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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 3-100: Stationary fuel cell power systems —

Safety
FUOREVWOURD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for brising
all| national electrotechnical committees (IEC National Committees). omote
international co-operation on all questions concerning standardization in the ele€irie ds. To
thi$ end and in addition to other activities, IEC publishes International Starfdards icptions,
Teghnical Reports, Publicly Available Specifications (PAS) and Guids “IEC
Puplication(s)”). Their preparation is entrusted to technical committees; 3 rested
in [the subject dealt with may participate in this preparatory work. non-
goyernmental organizations liaising with the IEC also participate i Iosely
with the International Organization for Standardization (ISO) in ascorda ed by
agfeement between the two organizations

2) Thg formal decisions or agreements of IEC on technical matters btional
copsensus of opinion on the relevant subjects since e bom all
interested IEC National Committees

3) IEQ Publications have the form of recom¢hends btional
Committees in that sense. While all reasona pf IEC
Puplications is accurate, IEC cannot be held responsjble br any
miginterpretation by any end user.

4) In lorder to promote international uniformi I Somm ittees undertake to apply IEC Publigations
trahsparently to the maxim dl and regional publications. Any divefgence
befween any IEC Publicatiot regional publication shall be clearly indicated in
thg latter

5) IEC itself does not proyid 8 i rity. Independent certification bodies provide conformity
asgessment services and, i \ 5 Q IEC marks of conformity. IEC is not responsible fpr any
selvices carried@ i stificati

6) Alljusers should ensurg edition of this publication

7) No| liability shall aftac , employees, servants or agents including individual expefts and
megmbers of its te & i EC National Committees for any personal injury, property damjage or
othler damag s r, whether direct or indirect, or for costs (including legal feef) and
expenses arising~oWt of{the\publication, use of, or reliance upon, this IEC Publication or any other IEC
Puplications

8) AttentiQn is™dra 3 mative references cited in this publication. Use of the referenced publicat|ons is
indispensaple Tolth application of this publication.

9) Attention is dra he possibility that some of the elements of this IEC Publication may be the subject of
pafent rights>~IEC ot be held responsible for identifying any or all such patent rights

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

Fuel tell ’rpnhnnlngipe

IEC 62282-3-100 cancels and replaces IEC 62282-3-1 published in 2007.

const

itutes a technical revision.

IEC 62282-3-100

IEC 62282-3-100 includes the following significant technical changes with respect to
IEC 62282-3-1:

a) general reorganization of the safety requirements;

b) m

ajor changes for addressing electrical safety requirements for internal components;

c) clarifications for numerous requirements and tests, particularly the pressure leakage and

st

rength tests;

d) expanded wind tests;
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e) additional tests for condensate discharge and ventilation leakage.

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

FDIS Report on voting

105/371/FDIS 105/384/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

H o) e 1 I 1 £ [ 1 bl bl Il
ThIS PUDTICAUUIT TTdas DCCITT UrTdltcu 11T avLurualicc Wil tic 1

A list| of all the parts of the IEC 62282 series, under the general title Ft

can e found on the IEC website.

The ommittee has decided that the contents of this publicatio

relatgd to the specific publication. At this date, the publication

* rdconfirmed,

* wj|thdrawn,

* rgplaced by a revised edition, or
* amended.

A bilingual version of this standard may be

gies,

until
data
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INTRODUCTION

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

Power inputs:

System boundary

electrical, thermal,
mechanical R Recovered heat
> Thermal >
management
h’ system Waste heat
»
1 A
Fuel Fuel y l
| processing Fuel
system cell stack (LaJIsectrll)lelpower
or Power —
module conditioning
system
Oxidant Oxidant
» processing Water
v system treatment Internal power
system ee 3 \ W:g;arge
Véntilation >
Ingrt Gas : Ventilation \ \/ Exhaust gases,
Wator » system Automatic nb ventilation
> control e ergy
> system 0r EMI
EMD X
Vibration, A\} NI0|se',
wind, rain, vibration
ten]perature
etc
Figure 1 — Stat ona%el e er systems
pverall design of the ; ~ ticipated by this standard forms an assembly of
ated systems, as orm designated functions, as follows
Fuel proce y hemical and/or physical processing equigment
pllus associated” he ang controls required to prepare, and if necegsary,
pressurize, the thin a fuel cell power system
o System that meters, conditions, processes and| may
pply for use within the fuel cell power system.
heat
and
uring
ment
hergy

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 forced 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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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.

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.

@%
S
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FUEL CELL TECHNOLOGIES -

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

1 Scope

This part of IEC 62282 applies to stationary packaged, self-contained fuel cell power sygtems
or fugl cell power systems comprised of factory matched packages/ofi gtems
which generate electricity through electrochemical reactions.

This $tandard applies to systems

— intended for electrical connection to mains direct, or
alone power distribution system;

h, or to a stand-

— intended to provide AC or DC power;

— wijth or without the ability to recover useful he

al) natural gas and other methane xich gase (i i fossil

b) fuels derived from oil ref|n|n dresel, gasoline, kerosene, liqyefied
petroleum gases :

c) alcohols, ester

fuel sources, '
d hydroger@

town gas.

, Fischer-Tropsch liquids and |[other
derived from renewable (biomass) or fossil
thanol, di-methyl ether, biodiesel,

ing hydrogen gas, for example, synthesis| gas,

NOTE| For special appligation such as “marine auxiliary power”, additional requirements may be given py the
relevapt mdrine ship register standard.

This lstandard—is appllr\ahln io efnhnnary fuel cell power cycfnmc intended for indoofr and

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

This standard contemplates all significant hazards, hazardous situations and events, with the
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 standard deals with conditions that can yield hazards on the one hand to persons, and on
the other to damage outside the fuel cell system only. Protection against damage to the fuel
cell system internals is not addressed in this standard, provided it does not lead to hazards
outside the fuel cell system.

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

2 Normative references

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

IEC qU079-U, Explosive atmospheres — Part U. Equipment — General requirements

IEC §0079-2, Explosive atmospheres — Part 2: Equipment protgCtion_ by rized
enclgsure «p»

IEC g0079-10 (all parts), Explosive atmospheres — Part 10: Clgs

IEC 4q0079-29-1, Explosive atmospheres - Part 29- ance
requifements of detectors for flammable gases

IEC §0079-30-1, Explosive atmospheres — Part - ing —

Gengdral and testing requirements

IEC §0204-1, Safety of machinery —
requifements

machines — Part 1: Gdneral

IEC §0335-1:2010, Household anpd—sjmi é j neral
requitements

IEC §0335-2-51, Housk y 1 i cular
requitements fo ' 5 .

IEC 0417
symbjols.info/equipme

hical-

IEC 4052919

IEC §0730-1 5 neral
requirements

IEC q0730-2-5, Automatic electrical controls for household and similar use — Part] 2-5:
Parti¢ular requirements for automatic electrical burner control systems

IEC 60730-2-6, Automatic electrical controls for household and similar use — Part 2-6:
Particular requirements for automatic electrical pressure sensing controls including
mechanical requirements

IEC 60730-2-9, Automatic electrical controls for 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 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

IEC 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 §1000-3-11, Electromagnetic Compatibility (EMC) — Part 3-11: Li
voltage changes, voltage fluctuations and flicker in public low-volidge
Equinment with rated current <75 A and subject to conditional conne

ipbn of
ms —

IEC §1000-6-1, Electromagnetic compatibility (EMC)
Immdnity for residential, commercial and light-industrial envitonn

ds —

IEC §1000-6-2, Electromagnetic compatibility (EM
Immdnity for industrial environments

ds —

IEC §1000-6-3, Electromagnetic co
Emission standard for residential, corf

ds —
IEC §1000-6-4, Electromagnetic co ili s —

Emisgion standard for industrial envirohme

IEC 41508 (all parts)
safety-related systems

IEC §2040-1, Uru
for UPS

IEC 2061, Safet) ¢
programmable elec ic.oqQntrol systems

ronic

nents

C and

IEC/TS 6228 : echnologies — Part 1: Terminology

IEC §2282-34200
Performance-test me

cell technologies — Part 3-200: Stationary fuel cell power systgms —
ods

ISO 3864-2 (-‘.rnphir.ql Qymhnlc — anpfy colours and anpfy Qignc — Part 2- I')pqign prin ‘iples
for product safety labels

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

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 7000, Graphic symbols for use on equipment — Index and synopsis. Available from:
http://www.graphical-symbols.info/equipment.
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0439, Petroleum, chemical and gas service industries — Centrifugal 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

comp

ressors — Part 2: Packaged air compressors (oil-free)

ISO 10442, Petroleum, chemical and gas service industries — Packaged, integrally geared
centrifugal air compressors

ISO 1
ISO 1
ISO 1
ISO 1

ISO 1
princ

ISO 1
ISO 1
ISO 1

ISO
hydri

ISO 2
requi

ISO
Partiq

ISO
Partiq

ISO 2

2499, Industrial fans — Mechanical safety of fans — Guarding

3849-1, Safety of machinery — Safety related
ples for design

3850, Safety of machinery — E

s

3550, Safety’s

fements

P3551-

ular reqyirements

3553 : control devices for oil burners and oil-burning appliang
ular requi s — Part 1: Shut-off devices for oil burners

6142 Hydrogen detection apparatus — Stationary applications

3 Terms and definitions

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

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) th

e means of access is deliberately provided to the end user;

$ors

neral

16111, Transporfable ga f metal

neral

c) the end user is instructed to enter regardless of whether or not a tool is needed to gain
access
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Note 1 to entry: The terms "access" and "accessible", unless qualified, relate to end user access area as defined
above.

Note 2 to entry: Only service technicians are allowed into non-accessible areas. Service personnel that are
allowed access into non-accessible areas 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

burner port
any dpening in a burner head through which gas or gas-air mix itjon
3.5
combustible materials

item ¢apable of combustion

Note to entry: Such materials shall be cohsi
treated, or plastered

gh flame-proofed, fire-reardant

Note 2 to entry: When pertaining to materials adjacent t i ith, heat-producing applianceg, vent
connegtors, flue gas vents, steam and hot watgr pipes, and«Warm “ajr ducts, those materials made of or syrfaced
with wpod, compressed paper, plant fibres, or other % sapable of being ignited and burned.

