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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO

technical co
established

mmittees. Each member body interested in a subject for which a technical committee has been
has the right to be represented on that committee. International organizations, governmental and

non-governmental, In llalson with 150, alsO take part In the WOrK. 150 cCollaborales Cclosely Wwiih the

Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards

adopted by
Internationg

Attention is

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 227341 was prepared by Technical Committee ISO/TC 197, Hydrogén)technologies.

the technical committees are circulated to the member bodies for voting, 'Publication ag an
| Standard requires approval by at least 75 % of the member bodies casting avote.

drawn to the possibility that some of the elements of this document miay be the subject of pgtent

ISO 22734 ronsists of the following parts, under the general title Hydrogen generators using water electrolysis

Process:

— Part 1:

— Part 2:|Residential applications

Industrial and commercial applications

vi
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0 Introduction

0.1 Electrolysis Technology

In an electrolyser cell, electricity causes dissociation of water into hydrogen and oxygen molecules
current is passed between two electrodes separated by a conductive electrolyte or “ion transpo

-1:2008(E)

. An electric
rt medium”,

prodlucing hydrogen at the negative electrode (cathode) and oxygen at the positive electrode
water is H,O, twice the volume of hydrogen is produced over oxygen. Hydrogen gas.prod
elegtrolysis technology can be utilized immediately or stored for later use.

The| cell(s), and electrical, gas processing, ventilation, cooling and monitoring equipment and
conjained within the hydrogen generator enclosure. Gas compression and feed-water condi
aux|liary equipment may also be included.

anode). As
uced using

controls are
tioning and

© 1SO 2008 — All rights reserved

Vii


https://standardsiso.com/api/?name=1964aa778fc8aa12e438581378aa6f03



https://standardsiso.com/api/?name=1964aa778fc8aa12e438581378aa6f03

INTERNATIONAL STANDARD ISO 22734-1:2008(E)

Hydrogen generators using water electrolysis process —

Part 1:
Industrial and commercial applications

1 |Scope
Thig International Standard defines the construction, safety and performance requirements of gackaged or
factpry matched hydrogen gas generation appliances, herein referred to as hydrogen generators, using
eledtrochemical reactions to electrolyse water to produce hydrogen and oxygen(gas.

Thig International Standard is applicable to hydrogen generators that use@hg following types of ipn transport
medium:

— | Group of aqueous bases;

— | Solid polymeric materials with acidic function group additions such as acid proton exchangeg membrane
(PEM).

Thig part of ISO 22734 is applicable to hydrogen generators intended for indoor and outdoor commercial and
indystrial use (non-residential use). Hydrogen genetators that can also be used to generate electritity such as
reversible fuel cells are excluded from the scope.@f-this International Standard.

Thig International Standard is intended to be_used for certification purposes.

2 [Normative references
The| following referenced documents are indispensable for the application of this document{ For dated
references, only the edition’ cited applies. For undated references, the latest edition of the|referenced
docpment (including any-amendments) applies.
ISO|834-1, Fire-resistance tests — Elements of building construction — Part 1: General requiremepts

ISO| 1182, Reaction to fire tests for building products — Non-combustibility test

ISO| 3864 \(all parts), Graphical symbols — Safety colours and safety signs

@ S} L
odITly Vdiveo

|S 4400 4 Qo fod L H £ £ H H 4 H Doaek A
FTZU=T, odiCly UTVILTO TUT UrUutCllUUIT aydiIriot TAUTCOSOIVE UIcosuic — 1Imdrt T.

ISO 4126-2, Safety devices for protection against excessive pressure — Part 2: Bursting disc safety devices
ISO 4706, Refillable welded steel gas cylinders

ISO 7866, Gas cylinders — Refillable seamless aluminium alloy gas cylinders — Design, construction and
testing

ISO 9300, Measurement of gas flow by means of critical flow Venturi nozzles

ISO 9809-1, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —
Part 1: Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

© 1SO 2008 — Al rights reserved 1
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ISO 9809-2, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —

Part 2: Que

nched and tempered steel cylinders with tensile strength greater than or equal to 1 100 MPa

ISO 9809-3, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —
Part 3: Normalized steel cylinders

ISO 9951, Measurement of gas flow in closed conduits — Turbine meters

ISO 10790, Measurement of fluid flow in closed conduits — Guidance to the selection, installation and use of
Coriolis meters (mass flow, density and volume flow measurements)

ISO 111194
wrapped cd

ISO 111194
wrapped fib

ISO 11119
wrapped fib

ISO 121004
principles

ISO 12499,
ISO 13709,
ISO 13850,

ISO 13852,
limbs

ISO 13853,
limbs

ISO 13854,
ISO 141214
ISO 14511,
ISO 14687,
ISO 14847,

ISO 15534

1, Gas cylinders of composite construction — Specification and test methods — Part 14H
mposite gas cylinders

P, Gas cylinders of composite construction — Specification and test methods —NPart 2: R
re reinforced composite gas cylinders with load-sharing metal liners

3, Gas cylinders of composite construction — Specification and test methods — Part 3: R
re reinforced composite gas cylinders with non-load-sharing metallic or non-metallic liners

P, Safety of machinery — Basic concepts, general principles for design — Part 2: Techi

Industrial fans — Mechanical safety of fans — Guarding
Centrifugal pumps for petroleum, petrochemical and natural gas industries
Safety of machinery — Emergency stop — Principles for design

Safety of machinery — Safety distances to prévent danger zones being reached by the uj

Safety of machinery — Safety distafices to prevent danger zones being reached by the Id

Safety of machinery — Minimeitn gaps to avoid crushing of parts of the human body
1, Safety of machinery — Risk assessment — Part 1: Principles

Measurement of flig“flow in closed conduits — Thermal mass flowmeters
Hydrogen fuél== Product specification

Rotary, positive displacement pumps — Technical requirements

dimensions

oop

Fully

Fully

nical

bper

wer

the

1,~ Ergonomic design for the safety of machinery — Part 1: Principles for determining

_ce,qLuced_faLQp_enmgs_fauA/hnlp-hndy access into mm‘hinpry

ISO 15534-2, Ergonomic design for the safety of machinery — Part 2: Principles for determining the

dimensions

ISO 15649,

required for access openings

Petroleum and natural gas industries — Piping

ISO/TR 15916, Basic considerations for the safety of hydrogen systems

ISO 16528-

ISO 17398,

1, Boilers and pressure vessels — Part 1: Performance requirements

Safety colours and safety signs — Classification, performance and durability of safety signs

© 1SO 2008 — All rights reserved
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IEC

IEC

IEC

ISO 22734

60034-1, Rotating electrical machines — Part 1: Rating and performance
60068-2-18:2000, Environmental testing — Part 2-18: Tests — Test R and guidance: Water

60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

-1:2008(E)

IEC 60079-2:2007: Explosive atmospheres — Part 2: Equipment protection by pressurized enclosures "p"

IEC 60079-10, Electrical apparatus for explosive gas atmospheres — Part 10: Classification of hazardous
areas

IEC

IEC
detd

IEC
mail

IEC
test

IEC

IEC

IEC

60079-14, Explosive atmospheres — Part 14: Electrical installations design, selection and ere

60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — Performance) ‘requ
ctors for flammable gases

60079-29-2, Explosive atmospheres — Part 29-2: Gas detectors — Selection, installatio
htenance of detectors for flammable gases and oxygen

60079-30-1, Explosive atmospheres — Part 30-1: Electrical resistance-trace heating — Q
ng requirements

60146 (all parts), Semiconductor convertors

60204-1:2005, Safety of machinery - Electrical equipment.ef machines — Part 1: General requ

for foom heaters

IEC

for pumps

IEC
for 3

IEC
for {

IEC

tationary circulation pumps for heéting and service water installations

ixed immersion heaters

for portable immersion heaters

IEC
for {

IEC
ove

rcurrent

ction

rements of

h, use and

eneral and

irements

60335-2-30, Household and similar electrical appliances — Safety — Part 2-30: Particular r¢quirements

60335-2-41, Household and similar electricakappliances — Safety — Part 2-41: Particular r¢quirements

60335-2-51, Household and similar glectrical appliances — Safety — Part 2-51: Particular r¢équirements

60335-2-73, Household andssimilar electrical appliances — Safety — Part 2-73: Particular r¢quirements

60335-2-74, Household and similar electrical appliances — Safety — Part 2-74: Particular r¢quirements

60335-2-80,<{Household and similar electrical appliances — Safety — Part 2-80: Particular r¢quirements
ans
60364-4-43, Electrical installations of buildings — Part 4-43: Protection for safety — Protec

tion against

IEC

60364-6:2006, Low-voltage electrical installations — Part 6 : Verification

IEC 60439-1, Low-voltage switchgear and controlgear assemblies — Part 1: Type-tested and partially type-
tested assemblies

