du fonctionnement du systéme & pile a combustible
lofsque des contaniinants (poussiéere, sel, fumée et gaz corrosifs, par exemple) sont présents
dans I'environnement physique.

4.4.16 L/enveloppe du systéeme a pile & combustible doit étre congue pour contenir sans
risjgue toute’ fuite de liquide dangereux anticipée (voir 4.5.2 f) pour le combustible liquide).
moyens de rétention doivent avoir une capacité de 110 % du volume maximal de liquipe
susceptible de fuir.

4.4.17 Le fabricant doit prendre des mesures pour prévenir I'accumulation de condensats.
Le fabricant doit prendre des mesures pour empécher I'’échappement des fumées par les
circuits de drainage des condensats.

4.5 Equipement sous pression et tuyauteries
4.5.1 Equipement sous pression

Les cuves sous pression (les réacteurs, les échangeurs de chaleur, les chauffages et
chaudiéres a gaz, les chaudiéres électriques, les refroidisseurs, les accumulateurs et les
conteneurs similaires, par exemple) et les mécanismes de décompression associés (les
détendeurs et les dispositifs similaires, par exemple) doivent étre construits et marqués en
application des codes et normes locaux ou nationaux.
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Les cuves (les réservoirs et les conteneurs similaires, par exemple) qui ne relévent pas du
domaine d’application des normes nationales relatives aux équipements sous pression
doivent étre construites avec des matériaux appropriés conformément a 4.3 et doivent
satisfaire aux exigences applicables de 4.4. Ces cuves, ainsi que les joints et raccords
associés, doivent présenter une rigidité pour le fonctionnement et une résistance aux fuites
appropriées pour éviter les dégagements accidentels.

L'hydrogéne stocké dans des assemblages en métal-hydrure doit étre conforme a
I'ISO 16111.

2 Réseaux de tuyauteries

tuyauteries, ainsi que les joints et raccords associés, doivent étre conformes aux<articles
plicables de I'lSO 15649.

réseaux de tuyauteries congus pour une pression manométrique intern€ .supérieure pu

ale a zéro, mais inférieure a 105 kPa, transportant des liquides non ‘inflammables, npn

apjpropriés conformément & 4.3, et doivent répondre aux exigences de 4.4. Ces tuyauterigs,
si que les joints et raccords associés, doivent présenter une'rigidité pour le fonctionnement
etlune résistance aux fuites appropriées pour éviter les dégagements accidentels.

Lels éléments suivants doivent étre pris en compte pouryla conception et la construction des
tuyauteries et raccords rigides et flexibles.

a)| Les matériaux doivent étre conformes aux exigences spécifiées en 4.3.

b)| Les surfaces internes des tuyauteries daivent étre nettoyées minutieusement pour oter
toute particule, et les extrémités des tuyauteries doivent étre fraisées soigneusement pdur
enlever les obstructions et ébarbures:

¢)| Si une accumulation de condensats ou de dépbts de liquide a I'intérieur des tuyauteries
de liquides gazeux est susceptible de provoquer une détérioration par suite d'un coup fde
bélier, de la perte du videyde la corrosion et des réactions chimiques incontrélées hu
cours de la mise en mareche, de I'arrét et/ou de I'utilisation, le fabricant doit fournir des
moyens de drainage et d¢limination des dépobts des pieces basses, ainsi que des moyehs
d'acces au cours du‘néttoyage, de l'inspection et de la maintenance. En particulier,|le
fabricant doit prendre des mesures pour prévenir l'accumulation de dépdts ou fe
condensats dapsles commandes de gaz combustibles. Des bassins de décantation pu
des filtres doivent étre installés ou des lignes directrices adéquates doivent figurer dans|la
documentation technique du produit.

d)| Le fabricant doit prendre des mesures contre l'accumulation de dépbts dans les
commandes de gaz combustibles. Des bassins de décantation ou des filtres doivent éfre
installés ou des lignes directrices adéquates doivent figurer dans la documentatipn
technique du produit.

e) Les tuyauteries non metallques, UtNSEes pour acheminer les gaz combustbles, doivent
étre protégées contre une éventuelle surchauffe et les dommages mécaniques. Des
mesures conformes a I'appréciation du risque de 4.1 doivent étre fournies pour éviter que
la température des composants acheminant des gaz combustibles ne dépasse leurs
températures de calcul.

f) Les systémes a piles a combustible liquide doivent inclure des dispositions pour capturer,
recycler ou éliminer sans risque des combustibles liquides libérés. Des bacs
d’égouttement, des protections contre les déversements ou des canalisations a parois
doubles doivent étre congus pour éviter les déversements involontaires.

4.5.3 Systemes d’évacuation de fumées

Le systeme a pile a combustible doit étre équipé d'un systéme de ventilation pour acheminer
les produits de la combustion, provenant de l'utilisation de I'équipement, vers I'atmosphére
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extérieure. Le fabricant doit prévoir un systéme d’évacuation des fumées répondant aux
exigences ou fournir les instructions adéquates dans la documentation technique du produit
pour pouvoir sélectionner un systeme d’évacuation de fumées satisfaisant a ces exigences.

a)

b)

f)

9)

h)

k)

4.

Les matériaux doivent étre conformes aux exigences spécifiées en 4.3. En particulier,

le

systéme de ventilation doit étre construit avec des matériaux résistants a la corrosion par
condensation. Les matériaux non métalliques doivent étre jugés en fonction de leurs

limites de température, de leur force et de leur résistance a la condensation.

Les pieces du systeme de ventilation d’'un systéme a pile a combustible doivent étre
durables. Les pieces du systéeme de ventilation, y compris les pieces du systéeme a pile a

combustible, ne doivent pas casser, se detacher ou se deteriorer au point de provogu
un fonctionnement dangereux du systéme a pile & combustible.

La conduite de ventilation doit étre correctement soutenue et doit étre équijpée d'u
protection anti-pluie ou autre dispositif n’obstruant ou ne limitant pas la ventdation
débit gazeux.

Des moyens tels que le drainage doivent étre fournis pour éviter que I'eauy ‘la glace et |

fuites.
La taille du collier de sortie d’échappement doit étre suffisante pour inclure un connects

par les instructions d’installation du fabricant.