3.6

design pressure
highgst pressure that , all operating modes, including steady |state
and tfansient

3.7
effluent
prodycts of con xe€ss air being discharged from gas utilization equipmgnt

3.8
electfo
EMD
any glectromag enomenon that may degrade the performance of a device, equigment
or systems@r'adversely affect living or inert matter

3.9
electromagnetic interference

EMI

degradation of the performance of an equipment, transmission channel or system caused by
an electromagnetic disturbance

3.10

electrical equipment

general term including material, fittings, devices appliances, fixtures, apparatus and the like
used as part of, or in connection with, and electrical installation

3.1

emergency shutdown

safety shutdown

control system actions, based on process parameters, taken to stop the fuel cell power
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system and all its reactions immediately to avoid equipment damage and/or personnel
hazards

3.12

fuel cell

electrochemical device that converts the chemical energy of a fuel and an oxidant to electrical
energy (DC power), heat and other reaction products

3.13
fuel cell power system
generator system that uses a fuel cell module(s) to generate electric power and heat

3.14
fuel ¢gompartment
cabinet compartments with internal sources of flammable gas/vapou

3.15
flue gas vent

passgageway, for conveying vent gas from gas utilization ed
the optside atmosphere (see also 3.33)

ent connectors to

3.16
heat exchanger
vessgl in which heat is transferred fro

3.17
igniter
device which utilizes electrisal energ

3.18
ignition device

device mounted@

EXAMPLE Pilot burners

3.19
ignition systé

3.19.1
flame-establisk ~
periofl of time between the signal to energize the fuel flow means and the signal indigating
presgncelof 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
prior to the lock-out time

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 the
event of failure to establish proof of the supervised ignition source or the supervised main
burner flame. Re-initiating the lighting sequence requires a manual operation
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3.19.4

purge time

period of time intended to allow for the dissipation of any unburned gas or residual products of
combustion

3.19.41
pre-purge time
purge time which occurs at the beginning of a burner operating cycle prior to initiating ignition

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

3.19.p
recygle time
periol of time between the signal to de-energize the gas supp
supetfvised ignition source or the supervised flame and the sign
procgdure

3.20
interjock

contrpl to prove the physical state of a required
safety related control device which performs the

nf ab
g an integral unit for the final conveyance df gas

device or group e ~ ;
or a J:ixture of i 3 bustigh zone, and on which combustion takes plgce to
accomplish the funtcti ich p

b the

3.21
lock-out time
periofl of time between the signal indicati
fuel qupply

ff the

3.22
main|burner

3.23
manifold
condtit(s) [ : or collects it from the fuel cell or the fuel cell stack

3.24
perrr!:ssive
condition within a™agic sequence that must be satisfied before the sequence is allowged to
procdged. to the next phase

3.25
pilot
small gas flame used to ignite the gas at the main burner

3.25.1

continuous 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
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3.25.3

interrupted pilot

pilot which is automatically lit each time there is a signal for initialization. The pilot fuel is cut
off automatically at the end of the main burner flame-establishing period

3.25.4
proved pilot
pilot flame supervised by a primary safety control

3.26

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

3.27
reformer
reactpr to produce a hydrogen rich gas mixture from a raw fuel

3.28
specific gravity

ratio jof the weight or mass of a given volume of a
another substance (air for gases, water for liquids afd) solids)
meagured under the same conditions

of an equal volume of
ed”’as a standard,| both

3.29
state

3.29.1
cold state
state|of a fuel cell powg

rature with no power input or output

3.29.p
operational state

state|of a fuel cellp Substantial electrical active output power available

3.29.8
passjve sta
state|ofdhe powek system when the fuel and oxidant systems have been purged with
steam, ai i pér manufacturer’s instructions

3.29.

stanvay state
state|ofva fuel cell power system being at sufficient operating temperature and in sug¢h 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

3.29.5

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
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3.30

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
15 min apart

3.31

vent connector

that portion of the venting system which connects the flue outlet of gas utilization equipment
to the flue gas vent or single-wall metal pipe

3.32
vent gases
prodycts of combustion from gas utilization equipment plus excess air,pl
venting system

3.33
vent terminal
vent ¢ap

fittind at the end of the vent pipe that directs the flue produ

3.34
ventilation

3.34.
mechanical ventilation
movement of air and its replacement with f%ir b hanical means

3.34.
natural ventilation

movement of aip~and
temperature gra

3.35
venting system

ion-air in the

atmospher

)

fresh air due to the effects of wind and/or

flue gas venya Qr if used, assembled to form a continuous open passageway
from fthe flue'collar tilization equipment to the outside atmosphere for the purpgse of

remoying VER

4
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Géneral safety strategy

The manufacturer shall perform in written form a risk analysis to ensure that

a)

b)

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

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;

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 possible through

1) inherently safe design of the construction and its methods; or
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2) passive control of energy releases without endangering the surrounding environment
(for example, burst disks, release valves, thermal cut-off devices) or by safety related
control functions; and

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

For functional safety, the required severity level, performance level or the class of control
function shall be determined and designed in accordance with:

II—A aonod /[ b 1 L1oO-—4 £ 'H b 'H n Il S aYaVaVaW |
O UZUU T (TTOPCULLIVETY TOU 1 ) U applitatiulico avLurunty U iTihv OuoZvus=

« |HC 60730-1 for appliances according to IEC 60335-1;
 |IHC 61508 (all parts) for other applications.

For failure mode and effects analysis (FMEA) and fault tree anal
standards can be used as guidance:

+ |HC 60812;
* SAE J1739;
- IHC 61025.

4.2 | Physical environment and opere
4.2.1 General

The fuel cell power system and protective as to
be cgdpable of performing their intended fun i < ating

4.2.2 Electrical powex ir

The juel cell p
electfical power input

in 4.7 or as otherwise

hs of
given

4.2.3

The map pecify the physical environment conditions for which the fugl cell
powef sy ‘

— inddoor/outdoo

operating correctly;

- tr*e altitude above sea-level up to which the fuel cell power system shall be capable of

— the range of air temperatures and humidity within which the fuel cell power system shall be
capable of operating correctly;

— 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 limits
and supply characteristics of the fuels for which its design is intended (for example, pipeline
natural gas). In the user’s manual, the manufacturer shall specify the composition limits and
supply characteristics of the fuels to be used in the fuel cell power system.

4.2.5 Water input

The quality and supply characteristics of the water to be used in the fuel cell power systems
shall be specified by the manufacturer.
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4.2.6 Vibration, shock and bump

The undesirable effects of vibration, shock and bump (including those generated by the
machine and its associated equipment and those created by the physical environment) shall
be avoided by 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
seismic shock, which shall be addressed separately if the manufacturer deems it appropriate
for its product (see 4.2.3).

4.2.7 Handling, transportation, and storage

The fuelcelpowersvystem—shal-be-designedtowithstand—or-suitable—precautions—shall be
Lad J g ? ~

taken to protect against, the effects of transportation and storage temperatures within @ jange
of =25 °C to +55 °C and for short periods not exceeding 24 h at up to “C. Alternative
temperature ranges may be specified by the manufacturer.

The fuel cell power system or each component part thereof shall

— bé capable of being handled and transported safely, be projided

w
— be¢ packaged or designed so that it can be stored itk age (for example,
adlequate stability, special supports, etc.).

The manufacturer shall specify specig p i nsportation and storgdge if
requifed.

4.2.8 System purging

Mearls shall be provided in fuel cell syst here, for safety reasons, a passive
state|is required after shutd Qe , as specified by the manufacturer. A

suitalble purge system, utilizi ifi by the manufacturer such as, byt not
limite[d to, nitrogen, ai am in\a honrhazardeUs situation within the intended use may be
used

4.3 | Selection o; p

4.3.1| All materia Sy or the intended purpose.

4.3.2| Wh 3 construct the fuel cell power system are known to |pose
hazafds<dunder\certain circumstances, the manufacturer shall implement the measureg and
provige thed i egcessary to sufficiently minimize the risk of endangering pergons’
safety or health

4.3.3| Ashestos or asbestos-containing material(s) shall not be used in the construction of a
fuel ¢ell.power system. The use of other hazardous substances such as lead, cadmium,
mercury, hexavalent chromium, polybrominated biphenyl, polybrominated diphenyl ether and
polychlorinated 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 cell
power system, in particular those exposed directly or indirectly to moisture or that contain
process 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 and
thermal conditions which are reasonably foreseeable within the scheduled lifetime of the
equipment and for all test conditions. In particular:

— they shall retain their mechanical stability with respect to strength (fatigue properties,
endurance limit, creep strength) when exposed to the full range of service conditions and
lifetime as specified by the manufacturer;
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NOTE| Guidance to account for the degradation effects of hydrogen on the mechanical p€
can bqg found in ISO/TR 15916, ASME B31.12 and Annex B.

4.3.4] Where conditions of erosion, abrasion, corrosion or other
adeqpate measures shall be taken to

4.4

4.4.1| In so far as their glurpo ‘ a%ib

have|no sharp edges,

4.4.2| The fuel cel\po
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they shall be sufficiently resistant to the chemical and physical action of the fluids that
they contain and to environmental degradation;

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

specifically, when selecting materials and manufacturing methods, due account shall be

taken of the material’s corrosion and wear resistance, electrical conductivity, impact

strength, aging resistance, the effects of temperature variations, the effects arising when

materials are put together (for example, galvanic corrosion), the effects of ultraviolet

radiation, and to the degradation effects of hydrogen on the mechanical performance of a
terial

aterial

prise,

mfinimize that effect by appropriate design, for exa br by
appropriate protection, for example, use of liners, claddinyg i ings,

dfaw attention, in the instructions referred
inspection and maintenance me
appropriate, it shall be indicated
rgplacement.

Cy of
Vhere
a for

General requirements

e parts of the fuel cell power system|shall
(o] roug

f it where there is a reasonable expectatipn of

access, shall bed 5 ed 10 prevent persons slipping, tripping or falling jon or

off th

Bse parts.

4.4.3 —eobmponents and fittings thereof shall be so designed and
consfructed (that\(h O able enough, under the foreseen operating conditions (if
nece i Aatic, conditions into account) for use without risk of overturning, falling or

unex t. Otherwise, appropriate means of anchorage shall be incorporate¢d and

4.4.4
avoid hazards or, where hazards persist, fixed with guards or protective devices in such

way

Themoving patts of the fuel cell power system shall be designed, built and laid ¥ut to

as to|prévent 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 so
constructed 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/or equipped that
risks due to gases, liquids, dust or vapours released during the operation or 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
shock-mounts is permitted when suitable for the application.
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4.4.8 All safety shutdown system components, whose failure may result in a hazardous
event, as identified by the risk analysis noted in 4.1, shall be recognized, certified or
separately tested for their intended usage.

4.4.9 The fuel cell power system shall be so designed, constructed and/or equipped that
risks due to gases, liquids, dust or vapours released during the operation or maintenance of a
fuel cell power system, or used in its construction can be avoided.

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

4.4.1/1 If external surfaces of the fuel cell power system’s enclosure, handles, oi bs or
similgr parts may be contacted by users without personal < i the
manyfacturer shall either limit the temperature of these surfaces all tikpesd ing to
Tablg 1 or the manufacturer shall fix guards or protective devices i S prevent

risk of contact that could lead to accidents.