IEC 60439-2, Low-voltage switchgear and controlgear assemblies — Part 2: Particular requirements for
busbar trunking systems (busways)

IEC 60439-3, Low-voltage switchgear and controlgear assemblies — Part 3: Particular requirements for low-
voltage switchgear and controlgear assemblies intended to be installed in places where unskilled persons
have access for their use — Distribution boards

© 1SO 2008 — All rights reserved
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IEC 60439-5, Low-voltage switchgear and controlgear assemblies — Part 5: Particular requirements for
assemblies for power distribution in public networks

IEC 60445, Basic and safety principles for man-machine interface, marking and identification — Identification
of equipment terminals and conductor terminations

IEC 60446, Basic and safety principles for man-machine interface, marking and identification — Identification
of conductors by colours or alphanumerics

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

IEC 60534 (all parts), Industrial-process control valves

IEC 60695-[11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and verticahflame |test
methods

IEC 60695-111-20, Fire hazard testing — Part 11-20: Test flames — 500 W flame test methods

IEC 60730-(1:2007, Automatic electrical controls for household and similar juse’— Part 1: General
requiremenfs

IEC 60747 (all parts), Semiconductor devices — Discrete devices

IEC/TR 60877, Procedures for ensuring the cleanliness of industrialsprocess measurement and cohtrol
equipment |n oxygen service

IEC 60947-R, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

IEC 60947-B, Low-voltage switchgear and controlgears— Part3: Switches, disconnectors, swijtch-
disconnectqrs and fuse-combination units

IEC 60947-4-1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-startens —
Electromechanical contactors and motor-starters

IEC 60947-4-2, Low-voltage switchgear and controlgear — Part 4-2: Contactors and motor-starters —| AC
semicondugtor motor controllers and starters

IEC 60947-4-3, Low-voltage switchgear and controlgear — Part 4-3: Contactors and motor-starters —| AC
semicondugtor controllers and centactors for non-motor loads

IEC 60947-p-1, Low-voltage\switchgear and controlgear — Part 5-1: Control circuit devices and switching
elements — Electromechanical control circuit devices

IEC 60947-p-2, Low-voltage switchgear and controlgear — Part 5-2: Control circuit devices and switching
elements — Proximiity switches

IEC 60947-b-3/ [ ow-voltage switchgear and controlgear — Part 5-3: Control circuit devices and switching
elements — Requirements for proximity devices with defined behaviour under fault conditions (PDF)

IEC 60947-5-5, Low-voltage switchgear and controlgear — Part 5-5: Control circuit devices and switching
elements — Electrical emergency stop device with mechanical latching function

IEC 60947-6-1, Low-voltage switchgear and controlgear — Part 6-1: Multiple function equipment — Transfer
switching equipment

IEC 60947-6-2, Low-voltage switchgear and controlgear — Part 6-2: Multiple function equipment — Control
and protective switching devices (or equipment) (CPS)

4 © 1SO 2008 — Al rights reserved
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IEC 60947-7-1, Low-voltage switchgear and controlgear — Part 7-1: Ancillary equipment — Terminal blocks
for copper conductors

IEC 60947-7-2, Low-voltage switchgear and controlgear — Part 7-2: Ancillary equipment — Protective
conductor terminal blocks for copper conductors

IEC 60950-1:2005/Cor. 1:2006, Information technology equipment — Safety — Part 1. General requirements

IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003, Safety requirements for electrical equipment for measurement,
control, and laboratory use — Part 1: General requirements

IEC
of s

IEC

IEC

IEC

IEC
ofa

IEC

IEC
Par

IEC
Par

IEC
Par

IEC
Fra

IEC
app

IEC

requirements fordran'sformers for switch mode power supplies

3

61069-7, Industrial-process measurement and control — Evaluation of system properties for
ystem assessment — Part 7: Assessment of system safety

61131-1, Programmable controllers — Part 1: General information
61131-2, Programmable controllers — Part 2: Equipment requirements and tests
61204, Low-voltage power supply devices, d.c. output — Performance characteristics

61204-6, Low-voltage power supplies, d.c. output — Part 6: Requirements for low-voltage poy
ssessed performance

TR 61459, Coordination between fuses and contactors/moter-starters — Application guide

61508-1, Functional safety of electrical/electronic/prégrammable electronic safety-related
1: General requirements

61508-2, Functional safety of electrical/electrénic/programmable electronic safety-related
2: Requirements for electrical/electronic/programmable electronic safety-related systems

61508-3, Functional safety of electrical/électronic/programmable electronic safety-related
3: Software requirements

61511-1, Functional safety — Safety instrumented systems for the process industry sectq
mework, definitions, system, hardware and software requirements

61558 (all parts), Safety“of power transformers, power suppllies, reactors and similar p
icable parts)

61558-2-17, Safety of power transformers, power supply units and similar— Part 2-17

Terms and definitions

he purpose

er supplies

systems —

systems —

systems —

r— Part 1:

roducts (all

. Particular

For

3.1

e the-foftow: etefirt .

area classification
classification of hazardous areas according to the probability of the existence of an explosive gas-air
atmosphere, in order to relate the selection of electrical apparatus for use in the area to the degree of hazard

3.2

classified area
area or space where combustible dust, ignitable fibres, or flammable, volatile liquids, gases, vapours or
mixtures are or may be present in the air in quantities sufficient to produce explosive or ignitable mixtures

© 1SO 2008 — All rights reserved
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3.3

commercial
relating to the use of hydrogen generators by laymen in non-manufacturing business facilities such as stores,
hotels, office buildings, educational institutes, filling stations, warehouses, and other non-residential locations

3.4
containme

nt system

part of the apparatus containing a flammable substance that may constitute a source of release

3.5

design pressure

pressure viue applied to the design of pressure containing components, which represents the pressure-at the
most severg condition of coincident internal or external pressure and temperature expected during service
NOTE [Design pressure is represented in Annex B.

3.6

design tenjperature

temperaturz value applied to the design of pressure containing components; the température at the rhost
severe condlition of coincident pressure expected during service

3.7

dilution

continuous [supply of a purge gas at such a rate that the concentration ©f)a flammable substance insid¢ an
enclosure i$ maintained at a value outside the explosive (flammable)limits at any potential ignition solrce

(that is to say, outside the dilution area)

3.8

dilution vojume

area in the |vicinity of a source of release where the concentration of flammable substance is not diluted
level below|the lower flammability limit (LFL)

NOTE 1 Dilution of oxygen by inert gas may result.in & concentration of flammable gas or vapour above the u
flammability [imit (UFL).

NOTE 2  Annex C provides information on the flammability limits of hydrogen.

3.9

enclosure

containment and support structdrg(s) protecting a hydrogen generator from specific environmental

climatic conditions and protecting persons and livestock from incidental contact with the hazardous parf

the hydrogs

3.10
enriched o
gas that co
inert

3.11
hazardous
condition th

NOTE
exceeding th

3.12
industrial

n generator

Kkygen atmosphere
htains_avolume fraction of more than 23,5 % oxygen with the remainder of its components b

to a

pper

and
s of

ping

condition
at may adversely affect safety of the hydrogen generator operation

e lower flammability limit, an ignition source in a classified area, an overpressure, an over temperature.

Examples of hazardous conditions include having an enriched oxygen atmosphere, a hydrogen concentration

relating to the use of hydrogen generators by qualified and experienced personnel in a controlled

manufactur

ing or processing environment
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3.13
ion transport medium
medium that provides ionic transport within the cell

3.14

maximum normal operating pressure

maximum pressure that can be experienced by the pressure containing components when the hydrogen
generator is functioning within its design and control parameters

NOTE Maximum normal operating pressure is represented in Annex B.

material that provides separation between oxygen and hydrogen product gases while allowing-ionic transport

conflitions to which the volume or other properties of a gas are referred and|which are repregented by a

pregsure that is experienced by the pressure bearing componentsiwhen the hydrogen generator ig functioning

part, which is subject to a minimum positive internal pressure of 50 kPa during normal operating cgnditions

gas|used to maintain pressurization or to“dilute flammable gas or vapour to a concentration we|l below the

purging
paspage of sufficient volumé of a purge gas through a pressurized enclosure and its ducts,| before the
application of voltage to thenapparatus to reduce any ignitable (flammable) gas atmosphere to a cgncentration
well below the lower flammability limit

3.21
storage cylinder
pregsure container intended to store product gas

4 |[Operating conditions and specifications

4.1 Energy consumption

4.1.1 Electrical

The manufacturer shall specify as outlined in IEC 60204-1 the electrical input rating for the hydrogen
generator in volts, amperes or watts (VA or W), and hertz.