Les pressostats utilisés pour I'échappement du débitigazeux, le cas échéant, doivent é
réglés en usine, ou a la discrétion du fabricant, par‘le personnel d’entretien, sur le site
construction. Les moyens de réglage doivent-alors étre sécurisés. Un pressostat d
comporter une marque indiquant clairementvle code d’article du fabricant ou
distributeur, ou une documentation appropriée, correspondant aux réglages de pressi
verrouillés.

Les piéces d’un pressostat en contact"avec un condensat de gaz d’échappement doive
résister & la corrosion du condensat de gaz d’échappement aux températures
fonctionnement normales.

Le systeme a pile a combustible doit étre en mesure de démarrer et doit donc fonctionn
au niveau de monoxyde de carbone (CO) approprié lorsque le systeme de ventilation 4
exposé a une pression statique maximale de 116 Pa ou une pression du vent maximale
essais de 5.13.

Si le systeme a-pile a combustible est équipé d'un systeme de ventilation, la températy

températures acceptables pour les matériaux utilisés pour sa construction.

La longueur du systeme de ventilation doit étre dans les limites de I'essai réalisé
I'Article.5.

b.4 Parties servant a transporter du gaz

autres débris ne s’accumulent a l'intérieur de la conduite de ventilationnod ne I'obstruent|

de ventilation, disponible dans le commerce, ou pour incluré un conduit tel que spécif

er

he
e

eS

Un systeme de ventilation pour systéme a pile a combustible doit-étre hermétique alux

ur
é

re
e
Dit
du
bn

nt
He

er
st
e

134,5 Pa (une vitess€ ,de vent comprise entre 9 km/h et 54 km/h) conformément ajux

re

des gaz d’'échiappement acheminés par ce systeme de ventilation ne doit pas excéder les

Q-

Les parties servant a transporter du gaz doivent présenter une imperméabilité au gaz ne
pouvant étre réduite lors du transport habituel, de l'installation et de I'utilisation.

Il n’existe aucune exigence relative aux fuites externes des parties ou segments du circuit du
gaz qui fonctionnement dans toutes les conditions de fonctionnement en dessous de la
pression atmosphérique ambiante.

Si une fonction de commande assure qu’'un circuit de gaz fonctionne en dessous de la
pression atmosphérique ambiante, les mesures de sécurité doivent satisfaire aux exigences
données dans la norme d’application concernée comme cela est spécifié en 4.1.
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4.6
4.6

Protection contre les dangers d’incendie ou d’explosion

A Prévention des dangers d’'incendie et d’explosion dans les systemes a piles a

combustible équipés d'enveloppes

Lorsque la pression du gaz interne des parties du circuit transportant du gaz est au-dessus de
la pression atmosphérique ambiante, les conditions suivantes s’appliquent.

a)

Les systemes intégrés du systéme a pile a combustible doivent étre assemblés

de

maniere a éviter les dangers associés aux accumulations d’atmosphéres inflammables a

'intérieur du systéeme a pile a combustible

b)

d)

Les limites pour la dilution des dégagements internes normaux en dessous de 25 %-des

limites inférieures d’'inflammabilité (LFL) peuvent étre déterminées a l'aide d’une/anal

e

informatique de la dynamique des fluides, d'un gaz détecteur ou de méthodescsimilairgs,
telles que celles décrites dans I'lEC 60079-10-1. Tous les appareils installés“dans les

limites de dilution doivent répondre aux exigences spécifiées en 4.6.1 e). L& volume d
les limites de dilution doit étre classé en application de I'lEC 60079-10-1(les LFL des g
typiques sont décrites dans I'lEC 60079-20-1.

NOTE 1 Les fuites des blocs de piles a combustible au niveau des joints, sans-condition de défaut et

S
V4

ne

comprenant pas de composants hermétiques aux fuites, sont des exemples” de dégagements interfjes

normaux. Voir 4.6.1 g) 2).

Les enveloppes avec sources internes de dégagement defgaz/vapeur inflammables sqnt
définies comme des compartiments a combustible. Lés)compartiments a combustibple

doivent étre congus

1) pour contenir un mélange de gaz inférieur a 25% (LFL), sauf dans les limites
dilution, et

2) pour limiter I'étendue les limites de <dilttion a [Iintérieur du compartiment
combustible.

Les méthodes pour maintenir des dégagements internes normaux inférieurs a 25 % (LF
sauf dans les limites de dilution, incluent:

1) L’oxydation contrélée des dégagements internes normaux
Cela peut étre réalisé par une alimentation en sources d’oxydant et d’allumage fiabl

e

et continues qui assurent.la combustion des gaz dégagés ou en utilisant des unitgés

d’oxydation catalytiques-

Le fabricant doit vérifier que le dégagement crédible maximal, lorsqu’activé, prod
des pressions -et” des températures pouvant étre contenues a l'intérieur
compartimentsa™ combustible, et tolérées par les composants exposés a de tell
conditions,

2) La dilution.de I'air des dégagements internes normaux
Cela‘peut étre réalisé par la mise en place d'une ventilation mécanique diluant

a

concentration des dégagements normaux avec l'air, a moins de 25 % (LFL), sauf dans

les limites de dilution. Dans tous les cas, le taux minimal de ventilation doit é
conforme a I'essai de taux de fuite acceptable de 5.4.

re

Ces compartuments a combustble ventiles doivent etre congus pour fonctionner a
une pression négative par rapport aux autres compartiments du systeme a pile

ec
a

combustible et a son environnement. Cette pression négative dans le compartiment a

combustible est établie par des moyens tels que la ventilation induite

ou

d’échappement. Le fonctionnement correct du systéme de ventilation doit étre confirmé
par mesure du débit ou de la pression. La défaillance de la ventilation doit provoquer
I'arrét de I’équipement d’exploitation. Les fonctions de commande visant a assurer

cette ventilation doivent étre conformes a la norme de sécurité fonctionnelle indiqu

en 4.1. Les compartiments a combustible du systéme a pile & combustible

ée
ne

nécessitent pas d’étre ventilés avec des pressions négatives si des moyens adéquats

sont fournis pour maintenir une concentration de gaz inflammable inférieure & 25
des LFL, pour toutes les conditions d'utilisation, sauf dans les limites de dilution,
comme décrit en 4.6.1 g).