Table 1 — Allowable surface tempe@sx

Tem erature rise
Part O
/\ IN
\"
External enclosures, except handles eI in no 60

Surfaces of handles, knobs, grips and sinilar whi Mg/
for short periods only in normal use
— of metal 35

— of porcelain 45

— of moulded ma&aw r@e\\w@\/ 60

ratu s above ambient of external surfaces that may be
wit out personal protective equipment. The above values
:2010.

3

based on an ambient temperature not normally exceeding

The temperatutes om\walls, floor and ceiling adjacent to a stationary fuel cell power system
shall jnot exceed °(>above ambient temperature under the test conditions of 5.12 b).

4.4.12.°The fuel cell power system shall be so designed and constructed that the emissjon of
airbormemoisetsreducedtoatevetsuitedforthe—internded—useortocationmimn uumpiianuc with
applicable regional or national airborne noise codes and standards.

4.4.13 The fuel cell power system exhaust to atmosphere, under normal steady-state
operating conditions, shall not contain concentrations of carbon monoxide in excess of 0,03 %
by volume in an air-free sample of the effluents, which is a sample that has its effluent carbon
monoxide (CO) concentration mathematically corrected as though there was zero percent
excess air.

The CO concentration of the dry, air-free combustion products is given by the formula:
CO = (CO)ayg * (CO2)max ! (CO2)ayg

where
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CcO is the carbon monoxide concentration of air-free combustion
products in percent;

(CO2)max is the maximum carbon dioxide concentration of the dry, air-free
combustion products for test fuel in percent;

(CO)ayg @and (CO3)4yq 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 * (21) 1 (21 = (O2)ayg)
where

(CO)aWM%W_a&ﬂMmemmmmimple
taken at least 3 times during the test, both expressed in percent.

4.4.14 Where explosive, flammable, or toxic fluids are contained in
precgutions shall be taken in the design and marking of sampling angd

briate

4.4.15 The maximum temperatures of components and materj | cell
powef system, shall not exceed their temperature ratings.

4.4.1 ower
syste Hses)
are p

4.4.1 any
antici shall
have

4.41 htion.
The manufacturer shall ough

cond¢nsate drain lines

4.5
4.51

Press actors, heat exchangers, gas-fired tube heaters and baqilers,
elect lators and similar containers, and associated pressure |relief
mechlanisms, s reli es and similar devices, shall be constructed and markled in
accotldag W i e regional or national pressure equipment codes and standardsg.

Vess tanks and similar containers that fall outside the scope of national prepsure
equip s/shall be constructed of suitable materials in accordance with 4.3 and
shall|meet)the applicable requirements of 4.4. Such vessels, and their related joint§ and
fittinds,<shall be designed and constructed with adequate strength for functionality and
leakage Tesistance to prevent unintended refeases.

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

4.5.2 Piping systems

Piping and its associated joints and fittings shall conform to the applicable clauses of
ISO 15649.

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

The design and construction of both rigid and flexible pipes and fittings shall consider the
following aspects.

Materials shall meet the requirements specified in 4.3.

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 accumulatlon inside gaseous fluid piping could cause
d—¢ ical

el controls. Sediment traps or filters shall be instal te gujdelines shall be
ovided in the technical documentation of the product:

dt the
risk
hents

on-metallic piping used to convey combustib
bssibility of overheating and mechanical ga

p

N

p

a temperature of compo
c mveying combustible gases fro Y, [ i peratures.
L

d

de

3

capturing, recycling or| safe
sposal of released liquid fuel. Dfi double-walled pipe shall be

The fuel cell power system x i with a vent system to convey produgts of

combustion from fue] utilizati Toly to the outside atmosphere. The manufacturer|shall
either supply a -

technlical documenta
meet

ts the requirements, or provide in the product’s
stem

equirements specified in 4.3.

In particular, the venting system

ate all Re. | ad on its temperature limitation, strength and resistance to the gction

arts, including~parts within the fuel cell power system, shall not break, disassemble or

s
m
o]
The ventingksystem parts of a fuel cell power system shall be durable. Venting system
p
become damaged to the extent that they permit unsafe fuel cell power system operatipn.

The.Vent pipe shall be properly supported and shall be provided with a rain cap or |other
feature that would not limit or obstruct the gas flow from venting.

A means, such as drainage, shall be provided to prevent water, ice and other debris from
accumulating inside the vent pipe or obstructing 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 is
commercially available or to accommodate a conduit as specified in the manufacturer’s
installation instructions.

Pressure switches used to prove exhaust gas flow, if used, shall be factory set, or at the
manufacturer’s discretion, be set by authorized personnel at the construction site. The
adjustment means shall then be secured. A pressure switch shall bear a marking
indicating clearly the appliance manufacturer’s or distributor’'s part number or appropriate
documentation which correlates to the locked pressure setting.
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4.5

The gas-conveying parts shall comply with the following condition:

4 Gas-conveying parts
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Parts of a pressure switch in contact with exhaust gas condensate shall be corrosion-
resistant to exhaust gas condensate at the normal operating temperatures.

The fuel cell power system shall be capable of starting up and then shall operate with the
appropriate carbon monoxide (CO) level when the vent system is exposed to up to 116 Pa
static pressure or up to 134,5 Pa velocity pressure (from 9 km/h to 54 km/h wind velocity)
according to the tests in 5.13.

When the fuel cell power system is provided with a venting system, the temperature of the
exhaust gases conveyed by that venting system shall not exceed temperatures acceptable
for the materials used to construct the venting system.

The vent system length shall be within the limits bounded by the testing carried out in
auUSEe 5.

nined

the gas passage shall be gas-tight such that the tigh{
under ordinary transportation, installation and use.

Protection against fire or explosion hazards

he integrated systems of the fuekcellNpov Bvent
hzards associated with flammable™g Q i ower
stem.

y be
such

{ meet
). e volume within dilution boundaries shall be
10N\ The LFL of typical gases are provid¢d in

ptermined by compugatiepal d
5 those given in IEC &
He requirements $

classified accordit
I§C 60079-2@
Clabinet compaftp
a

5 fuel compa

T
h

s

The boundary for dilution of nor
d X
a

t

purces of flammable gas/vapour release are dgfined
ents shall be designed to

—| maintai aS Mxtt w-25 % (LFL), except in dilution boundaries; and

|
3
=
—_
(0]
(0]
x

boundaries to within the fuel compartment.
ethods\to, maintain\normal internal releases below 25 % (LFL), except in diJution

Controlled_oxidgation of normal internal releases

Thisymay be accomplished by the provision of a continuous and reliable ignitiop and
oxidant sources that ensures the combustion of the released gases or the utilization of

r\afaly’rir- oxidation units.

The manufacturer shall ensure that the maximum credible release, when reacted,
produces pressures and temperatures that can be contained within the fuel
compartment and tolerated by the components exposed to such conditions.

2) Air dilution of normal internal releases

This may be accomplished by the provision of mechanical ventilation to dilute with air
the concentration of normal releases to less than 25 % (LFL), except within dilution
boundaries. In all cases, the minimum ventilation rate shall be consistent with the
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 shall
be confirmed by measuring either flow or pressure. Failure of ventilation shall cause a
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shutdown of the process equipment. Control functions to ensure this ventilation shall
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 pressures
if adequate means are provided to limit the concentration of flammable gas below 25 %
LFL under all conditions of use except within dilution boundaries or as described in
4.6.1 g).

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 1 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 dewces that ate not'st|table
for the area classification according to 4.6.1 b). Purging j} if the
atmosphere within the compartment and associated ducts «¢ d by
design to be non-hazardous. All devices, which shall be en ing or
in order to accomplish purging, shall meet the requiremep

Within areas classified as hazardous in 4.6.1 b), exce ction
method described in 4.6.1 d) 1), the manufacturer Mninate ignjtion sources by
efsuring that the

—| installed electrical equipment is suitable for ssification according to
IEC 60079-0 and other applicable parts o

—| installed electrical resistance traceNhea o pli i 30-1;

—| surface temperatures do not exce 3 -ighiti , ssed
in degrees Celsius, of the flammable gas- s i - idance

fluids
h the

—| equipment containj
with air shall be

—| potential fo ati
and by @

Clompartments

ding,

bd at

ppsitive presg AS or
vapour accordi ' ) cified
i 4.6.1

,lor a

S.

idden “and “catgstrophic failures need not be considered a release scenario in this
alysisswhen protection against such failures has already been contemplated ip the
pressure equipment and piping design (see also 4.5).

T
c
d{lution beundaris
S
a

“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.

Potential for static discharge has been eliminated by proper bonding and grounding of
metallic parts by selecting materials that do not generate charges which could result in a
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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 % LFL by e.g. 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 2 Non-metallic tubing carrying hydrogen gas may accumulate electrostatic charge along its surface.
Discharges from the surface of this tube may be sufficient to ignite a flammable mixture of gas or vapour in the
surrounding environment. |IEC 60079-10 addresses measures to eliminate electrostatic discharges in Zones 1
and 2. This may be achieved by specifying a tube material with sufficient conductivity, or by limiting gas flow
velocity to values below which electrostatic charge does not accumulate.

NOTE 3—Maetal-braid-coverings—or-condusctive-wires-within-the-non-metatic-tubing-wall-may-increase-the-chance of

electrdstatic discharge if those conductors become disconnected from their bonding conducto

4.6.2 Prevention of fire and explosion hazards in burners

Flel cell power systems shall be designed in such a way that\t id-bp of
flammable or explosive gases in burners (start, main and auxiliary\btxners. oka reformer
section, tail gas burners) is avoided.

The main burner shall be fitted with a pilot or a device fo

The direct ignition device shaII be controlled ause
deterioration of the burner. with
rg eht incorrect assembly
of reversible mounting of any direct ignition device jn yelati i ed.
Pjlots shall be controlled automatica irect igniti i [ . Pilots
shall be designed and fitted in such.a we i i o the
blirners that they ignite. When a pilot i i d be
eyaluated only under the construct

Al i i comply with requirements specifled in
419.2 and shall be fi ed i safe start-up, operation and shutdown
including lock-out i N monitoring is an integral function df this
control.

The main b other
aflequate me pilot
shall be detect ing an
in main
b

T main
b flame
i j

If lame

If| the\heat input of a pilot exceeds 0,250 kW, or in case of direct ignition of the [main
burder, the start-up lock-out time is determined by the manufacturer so that, in
accordance with the delayed ignition test (5.10.2), no health or safety hazard tor 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 3 times, each time
followed by recycling of the burner control system. A higher number of attempts shall 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.
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.
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t)

Exception: The primary safety control need not de-energize all fuel safety valves if the
temperature of the burner cavity with which the flammable air/fuel mixture is in contact,
exceeds the auto ignition temperature of the fuel, measured in °C.