4.1.2 Other utilities

The manufacturer shall specify other utilities required.
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4.2 Feed water specifications

The manufacturer shall define the specification for the feed water to be used in the hydrogen generator.

4.3 Ambient environment

The manufacturer shall specify the physical environment conditions for which the hydrogen generator is
designed. These shall include, as applicable, indoor or outdoor operation, the ambient temperature range, the

barometric

4.4 Pur

and humidity specifications and the seismic zone rating.

€ gas

Where the
specificatio

4.5 Oxygen storage/venting

The manuf

inside the h
label warnirn

4.6 Deliv

The manuf
hydrogen te

4.7 Deliv

If oxygen is|
pressure rg

generator.

5 Mech

5.1

The manufa

endangerin

ISO 141214

All hydroge

expect

resista
during

Gengral requirements

suitablé for the<tange of temperatures and pressures to which the hydrogen generator is subjected du

use of purge gas is required, the manufacturer shall specify the type of purge gas{ang
NS.

hcturer shall specify if the oxygen produced by the hydrogen generator is.'to, be stored, ve
ydrogen generator enclosure, vented indoor, or vented outdoor. If an oxygeh port is provide
g of enriched oxygen hazards shall be located near the port as requested-by 11.6.

ery of hydrogen

pcturer shall specify the hydrogen production rate, the hydrogen output pressure range,
mperature range, and the hydrogen quality as per in ISO 14687.

ery of oxygen

a specified product, the manufacturer shall specify the oxygen production rate, the oxygen oy
nge, the oxygen temperature range, and the<quality of the oxygen produced by the hydrg

gnical equipment

cturer shall implement.the-measures and provide the information necessary to minimize the rig
) a person's safety or-health as determined by a risk assessment performed in accordance
1.

N generator parts’and all substances used in the hydrogen generator shall be,

bd usage,

ht-to the reactions, processes and other conditions to which the hydrogen generator is expd

its

hted
d, a

the

tput
gen

k of
with

ring

sed

expected usage,

suitable for their intended use, and

used within their rating and as per the manufacturer's instructions.

The hydrogen generator shall be designed to withstand the expected shocks and vibration loads, as well as
the specified ambient temperature range during transportation to the installation site and use. Means shall be
provided to facilitate the safe handling of the hydrogen generator during lifting, moving and positioning
operations. The hydrogen generator shall be designed to remain stable when subjected to normal operational
forces imposed by operators or by the environment during the installation or use.

The design

of the hydrogen generator shall take into account the requirements specified in ISO 12100-2.
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All parts of hydrogen generators, which are set or adjusted at the stage of manufacture and which should not
be manipulated by the user or the installer, shall be protected.

Manual controls shall be clearly marked and designed to prevent inadvertent adjustment or activation.

All parts shall be protected from climatic and environmental conditions anticipated by the operating conditions
such as seismic zone rating, snow and wind loading.

All parts shall be of such construction as to be secure against displacement, distortion, warping or other
damage that could affect their functionality.

All parts—that mray be—contacted dul;llu normrat tSage; adjuot|||6| t—or—set v;u;lly shatte—freeqfrom sharp

projections or edges.

All parts that require regular or routine maintenance or servicing such as inspection, lubricatiop, cleaning,

replacement or similar functions shall be accessible.

Moying parts and parts containing liquid shall be designed and mounted in such”“a way that in gll modes of

opefation, the ejection of parts and spilling of liquid are prevented.

Where explosive, flammable, or toxic fluids are contained in the hydrogensgenerator piping, precdutions shall

be taken in the design and marking of sampling and take-off points.

Thel hydrogen generator or parts of it where persons are intended fo move about or stand shall bhe designed

and|constructed to prevent persons slipping, tripping or falling on-or off of these parts.

5.2 General materials requirements

Materials employed in the hydrogen generator shall be:suitable for their purpose.

All internal and external parts of the hydrogen generator that are directly exposed to moisture, ipn transport

medium, process gas streams of hydrogen or oxygen as well as parts used to seal or interconnegt the same

shall have the following material attributes during the manufacturer’s rated service life:

a) |retain mechanical stability with respect to strength (fatigue properties, endurance limit, cregp strength)
when exposed to the full range of'the operating conditions specified in Clause 4;

b) |resist the chemical and physical action of the fluids that they contain and resist environmental
degradation;

c) |be compatible with any other material used in conjunction so as to not have a synergistic and jundesirable
effect.

When selecting materials and manufacturing methods, due consideration shall be given to:

hydrogen embrittlement and hydrogen assisted corrosion as indicated in Annex A and in ISO/]

oxygen-compatibility;

'R 15916;

corrosion and wear resistance:

electrical conductivity;

impact strength;

aging resistance;

temperature effects;

galvanic corrosion;

erosion, abrasion, corrosion or other chemical attack;

resistance to ultraviolet (UV) radiation.
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The auto-ignition temperature of any materials used in contact with oxygen under any conditions shall be at

least 50 °C

above the maximum operating temperature the material may be exposed to.

Process piping and vessels carrying oxygen shall be cleaned in accordance with IEC/TR 60877.

5.3 Enclosures

5.3.1

Minimum strength

The supporting structure and the hydrogen generator enclosure shall have the strength, the rigidity, the

durability,
component
and operati

5.3.2 Envjironmental tolerance

The hydrog
classified in
in IEC 6052

Enclosures

5.3.3 Firelresistance

not support accelerating combustion after electrical and* fuel gas sources are removed. The enclo

Enclosures
a) for eng
shall cq
b) plastic
require
shall
IEC 60
c) compo
5.3.4 Insu
Insulating 1
place and s

Insulating materials-and their internal bonding or adhesive attachment means shall withstand all air veloc

and temper;

5 and piping, and withstand mechanical stress and shock expected during transport, installg

en generator enclosure shall be designed and tested for the intended installation environmer
IEC 60529. As a minimum, the hydrogen generator enclosure shall meet.the'IP 22 rating def|
9.

used in industrial environments or outdoors may need to meet higherP classifications.

shall have a flammability classification as follows:
osure materials other than plastics, the enclosure*shall have a flammability classification that
mply with ISO 1182;

enclosures that cover sources of combustion or enclose live parts shall comply with
ments of 5V rated materials when tested according to IEC 60695-11-20. Other plastic enclos
omply with the requirements ©f,*HB and V rated materials when tested according
595-11-10;

Site materials shall meet the.requirements of either a) or b) above.

lating materials

naterials on the_hydrogen generator enclosure shall be mechanically or adhesively retaine

btures o which they may be subjected in normal operation.

bn of the hydrogen generator. Electrical enclosures shall meet the requirements of IEC 60204-1.

hall be protected against displacement or damage from anticipated loads and service operatior.

the
tion

t as
ned

will
sure

the
ires
to

d in

ties

5.3.5 Acc

Access pan

ess panels

els shall be designed according to the requirements given in ISO 15534-1 and ISO 15534-2.

Access panels, covers or insulation that need to be removed for normal servicing and accessibility shall be
designed such that repeated removal and replacement will not cause damage or impair insulating value.

An access panel, cover or door shall require the use of a tool, key or similar mechanical means to open.

Removable access panels, covers and doors shall be designed so as to prevent them from being attached in
an improper position or being interchanged in a manner that may interfere with proper operation of the
hydrogen generator.

10

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=1964aa778fc8aa12e438581378aa6f03

ISO 22734-1:2008(E)

5.3.6 Ventilation openings

Ventilation openings shall be designed so that they will not become obstructed during normal operation in
accordance with the expected application.

Where personnel can fully enter the hydrogen generator enclosure, ventilation openings shall have a minimum
total area of 0,003 m2 per m3 of enclosure volume.

5.3.7 Containment of hazardous liquid leakage

Where_a hydrngpn generator caontains hazardous Iir1I||irlc that can he harmful to Ir\p-rcnnnp-l or the environment,
the hydrogen generator enclosure shall be designed to safely contain anticipated leaks as follows:

a) | The containment means shall have a capacity of 110 % of the maximum volume of the‘anticipated leak;
b) |A leak detector shall be fitted in the lowest area of the hydrogen generator englosure whare the leak
would be expected to accumulate. The detector signal shall cause the hydrogen’generator t¢ alarm and

where possible change the operating parameters to prevent further accumulation before 25 % of the
maximum volume of the anticipated leak accumulates.