%
ou
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Les compartiments a combustibles qui dépendent de la ventilation pour la protection
contre I'accumulation d’atmospheres inflammables doivent étre purgés de fagon a
ramener I'atmosphére en dessous de 25 % des LFL.

NOTE 2 Pour cela, une méthode consiste a échanger au moins quatre volumes d’air dans un intervalle
de temps approprié pour assurer ce résultat.

La purge est réalisée avant d’alimenter un appareil n'étant pas adapté au classement
des emplacements défini en 4.6.1 b). La purge n’est pas exigée si I'atmosphére au
sein du compartiment et des conduites associées peut étre démontrée comme étant
sans danger. Tous les dispositifs, qui doivent étre alimentés avant la purge ou pour

servir a la purge, doivent répondre aux exigences spécifiées en 4.6.1 e).

Pour les emplacements définis comme étant dangereux en 4.6.1 b), a I'excepfion” des
unités utilisant la méthode de protection décrite en 4.6.1 d) 1), le fabricant dait €limirjer

les sources d’'allumage en vérifiant que:

1)

2)

3)

4)

5)

I’équipement électrique installé est adapté au classement des. emplacements
conformément a I''EC 60079-10-1;

les résistances électriques chauffantes installées, le cas échéant, sont conformes a
I'lEC/IEEE 60079-30-1;

les températures de la surface n’excédent pas 80 %.-‘de” la température d’'aufo-
inflammation, exprimée en degrés Celsius, du gaz ou dg, lla vapeur inflammable. Vpir
I'lEC 60079-20-1 pour les recommandations concefnant les températures d’aufo-
inflammation des différents liquides inflammables;

I’équipement contenant des matériaux capables: d'activer la réaction des liquides
inflammables avec I'air doit pouvoir supprimer la propagation de la réaction He
I’équipement a I'atmosphére inflammable edvironnante;

I'’éventualité de décharges statiques a été éliminée par des liaisons électriques et upe
mise a la terre correctes et par un chdix.de matériaux appropriés.

Les compartiments contenant des égquipements électriques ou mécaniques doivent é

maintenus a une pression positive\ par rapport aux compartiments adjacents avec des

sources de gaz ou de vapeurs inflammables conformément a I'lEC 60079-2, a moins q
les équipements ne répondent aux exigences spécifiées en 4.6.1 e).

Le systéme a pile a combustible doit étre équipé de moyens passifs et/ou actifs pd
maintenir les dégagements-internes anormaux en dessous de 25 % (LFL), a I'excepti
des limites de dilution

NOTE 3 Les dégagements internes anormaux comprennent les fuites de gaz en conditions de défaut,

par

exemple les détendeurs de pression relachant du gaz a I'intérieur de I'appareil a pile & combustible.

1

2)

Les défaillances soudaines et catastrophiques ne nécessitent pas d'étre considéréles
comme.un scénario de dégagement dans cette analyse lorsque la protection contre fde
telles.défaillances a déja été traitée dans la conception de I'’équipement sous pressipn
et.de’la tuyauterie (voir également 4.5).

Les parties du circuit transportant du gaz conformes aux éléments ci-aprés ne doivgnt
pas étre considérées comme des sources potentielles de fuite:

3)

4)

i) conformément a I'lSO 23550, ou
il) aux tuyauteries solides congues conformément aux régles du 4.5.

Les moyens «passifs» incluent, entre autres, la limitation mécanique des dégagements
de gaz ou de vapeurs inflammables & une valeur maximale, en utilisant des orifices de
tuyauterie et des méthodes similaires de restriction de débit ou des joints sécurisés en
permanence, et construits de telle sorte qu’ils limitent le taux de dégagement a une
valeur maximale prévisible.

Les moyens «actifs» peuvent inclure des mesurages et des commandes de débit ou la
fourniture de dispositifs de sécurité tels que des capteurs de gaz combustible. Ces
moyens doivent répondre aux exigences spécifiées en 4.9 et doivent provoquer l'arrét
du systéme a pile & combustible si la concentration de gaz inflammable dans la
ventilation d'évacuation excéde 25 % des LFL.
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h)

Le systéme a pile a combustible doit étre congu pour permettre une dispersion sdre des
courants d'évacuation a la source et de ventilation. En particulier, pour les installations
intérieures, les courants d'évacuation a la source et de ventilation doivent étre congus
pour étre raccordés a un systéme de ventilation ou d'aspiration.

L'éventualité de décharges statiques doit étre éliminée par des liaisons électriques et une
mise a la terre correctes des parties métalliques, par un choix de matériaux appropriés ne
générant pas de charges susceptibles de provoquer une étincelle capable d’allumer un
mélange gaz/air inflammable. Les effets du débit dans les canalisations, générant des
charges possibles, doivent également étre pris en compte.
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dilution dans l'air et/ou par la mesure de la concentration et l'arrét si cette valeur\gst
dépassée, par exemple) doit étre concue conformément aux exigences spécifiees en4.1.

TE 4 Les canalisations non métalliques transportant de I’hydrogéne peuvent accumulerpdes charges
ctrostatiques le long de leur surface. Les décharges de la surface de cette canalisation peuvent(suffire a allumer
mélange de gaz ou de vapeurs inflammables dans I'environnement proche. L'IEC 60079-10-1 spécifie Jes
sures a prendre pour éliminer les décharges électrostatiques dans les Zones 1 et 2. Cela peut étre réalisé|en
bcifiant un matériau de canalisation ayant une conductivité suffisante ou en limitant la vitesse de débit du gag a
valeurs en dessous desquelles les charges électrostatiques ne s’accumulent pas. Les ‘canalisations équipges
n systeme de protection permettant d’éliminer les décharges électrostatiques (par exemple, des cables ou des
5ses de mise a la terre) ne sont pas traitées dans I'lEC 60079 (toutes les partié€s), pour les emplacements|en
he O.

TE 5 Les revétements des tresses métalliques ou les fils conducteursa"Wintérieur d’'une canalisation rjon
talligue peuvent augmenter I'éventualité de décharges électrostatiques si ces conducteurs viennent a|se
onnecter de leur conducteur de liaison. Les conducteurs de liaison € d€ mise a la terre de Zones 1 et 2 fixés
des moyens mécaniques résolvent ce probléme.