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
starts when the ignition device is energized. An absence of flame at the end of the flame-
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 an
interruption of the gas supply and purging; the ignition sequence shall restart from the

begimmimg i this Tasethefame=estabtlisting period—s—the—sameas s used—for ignition
and starts when the ignition device is energized. Recycling shall be atte ed a maxjmum
of 3 times, each time followed by purging. An absence of flame 3 third
aftempt shall result in, at least, a lock-out.

An automatic electrical burner control system, as defined i all be
afranged to prevent feedback by a motor, capacitor or simite ng a

When, for safety reasons, a passive state is required<prior{y_s} own,
means shall be provided to automatically purge g L f any
flammable gas mixture before the trial for ignitigh at the cling
trjals. This purge shall provide a minimum of four aif changes’i e/combustion chainber.

he amount of air purged shall be monitored/ o f e S level

hese
ation

utomatic burner control system co
bvices and main burner ignition wi

. The
hd to

Ed to
and

Ns to
el or

he fu€@l™cell pédwer system under a blocked outlet condition shall not produce a
bncentration of carbon monoxide in excess of 0,03 % in an air-free sample df the
effluents, or as specified in national regulations, according to the test of 5.19%.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
released 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)

(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
limited to, nitrogen, air or steam. The extent of purging is determined by considering flow
characteristics, system dynamics and geometry. The amount of purge gas shall be
monitored by a safety related control function. The level of safety shall.be basedon the
risk analysis according to 4.1.

Where air is mixed with fuel, the manufacturer shall provide ad eans\to prevent
a|r from flowing back into the fuel line, or fuel into the air supply

1) For air-rich systems
Je |air phigr to regction

ide fuel prior to redction

sed, shall be designgd to
ist accidental breakage| and

23

onsidering the response time ¢f the

s d up the maximum allowable qupntity
o] be contained in the system bas¢d on
fl 2 d system dynamics and geometry.

If aed within the reaction initiation time, the system
shall autom p S y or, for fuel-rich operations, the supply [of all
rg¢actants.

The temperat shall be monitored either directly or indirectly| The
re i erature or rate of temperature change of the catalyst falls oytside
th JeNs ified by the manufacturer. Then the system shall automatically
S ot fuel-rich operations, the supply of all reactants. The regction
fgilure not exceed 3 s. A longer lock-out time is acceptable as
dete facturer on the basis of a safety analysis.

If i el and air could potentially build up inside the fuel cell power system
fqllowing\eithérth€ failure of a reaction to start within the reaction initiation time, ¢r the
ektinction of a reaction, or decrease or increase of the reaction rate to unsafe levels, the
mandfacturer shall ensure that the maximum quantity of flammable mixture that pould
C Udlb:y auuunlu:atc, If bUIIIbUDtUd, pluduuce MITCOooUITO allk‘:lI tUIII}JUIGtuIUO that \Y2 n 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 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

relevant electrical product application standard(s). For example:

+ |EC 60335-1
+ |EC 60204-1
+ |EC 60950-1
+ |EC 62040-1

e.g. residential/commercial and light industrial);
e.g. large industrial);
e.g. telecom);

(
(
(
(e.g. UPS).

The delection of the appropriate application will be provided in the technica

The fuel cell designer shall also consider the following fuel cell specifi¢

« rgsidual charge on the fuel cell stack;

« emnergy hazard between cells.

4.8 | Electromagnetic compatibility (EMC)

intengled environment. As applicabl
following standards: |EC 61000-3-

IEC §1000-3-11, IEC 61000-6-1, IEC 6 , and IEC 61000-6-4.

4.9 | Control systems a

4.9.1 General requjreme

pecification

. : : yces above the |
apprqpriate for its intended places of use. In addition, i ghall have an ade
level|of immunity to electromagnetic di nces i operate correctly
f tem shall comply with the
61000-3-4, IEC 61000-3-5,

levels
uate
n its

4.9.1|1 The riskanalysis” a i M shall provide the basis to set the protgction
parameters of tet circutf.

4.9.1|12 The fuel c& ¢ all be designed in such a way that the single failyre of
a component does not g de mto a’hazardous condition. Means to prevent cascade fallures
incluge, but arexotNim

— piotece ices) in\the fuel cell power system (for example, interlocking guardq, trip

— uge ofproven techniques and components,

— provision of partial or complete redundancy or diversity, and

— provision for functional tests.

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

4.9.2.1 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.

Automatic electrical burner control systems shall comply with IEC 60730-2-5.
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Automatic electrical control systems for catalytic oxidation reactors shall comply as applicable
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 and
activation.

In particular, the following requirements apply.

4.9.2.2 Start

The start of an operation shall be possible only when all the safeguards are in place and are
functional.

Suitaple interlocks shall be provided to secure correct sequential starti

It shgll be possible for automated plant functioning in automati fter a
stoppgage only after the safety conditions have been fulfilled. It . pstart
the fliel cell power system by intentional actuation of a eqntrol prow bose,
proviged such restarting is verifiably non-hazardous.

This fequirement does not apply to the restarting of, system resulting| from
the nprmal sequence of an automatic cycle.

4.9.2|3 Shutdowns

As dgtermined by the risk analysis indigca in4. unctional requirements of the fugl cell

— Emergency shutdown
Anh emergency shufdown\s, 2T | flow
mleans, or for fuel- 1 d the
mlain fuel flo on of
an internal fa

— Nprmal shutdow
Al normal shutdown . operation, the de-energization of the main fuel flow
mleans, or i ation, the de-energization of both the process air flow and the
mfain fuel 8ans, as\the result of the opening of a control loop by a control device

4.9.2|3.1
a) General

Emergency shutdowns shall be incorporated as part of the fuel cell power system in prder
tq avert actual or impending danger that cannot be corrected by controls. These fungtions
shall

— stop the dangerous condition without creating additional hazards,

— trigger or permit the triggering of certain safeguard actions where necessary,
— override all other functions and operations in all modes,

— prevent reset from initiating a restart,

— 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 analysis in
4.1 shall have clearly identifiable, clearly visible and quickly accessible controls in
accordance with 1ISO 13850.
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c)

4.9.213.2 Normal shutdown

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 system
hardware

— the fuel cell power system shall not be prevented from stopping once the stop
command has been given,

— automatic or manual stopping of the moving parts shall be unimpeded,
— the protection devices shall remain fully effective,
— 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 ¢f the
shutdown function shall not initiate any hazardous condition. Contro}/monitoringhsy§tems
that can operate safely in the hazardous situation may be left energized to proyide system
infformation.

Upset conditions that can be safely controlled or that do ng immedng ger may be

correpted with a normal shutdown. A normal shutdow
equigment, or may leave power available to the fuel ceg

4.9.214 Permissives

Permijssives shall be implemented
analyjsis described in 4.1.

4.9.2|5

established from th¢ risk

Complex installations

When the fuel cell power{systeny’i ) together with other equipment, th¢ fuel
cell gower system shuytdow i ch & emergency stop, shall be provideq with
mearls, such as signali d 9 e coordinated shutdown with equigment
upstream and/ i g, of the fuel cell power system if contjnued

opergtion can bs b

4.9.2(6

a) Flpel cell powek sys
. bstantial electrical output power); and
Npn-opera

cold-state;

* | passive state; and

b Slolfhdge sidle.
There shall be two primary transitions: start-up and shutdown:

o start-up is the transition from NON-OPERATING to OPERATING MODE and shall be
initiated from an external signal,

» shutdown is the automatic transition from OPERATING to NON-OPERATING MODE. It
may be initiated either via an external signal, or internal signal in response to out of
limits conditions to the fuel cell power system controller.

Secondary operating modes and transitions may be provided as necessary, such as to
allow for different power output rates or for adjustment, maintenance or inspection
activities.

Mode selection

If the fuel cell power system has been designed and built to allow for its use in several
control or operating modes presenting different safety levels (for example, to allow for
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adjustment, maintenance, inspection, etc.), it shall be capable of mode selection that can
be secured in each position. Each position of the selector shall correspond to a single
operating or control mode and shall be fitted with restart lock-outs. A new start command
may take effect on normal operation only after the restart lock-outs have been intentionally
reset. Mode selection shall be allowed by any securable means, such as a positioning
knob, key lock, or software command, to prevent unintentional change to a different mode
that may lead to a hazardous condition. The selector may be designed to restrict user
access to certain fuel cell power system operating modes (for example, access codes for
certain numerically controlled functions, etc.).

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

Fuel cell power systems that can be operated remotely shall have a (¢ akelled switch or
other|means to disconnect the fuel cell power system from remot ) ‘ used
while| a local operator performs inspection or maintenance. Remote i - bntrol

systems shall

4.9.3 Protective components
4.9.31 General

Suitaple protective devices, and combi

have their/protect; independent of other possible functions;

be allowed on fuel cell power systems only where remg hsafe

cpndition,

npt override locally set protective safety controls

ations thers Qmprise

adequate monitoring dew| Huate
action to be taken either automat stem

bel so designed-ar ) duty
and take into as¢ S Vhere
applicable

design principles in order to obtain suitable and re|iable

pr teion. inciples include, in particular, fail-safe modes, redundancy, divgrsity

Dangerous<overloadirig of equipment shall be prevented at the design stage by meaps of
integrated Jmeasurement, regulation and control devices, such as over-current cut-off

lays,

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
protective 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

a)

Pressure limiting devices, such as pressure switches, shall comply with IEC 60730-2-6.
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b) Temperature monitoring devices shall have an adequately safe response time, consistent
with the measurement function, according to IEC 60730-2-9.

c) A fuel cell power system may elect to use a gas detector as a protective component to
mitigate against possible gas leakage. A gas detector, if used in the fuel cell power
system, shall comply with ISO 26142 or IEC 60079-29-1, as appropriate.

d) A gas sensor control loop (sensing element, electronic 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 manufacture,
and which should not be manipulated by the user or the installer, shall be appropriately
drotected.

Uevers and other controlling and setting devices shall be clea given
gdppropriate instructions so as to prevent any error in handling. TK®e i Il belsuch
ds to preclude accidental manipulation.

4.10 | Pneumatic and hydraulic powered equipment

Pneumatic and hydraulic equipment of fuel cell power systg€
ISO 4414 and ISO 4413.

gned according to

4.11 | Valves

4.11.1 Shut-off valves

a) Shut-off valves shall be provided stems where containmgnt or
blockage of the process fluid flow A Nysduring shutdown, testing, maintenpnce,
upset, or emergency conditions.

b) Shut-off valves sha pressure, temperature, and | fluid
characteristics.

c) Aftuators mounted 0 all_be temperature-rated to withstand the|local
afnbient temperxa iti sonducted from the valve body.

d) El]ectrically, @ matically operated shut-off valves shall be of a typ¢ that
will move to a fai ition

matic

in series, each of
-arves—ay-—o=o may

not be contained in a single control body.