5.4| Pressure bearing components

5.41 General requirements

Special consideration shall be given to the following aspects of pressure bearing components:

a) |support, constraint, anchoring, alignment and pre:ténsion techniques to mitigate excessive sfresses and
strains being produced on flanges, connections, bellows or hoses;

b) |effects of sudden movement, for example,-high-pressure jets, water hammer, pressure religving device
actuations;

c) |means for drainage and cleaning.ef.eondensation during start-up and/or use occurring insifle pressure
bearing components for gaseous fluids which could cause damage from water hammer, vacuym collapse,
corrosion and uncontrolled chemical reactions;

d) |precautions in design and marking where explosive, flammable, or toxic fluids might be contained.
5.4.2 Built-in storage-of hydrogen and oxygen

541 Hydrogen'storage cylinders

When used, built-in storage cylinders of pressurized gaseous hydrogen shall comply with one of the following
typas of cylinders:

a) |aluminium cylinders meeting the requirements of ISO 7866;

b) steel cylinders meeting the requirements of ISO 9809-1;
¢c) hoop wrapped composite cylinders meeting the requirements of ISO 11119-1;

d) fully wrapped fibre reinforced composite gas cylinders with load-sharing metal liners meeting the
requirements of ISO 11119-2;

e) fully wrapped fibre reinforced composite gas cylinders with non-load-sharing metallic liners or non-
metallic liners meeting the requirements of ISO 11119-3;

f)  vessels of appropriate construction meeting the requirements of ISO 16528-1 or an equivalent standard.
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5.4.2.2

Oxygen storage cylinders

When used, built-in storage cylinders of gaseous oxygen shall comply with one of the following types of

cylinder:

a)

IS
IS
b) vessels

9q

5423 S
Oxygen an(
a) aminin
b) anon-(

54.3 Cell

Cell stacks
permanent

544 Pro
Process vdq

recognized
minimum of

5.4.5 Pipi

Process pip
or the appli

Polymeric g

The interna

Ing, fittings and joints

steel cylinders that meet the requirements of any one of:
ISO 4706,

ISO 9809-1,

D 9809-2,
D 9809-3;

of appropriate construction meeting the requirements of ISO 16528-1 or an equijvalent standa

eparation of hydrogen and oxygen storage cylinders
hydrogen storage cylinders shall be separated by either:
num distance of 3 m, or

ombustible partition with a 60 min fire rating as determined by ISO 834-1.

stacks

shall be designed to withstand the cell stack:pressure tests of 10.1.5 without rupture
Heformation.

Cess vessels
ssels for fluids that may exceed ;50 kPa in normal operation shall comply with one of

standards conforming to ISQ _16528-1 unless the size (diameter or volume) is less than
the scope of the referenced.Standards as applicable.

ing, fittings and jain{s shall conform to one of the recognized standards conforming to ISO 165!
cable piping standard of ISO 15649 with the following exception:

r elastomeric piping, tubing and joints shall be allowed for flammable fluid service.

and

the
the

p8-1

| surfaces of piping shall be thoroughly cleaned to remove loose particles greater than 10 ym,|and

the ends of|piping shall be carefully finished to remove obstructions and burrs.

Threaded portions of piping and associated component parts that connect externally to the hydrogen
generator shall have threads conforming to ISO 15649.

Polymeric or elastomeric piping, tubing and joints shall be suitable for the combined maximum operating
temperature, pressure and chemical and material exposure anticipated in service and during maintenance.
They shall be non-permeable if employed for flammable fluid service. Adequate mechanical strength shall be
demonstrated through the pressure tests per 10.1.5.

Polymeric or elastomeric piping, tubing and joints shall be protected from mechanical damage within the
hydrogen generator. Shielding may be used as appropriate to protect components against failure of rotating
equipment or other mechanical devices housed within the hydrogen generator enclosure. Any compartment
enclosing plastic or elastomeric components used to convey flammable fluids shall be protected against the
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possibility of overheating. Plastic or elastomeric materials used in classified areas shall prevent static build-up
if conveying dry hydrogen gases as outlined in ISO 15649.

5.4.6 Compressors

If used, compressors shall be suitable for hydrogen or oxygen use, as applicable.

Compressors shall be provided with the following:

a)

pressure relief devices that limit each stage pressure to the maximum operating press
r‘nmpmccinn r‘ylindpr and piping associated with that stage of r‘nmlnmccinn;

ure for the

b)

c)

d)

5.4.
All

preg
sea
Pre
ove

gen

Reli
Inst

Pre
Rup

5.4.
Pre
the

use

Pre
leak

5.4.

an automatic shutdown control for high discharge pressure and temperature and low suction p

an unloading device that captures and recycles blow down gas for re-use, and/or ‘safe ver
required to re-start the compressor after shutdown;

vibration isolation from the inlet pipe to the compressor suction line.

7 Pressure relief devices

bressurized systems and equipment shall be protected from ©Qverpressure by means of o
sure relief devices of the self-destructive type, such as rupture disks and diaphragms, o
able type, such as spring-loaded pressure relief valves (PRVS).

Esure relief devices shall be directly connected to, the equipment, which is the potentia
pressure with no interconnected isolation devices.(ln”the event of a rupture disk failure, th
erator shall shut down.

eved gases that are vented within the hydrogen generator enclosure shall be vented into a cla
hllation instructions shall be provided for theirelieved gases that are vented outdoors or indoorsg

ssure relief valves shall meet the requirements of ISO 4126-1 or the standards conforming to 19
ture disks shall meet the requirements of ISO 4126-2 or one of the standards conforming to IS

B Pressure regulators

Esure regulators shall be)of the non-venting type or installation instructions shall be provided to
vents are piped to_asafe location (see 12.5). Pressure regulators shall be suitable for hydroge
and for the pressures and temperatures that will be encountered.

Esure regulater actuators controlled by a pneumatic power source shall not have a diaphragn
air into-hydrogen.

D -“Shut-off valves

ressure;

ting, where

he or more
r of the re-

| source of
e hydrogen

bsified area.
(see 12.5).

O 16528-1.
D 16528-1.

ensure that
h or oxygen

h that could

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

Shut-off valves shall be rated for the pressures and temperatures encountered and shall be suitable for the
fluid media. Actuators mounted on shut-off valves shall be temperature rated to withstand heat transferred
from the valve body.

Automatically operated shut-off valves shall conform to IEC 60534.

Automatically operated shut-off valves shall be of a type that will go to a fail-safe position.
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5.5 Electric heaters

Electric heaters, when provided for protection of equipment at low ambient temperatures, shall meet the
requirements of |IEC 60204-1 and shall conform, as applicable, to any one of the following International

Standards: IEC 60335-2-73, IEC 60335-2-74 or IEC 60335-2-30.

When used in classified areas, heaters shall conform to IEC 60079-14.

5.6 Pumps

Pumps shall-eerfermasapplicable 15013709150 484FEC60335-2-54orEG66335-2-44
The connedtion band between the motor and pump shall be made of antistatic material.

5.7 Fang and ventilators

Fans and
requiremen
application.

5.8 Heat

Any means

entilators shall conform to IEC 60335-2-80 or shall conform to ISO 12499 with the elect
s evaluated as per IEC 60204-1. Fans and ventilators shall be of a type suitable for

transfer system

5.9 Connection to potable water

If potable
prevent any

In addition,
into the pot

6 Elect

6.1 Fire

6.1.1 Gen

Hydrogen
operation a

NOTE |
internal storg

ater is to be used as the feed-water, the hydrogen generator shall be provided with mean
back feeding into the potable water supply.

means shall be provided to prevent anyscoolant from the heat transfer system from back fee
hble water supply.

rical equipment, wiring.and ventilation
and explosion hazard protection requirements

eral requirements

penerators (shall be manufactured such that unintentional hydrogen releases during no
'e precluded: Conformity shall be determined by the test of 10.2.5.

h operation, the potential volume of gas leakage is limited by the rate of gas production when there i
gE.

of heat transfer, commensurate with the chemistry of the affécted fluids or gases, may be used.

rical
the

s to

ding

mal

5 nNo

6.1.2 Area classification for hydrogen generators

The hydrogen generator enclosure shall be classified according to IEC 60079-10. Where appropriate,
instructions shall be provided to define the classification and extent of classified areas surrounding the
hydrogen generator as per IEC 60079-10 (see 12.5).

6.1.3 Protection requirements for equipment within classified areas

Equipment within classified areas shall comply with the requirements of IEC 60079-0 and the appropriate
parts of IEC 60079 for the type(s) of protection used or IEC 60079-30-1.

14
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When equipment is intended for operation under conditions that are not covered in the scope of the
IEC 60079 International Standards or in the scope of IEC 60079-30-1 (e.g. operation in an enriched oxygen

atmosphere), additional testing related specifically to the intended conditions of use shall be performed.

NOTE

intrinsic safety “i” (IEC 60079-11) are applied.