.2 Prévention des dangers d’'incendie et d’eXplosion dans les braleurs

Les systemes a piles a combustible doivent/étre concus de maniére a éviter upe
accumulation dangereuse de gaz inflammables ou explosifs dans les brdleurs (les
brileurs de démarrage, principaux et auxiliaires d’'une section de reformeur, les brileyrs
de gaz résiduaire).

Le brlleur principal doit étre équipéd'une veilleuse ou d'un appareil d’allumage direct.

L'appareil d’allumage direct doit&tre contrélé automatiquement et ne doit pas détériorer|le
braleur. Les appareils d’allumage direct doivent étre positionnés par rapport aux orifices
de brdleur principaux. Des.moyens doivent étre fournis pour éviter un assemblape
incorrect ou un montagefeversible de tout appareil d’allumage direct en relation avec|le
braleur concerné.

Les veilleuses doivent étre contrélées automatiqguement et I'allumage direct doit allumer
tout combustibles pilote. Les veilleuses doivent étre congcues et montées pour éfre
positionnées eorrectement par rapport aux brileurs qu’elles enflamment. Si une veilleuse
fait partie intégrante du brileur de démarrage, il est nécessaire de I'évaluer uniqguemgnt
en fonctienvdes spécifications de performance et de construction du présent document.

Le systeme de commande de brileur électrique automatique doit répondre aux exigencles
specifiées en 4.9.2 et doit étre fixé au brdleur afin d’assurer la sécurité de démarrage, fe
fonetionnement et d'arrét, y compris le verrouillage, s’il est exigé. Le contrble de flamme

ou d’oxydation est une fonction intégrale de cette commande.

f)

9)

h)

La flamme du brdleur principal et/ou de la veilleuse doit étre surveillée par un détecteur
de flamme ou d’'autres moyens appropriés. Si un brQleur principal est enflammé par une
veilleuse, la présence de flammes dans la veilleuse doit étre détectée avant le
dégagement de gaz dans le brlleur principal. Un systéme comportant une veilleuse
interrompue doit assurer la supervision de la flamme du brdleur principal aprés la période
d’établissement de la flamme du brdleur principal.

La flamme de la veilleuse supervisée doit étre capable d’enflammer efficacement le
combustible dans le brdleur principal, méme si le combustible qui alimente la veilleuse est
limité au point que la flamme soit juste suffisante pour activer la supervision de la flamme
conformément a I'lEC 60730-2-5.

Si le débit calorifigue d’une veilleuse n'excéde pas 0,250 kW, la période d’établissement
de la flamme ne fait I'objet d’aucune exigence particuliére.
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Si le débit calorifique d'une veilleuse excéde 0,250 kW ou en cas d'allumage direct du
braleur principal, le temps de verrouillage de la mise en marche de la flamme est
déterminé par le fabricant, afin d’éviter tout risque pour la santé ou la sécurité de
I'utilisateur ou toute détérioration du systéeme a pile a combustible, conformément a I'essai
d'allumage retardé (5.10.2.8).

Chaque tentative d’allumage direct du brdleur principal ou de la veilleuse commence par
I'ouverture des vannes de combustible et se termine par leur fermeture. L'étincelle doit
persister au moins jusqu’a l'allumage ou jusqu’a la fin de la période d’établissement de la
flamme.

Lo heilory v-\rinrnn i faira D'ohinat dao troic tontativac Alalliiman o au
Tt

-
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maximum, chaque tentative étant suivie d’'un recyclage du systéme de commande\ du
brileur. Un nombre de tentatives plus élevé doit étre déterminé par le fabricant sur|la
base d'une analyse de sécurité.
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L'absence de flamme a la fin de la troisieme tentative doit au moins provoquer Lln
verrouillage.

En cas de défaillance, le systéme doit au moins provoquer un nouvel allumage, un
recyclage ou un verrouillage.

Le temps de verrouillage aprés défaillance de la flamme de la“yveilleuse ou du bralgqur
principal ne doit pas dépasser 3 s. Un temps de verrouillage plus long est acceptable $'il
est déterminé par le fabricant sur la base d’'une analyse de sécurité.

Exception: 1l n'est pas nécessaire que la commande, de sécurité primaire désamorce
toutes les vannes de sécurité du combustible si la température des surfaces de la cavjté
du brdleur, avec lesquelles le mélange air/combustible inflammable est en contaft,
dépasse la température d’auto-inflammation du combdustible. Voir également 4.6.2 x).

En cas de rallumage, conformément aux~<conditions d'essai du 5.10.2, I'appareil
d’allumage direct doit étre réalimenté au maximum 1 s aprés la disparition du signal fde
flamme. Dans ce cas, la période d’'établissement de la flamme est identique a celle
utilisée pour l'allumage et commence & la mise sous tension de l'appareil d’allumage.
L'absence de flamme a la fin de période d’établissement de la flamme doit au minimym
provoquer un verrouillage.

En cas de recyclage, conformément aux conditions d’'essai de 5.10.2, celui-ci doit éfre
précédé d'une interruption de-l'alimentation en gaz et d’'une purge, puisque la séquence
d’'allumage doit reprendre_depuis le début. Dans ce cas, la période d’établissement de|la
flamme est identique a.cé€lle utilisée pour I'allumage et commence a la mise sous tensipn
de l'appareil d’allumage. Le recyclage doit étre tenté au maximum trois fois, chaqpe
tentative étant suiyvie d’'une purge. L'absence de flamme a la fin de la troisiéme tentatiyve
doit au moins provaquer un verrouillage.

Un systeme (de” commande de brdleur électrigue automatique, tel que défini daphs
I'lEC 60730%2-5, doit étre congu pour éviter que la rétroaction d'un moteur, d’un
condensateur ou d'un appareil similaire ne provoque I'alimentation d’'une vanne {e
combustible ou d'un appareil d'allumage apres la fermeture du brdleur principal par upe
fonction de commande.

,pour des raisons de sécurité, un état passif est exigé avant la mise en marche pu
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brlleur ou son enveloppe de tout mélange de gaz inflammables avant la tentative
d’allumage lors de la mise en marche et entre les différentes tentatives de recyclage.
Cette purge doit assurer un minimum de quatre changements d’air dans la chambre de
combustion. L'air purgé doit étre contrdolé par une fonction de commande liée a la
sécurité. Le niveau de sécurité doit reposer sur I'appréciation du risque (voir 4.1).