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

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

e) Flammable gaseous manual shut-off valves shall be suitable for their intended application
based on ISO 23550.
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4.12 Rotating equipment

4.12.1 General requirements

e)

4.12.2 Compressors

Rotating equipment shall be designed for the pressures, temperatures and fluids to which
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 temperatures
and pressures expected in normal and abnormal operation and during normal and
emergency shutdowns.

Shaft seals shall be designed such that hazardous fluid leakage is avoided. If shaft seals
Idak hazardous fluids, the manufacturer shall provide hazardous fluid containment or
d{lution means as necessary to avoid risks to health or safety.

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

4.12.2.1 Where appropriate, packaged compressors shall co he follpwing

standards: 1SO 5388; SO 10439; [SO 10442; ISO 1370

ISO 13631.
4.12. or
comp
a) P - and
p
T le of
g
that

e scope of the standards referenced in 4.12.2.1 due
sure need only comply with the requirements spegified

(fans and blowers) shall be guarded

4.12.8.1/ Packaged electric pumps for process liquids shall conform to ISO 13709 or

1ISO ’]_4_847, if Qppllr\ahln_

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)

b)

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 pressure
rating of the piping, relief valves are not required.

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.
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4.13

Cabinets

4.13.1 Fuel cell power system cabinets shall have sufficient strength, rigidity, dura
resistance to corrosion and other physical properties to support and protect all fuel cell power
system components and piping; in addition, to meet the requirements of storage, transport,

instal

lation, and final location conditions.

bility,

4.13.2 Fuel cell power system cabinets intended for use indoors or under conditions of
weather-protected outdoor locations shall be designed and tested so as to meet a minimum

P20

rating according to IEC 60529.

4.13.
as to

norm
appli

4.13.
shall
reasd

4.13.
acces
dam4

4.13.
acceq

4.13.
users
use d
all ag

4.13.
dispo

4.13.

the pf

4.14

The Tuel cell power sysiem infended for use outdoors shall be designed and test
meet a minimum IP23 rating.

cation.

b All materials used to construct cabinets, including/joi
be capable of withstanding the physical, chemical ~a

b Access panels, covers or insul
sibility shall be designed such
ge or impair insulating value.

or untrained personhpe S or retaining it in place and shall requin
f a tool, ke Simj ' 5 to open. For residential units, this shall in
cess panel

bd so

e the
clude

br for

ed in

InsuITtion 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);

— fire safety, by limiting surface temperatures of heat-producing objects to prevent the

ig
— fu

nition of materials in proximity to them;

ture accessibility of piping, fittings, etc. for maintenance purposes.

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

— be mechanically or adhesively retained in place and shall be protected against

di

splacement or damage from anticipated loads and service operation;
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— withstand all air velocities, temperatures and fluids to which they may be subjected in
normal operation.

If necessary, to avoid hazards to health and safety, the manufacturer shall specify in the
maintenance manual the thermal insulation system inspection and safety requirements.

4.15 Utilities
4.15.1 General requirements

The fuel cell power system shall be designed and constructed such that in the case of the loss

of the u’rili’ry qllpply the system will not calise

a) apy health, safety or environmental hazards, or

b) permanent damage to the system.

4.15.2 Water supply

a) Where the fuel cell power system requires water to operats igh a
cpnnection to an on-site water supply in accordance wi Y or throdgh a
self-contained water source; alternatively, it shall be cient
gbiantities during operation.

b) Process water shall be prevented from cqntay s in
agcordance with local regulations.

c) If| applicable, means shall be pgovided vater
treatment system of the fuel cellNpower s alent
device meets the intent of this provisin

4.15.8

If applicable, means shallN\ye proyvided 8 burge

gass¢s into the fuel sop
4.15.E
4.15.4.1
A serjvice receptas i igh may
be pgrt of the
1] the
the
the recepta I cell
power system; and

4] <a_suitable marking indicating the voltage and current limitation of the receptagle is

focatedadjacent to the Teceptacte:
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
personnel shall be provided with a means for physically locking-out the disconnection device
to prevent inadvertent reconnection before servicing has been completed.

NOTE Instructions can be provided to allow servicing parts of the equipment with or without opening the
disconnection device.
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4.15.4.2.2 Disconnection devices

Disconnection devices shall be provided to disconnect the fuel cell generator from the AC or
DC supplies for servicing by qualified personnel. The means of isolation can be located either
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 disconnection device is
incorporated in the 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 all the requirements for such devices. For stationary fuel cell 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
be provided external to the equipment

4.15.4.2.3 Parts which remain energized

Parts| on the supply side of a disconnection device in the equipmep
when| the disconnection device is switched off shall be guarded an
the likelihood of accidental contact by a service person.

gized
duce

4.15.4.2.4 Disconnect operation

If th¢ operating means of the disconnection deyice is ertically rather | than
rotatipnally, or horizontally, the “UP” position of the i shall be in the|“ON”
position.

4.15.4.2.5 Three-phase equipment

For three-phase equipment, the discornection devie \all disconnect simultaneously afl line
conduyictors of the AC mains supply. Far e juifing a neutral connection to a gower

distribution system, the djsconnegtion device a four-pole device and shall discohnect
all line conductors and th . If this four-pole device is not provided in the
equigment, the installgtiqon i pecify the need for the provision of the device
exterpal to the equip j i ection_device interrupts the neutral conductor, it[shall
simultaneously i & 3

4.15.4.2.6 Singlex

A disponnection d wjdedh or as part of the equipment, shall disconnect both poles

X on the identification of the earthed conductor in the DC mains
suipply, eutral in an AC mains supply, it is permitted to use a singlg-pole
disconnection device that disconnects the unearthed (line) conductor, or

b) if|it is-net possibie to rely on the identification of the earthed conductor in the DC mains

slipply;“or an earthed neutral in an AC mains supply, and the equipment is not proyided
w|1;h a two-pole disconnection device, the installation instructions shall specify that 4 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 in 4.1, shall
have clearly identifiable, clearly visible and quickly accessible controls such as buttons, in
accordance with 1ISO 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
on additional disconnection of power supplies in the building wiring, the installation
instructions shall state this. Plug-connected fuel cell generators do not require an emergency
switching device if the plug can perform the same function.
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4.16 Installation and maintenance
4.16.1 Installation

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

Errors likely to be made when fitting or refitting certain parts which could be a source of risk
shall 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 parts
and/or their housmgs where the direction of movement shall be known to avoid a risk. Any

imized
ector

ich a
shall
Avoid

O
-
—~
(2]
>
=
o
@
©
o
(7]
@
=2
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~—
o
o
Q
=
]
<
o
c
—
Q
o
(]
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3
D
>

) : ir, cleaning and seryicing
operations while the fuel cell o i stahdstill. When adjustnent,
maintenance, repair, cleaning and servicing o{be conducted while the fuel cell power
stem is operatlng the fuel ceII powe f désigned so that those fungtions

ave to be changed frequently shall be
G g hout the risk of injury. Access tp the
components shall gnable be car ied out with the necessary technical njeans
(tbols, measuring| In q accordance with the product’'s technical
d qumentati<>
d) Where, for pretecti
fdel cell power st
pfotected fron

instructions or diagrams are to be adhered to the
bedisplayed using a permanent method, resistant fo, or
onditions of use.

5

5.1

A sample, represeantative of production, shall be examined for compliance with this standard.

Each|new design shall be subjected to the type tests. Components making up the systenp that
have mmmmmmpmw ifi = ; thr ; i sting

requirements.

In order to obtain the required operating conditions, type tests shall be performed in a test
environment simulating that for which the fuel cell system is designed. In particular, the test
environment shall provide interfaces at boundary limits according to the designed application
of the fuel cell power system (see Figure 1). It is recommended that the type tests be
performed in the order described below. The type test under abnormal conditions may be
destructive.

Test measurements shall be converted to the following reference conditions:

— temperature (15 °C);
— pressure (101,325 kPa).
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5.1.1 Operating parameters for tests

5.1.1.1 Unless there are specific test conditions called for elsewhere in the standard, test
conditions shall be formulated from the most unfavourable combination of the manufacturer’s
operating specifications and the parameters set out below:

Y

supply voltage;

T

supply frequency;

Qo O

)
)
) physical location of equipment and position of movable parts;
) operating mode;

)

D

afljustment of thermostats, regulaling devices or similar conirols in end uUSer access, greas,
which are
1

) adjustable without the use of a tool, or
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5.1.1|2 Except where otherwise stated in the particulad
carrigd out with the maximum uncertainties indicated belew;

gtmospheric pressure (Pa)

dombustion chamber and test flue pressur

)
)
c) das pressure (Pa)
) Water-side pressure loss (Pa)
)

e) Water rate (I/h, m3/h) +2 %;
f) das rate (m3/h) +2 %;
g) dir rate (m3/h) 2 %;
h) tlme (h)

+ for ignitio i +0,2s;

-+ for all other' = 0,1 %;
i) Qquxiliary i mance kWh or kW *2 %;
i) temperat

- +1K;

i 2 K;

<1 combustion products +5K;

-1 <fdel gas +1Kat T<100 °C;

+ 1 % of reading in °C:
100 < T < 300 °C;

+ 5 % of reading in °C: T = 300 °C;
— surface +5K;
k) CO, CO2 and O2 for the calculation of flue losses * 6 % of reading;
l) gas calorific value in kWh/m3 +1%;
m) gas density in kg/m3 +1%;
) mass in kg + 1%;
0) torque in Nm + 10 %;
)

force in N +10 %;
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g) currentin A +1 %;
r) voltage inV +1 %;
s) electrical power in W, kW +2 %.

The full range of the measuring apparatus is chosen to be suitable for maximum anticipated
value.

For the determination of the leakage rate, a method is used which gives such accuracy that
the error in its determination does not exceed 2 % of related volume per hour.

asurements, | For
wple,-effiCiency
y be

meagurements requiring a combination of individual measurements (for,
meagurements), the lower uncertainties associated with individual pfese
necesgsary to limit the total uncertainty.

Theﬂmeasurement uncertainties indicated concern individual me

5.1.1|3 Normal operating voltages

Operating voltages are determined by the manufacturer’s
5.2 | Test fuels
tests

comnpercially available natural gas at re. If

requifed by the country of destination, limit
gases:

—  RQurner operating charg

- dffective ignition (

— ignition — voltage yaria

- recycling/sp@

- pilot flame redug

— delayed ignit{on

5.2.2| A fu Sr-SY have
the tests ifi arel sures
refleqts ¢ mum
expected ga \ ) also

be canductedWwith limi gas n-butane:

- Rhurpéroperating characteristics (5.9);
- ffective ignition (5.10.2.2):

- ignition — voltage variation (5.10.2.3);

— recycling/spark restoration (5.10.2.6);
— pilot flame reduction (5.10.2.7);

- delayed ignition (5.10.2.8).