6.1.4 Protection methods to prevent the accumulation of ignitable mixtures

This is particularly important when the types of protection flameproof enclosures “d” (IEC 60079-1) and

Protection may be provided by passive or active means to ensure that gas mixtures remain below a volume
fraction of 1 % hydrogen within the hydrogen generator enclosure, except in dilution volumes. Computational

fluig
dets

Pas

a)

b)

Acti

a)

b)

c)

Wh
voly
gen

NOT
anal

Wh
6.1.
Det
hyd

dynamics analysis, tracer gas, or similar methods such as those given in IEC 60079-10, may
rmine the 1 % volume fraction of hydrogen in air dilution boundary and ventilation requirethent

sive methods include, but are not limited to:

pipe orifices and similar methods of flow restriction to restrict the maximum release rate to a
value;

use of joints that are permanently secured and constructed so that they.limit the maximum rel
a predictable value.

ve methods include, but are not limited to:

comparison of hydrogen gas flow or pressure measutements relative to control setting
protective measures such as de-energization of nofsclassified electrical equipment and
ventilation when an out-of-specification condition is detected;

constant ventilation sufficient to maintain an average hydrogen gas concentration within th
generator enclosure, except in dilution volumeés, below the maximum volume fraction of 1 §
based on the maximum anticipated hydregen gas leak rate into the hydrogen generator e
determined by the manufacturer;

a hydrogen gas detection system” complying with the requirements of 6.1.9 that initiates vern
volume fraction of 0,4 % hydrogen.

bn ventilation is used as an'active protection means, the required minimum ventilation rate sha
me fraction of 1 % hydrogen based on the maximum anticipated hydrogen gas leak rate into th
brator enclosure as determined by the manufacturer.

E Sudden and-eatastrophic failure of vessels or piping systems need not be considered a leak sc

bn such-active and/or passive protection measures are used, the area classification determ
P and-the protection requirements for electrical equipment as per 6.1.3 may be adjusted
bction ‘of hydrogen/air mixtures exceeding the maximum volume fraction of 1 % hydrogen

ysis when protegctioh against such failures has already been contemplated in the vessel and piping design.

be used to

b.

predictable

base rate to

5 to initiate
initiation of

e hydrogen
o hydrogen
nclosure as

tilation at a

| maintain a
e hydrogen

enario in this

ned as per
accordingly.
shall cause

fogen generation to stop and de-energization of non-classified electrical equipment. Failure o

f ventilation

sha

| cause a shutdown of gas generation. Equipment that shall remain energized in the event of

failure such

as a hydrogen gas detection system and ventilation equipment shall be suitable for use in classified areas as

per

6.1.3.

6.1.5 Additional protection measures for hydrogen generators where oxygen is purposely vented

insi

de the hydrogen generator enclosure

When applicable, oxygen purposely vented inside the hydrogen generator enclosure shall be diluted
sufficiently by a ventilation air stream to preclude a hazardous enriched oxygen atmosphere within the
hydrogen generator enclosure. Classified electrical equipment that could come in contact with enriched
oxygen mixtures shall be evaluated for their suitability under the possible conditions as indicated in 6.1.3.
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The design of the ventilation shall dilute the oxygen concentration such that any gas flow exiting the hydrogen
generator enclosure to the surrounding environment will not create a hazardous condition. Where mechanical
ventilation is used to dilute oxygen levels, means of detecting insufficient air ventilation and causing hydrogen

generator s

6.1.6 Ven

hutdown shall be provided.

tilation

Whenever ventilation is used as per 6.1.4 or 6.1.5, the manufacturer shall specify the ventilation rate and the
operating pressure of the ventilation system.

Failure of v

6.1.7 Stay

Hydrogen
mixtures as
devices tha

All equipmg
the area c
atmospherg

energization of non-classified electrical equipment.

6.1.8 Ve

n[
Where veniilated electrical and mechanical compartments are adjacent to the gas generation compartmn

they shall b
compartme

6.1.9 Hydrogen gas detection system

Hydrogen d
ensure that
IEC 60079-
hydrogen g

The reliabi
requiremen

Self-verificg

Hydrogen
especially 7

NOTE L
purposes su

entilation shall cause a shutdown of gas generation
t-up purge
henerator enclosures that rely on ventilation for protection against accumulation “of ignit

per 6.1.4 shall be purged with a minimum of five air changes prior to the energization of
are not suitable for the area classification.

assification. Purging need not to be performed if it can be demonstrated by design that
within the hydrogen generator enclosure and associated ducts, is non-hazardous prio

ilation of adjacent compartments

e at a positive pressure relative to the gas generation compartment unless equipment within
nt is suitable for the area classification.

as detectors used for safety shall comply with 7.7 and IEC 60079-29-1. The manufacturer s
the selection, installation, use and maintenance of hydrogen gas detectors are in accordance
PO-2. The detectors shall be installed in optimum locations to provide the earliest detectio
bs such that their protective function can be proven.

ity of a hydrogen gas‘.detection system used for safety purposes shall comply with
s of 6.2.4.

tion means shallbe' provided for hydrogen gas detectors used for safety purposes.

has detection- systems used for safety shall comply with the requirements of Clause 7
.1and ~2.4.

[his"requirement does not apply to hydrogen gas detectors or detection systems provided for other non-s

able
any

nt, which shall be energized prior to purging or in order to accomplish pufging, shall be suitablg for

the
r to

ent,
that

hall
with
n of

the

and

hfety

h-as diagnostics.

6.1.10 Hyd

rogen generators designed to be installed in classified areas

Hydrogen generators that are designed to be installed in classified areas as defined by IEC 60079-10 shall
have their electrical equipment complying with IEC 60079-0 and the appropriate parts of IEC 60079 for the
type(s) of protection used. In this case, the provisions of 6.1.4 shall not be used.
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Table 1 — Electrical components requirements

Type of electrical equipment

International

transformers, constant voltage transformers, and autotransformers

Main category Specific equipment Standards
Circuit-breakers IEC 60947-2
Switches, disconnectors, switch-disconnectors and fuse-combination units IEC 60947-3

Electrotechnical contactors and motor-starters IEC 60947-4-1
AC semiconductor motor controllers and
Contactors and motor-starters starters IEC 60947-4-2
AC semiconductor controllers and contactors IEC 60047-4-3
for non-motor loads
Electromechanical control circuit devices IEC 60p47-5-1
Proximity switches IEC 60P47-5-2
Control circuit devices and switching elements | Proximity devices with defined behaviour IEC 60047-5-3
under fault conditions
Electrlcgl emergency stop device ‘with IEC 60047-5-5
mechanical latching function
Automatic transfer switching equipment IEC 60P47-6-1
Multiple function equipment Control and protective/switching devices for IEC 60547-6-2
equipment (CPS)
Terminal blocks,for copper conductors IEC 60pR47-7-1
Andillary equipment ; ;
Protective cenductor terminal blocks for copper IEC 60047-7-2
conductors
Type-tes_ted and partially type-tested IEC 60439-1
assemblies
Busbar trunking systems (busways) IEC 6p439-2

) Low-voltage switchgear and controlgear
Low voltage switchgear and controlgear assemblies intended to be installed in places
asspmblies : : IEC 6p439-3

where unskilled persons have access for their

use — Distribution boards

Assemblies intended to be installed outdoors

in public places — Cable distribution cabinets IEC 6P439-5

(CDCs) for power distribution in networks
Serpiconductor converters IEC 60146 (all parts)
Rotating electric machines (motors) IEC 6P034-1

. IEC 61R04 and

PoWer supplies IEC 6h204-6
Switch-made power supplies IEC 61558-2-17
Power transformers, including: separating transformers, control transformers, isolating IEC 61558 (all

applicable parts)

Semiconductor devices

IEC 60747 (all
applicable parts)

© 1SO 2008 — All rights reserved
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6.2 Electrical equipment

6.2.1 General requirements

Electrical safety shall ensure protection against electrical shock, fire and burns during operation and routine
maintenance activities.

Electrical clearance (through air) and creepage distances (over surfaces) as well as solid insulation thickness
for electrical circuits, shall be in accordance with Clause 20 of IEC 60730-1:1999/Amd.1: 2003/Amd. 2:2007.

Wiring methods-shall-comply-with-therequirements of IEC 60204-1-

Electrical installation and service connection leads or terminals of an individual component shall beCidentjfied
by number(g), letter(s), symbol(s) or combination thereof, except when the component:

a) incorpgrates means which will physically prevent incorrect wiring, or

—

b) incorpqrates only two leads or terminals, the interchange of which does not change, the operation of the

compopent.

Wire for power circuits shall be colour coded to allow for consistent identification. Conductors shal| be
identified ag per IEC 60446.