Les composants du systéme automatique de commande et de sécurité doivent étre
installés de maniére a ne pas géner leur fonctionnement et I'allumage du brdleur principal
par une chute de particules ou la condensation au cours d’un fonctionnement normal.

Lorsque l'air primaire sous pression est mélangé avec l'alimentation en combustible, des
moyens efficaces doivent étre fournis pour éviter que I'air ne retourne dans la canalisation
de combustible, ou que le combustible ne passe dans l'alimentation d'air. Les
alimentations en air et en combustible doivent étre contrélées de maniére adéquate pour
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)

u)

a)

b)

d)

e)

aspirer I'air avant l'allumage et empécher le combustible d’entrer dans chaque braleur de
reformeur tant que l'alimentation en air n'est pas disponible et, en cas de défaillance de
ventilateur, pour fermer I'alimentation en combustible.

Les raccords mécaniques utilisés pour le fonctionnement des commandes d’air et de
combustible, le cas échéant, doivent étre congus pour maintenir correctement le taux
air/combustible et résister aux détériorations accidentelles et aux déconnexions.

Au cours de l'arrét, les gaz dangereux dans le systéme doivent étre contenus, purgés ou
transformés de maniére sdre.

Le fabricant doit équiper le systéme a pile a combustible de moyens adéquats visant a

\"X4

3 Prévention des dangers d’'incendie.gt d’explosion dans les systémes

eviter le passage d’air dans les canalisations de combustible ou de gaz de transtformatign,
ou inversement.

Le systeme a pile a combustible en condition de sortie bloquée ne doit pas prodtire uhe
concentration en monoxyde de carbone supérieure a 0,03 % dans un échantillon exempt
d’air des effluents ou, comme indiqué dans les réglementations nationales,canformémaent
a I'essai de 5.15.2.2. De plus, le systeme a pile a combustible ne doit pas”produire uphe
concentration en monoxyde de carbone supérieure a 0,03 % dans un_echantillon exempt
d’air des effluents lorsque la bouche d’admission d’air est bloquée conformément a I'essai
de 5.15.2.3.

Si la température du compartiment a combustion et les pieces de ce compartimgnt
directement en contact avec le mélange gaz/air est supériedre a la température d'aujo-
inflammation (mesurée en °C), la supervision de la flamme’ peut étre remplacée par|la
surveillance de la température. Si la température baisse sous la température d’'aujo-
inflammation, les vannes de coupure de sécurité doivent étre désamorcées. En outre,|le
gaz doit étre dégagé seulement aprés vérification de'la température d’auto inflammatign.
La fonction de commande doit reposer sur le niveau de sécurité donné dans I'lEC 60730-
2-5.

d’oxydation catalytique de combustible (brGleurs catalytiques)

A l'intérieur des composants d’un systéme a pile & combustible transportant des liquidgs,
dans lesquels les volumes de gaz:inflammables ou explosifs sont volontairement produlits
pour provoquer une réaction d’oxydation catalytique des combustibles (oxydation partig]le
catalytique, combustion catalytique, par exemple), le fabricant doit éviter I'accumulatipn
dangereuse de gaz inflammables ou explosifs.

Lorsque, pour des raisens de sécurité, un état passif est exigé avant la mise en marche
ou apres l'arrét, des mayens doivent étre fournis pour purger les composants du systéme
d’'oxydation catalytique des combustibles. Le systéme de purge peut utiliser un aggnt
spécifié par le fabricant, tel que I'azote, I'air ou la vapeur, entre autres. L'étendue de|la
purge est détérmminée par I'’évaluation des caractéristiques de débit, des dynamiques et e
la géométrie.du systeme. Le gaz purgé doit étre contrélé par une fonction de commange
liée a laSécurité. Le niveau de sécurité doit reposer sur I'appréciation du risque (voir 4.1).

~

Si l'ait~est mélangé au combustible, le fabricant doit fournir des moyens adéquats pqur
éviterque I'air ne retourne dans la canalisation de combustible, et inversement.

1)/Pour les systémes riches en air

Les alimentations en combustible et en air doivent étre commandées de maniére
adéquate pour fournir de l'air avant I'amorce de la réaction, et pour empécher le
combustible d'entrer dans le réacteur tant que l'alimentation d'air n’est pas disponible.

2) Pour les systémes riches en combustible

Les alimentations en combustible et en air doivent étre contr6lées de maniére
adéquate pour fournir du combustible avant I'amorce de la réaction, et pour empécher
I'air d'entrer dans le réacteur avant que le combustible ne soit disponible.

Les raccords mécaniques utilisés pour le fonctionnement des commandes d’air et de
combustible, le cas échéant, doivent étre congus pour maintenir correctement le taux air-
combustible et résister aux détériorations accidentelles et aux déconnexions.

Le temps d’amorce de la réaction doit étre déterminé en évaluant le temps de réponse
des appareils de commande du systéme et le temps exigé pour accumuler la quantité
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maximale autorisée de mélange explosif ou inflammable pouvant étre contenue sa

ns

risque dans le systeme, en fonction des débits, de [Il'inflammabilit¢é du mélange

combustible/air, de la dynamique et de la géométrie du systéme.

f) Si la réaction catalytique ne se produit pas au cours du temps d’amorce de la réaction,

le

systéeme doit automatiquement fermer I'alimentation en combustible ou, pour les

fonctionnements riches en combustible, I'alimentation de tous les réactifs.

g) La température du catalyseur doit étre surveillée directement ou indirectement. La
réaction échoue si la température ou le taux de variation de la température du catalyseur

est en dehors de la plage

I’échec de la réaction ne doit pas dépasser 3 s. Un temps de verrouillage plus long ¢
acceptable s’il est déterminé par le fabricant sur la base d’'une analyse de sécurité.

h)[ Si un mélange d’air et de combustible est susceptible de s’accumuler danscle ‘systém
pile a combustible par suite de I'échec d'une réaction au cours du temps,d’amorce

mélange inflammable qui peut s’accumuler, si la combustion a lieu! produit des pressio
et des températures pouvant étre contenues dans les composanfs exposés a de tell
conditions.

i) | Au cours de l'arrét, les gaz dangereux présents dans le systéeme doivent étre contenus
éliminés de maniére sdre.

j) | Lorsque les courants d'air et de combustible sont tr&s rapprochés dans le cadre
systeme de gestion thermique, le fabricant doit équiper le systéeme a pile a combustible
moyens adéquats visant a éviter les risques poudr la santé ou la sécurité provenant
passage de I'air dans les canalisations de combustible ou inversement.