5.2.3 A fuel cell power system intended for use with other type of fuel(s) (see Clause 1)
shall be tested with test fuel(s) of composition and supply characteristics representative of the
fuel(s). If the fuel has a range of composition, the following tests shall be conducted at the
extremes of the composition range:

—  burner operating characteristics (5.9);

- effective ignition (5.10.2.2);
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ignition — voltage variation (5.10.2.3);

recycling/spark restoration (5.10.2.6);

pilot flame reduction (5.10.2.7);

- 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, start-

up devices, venting or exhaust systems and all field furnished equipment shall be installed
and operated in accordance with the manufacturer’s instructions.

Unlegs otherwise stated, the fuel cell power system shall be operated

a) with the inlet supply pressure as defined in 5.2;
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Testing shall commence when the fuel cell powe
temperature, unless otherwise specified.

sompanents are at equilibrium

5.4 | Leakage tests
5.4.1 General

The procedures in 5.4 sha
non-destructive tests speét

and following the conduction ¢f, all

5.4.2 Pneumatic le
5.4.2|1 Gene

Portipns of the fug ss of
the limit specified b&low 1 ; , the
nominal ope g 9 that
corre|ate with\the exp

Prior [to conductiRg thi 5 same
interrjal press g normal operation of the fuel cell power system. These compopents
shall comprise“anindividual test section which shall then be pressurized separately and, when
deemed, fiecessary, isolated from the rest of the fuel cell power system by any convgnient
means.

A suitable pressurizing system, capable of supplying the gaseous medium at the required test
pressure, and a suitable flow-measuring device, capable of measuring the leakage rate with
an accuracy of 2 %, shall be connected to the inlet of a test section. The flow measuring
device shall be located between the pressuring system and the test section to be pressurized.
The outlet of the test section shall be sealed by any convenient means. All functional parts
shall be caused to assume their open position so that the required test pressure is exerted on
all parts 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 2 is attained gradually in
approximately 1 min. This pressure shall be maintained for at least 1 min, or greater as
appropriate, at which time any leakage, as indicated by the flow-measuring device, shall be
noted.
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5.4.2.2 Test method 1
If natural ventilation is used to compensate for fuel leakage, the allowable leakage shall be

determined by means of a gas detector to ensure that area concentration does not exceed the
25 % of the lower flammability limit (LFL) in 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 is
determined by the formula:

C=U0,0T X (VIR)

wherg

L is|the allowable leakage rate, in cubic meters per hour, fo
respqctively;

parts

R = (TGSG/FGSG)"?, where TGSG is the test gas specific gré
specific gravity;

| gas

or

R =(
visco

olute

The A

q

%

A cor

wher
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Table 2 — Leakage test requirements > ¢ ¢

Hazard Test type System design Test parameters Passl/fail criteria
conditions
Flammable Hydrostaticb All pressures 1,5 times design pressure No leakage as defined in 5.4.3
Pneumatic® All pressures 1,1 times design pressure No bubbles using an industry
accepted leakage detection fluid
5.4.2.2 Test method 1
5.4.2.3 Test method 2
Toxic Hydrostaticb > 100 kPa 1,5 times design pressure No leakage as defined in 5.4.3
(e.g.
carbon <100 kPa 1,0 times design pressure No Ieakﬁge\as defined’in|5.4.3
monoxide . - - \ ;
Pneumatic All pressures 1,1 times design pressure No bles usihg-anjindystry
ag epted (eakage\detectipn fluid
5.3\2\&Te§t\mét~{od\r>
514.213 Tt method2
(\ ‘Q\\%otz}t* I\&k/a/ge as d¢fined in
Thermal- Gas > 300 °C During fuel A Mmperature adjacent to
Burn (e.g. air system opgration the piping system and or|the piping
hazard and iqsujation cannot exceed|300 °C.
exhaust)
Can be conducted concufrently
AN w Y with testin 5.13
< 300 °C \N\O\Qquiﬁwent\ / No requirement
Liquid >1,1 MPaor =120 ° 1,5 M design pressure No leakage as defined in|5.4.3
(e.g. —fqQr hydrostatic
coolants) - -
imes \{n pressure No bubbles using an indystry
fo e accepted leakage detectipn fluid
N
<N MPaand < °c Q_timg's design pressure No leakage as defined in|5.4.3

g hydrostatic

@  The tept pressure at
isolatgld compo
of 10 hin and
examipations

body.

¢ Hydrogtatic testing m

body.

Pneumatic

Q 1,0 times design pressure No bubbles using an indystry
Q for pneumatic accepted leakage detectipn fluid

'\ng//ystem shall not exceed the maximum allowable test pressure of any non-
umps, or valves. The pressure shall be continuously maintained for § minimum
e design pressure and held for such time as may be necessary to c¢nduct the

natety be used assuming component compatibility and the concurrence of the]| certifying

rnately be used assuming component compatibility and the concurrence of the| certifying

9 The dgsign pressure is the highest pressure that may occur under any and all operating modes, including stgady 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.

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.
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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
leakage. If certain components cannot be made visible, provisions shall be made to capture
and route leakage to a point of visibility. If leak routing cannot be achieved then an alternate
leak check will need to be devised by the manufacturer.

Prior to test performance, it shall be determined which liquid-conveying 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 power system by any
convegnient means.

The test apparatus shall be filled with the liquid medium and connecte t itak raulic
systeJn, including a pressure-measuring device capable of susté i test
presgqure. Care should be taken to vent air from the test section during Ngind fi

The test pressure shall be gradually increased so that a uniforn 2 e dined.
This pressure shall be maintained for at least 10 min, or le , to complefe the
leak ¢hecks, while inspecting all external surfaces of the of Ieakage If a
leak fouting system is employed, the test pressure shall be h

—

No liquid leakage is allowed. Any visibl

5.5 | Strength tests
5.5.1 General

Any tertified component{s), \witp S i ’ esign

5.5.2 Pneum@
Portipns of the fuet'ce

exhibjit other signs\o

'm or
g when tested with appropriate gases or vapor$ (for
es, clean dry air or inert gas as specified by the

manyfacturer ith the expected constituents during operation and shutdown.

Prior|to Jucti his test, it shall be established which components are subject to the pame
internjal p o-dWNring ngrmal operation of the fuel cell power system. These compohents
shall comprise individual test section which shall then be pressurized separately and, when

deemed necessa
mearns.

isblated from the rest of the fuel cell power system by any convgnient

A suitabte pressurizing SystenT, capabie of supplying the gaseous medium at the tequited 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.

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
approximately 1 min. This pressure shall be maintained for at least 1 min or 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.
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Table 3 — Ultimate strength

test requirements * ¢

Hazard Test type System design Test parameters Passl/fail criteria
conditions
Flammable Hydrostaticb All pressures 1,5 times design No rupture, fracture,
or toxic pressure deformation or other
physical damage
Pneumatic® > 13 kPa 1,3 times design No rupture, fracture,
pressure deformation or other
physical damage
> 3,5 kPa but <13 kPa 17 kPa No rupture, fracture,
(except=>5-5kRabut de_f_Q_Lm_a_t_LQ_n_Q_qu_h_eL
physical damage
<13 kPa for stack) Y/\ 9
< 3,5 kPa (except 5,5 kPa | 5 times design Mrupture,
for stack) pressure (except 3 defor i
times for stack) /\\Rhy&
Pressyred Hydrostatic® > 100 kPa or = 300 °C 1,3 times design
or heated pressure d for
gas (e|g.
air or
asphyxiant) <100 kPa and < 300 °C No reqm@M \ No re wrement
Pneumatic® > 100 kPa or = 300 °C 1,3 A4imes desi pture, fracture,
pressu formation or other
hysical damage
<100 kPa an}/\300 °C/& }XMq}/ireé\}vt S No requirement
~~
Pressyred Hydrostatic® 21,1 MPa or 2120 5_timgs desig No rupture, fracture,
liquid {e.g. pressure deformation or other
water, physical damage
steam -
glycol <1,1 MPa an < 1 NWement No requirement

Pneumatic®

times design
pressure

No rupture, fracture,
deformation or other
physical damage

No requirement

No requirement

N

2 The

an

m4i

m3

® Png

© Hy

d Th
steg

| waa PR

tem shall not exceed the maximum allowable test presg
pumps, or valves. The pressure shall be continuously

ure of

me as

of the

of the

luding

5.5.3

Portions 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. This pressure then shall be maintained for at least
1 min.

Acceptance shall be determined according to Table 3.

5.6 _Normal operation type test

Verify the nameplate values using the procedures set out in IEC 62282-3-2

5.7 | Electrical overload test

The fuel cell system shall be capable of withstanding an he¢re a
mandyfacturer permits an output current higher than the rated , the
fuel dell system shall be thermally stabilized at rated currefit bl be
incregsed to the defined value and held constant for the definedi y the
manyfacturer.

Therg shall be no flame, risk of shock, ruptur other
physical damage to the system.

If no higher current is allowed by the ma

5.8 | Shutdown parameters

Means shall be providg | cell
powef system for any ed in
4.1.

Compliance with thig 3 stablished for each anomaly using a simulated test
procgdure or suppar BVids t the
requifed action wi| ot¢c

5.9 | Bupneroperating\chara

5.9.1

The procedures © ith a
burngr, for 'example, dedicated to the reformer section, and shall be performed during the
burngr. start-up and immediately following steady-state operating conditions:

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

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

c) 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 5.8.

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”.
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Durin

a) the burner fuel ignites effectively without delayed ignition, flashback, undue

eq

Cc

)
)
d)
)

5.9.3

g the test it shall be verified that

uipment damage,

b) 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,

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

Limit testing

noise or

Th je
presqure at the fuel inlet is adjusted to the minimum and maximum pres

namg plate reduced to the minimum supply pressure as stated on

normpal pressure. This test is carried out at minimal and maximum v, 20 gthorRainimun
maximum back pressure due to vent length. Under these condjtio i e g
burngr is safely operating, and that the carbon monoxide e

requi
contr

5.10
5.10.

The
cond

cell g

st is carried out without altering the adjustment of the burner and ignition burner The

fed in Section 4.4.13. This test is repeated at the mini pyt pewnitted b

1 General

rocedures of this subclause are s .
ict a controlled oxidation reaction, for examp

sectipn), catalytic partial oxidation and/catalytic cQ ion.
The manufacturer may ogt to oniductig m%s s (see 5.10.2.4 through 5.10. 2 8) on 4 fuel

asserlrr he-igniter and main burner the manufact
specifi and, if applicable, the combustion/exhau
dedid at\gray have an effect on the test results

NOTE aust catalytic reactor

5.10.