Equipment terminals shall be identified as per IEC 60445.
Electrical components and devices shall be:

— suitabl¢ for their intended use and shall conform to relevant IEC International Standards indicated in
Table 1{;

— installed and used within their ratings and as perthe manufacturer's instructions.

6.2.2 Grounding and bonding
Equipment ghall be bonded and grounded_as required by IEC 60204-1 with the following exception:

Parts that ghall be isolated from the.ground to ensure safe and reliable operation of the process by limjting
stray curremts such as electrolytic cell metal casings and parts, other electrolyte carrying vessels and|cell
ancillary sygtems such as feed water and cooling systems shall be protected as required under IEC 60204-1
to prevent glectric shock.

6.2.3 Cirduit protection

Overload and oyer-current protection shall be provided to each electrical device, equipment and apparatug by
means of circuit‘breakers, overload relays and fuses in accordance with one of the following IEC Internatipnal
Standards.

a) I|EC 60364-4-43;

b) IEC/TR 614509.

6.2.4 Safety control circuit

A risk assessment shall be performed in accordance with I1ISO 14121-1 to identify the critical functional
components of the hydrogen generator.

NOTE IEC 60300-3-9 also provides recommended guidelines for risk assessment.
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All the electrical components that have been identified as critical functional components based on the results
of the risk assessment shall be provided with a safety control circuit. The design of the safety control circuits
shall be in accordance with IEC 61069-7 and IEC 61511-1.

The design of safety-control circuits shall be such that failure of critical functional components will cause the

hydrogen generator to go to a safe condition, as follows:

a)

b)

the component shall act to safely interrupt the intended function under its control, or

the component shall allow to complete an operational cycle, but shall fail to start or will lock out on the

subsequent cycle.

The)
lead
alte

7

71

The
hyd

The)
and
fund
inst

The)
sha

safety control circuits shall ensure that the interchange of the electrical installation and sefvice
s or terminals of the critical functional component that failed, when physically interchanges
ration, shall not activate the component nor result in normal operation of the component.

Control systems

General

hydrogen generator shall be equipped with a control system that is designed and constructed
rogen generator is safe and reliable and will prevent a dangerdus condition from occurring.

manufacturer shall perform a safety analysis to identify failures that can affect the system ¢
or safety. The safety analysis shall provide the basjs to set the protection parameters reqy
tionality of the safety control circuits described\in~6.2.4. The response time and accu
uments used for the detection and the actuation of a control shall be accounted for in the safet

hydrogen generator shall be designed such:that the single failure of a safety control circuit
| not cascade into a hazardous situationx/As indicated in IEC 60204-1, means to prevent cas

inclide but are not limited to:

The
indi

protective devices in the machine(e.g. interlocking guards, trip devices);
protective interlocking of the electrical circuit;

use of proven technigues and components;

provision of partialor complete redundancy or diversity;

provision forfunctional tests.

contrelssystem shall incorporate safety devices and, where appropriate, monitoring devic

connection
ble without

so that the

erformance
ired for the
acy of the
y analysis.

component
cade failure

es such as

ken, either

Cators ‘and/or alarms which enable and provide information for appropriate action to be t
matically or manually, to keep the hydrogen generator operating within allowable limits. |
If the manufacturer's safety analysis determines that hydrogen in air, hydrogen in oxygen or oxygen in
hydrogen combustible gas mixture hazards require an emergency stop function, then the emergency stop
shall be initiated when the maximum volume fraction of 1 % hydrogen in air, 2 % hydrogen in oxygen or 1,6 %

oxygen in hydrogen, is exceeded. The response time and accuracy of the instruments used for detection and
actuation of a control shall be accounted for in the safety analysis.

autg

Each operational mode of the hydrogen generator shall be indicated.
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7.2  Operator Controls

7.21 Start

The hydrogen generator shall have a start control that initiates operation of the hydrogen generator only when
all safeguards are in place and functional.

7.2.2 Stop

The hydrogen generator shall have a stop control that initiates a safe controlled cessation of hydrogen

generator operatior:
7.2.3 Relt

The hydrogen generator may have a reset control to reset controls and safeguards to a safe\state ready for
start after ap automatic shut down event due to fault detection.

7.2.4 Emergency stop

The hydrogen generator shall have an emergency stop function that immediately removes power from
systems thgt produce an actual or impending hazard that cannot be corrected by controls.

The emerggncy stop shall meet the requirements of IEC 60204-1 and I1SO ¥3850.

7.2.5 Suspension of safeguards
Where it is hecessary to suspend safeguarding (e.g. for maintenance by qualified service personnel), a mode

selection de¢vice or means, capable of being secured by, a-special tool or code in the desired mode, shall be
provided sqg as to prevent unintended operation.

7.3  Control function in the event of failure

In case of g fault in the control circuit, a failure or a damage to the control circuit:

a) the hydrogen generator shall not stant'unexpectedly;

b) the hydrogen generator shall(not’be prevented from stopping if the stop command has been given;
c) automatic or manual stepping of the moving parts shall be possible;

d) the profective safety-devices shall remain fully effective.

7.4 Prqgqgrammable electronic equipment

requirements of IEC 60204-1 and shall comply with IEC 61131-1 and IEC 61131-2.

Programmable controllers used for safety control circuits shall comply with IEC 61508-1, IEC 61508-2 and
IEC 61508-3.

7.5 Correctable conditions

The hydrogen generator may continue to operate from out-of-specification conditions that can be corrected by
reducing power levels or changing other operating parameters to prevent a hazardous situation.
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7.6 Interconnected installations

When the hydrogen generator is designed to work together with other equipment, the hydrogen generator
shall provide effective means to communicate safety related conditions between the hydrogen generator and
other equipment.

7.7  Safety components

Safety components shall incorporate appropriate safety factors as prescribed by the manufacturer's safety
analysis to ensure that the alarm threshold lies outside the limits to be registered, taking into account, in

ar‘l"r\lllnr tha aonaratina-conditione-of thao inctallatiaon and naccihla faulic 1n tha maaciirina ovotan
partieclar-the-operating-conditions-of-the-installation-and-possible-faulis-inthe-measuring-s -

Safgty components shall:
— | be so designed and constructed as to be reliable and suitable for their intended use;

— |be independent of other functions, unless their safety functions cannotsbe affected by |such other
functions;

— |comply with design principles in order to obtain suitable and reliable \pfotection. These princigles include,
in particular, fail-safe modes, redundancy, diversity and self-diagnaosis.

7.8 Remote control systems

Remote monitoring and control systems shall:
a) |be allowed only on hydrogen generators where remote start-up will not lead to an unsafe condjtion;
b) |not override locally set manual controls;
c) |not override protective safety controls,

Hydrogen generators that can be operated remotely shall have a local, labelled switch or other deyice that will
preyent remote operation when a local operator performs inspection or maintenance.

7.9 Alarms

When a condition that affects the safe operation of the hydrogen generator occurs, an alarm sighal shall be
senf to an operator, ©r'a local or remote control centre. The signal shall describe the conditior] so that an
opefator can take an action to correct this unsafe condition.

8 |lon transport medium

8.1 Electrolyte

The electrolyte, whether liquid or solid, shall:

a) be chemically stable with respect to environmental degradation over the full range of operating conditions
and over the defined operating lifetime of the hydrogen generator or any of its subcomponents;

b) not introduce any undesirable attribute in any other material used in conjunction so as to have a
synergistic and undesirable effect that neither material would possess if used in isolation;

c) not catalyze or serve to promote in any fashion parasitic side reactions, either of a chemical or an
electrochemical form, that contaminate the product gases of hydrogen or oxygen;
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d)

e)

(membrane).

be selected from the aqueous bases and solid polymeric materials with acidic function group additions;

provide sufficient ionic conductivity to prevent degradation of the oxygen/hydrogen separator

The manufacturer shall provide a mechanism for the safe containment and environmental disposal of the
electrolyte upon either a planned released or unplanned event leading to the release of the electrolyte.

8.2 Membrane

The hydrogen-generator-shall-be-provided-with-a-membraneto-separate-the-product-gas-streams-of-oxygen

and hydrogen. The membrane shall:

a) be chemically stable with respect to environmental degradation over the full range of operating conditipns;

b) be selgcted from the group of natural fibres, synthetic polymers and/or ceramics andshall not contain
asbestps;

c) providg sufficient ionic conductivity for the safe operation of the hydrogen generator;

d) providg sufficient electrical resistivity for the safe operation of the hydrogen ‘generator.

The manufacturer shall provide a mechanism for the safe environmentalydisposal of the membrane ypon

hydrogen generator disassembly and replacement. If there is a possibility“that the membrane material cpuld

become unstable over the defined operating lifetime of the hydrogen generator, the manufacturer shall:

a) ensure|that the material instability will not affect the safety of.the hydrogen generator;

b) incorpqrate monitoring devices that will monitor the effects of the membrane material instability.