NJTE Le 4.6.3 s’applique également au réacteur catalytique d’échappement d’anode.
4.Y Sécurité électrique

Lal conception et la construction du systeme électrique, ainsi que I'application des appare
élg¢ctriques et électroniques, y compris les moteurs et boitiers électriques, doivent satisfa
aux exigences des normes pertinentes relatives a l'application de produit électrique; g
exemple:

a)| I'"EC 60335-1 (résidentiel, commercial et industrie Iégere, par exemple);
b)[ I'lEC 60204-1 (industrie lourde, par exemple);

c)| I''EC 60950-1 ou I'lEC 62368-1 (télécom, par exemple);

d)|[ 'EC 62040:1.(ASI, par exemple).

Lels tensigns. supérieures a la limite de 600V sont permises lorsqu’elles sont évalué
séparément’selon les normes applicables a la tension la plus haute.

acceptable spécifiée par le fabricant. Le systéme doit alors

S
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NJTEY L'IEC 60204-1 limite cette exigence aux composants dépendant d'une fonction de sécurité dire

(détecteur de gaz, vanne de coupure de securite, disposiii de verroulllage de ventilateur) ou qui presenterait

un

danger relatif a la sécurité (feu, choc, brilure) s’ils venaient a défaillir. Cette derniére condition est déterminée par
I'analyse de sécurité de 4.1. Les composants électriques pour lesquels il n’existe pas de norme applicable peuvent
satisfaire aux exigences relatives a I'isolation électrique, aux lignes de fuite et distances d’isolement dans I'air, aux
courants de fuite, aux protections contre les surintensités, ainsi qu’aux liaisons et mises a la terre spécifiées dans

I'IEC 60950-1 ou I'lEC 62368-1, les publications de base ou les publications groupées de sécurité.

NOTE 2 Dans certains cas, l'intégrateur systéme peut concevoir des composants électriques uniques ou une
carte de circuit pour lesquels il n’existe pas encore de norme applicable. Dans ce cas, les exigences de conception
relatives a la sécurité électrique sont spécifiées dans I'lEC 60950-1 ou I'lEC 62368-1, ou dans les publications

fondamentales de sécurité ou les publications groupées de sécurité.

La sélection de I'application appropriée est assurée dans la spécification technique.

Le concepteur de la pile a combustible doit également tenir compte des problém
spécifiques suivants:

es
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a) la charge résiduelle sur le bloc de piles a combustible;
b) les dangers énergétiques entre les cellules.

4.8 Compatibilité électromagnétique (CEM)

Le systeme a pile a combustible ne doit pas produire de perturbations électromagnétiques
supérieures aux niveaux appropriés pour son lieu d'utilisation. De plus, I'équipement doit
présenter un niveau adéquat d’'immunité aux perturbations électromagnétiques, afin qu’il
puisse fonctionner correctement dans son lieu d'utilisation. Le systéme a pile a combustible
doit étre conforme aux normes applicables suivantes: IEC 61000-3-2, IEC 61000-3-3,
IEC TS 61000-3-4, TEC TS 61000-3-5, IEC 61000-3-11, IEC 61000-6-1, IEC 61000-6}2,
IELC 61000-6-3 et IEC 61000-6-4.

4.9 Systémes de commande et composants de protection
4.9.1 Exigences générales

4.9.1.1 L'appréciation du risque spécifiée en 4.1 doit fournir les baséspour la définitipn
dejs parametres de protection du circuit de sécurité.

4.9.1.2 Le systéme a pile & combustible doit étre congu pour‘éviter que toute défaillance
d;l;n composant ne produise une condition dangereuse. Les mayéens permettant d'éviter les
défaillances en chaine incluent, entre autres,

a)| les dispositifs de protection dans le systéme a pile.a>-combustible (des protecteurs gar
verrouillage, des dispositifs de déclenchement, par éxemple),

b)| le verrouillage de protection du circuit électrique,

c)| l'utilisation de techniques et de composants;éprouvés,

d)| des dispositions pour une redondance ou’diversité partielle ou compléte, et
e)| des dispositions pour des essais fonetionnels.

L'¢valuation des mesures exigées pgur éviter et/ou contrbler les défaillances, le cas échéapt,
est présentée dans les normes de commande pertinentes de I'application (voir 4.1).

4.9.2 Systémes de commande

4.9.2.1 Exigences générales

commandes (@utomatiques électriques et électroniques des systémes a piles|a
combustible doivent étre concues et construites de maniére slre et fiable. Les systéemeq a

piles & combustible pour les environnements résidentiels, commerciaux et de I'industfie
Iégére doiveht-étre conformes a I'lEC 60730-1.
Lels syStéemes de commande électrique automatiques des brileurs doivent étre conformeq a

C60730-2-5.

Les systéemes de commande électrique automatiques des réacteurs d’oxydation catalytique
doivent répondre aux exigences applicables de I'lEC 60730-2-5. Des exigences spécifiques
sont mentionnées en 4.6.3.

Les commandes manuelles doivent porter des marquages visibles et étre congues pour éviter
un réglage ou une activation involontaire.

En particulier, les dispositions suivantes s’appliquent.
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49.2.2 Mise en marche

19

La mise en marche de I'équipement ne doit étre possible que lorsque toutes les protections

SO

nt en place et opérationnelles.

Des verrouillages adaptés doivent étre fournis pour assurer un démarrage séquentiel correct.

Les équipements automatisés fonctionnant en mode automatique doivent pouvoir redémarrer
aprés un arrét uniqguement lorsque les conditions de sécurité sont réunies. Il doit étre
également possible de remettre en marche le systeme a pile & combustible en actionnant

VO
re

CH
su

4.
4.

En
Sy

a)

mnise en marche ne comporte aucun danger.

tte exigence ne s’applique pas a la remise en marche du systéeme a pile a combustit
rvenant au cours de la séquence normale d’un cycle automatique.