5.10.p.

The automa ansgntrol of fuel cell power system burners shall be tested accordi
the fq

5.10.

p.2 \_Effective ignition

sure supplied on the

the
n and
t the
level
y the

ed to
rmer

sub-
irer’s
5t fan

ng to

This

est Is carried out at minimum and maximum vent length or minimum and maximum

pressure due to vent length.

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 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
made, and in each instance ignition shall occur immediately after fuel reaches the main
burner ports.
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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 voltage
or in the event that the fueI ceII power system has voltage varlatlon protectlon to the lowest
volta tage.
Under this condition, the igniter shall light the main burner fueI within_the main) flame
estaljlishing period. Flames shall not flash outside the fuel cell power sy$ nor shall there
be arly damage to the fuel cell power system. A sufficient number of igiti pts shall be
mad¢g, and in each instance ignition shall occur within the designatedt

5.10.2.3.3 Overvoltage

The yoltage to the fuel cell power system shall be adju i the rating |plate
voltage or in the event that the fuel cell power system ha iati

highgst voltage that this protective device permits, 10 % of the rating

plate|voltage. Under this condition, the igniter shall (lig in burnet fuel within the[main
flam¢g establishing period. Flames shall not flashyoytsi aN\fuelcell power system, nor|shall
there| be any damage to the fuel cell po S mber of ignition attgmpts
shall be made, and in each instance ignition shall oc ithi designated time.

5.10..4

The flame-establishing pefi P is peing
operdted as specified in 5:3. e ti zirlg the main fuel flow to the time of |proof

of thg ignition device o applicable, shall not exceed the appropriate start-up
lock-put time as specifjed i 4t

5.10.2.5
The fuel cell po N._sh erate at its rated fuel consumption rate until thermal
equiliprium is -achieved. e“failure lock-out time is measured between the mgment

when| the pilgt (i i ain burner are intentionally extinguished by shutting offf the
fuel and ik ftér admission of the fuel is restored, it ceases by the action of
the safed wee. ty device shall de-energize all fuel safety shut-off valves with{n the
flamg failureJockso neg/specified in 4.6.2. With the burner alight, flame failure is simylated
by disconnection_of the flame detector, and the time that elapses between this moment and
that when the flame._gupervision device effectively shuts off the fuel supply is measured. For
the purposes of this test, the control manufacturer's specified maximum flame failure lodk-out
time $hallbe used.

5.10.2.6 Recycling/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.

The time that elapses between flame outage and when the flame detector acts to shutdown
fuel flow shall be observed, as well as the time that elapses between the moment the fuel flow
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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 supply
is reduced to an amount just sufficient to keep the safety shut-off valve open or just above the
point[of flame extinciion, whichever represenis the higher pilot fuel rate. Flames shall not
flash|outside the fuel cell power system, nor shall there be any damage tg ower
system.

For purposes of this test, the control manufacturer's specified maxin k-out

time ghall be used.

This ftest shall be initiated from both a cold start and i
system has been shut off after equilibrium condition.

ower

5.10.2.8 Delayed ignition

This fest is carried out at minimum and back

presqure due to vent length.

For g fuel cell power system that is 2 jnitten of the main burner directly by an
electtic igniter, delay of ignjtion of the fuel'sha Uit i tside
of thg fuel cell power systém A ' ected

vent system. For the purpos N trial

for ignition period for [th g antrol system shall be used. For systemg that
deacfivate the ignjter priorto ial for ignition period, the test shall be condicted
using| the contro aXimum ignition activation period timing.

With the fuel cell 31 S ovm temperature, the fuel cell power system shall be
placed 9 rate with the ignition means tempqgrarily
circumvented i ls of time up to the control manufacturer's maximum spegified
trial flor |gn|t|n pe ' 0 num specified ignition activation period, whichever is shprter.
For multi€try : tempts to ignite shall be made for varying intervals of time for|each
trial for iti eriod and any time the ignition means is activated throughout the| total

operdting seguence Hp to'lock-out. The ignition of the main burner shall be observed for|each
of the trials,\ Thete shall be no flame flashout or damage to the fuel cell power sygtem.
Delayed ignition testing is also used to confirm the flame-establishing period provided Hy the
manyfacturer.

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 condition is 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).

According to the option chosen by the manufacturer, the pre-purge volume or the pre-purge
time is determined as follows.
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a) Pre-purge volume

1)
2)

3)
4)

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

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

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

The manufacturer states the volume of the combustion circuit.

b) Pre-purge time

—_

The fuel cell power system is at ambient temperature and not operating.

2) The time between the fan starting and the ignition device bd is
determined.
5.10.3 Automated control of catalytic oxidation reactors
a) The time of initiation of the fuel flow to proof of the reaction initiati d the
rgaction initiation time specified in 4.6.3 e).
Method of test. The fuel cell power system shall the

anufacturer until conditions for reaction initiation are attained; 3 y, for
r-rich operation, or the air supply, for fuel-rich i . oened The system
sponse time shall begin at that point of time e reactor moniforing

devices signal as specified by the manufaciu ) action”has been succesisfully
irfitiated. The reaction initiation timeg ot Specified in 4.6.3 e)

b) In the event of reaction extinction ar rea ) or increase to unsafe lgvels,

the primary safety control shall de- Yz afety shut-off valve, for aif-rich
operation, or the air safety shut rich operation, followed by the de-
ephergizing of the fuel safety shut-of w the reaction failure lock-out| time
specified in 4.6.3 g)
Method of test. The f stem shall be operated as specified in 5.3| until
equilibrium conditions.are in e uel supply, for air-rich operation, or the air
stipply, for fugiric opera ioR, sf it off. With the catalytic reactor alight, reaction
fdilure is si @i- S he device monitoring the reaction temperature.
The time meastred\bein [ ent and the time when the system control shuts off
th { i ' Y, or the supply of all reactants for fuel-rich opergtion,
s e lock-out time specified in 4.6.3

5.1

When t er system is provided with a venting system, the maximum tempenrature

of th gnveyed by that venting system shall not exceed temperdtures

acceptable for 0 erials used to construct the venting system.

Methpd/of-test: The exhaust gas temperature shall be measured by a thermocouple or s|milar

devic mum

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. 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.

5.12

Surface and component temperatures

a) The fuel cell power system shall be installed and operated as specified in 5.3. When
thermal equilibrium conditions are attained, temperatures shall be determined using any
suitable temperature instrumentation means.
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1) 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

2)

3)

shall not exceed the limits specified in 4.4.11.

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

4.6.1e).

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 either having cabinet su

DO

[da)

5.13
5.13.

Wind
units

Thes
back

5.13.

The

direct

Wind test@

temperatures, or a design that allows the heat to radiate to an_external sur
exceeding the requirements in 4.4.11 intended for installation on
surfaces.

The fuel cell system is placed on the test panels made of

As far as possible, the fuel
the highest temperatures.

General

rface

faces
Stible

d the

ns.

valls,

disks
etect

Drium
Il be

mum

wall

being

having

b te

pres

P g calibration procedure for winds directed perpendicular to the
vind source _calibration configuration shall consistlof the c.entre of the wind source

nd a

vent terminal which is installed in the centre of the test wall, in accordance with the
manufacturer's installation instructions (see Figure 2).

Figure 2 shows the points designating static pressure ports located 305 mm (1 ft) horizontally
and vertically from the extremities of the vent terminal.

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

305 mm from

terminal
horizontal and
vertical Vent
1 /terminal
w0
o
il
o
3
N
305
Port F—"
typical ’
Y
B 2440
Figure 2 — Test wall with static pressure ports andwent ter ions
The ports shall be manifolded to obtain a single ay rage™s pressure’reading. Wit
wind |source directed against the wall, the average ¢ eading as measured
mandmeter referenced at the fuel cell power sy iropenthg shall form the
for cglibrating the wind source using t i
Table
Nominal \"%
AN S
f\ )\/ "
IR T\
Additjonally, the wi at 54 km/h shall not generate a velocity pre
exceeding 12 Pa\(16 8 i ce of 305 mm perpendicular to the test wall and i
with fhe ports
5.13.B eration of outdoor fuel cell power systems under wind

The procedures ©

instal

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

ith the

by a
basis

Esure
N line

Cabir

& L 1 1l 4 H 1 £ | H o | Y 1
Clo Ul Tucth LIl PuUWCT SyolTliico Ticiiucu 10T UULUUUI mrotaitauourt U TS ul

s 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
cell power system at the point(s) deemed most critical by the testing agency. 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.
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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 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 (H2) 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

and the combustor shall not stop its oxidizing reaction.

At tHe discretion of the conformity assessment organization, additi
condyicted with winds of specified and unspecified velocities directed fgo

through an outside wall

Method of test: These tests shall be conducted at normal in

burce shall have a nominal velocity of 54
easured with the wind parallel tg
N a plane perpendicular to the
cations shall be at distances of 30
the vent system. (See Figure 3.)

0303w a—

Vent system — =

\
|
|
A\\ /
|
|
|
|
|
|
|
|
|

.~ ~<

Lo

Dimensions in milli
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wind
wind
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Figure 3 — Vent test wall
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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.

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 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 4).

Dimensions in millimetres

No. 60 drill size

Vent pipe

s(

8
\E}EB\
L

|
Y

Figure 4 — Piezo ring and details of typical construction

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
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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

5.13. nd -
For f c t, the
CO and flammable gas emissions shall be checked when a win koa’h up to
and i 3 i plied
from stem
is ex . sured
with @ Pitot tube at three locations on a plane perpengh ing the
vent-fai i : and
vertid shall
operae ing the
appli¢ vithin
15 miin. 'ns in this test and shall be
analy y ) 3 and
flamn

After shall
be ro gment
organi

For Wi until
a co ified in
5.13.

Wher du5. 6 Pa.
Durin ication 5“range of vent pressure, sufficient effluent samples shall be
secuf ahalyd determine that the carbon monoxide concentration complie§ with
4.4.1 : es With less than 25 % LFL.

Wher

have

5.13.R

be secured and analysed to determine that the carbon monoxide concentration complies with
4.4.13 and flammables with less than 25 % LFL.

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

For fuel cell power system installed outdoors, the carbon monoxide (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
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constant exhaust gas temperature is achieved. During the application of this range of wind
velocities, the emissions are measured at least 3 times within 15 min. Its average values shall
be deemed the concentrations in this test and shall be analysed to determine that the carbon
monoxide concentration complies with 4.4.13 and flammable concentration is below 25 %
LFL.

5.14 Rain test

5.14.1 For 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.

5.14.p For indoor units supplied with horizontal venting hardware: The si ed rain isfto be
applied to the vent termination. Use the test method as press 3 of
IEC §0529:1989. Compliance is defined in 5.14.3.