9 Protection of service personnel

The exteriof and interior of the hydrogen generator enclosure and the interior components shall be designed

with due copsideration to ISO 13852, ISQ_13853 and ISO 13854.

All live pafts and/or moving partsisuch as flywheels shall be protected from access by unauthorjzed

personnel. Entrances to exposed (ive' parts inside the hydrogen generator shall have warning signs prohibjting

access by ynqualified personnel:

Guarding shall be provided\to protect the service personnel from any contact shock of exposed live parts as

well as fron} any rotating-device.

A non-insulated Jive " part in a high-tension circuit within the hydrogen generator compartments shal| be

located, guprdédor enclosed so as to minimize the possibility of accidental contact by service persohnel

performing mechanical service functions which may have to be performed with the equipment energized.

An electrical control component that may require examination, adjustment, servicing or maintenance while
energized shall be located and mounted with respect to other components and grounded metal parts so it is
accessible for electrical service functions without subjecting the service personnel to the likelihood of shock
hazard from adjacent non-insulated live parts or accident hazard from adjacent moving parts.

22
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10 Test methods
10.1 Type (Qualification) tests

10.1.1 General requirements

Each new hydrogen generator design considered for compliance with this International Standard shall be
subjected to the type (qualification) tests of 10.1 to verify that the design specification is fulfilled.

A hydrogen generator design tested for compliance with this International Standard shall be a representative
prodluction sample.

10.1.2 Basic test arrangements
In donducting the tests, the entire hydrogen generator, including any air filters, start:dp devices| venting or
exhpust systems and all field furnished equipment shall be installed in accordante-Wwith the mahufacturer’s
instfuctions to replicate the manner in which it is to be installed and operated.
Unlé¢ss otherwise stated, the entire hydrogen generator shall be operated:

a) |at the maximum normal operating pressure;

b) |at the rated voltage, and frequency.

Tests shall be carried out on the hydrogen generator assémbled for normal use and under leas} favourable
combination and configuration, within the manufacturer's _stated ratings.

10.1.3 Reference test conditions

10.1.3.1 Environmental conditions

Unlg¢ss otherwise specified in this Intefnational Standard, the tests shall be carried out in the following
env|ronment:

a) |atemperature of 15 °C to 35)°C;
b) [a relative humidity within the limits specified by the manufacturer (see 4.3) without exceeding 15 %;
¢) |an atmospheric_pressure of 75 kPa to 106 kPa;

d) |no hoarfrost;-dew, percolating water, rain, solar radiation, etc.

10.1.3.2 «State of equipment

10.132-1-General

Unless otherwise specified, each test shall be carried out on the equipment assembled for normal use and
under the least favourable combination of the conditions given in 10.1.3.2 to 10.1.3.2.13.

If dimensions or mass make it unsuitable to carry out particular tests on a complete hydrogen generator, tests
on sub-assemblies may be carried out, provided the assembled hydrogen generator meets the requirements
of this International Standard.

Equipment intended to be built into a wall, recess, cabinet, etc., shall be installed as specified in the
manufacturer's instructions.
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10.1.3.2.2

Position of the hydrogen generator

The hydrogen generator shall be in any position of normal use and with any ventilation unimpeded.

10.1.3.2.3

Accessories

Accessories and operator-interchangeable parts available from, or recommended by, the manufacturer for use
with the hydrogen generator under test may either be connected or not connected.

10.1.3.2.4

Covers and removable parts

Covers or p

10.1.3.2.5

The mains
manufactur|
rated supp
specified by

The frequency shall be any rated frequency.

Hydrogen g
either an a.

Hydrogen ¢
reverse pol

Unless the
reference tg

If the mear
both revers

10.1.3.2.6

Input and o
any voltage

10.1.3.2.7

Protective
connected

10.1.3.2.8

arts that can be removed without using a tool may either be left in place or removed.

Mains supply voltage
supply voltage shall be between 90 % and 110 % of any rated supply voltage_specified by
br. If the hydrogen generator is rated for a fluctuation greater than between 90)% and 110 % of

y voltage, the mains supply voltage can be at any supply voltage within ithe fluctuation rg
the manufacturer.

enerators designed for both alternative current (a.c.) and direct.current (d.c.) shall be connectg
C. or d.c. supply.

enerators designed for d.c. or single-phase supplysshall be connected both with normal
hrity.

hydrogen generator is specified for use only“en a non-earthed mains supply, one pole of]
st supply shall be at or near earth potential.

s of connection permits reversal, battery-operated hydrogen generators shall be connected
e and normal polarity.

Input and output voltages

within the rated voltage-range.

Earth terminals

conductor~términals, if any, shall be connected to earth. Functional earth terminals may
br not cennected to earth.

Controls

the

the

nge

d to

and

the

with

utput voltages, including floating voltages but excluding the mains supply voltage, shall be sét to

be

Controls that can be adjusted by hand by an operator shall be set to any position except that:

mains selection devices shall be set to the value of the mains supply actually used;

a)
b)

equipment.
10.1.3.2.9

Connections

The hydrogen generator may be connected to the application equipment for which it is intended.
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combinations of settings shall not be made if they are prohibited by the manufacturer's marking on the
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10.1.3.2.10 Load on motors

Load conditions of motor-driven parts of the hydrogen generator shall be in accordance with the intended
purpose.

10.1.3.2.11 Output

The following shall be taken into account regarding the hydrogen generator equipment giving an electrical
output:

a) the equipment shall be operated in such a way as to provide the rated output power to the rated load;

b) |the rated load impedance of any output may be connected or not connected.

10.1.3.2.12 Duty cycle

Equipment for short-term or intermittent operation shall be operated for the longest\period and shgll have the
shoftest recovery period consistent with the manufacturer's instructions.

Equipment for short-term or intermittent operation that develops significant heat during the start-up|phase, and

that| relies on continued operation to dissipate that heat, shall also be Operated for the shortest fated period
follgwed by the shortest rated recovery period.

10.1.3.2.13 Loading and filling
Equipment intended to be loaded with a specific matesial in normal use shall be loaded with the least
favqurable quantity of the materials specified in the instructions for use, including not loaded (empty) if the
instfuctions for use permit this in normal use.

In cpse of doubt, tests should be performed in more than one loading condition.

If the specified material could cause a hazard during the test, another material may be used proyided that it
can|be demonstrated that the result of/the*test is not affected.

10.1.4 Electrical tests

10.1.4.1 Continuity of the protective bonding circuit test

The continuity of the rotective bonding circuit specified in 6.2.2 shall be verified by a loop impedgance test in
accprdance with 61.3)6.3 of IEC 60364-6:2006.

An alternativetest method may be used for hydrogen generators with protective bonding loops nat exceeding
30 m. In thissCase, the continuity of the protective bonding circuit may be verified by the follow|ng bonding
impepdancetests:

o a4 o =oa 7= 4. O0Q0 IO Pa WYV V- 1 P - +~
— U.J. .UV O TOULL T.2UUZ/ VUl 2.2UU 0 TUT PIUy=LUTTICeLIcU SYUIPITICTIL,

— 6.5.1.4 of IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003 for permanently connected equipment.

Another alternative test method may be used when and only when test equipment with current generating
capacity required by the test of IEC 61010-1 is not readily available. In this case, the continuity of the
protective bonding circuit shall be verified by the test of 8.2 of IEC 60204-1:2005.

NOTE The continuity of the protective bonding circuit should be verified before power is applied to the hydrogen
generator as most short circuit protective devices rely on this continuity for proper operation. Similarly, the continuity of the
protective bonding circuit should be verified before the voltage test of 10.1.4.2.
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10.1.4.2 Voltage test

The strength of the electrical insulation specified in 6.2.1 shall be verified in accordance with 6.8 of
IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003 with the following exceptions:

humidity preconditioning shall not be required for hydrogen generators too large for readily available test

chambers. The voltage testing requirements for such large hydrogen generators shall in no case be less
than those of 18.4 of IEC 60204-1:2005.

any of the tests of 6.8.4 of IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003 may be used.

NOTE 1 I
voltages spe]
the conductg
the compone

NOTE2 1
minimize the
test equipme

NOTE3 1
minimize the
10.1.4.3 R
The.fqnctio
a minimum
system of C
The followin
— cell sta
— cell sta
— cell sta
— cell sta
— electro
— electro
— volume
— volume

[ the hydrogen generator employs a component such as a solid-state device that can be damaged-by
cified in this test, and that component complies with the applicable International Standard specified.in 9
rs of the circuit being tested may be disconnected at the component to eliminate the likelihood cof\dama
nt.