D.2.3 Arréts
p.2.3.1 Généralités

fonction de l'appréciation du risque mentionnée en 4.1, lescexigences fonctionnelles
steme & pile a combustible doivent étre précisées dans le cas{es arréts suivants:

Arréts d'urgence

Un arrét d'urgence correspond, pour le fonctionnement en excés d’air, a la coupure d
moyens principaux de débit du combustible ol¢ pour le fonctionnement en exceés
combustible, a la coupure des moyens ~principaux de deébit du combustible
d’alimentation en air, par suite de I'action diun limiteur, d’'un disjoncteur ou a la détecti
d’une défaillance interne du systéme.

Arrét normal

Un arrét normal correspond, pour<le fonctionnement en excés d’air, a la coupure d
moyens principaux de débit dulcombustible ou, pour le fonctionnement en exces
combustible, a la coupure_des moyens principaux de débit du combustible
d’alimentation en air, par 'suite de I'ouverture d'une boucle d’asservissement par

dispositif de commande, Lersystéme revient en position de départ.

.9.2.3.2 Arréts d’'urgence

Généralités
Le systéme & pile a combustible doit comporter des arréts d'urgence afin d’'éviter |

dangers rééls. ou potentiels ne pouvant étre corrigés par les commandes. Ces fonctiog
doivent

1) mettre fin & la situation dangereuse sans créer de danger supplémentaire,

2) \déclencher ou permettre le déclenchement de certaines mesures de protection, le ¢
échéant,

ontairement une commande prévue a cet effet, a condition de démontrer qu'une te]le

e

du

es
e
et

s
He
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un

aS

b)

c)

3) annuler toutes les autres fonctions et tous les fonctionnements dans tous les modes,
4) éviter que la réinitialisation ne déclenche une remise en marche,

5) étre équipées de verrouillages de remise en marche afin qu'une nouvelle comman
de mise en marche ne puisse étre effectuée en fonctionnement normal qu'apres
réinitialisation volontaire des verrouillages de remise en marche.

Arrét d'urgence

de
la

Les arréts d'urgence manuels, lorsqu’exigés par I'appréciation du risque de 4.1, doivent

comporter des commandes clairement identifiables, visibles et rapidement accessibl
conformément & I'ISO 13850.

Fonctions de commande en cas de défaillance des systémes de commande

es
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Lels mauvaises conditions pouvant étre contrélées sans risque ouy nhe présentant pas
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4.

Dgs autorisations doivent étre mises en place en‘accord avec les exigences établies ¢

I'al
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de] signal permettant I'arrét coordonné en amont et/ou en aval de I'équipement du systéme

pil

4.
a)

b)

c)

d)

.9.2.3.3 Arrét normal
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En cas de défaut dans la logique du systéme de commande, de défaillance ou
détérioration du matériel du systéme de commande,

de

1) le systéme a pile a combustible doit pouvoir s’arréter lorsque la commande d'arrét a

été déclenchée,
2) I'arrét manuel ou automatique des piéces mobiles ne doit pas étre entravé,
3) les dispositifs de protection doivent rester totalement efficaces,

4) le systeme a pile a combustible ne doit pas se remettre en marche de maniére

intempestive.

rCorsqu un diSpositit de protection ou un verrouillage provogque un arret de Securite
systéme a pile a combustible, cette condition doit étre signalée a la logique du systéme
commande. La réinitialisation de la fonction d’arrét ne doit pas déclencher de conditi

risque lors d’une situation dangereuse peuvent étre maintenus sous tensiopspour four
des informations sur le systéme.

nger immédiat peuvent étre corrigées par un arrét normal. Un‘arrét normal peut coup
imentation de I'équipement ou peut maintenir I'alimentation “pour les actionneurs
stéme a pile a combustible.

D.2.4 Autorisations

ppréciation du risque décrite en 4.1.

D.2.5 Installations complexes

le systéme a pile & combustible est can¢u pour fonctionner avec d’autres équipements,
le fonctionnement continu peut étresdangereux, la fonction d'arrét du systéme a pile
mbustible (y compris I'arrét d’'urgence) doit étre équipée de moyens tels que des interfac|

e a combustible.

D.2.6 Modes de fonlctionnement

Les modes de fonétionnement des systémes a piles & combustible incluent

1) un état de fanctionnement (puissance en sortie électrique substantielle), et
2) un état de.prégénération (sortie d’alimentation nette de zéro).

Les modes-de non-fonctionnement peuvent inclure

e un-etat froid,

o/ Un état passif, et

dangereuse. Les systémes de commande et/ou de surveillance pouvant fonctionner sans

e
pN

s

e
er
du

ar
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eS

Q-

e un etat de stockage.
Il doit y avoir deux transitions principales: mise en marche et arrét:

1) la mise en marche est le passage du mode de NON-FONCTIONNEMENT au mode de

FONCTIONNEMENT et doit étre déclenchée par un signal externe;
2) l'arrét est le passage automatique du mode de FONCTIONNEMENT au mode de NO

N-

FONCTIONNEMENT. Il peut étre déclenché par un signal externe ou interne, en

réponse a des conditions hors des limites dans le contréleur de systéeme a pile
combustible.

Des modes de fonctionnement secondaires et des transitions peuvent étre prévus
nécessaire, afin de tenir compte des puissances nominales en sortie différentes ou d
activités de réglage, de maintenance ou d'inspection.

Sélection du mode

a

Si
es
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Si le systeme a pile a combustible a été concu et construit pour permettre un
fonctionnement sous plusieurs modes de fonctionnement ou de commande, présentant
des niveaux de sécurité différents (pour permettre le réglage, la maintenance ou
I'inspection, par exemple), il doit pouvoir sélectionner un mode adéquat pour chaque
position. Chaque position du sélecteur doit correspondre a un mode de commande ou de
fonctionnement unique, et doit comporter des verrouillages de remise en marche. Une
commande de remise en marche ne peut avoir lieu, au cours du fonctionnement normal,
gue si les verrouillages de remise en marche sont intentionnellement réinitialisés. Le
mode doit pouvoir étre sélectionné par tous les moyens sdrs (un bouton de
positionnement, un verrou ou une commande logicielle, par exemple) afin d’éviter tout

—le
sélecteur peut étre congu pour restreindre I'accés des utilisateurs a certains modes, fle
fonctionnement du systeme a pile & combustible (des codes d’accés pour certdin
fonctions a commande numérique, par exemple).

e)| Le mode sélectionné doit annuler tous les autres systéemes de commande,(& I'exceptipn
des arréts de sécurité.