5.14.3 The fuel cell power plant shall start and operate wit ipn of

any part that would create a hazardous condition when subject

Upon| completion of exposure to the simulated rainstg e of

« ation
ce of
kcept
s) is

of wdter in any part of the fuel cell power system.
watel into an electrical enclosure above the low
motof windings may be judged by
consfructed, located or shielded so tha

5.15 | Emissions
5.15.1 General

Theseg tests are carried qut a At a sure due to vent length.

5.15.
5.15.p.

Carb
0,03
5.15.p.
the te

d at the fuel cell power system shall not be in excgss of
ple of the effluents according to the tests of 5.15.2.4 and
gncentration is below 25 % LFL in the effluents, according to

5.15.2.

The O @nd flammable gas emissions shall be checked with the fuel cell power system

exhalist{outlet blocked to any degree up to and including complete closure. The fuel cell
powekmnw-mmmm 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 3 times within 15 min. The average
values shall be regarded as the concentrations in this test.

5.15.2.3 Blocked air supply

This subclause 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 3 times within 15 min. The average
values shall be deemed as the concentrations in this test.

5.15.p Normal conditions

This {est applies to both indoor and outdoor units.

The €O emissions shall be checked with the fuel cell power syste . The
fuel dell power system shall be operated at normal voltage and 2 for at
least|15 min. The effluent will then be analysed.

This [test is repeated at the minimum heat input permitfed ols, if ignitipn is
possible under these conditions.

5.16 | Blocked condensate line test

A fuef cell power system having a con 4 S , itiong of a
blocked condensate drain line(s), continte to\ope isfa i uring
conduict of the following test.

The ¢ondensate disposal/syste S irer's
installation instructions; c 3 f, the
narrowest point in the syste th an
overflow port, blogkage sha Il be
plugded. <>

The fuel cell powgh R Skall bepltaced in operation at normal input rate(s) and nprmal
inlet fest pressure, ate disposal system(s) shall be filled to the maximum leyel of
watel attaingbfe just prior to causing the fuel cell to shut off (the methpd of
filling| shall e discretiopr of the testing agency). The emissions shall be monitored
during fi At ng e shall“the concentration of carbon monoxide in an air-free sample of
the effluents, xhen\te ted in an atmosphere having a normal oxygen supply, exceed 0/03 %
or the fuel cellpoewensystem shall shut down. Also, at no time shall flammable gas discharge
into the fuel.¢ell pawep system’s interior compartments or exhaust.

The fuel’cell power system shall not present an electric shock hazard as determined by the
electreatsafety-testsin5-45-

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 conduct of 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 ga ot issue| from

the cpndensate drain line(s).

5.18 | Electrical safety tests

The ¢lectrical safety of the fuel cell power system shall be 3gal e’ appligation
standard as shown in 4.7.

Components connected to an electrical circuit, whi 3 ed by an international
standard for electrical safety, shall comply with 4.7.

5.19 | EMC test

The f 3 evant standard as shown in 4.8.
5.20
This

All jo
met v

n shall be tight. This provision shall be degmed
xcess of the limit specified below.

procq

For purp entire venting system, excluding the vent terminal, shall be
isolated the fuel cell power system by any convenient means and,]/vhen
appli sealed in accordance with the manufacturer's instructions. The outlet of
the venti 31l be sealed by any convenient means.

The manufacturer shall supply a suitable test fitting which shall be attached and sealed fo the
inlet i i itti i Il 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.

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=0,02x/IxV

where

L = allowable leakage rate from the venting system, in m3/h (ft3/h);
I = fuel gas consumption, MJ/h (kBTU/h); and

V= 10,4026 m3/MJ (15 ft3/kBTU) of gas consumed. Value based on 50 % excess air added

to effluent.

NOTE For systems rated in watts (W), allowable leakage rates, in cubic centimetres per second (cm3/s), can be

determined by multiplying the fuel gas consumption, in kilowatts (kW), by 8,05.

5.21 | Leakage tests (repeat)

The fuel cell system shall be re-tested for leakage at the same testing cified
in5.4.

6 Routine tests

6.1 Routine tests shall be performed on all productj itss S e performed in a
test t:vironment simulating the application of the Afuel cel c or which the fudl cell
system is designed, in order to obtain the required o i ng. In particular, the test
envirpnment for the routine tests shall provide,.i faces oundary limits according fo the
designed application of the fuel cel ant. ded” that the routine tesis be
perfofmed in the following order.

If the|routine tests are performed in difect i the initial start-up and conditipning
procddure of the fuel cell s i the conditioning facility and is yinder

opergtional conditions as<specifis

The fpllowing routine te g d on all fuel cell power systems.

Test [each fuel ¢ and
complonents includj ds.
Leakage tests  the
accﬁtance i 5 (for
examlple,/ai than
10 min. r the
elapsle of ti
L=V x Tolpg X {(pq + pa)(Tg+ T1=15) + (py+ pao)/(Tg+ T, — 15)} x 60/t
where
3
Ly is the gas leakage from the FC system in m /h;
3
74 is the internal space volume within the pressurized range in m (gas volume excepting

the internal structure volume);
Ty is the reference temperature 288,15 K (15 °C);

T, is the internal space temperature (OC) at the beginning of measurement;
T is the internal space temperature (OC) at the end of measurement;

Po is the reference pressure 101,325 kPa (1 atm);

P4 is the pressure kPa at the beginning of the measurement;

o2} is the pressure kPa at the end of the measurement;

Pa1 is the atmospheric pressure kPa at the beginning of the measurement;
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Pa2 is the atmospheric pressure kPa at the end of the measurement;

t is the measuring time in min.

For systems with installed relief valves, amending the test pressure from the levels in 5.4 to
85 % of the relief valve set point is allowed if mutually agreed between the manufacturer and
the testing agency.

6.2 Normal operation test: as described in 5.6.

6.3 Dielectric strength test: as described in the relevant product application standard as
givenind 7

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

— bdirner operation test as described in 5.9.1;

— carbon monoxide (CO) emissions are measured during 5t as

déscribed in 5.9.1. The limits shall be in accordance with 4.4
7 Nlarking, labelling and packaging

71 General requirements

The fuel cell power system shall be Ma ‘ i i s of
ISO 3864-2. Marking and mounting m 3 on.

7.2 | Fuel cell power system marking

Each|fuel cell power syste a 5 inati j cated
so ag| to be easily read whe : i
The marking shallclea breby
the fuel cell po tion.

a) manufact

b) manufact

C) séri sl cell power system and year of manufacture;

d) electrical i applicable (voltage/type of current/frequency/phase/ppwer/
cpnsumption

e) electrical output (voltage/type of current/frequency/phase /rated power/power factor; kVA);

f) fdelfype to be used by the fuel cell power system;

g) range of fuel supply pressure;

h) fuel consumption at rated power (kW);

i) range of ambient temperatures (minimum and maximum) within which the fuel cell power
system is intended to operate in degrees Celsius;

j) outdoor or indoor use;
k) warnings for alerting personnel to the potential for personal injury or equipment damage
and requirements to follow installation and operation instruction.

If the fuel cell power system is rated under hazardous area classification according to
IEC 60079-10, it shall be marked accordingly.
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7.3

Marking of components

All user serviceable parts shall be identified to match the fuel cell power system drawings in

the

user’s manual.

Warning signs shall be appropriately placed to identify electrical hazards, contents from drain
valves, hot components and mechanical hazards. Preference should be given to the use of
standard symbols given in ISO 3864-2.

Control devices, visual indicators and displays (particularly those related to safety) used in

the

man-machine interface shall be clearly marked with regard to their functions either on or

adjadent o the item. Preference should be given to the use of standard symbols givien in

IEC 0417 and ISO 7000.

7.4

7.4.

For efach fuel cell power system, the manufacturer shall provide he O\

Technical documentation
1 General

m

ation\riecessary for

safe |nstallation, operation, and servicing of the fuel cell p6 S and sKall, in partigular,
dranattention to any restrictions on use. The information_sk ¢’ providéd in the fofm of
technlical documents such as drawings, diagrams, 3 instructions, and fhese

shall pe on suitable data medium and language.

Part of the technical information mig

the

The ipformation provided with the fuel cell system shall include the following:
a) clear, comprehensi ipti thewequipment, installation and mounting, and the

proyided(onlyito Qall'd personnel, in which|case
manufacturer shall specify criteria fo ali ionof personnel.

a
connection to electp other site interfaces;

b) physical envirgnm 3 ting conditions (fuel and water supply characteristics| etc.)
agcording to@

c) electric circuit diggra

d) information (

-| handlir N SK ,

-| software proghg

-| seque

-| frequens

—-| frequency and method of functional testing,

—-| < guidance on the adjustment, maintenance, and repair, particularly of the protefctive
devicesandTireuits;

— parts list and recommended spare parts list;

e) a description (including interconnection diagrams) of the safeguards, interlocking
functions, and interlocking of guards for potentially hazardous situations;

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.
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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
supply, water supply, control signals, exhaust venting, ventilation connections, etc.).

These installation instructions shall provide guidelines on location and design of the fuel cell
power system foundation; ventilation requirements; protection from weather hazards;
recommended height in relation to the base flood elevation; security enclosure; acceptable
distances from combustible materials, vegetation, public ways, and protection from vehicular
impact.

In addition to the above, the installation manual shall specify

— thle manufacturer’s or distributor’'s name and location, and the mode nber of thl fuel

c¢ll power system;

e minimum and maximum fuel supply pressures and the me hese

essures;

t
p
— adlequate clearances around air supply, ventilation and exh
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— inpstructions which shall cover venting syste RQUIre be (if
used).

7.4.3 User’s information manual

For fuel cell power systems to be installed_fo S ! shall
provige to the residence owner a_useX’s | atio nual, together with any appropriate
additjonal information to< faciit ainfenance (for example, addresses of the impprter,

repaifer, etc.).

The diser’s infor ion - ed or typeset and formatted to provide easgy-to-
follow procedure i sed to identify fuel cell components, dimenpsions
and ¢learances, ass8 g, and connection points as needed to make¢ the

instrdctions clear i shouly also be used to identify the location of servicgable
components and | 2thods for performing service procedures.

When textd tation marks, it shall appear in the user’s information mpnual
exacfly

The Jser’s inform manual shall be affixed to the fuel cell in a pocket or attached by g clip
which is part-of the Tdel cell or shall be supplied in an envelope(s) marked with instructions:

a) tq thelinstaller 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:

1) Front cover

The front cover shall present the user(s) with only the most important safety
instructions. The front cover or, in the absence of a cover, the first page of the manual
shall bear the following safety precautions boxed as prescribed in Figures 5, 6 and 7:


https://iecnorm.com/api/?name=90e503e254c98580bb899d955a7d19bc
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