4.9.2.7 Surveillance a distance et systemes de commande

Lels systémes a piles a combustible pouvant étre commandés a distancé doivent comporter un
errupteur local étiqueté ou d'autres moyens pour déconnecter le systéme a pile| a
combustible des signaux a distance, qui peuvent étre utilisés,"lorsqu'un opérateur logal
effectue une inspection ou la maintenance. La surveillance-a“-distance et les systéemes fde
commande doivent

a)| étre autorisés dans les systemes a piles a combustible uniquement lorsqu’une commanfgde

a distance ne génére pas de condition dangereuse,

b)[ ne pas annuler les commandes de sécurité de_protection.

4.9.3 Composants de protection
4.9.3.1 Généralités

dispositifs de protection adaptés’et leurs combinaisons comprennent des dispositifs fe
sufveillance adéquats, tels que des indicateurs et/ou des alarmes permettant de prendre
automatiguement ou manuellement une mesure appropriée et maintenir le systéme a pild a
combustible dans des limites-acceptables.

Lels dispositifs de protection doivent:

a)| étre concgus et(construits de maniere fiable et adaptée a leur fonction prévue et, le cpas
échéant, tenik.compte des exigences d’essai et de maintenance des dispositifs;

b)| posséderdes fonctions de protection indépendantes de leurs autres fonctions possibles
c)| étre conformes aux principes de conception appropriés afin d’obtenir une protection fialjle

N

et -adaptée. Ces principes incluent, en particulier, des modes a sécurité intégrée, |la
redondance, la diversité et I'autodiagnostic.

Des surcharges dangereuses de I'équipement doivent étre évitées au stade de la conception
par l'intégration de dispositifs de mesure, de régulation et de commande, tels que des
interrupteurs de surintensité, des limiteurs de température, des pressostats différentiels, des
débitmetres, des relais temporisés, des limiteurs d’emballement et/ou des dispositifs de
surveillance similaires.

Les dispositifs de protection ayant une fonction de mesure doivent étre congus et construits
pour répondre aux exigences de fonctionnement et aux conditions d’utilisation spéciales
prévisibles. Le cas échéant, il doit étre possible de vérifier I'exactitude des relevés et
I'aptitude au service des dispositifs. Ces dispositifs doivent intégrer un facteur de sécurité qui
assure que le seuil d'alarme se trouve suffisamment en dehors des limites pour étre
enregistré, en tenant compte, en particulier, des conditions de fonctionnement de l'installation
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et des aberrations possibles du systeme de mesure. Si la commande de protection contient

de

s composants électroniques, elle doit étre congcue conformément aux exigences de 4.1.

4.9.3.2 Type de composants

Les composants suivants doivent satisfaire aux mesures relatives a la sécurité données dans
les normes suivantes afin de s'assurer des résultats de 4.1.

a)

Les dispositifs de limitation de pression tels que les pressostats doivent étre conformes a

I'IEC 60730-2-6.

b)

c)

d)

e)

f)

a)

b)

c)

.10 Equipement a énergie pneumatique,et hydraulique

.11 Vannes

.11.1  Soupapes d’arrét

Les dispositifs de surveillance de la température doivent posséder un temps de répon
sr adéquat, en accord avec la fonction de mesure, comme spécifié dans I'lEC 60730-2-

Un systeme a pile & combustible peut choisir d’utiliser un détecteur de gaz “‘comr
composant de protection pour limiter les éventuelles fuites de gaz. Si un détecteur de g
est utilisé dans le systéme a pile & combustible, il doit étre conforme adjlISO 26142,
I'"EC 60079-29-1 ou a I'lSO 23550, conjointement avec I'lEC 60730-1, basé-'sur le résul
de I'appréciation du risque conformément au 4.1 et aux normes spécifiées en 4.1, selon
cas.

Une boucle de commande de capteur de gaz (élément sensible,circuit électronique, ar
de l'alimentation en combustible) doit présenter une sécuritérintrinséque et étre cong
conformément aux exigences de 4.1.

Toutes les pieces des systemes a piles a combustible réglées ou ajustées au moment
la fabrication et dont il convient gqu’elles ne soient pas manipulées par l'utilisateur
I'installateur doivent étre protégées de maniére adéquate.

Les leviers et autres dispositifs de réglage et.de commande doivent étre marqués
maniere visible et comprendre des instructionsvappropriées afin d’éviter toute erreur
manipulation. Leur conception doit permettre d*éviter toute manipulation accidentelle.

s équipements pneumatiques et hydrauliques des systémes a piles a combustible doivs
e concgus conformément aux 1SO.4414 et ISO 4413, respectivement.

Les soupapes d'arrét. doivent étre fournies pour tout équipement ou systéme pour lequ
le blocage ou lafétention de débit du liquide est nécessaire au cours de la fermeture,
I'essai, de la maintenance, de conditions défavorables ou d’urgence.

Les soupapes d’arrét doivent étre assignées pour la pression de service, la température
les caractéristiques des liquides du systéme.

Les @etionneurs montés sur les soupapes d’arrét doivent avoir une température assigng

leur y'permettant de résister a la température ambiante locale et a la chalg

se
9.

he
az

a
at
le
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e

nt
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He
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Supplémentaire transmise par le corps de la soupape.

d)

Les soupapes d’arrét électriques, hydrauliques ou pneumatiques doivent se déplacer en

position slire en cas de perte d’énergie d’actionnement.

4.11.2 Vannes de combustible

Le

a)

b)

s vannes d’alimentation en combustible doivent répondre aux exigences suivantes.

Tout combustible fourni au systéme a pile a combustible doit traverser au moins de

ux

vannes automatiques en série, chacune agissant comme une vanne de coupure de

sécurité et pouvant servir de robinet de réglage.

Tout combustible fourni directement a I'équipement a combustion (une chaudiére de
démarrage ou un brlleur de reformeur de démarrage, par exemple) doit également

traverser au moins deux vannes automatiques, en série, chacune agissant comme u

ne
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