'he voltage test should be performed after the continuity of the protective bonding, circuit is verifie
possibility of inadvertently energizing accessible conductive surfaces and to ensure proper operation o
nt.

[he strength of the electrical insulation should be verified before applying powéerto the hydrogen generat
potential for short circuits and exposure to hazardous voltages.

unctional tests

the functioning of the safety control circuit and components identified in 6.2.4 and the co
lause 7 shall be verified with the requirements of 5.3:7,6.2.4,7.1,7.2,7.3,7.6, 7.7 and 7.9.

g faults and conditions shall be considered in.the*analysis and testing for 6.2.4:

ck voltage under/over the maximum/minimum voltage specified by the manufacturer;
ck unbalanced voltage as specified-by-the manufacturer;

ck temperature higher than the'maximum temperature specified by the manufacturer;
ck current over the maximum current specified by the manufacturer;

yte level higher than’the maximum level specified by the manufacturer;

vte level lowerthan the minimum level specified by the manufacturer;

fraction of/hydrogen in air that exceeds the limits defined in 6.1.4, or 7.1;

fraction of hydrogen in oxygen that exceeds the limits defined in 7.1;

ns of electrical equipment shall be tested, particularly those related to safety and safeguarding.

the
2.1,

ging

d to
f the

pr to

As
htrol

hydrog

loss of

hazard
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volume fraction of oxygen in hydrogen that exceeds the limits defined in 7.1;

en pressure higher than the maximum pressure specified by the manufacturer;

ventilation in the hydrogen generator enclosure;

temperature lower than the minimum temperature specified by the manufacturer;

temperature higher than the maximum temperature specified by the manufacturer;

ous liquid leak;
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— rupture disk failure;
— shutoff valve failure.

NOTE The functional tests and especially those of the safety circuit should be performed immediately after the
continuity of the protective bonding circuit and the strength of the electrical insulation have been verified and before the
hydrogen generated is operated at full capacity.

10.1.4.4 Mains supply

The mains supply marking shall be checked in accordance with 51.3 of
IEC|61010-1:2001/Cor. 1:2002/Cor. 2:2003.

10.1.4.5 Touch current and protective conductor current

The touch current and protective conductor current shall be limited and tested in ageordance with Clause 5.1
of IEC 60950-1:2005/Cor. 1:2006.

10.1.5 Pressure tests

10.1.5.1 General

All pressures cited in 10.1.5 are gauge unless stated otherwise.

10.1.5.2 Pressure test — Liquid containing parts

The| strength and integrity of all pressure bearing parts*of 5.4, including joints and connections, that convey a
liquid shall be tested by the methods of 11.7 of IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003.

NOTE 1 Cell stacks need only be tested to 10.1.5:4.

NOTE 2  Parts subjected to the same intetnal pressure during normal operation of the hydrogen genefator through
(intdr) connection may be considered as”an individual test section, which may be pressurized separately and, when
deemed necessary, isolated from the rest of the hydrogen generator by any convenient means.

10.1.5.3 Pressure test — Gas.containing parts
The] strength and integrity-of all pressure bearing parts of 5.4, including joints and connections, that convey a
gas|shall be tested by'the methods of 11.7 of IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003 with tihe following
modifications:

a) |test pressureshall be at least 1,5 times their maximum design pressure;

b) |the minimum test pressure shall be 70 kPa;

c) Uhetestduration-shal-be-2min=10-s-
NOTE 1 Cell stacks need only be tested to 10.1.5.4.

NOTE 2 In addition to verifying the ability of the pressure bearing parts to withstand pressure, this test confirms the
integrity of the hydrogen containment system including piping, fittings, and vessels in support of the fire and explosion
hazard protection requirements of 6.1. See 16.6 of IEC 60079-2:2007.

Parts subject to the same internal pressure during normal operation of the hydrogen generator through (inter)
connection may be considered as an individual test section, which may be pressurized separately and, when
deemed necessary, isolated from the rest of the hydrogen generator by any convenient means.

If a pneumatic test is used, clean dry air or any non-reactive gas, such as nitrogen or helium, should be used.
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10.1.5.4 Pressure test — Cell stacks

10.1.5.4.1 Applicability

The cell stacks shall be subjected to the common pressure test of 10.1.5.4.2. If during normal or abnormal
operation, a pressure difference between the oxygen and hydrogen sides of the cell stacks can occur, the
maximum design pressure difference shall be specified by the manufacturer and the cell stack shall

additionally
NOTE 1

be subjected to the differential pressure test of 10.1.5.4.3.

cell stacks are the pressure source. If the cell stacks fail, the source of both pressure and hydrogen is removed.

A slightly different test is provided for cell stacks because unlike the other pressure bearing components the

NOTE 2  Robust cell stacks can be tested with the other pressure equipment as described in 10.1.5.2 and 10.1.5.8,
10.1.5.4.2 |Common pressure test

The oxygen and hydrogen sides of each cell stack shall be connected to a common pressufe source [and
tested simdltaneously. The pressure test shall be performed as per 10.1.5.3 except that the cell stacks with a
maximum design pressure of less than or equal to 50 kPa shall be subjected to 1,3-\times their maximum
design pregsure for 30 min.

10.1.5.4.3 |Differential pressure test

The cell stacks shall be heated or cooled to the maximum or minimund normal operating temperafure,

whichever i
be applied
maximum d

Additionally]
the test, on
increase as
test. The n

accuracy and repeatability of both the instrumentation.and the test set-up.

10.1.5.5 L

The leakag
parts of thg

5 more severe. The pressure test shall be performed as per #0:1.5.3 except that the pressure §
o either the anode or cathode channels but not both and:the test pressure shall be 1,3 times
esign differential operating pressure.

the leakage rate between anode and cathode sides, shall be measured either continuously dy
before and after pressurization. The leakage rate between anode and cathode side shall
a result of this test and shall be within the manufacturer’s specification for the temperature of
neasurements after pressurization shall not*deviate from the initial results by more than

eakage test

e test shall be performed to_supplement the pressure tests of 10.1.5 especially in cases wl
hydrogen generator have(been tested separately and then connected together. Any functi

parts shall

The tests of 10.1.5.2 through 10-975.4 shall be repeated on the fully assembled hydrogen generator with
following mpdifications:

NOTE

The test pressure shallbe of no less than the maximum normal operating pressure;

When [the test“pressure is reached, the flow of test fluid shall be stopped and the pressure in
hydrogen geherator shall be monitored for 2 min. There shall be no measurable pressure drop.

e in the open position solthe required test pressure is exerted on all parts of the test section.

hall
the

ring
not
the
the

here
bnal

the

the

emperature compensation shall be taken into account when determining any pressure losses.

10.1.6 Dilu

tion tests

Where ventilation is used to dilute hydrogen and/or oxygen as described in 6.1.4 and 6.1.5, the tests of
10.1.6.1 to 10.1.6.3 shall be performed.

The air pressure and airflow measured during the test conditions shall be corrected for temperature and
altitude. The corrected airflow and pressure shall meet the design criteria for the specified operating range of
the hydrogen generator.

NOTE
tests of 10.1.

28

5.3 and 10.1.5.4.

For the dilution tests to be valid, the integrity of the containment system should have been confirmed by the
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10.1.6.1 Air flow test
The air flow rate shall be measured to confirm that the flow rate meets or exceeds the ventilation rate

specified in 6.1.6. The ventilation rate shall be determined by measuring air flow into or out of the hydrogen
generator enclosure.

10.1.6.2 Air pressure test

The pressure of the ventilated area shall be measured to confirm that the pressure differential meets the
requirements specified in 6.1.6.

10.1.6.3 Dilution test

Thel effectiveness of the dilution by ventilation specified in 6.1.4, 6.1.5 and 6.1.6 shall be confirmgd using the
method of 16.4.4.2 of IEC 60079-2:2007.

10.1.7 Protection against the spread of fire tests

Profection against the spread of fire shall be tested by the’/ methods of Clause9 of
IEC|61010-1:2001/Cor. 1:2002/Cor. 2:2003.

NOTE The International Standards for fire resistance referenced in 5.3.3 contain additional tests.

10.1.8 Temperature tests

Profection against burns and the overheating of components shall be tested by the methods of Glause 10 of
IEC|61010-1:2001/Cor. 1:2002/Cor. 2:2003.

10.1.9 Environmental tests

10.1.9.1 Ingress protection

The| electrical enclosure and process ‘enclosures of a hydrogen generator shall be tested by the|methods of
IEC|60529 for compliance with the‘IP classification determined per 5.3.2.

NOTE In addition to providing protection from the environment, enclosures may prevent access to hizardous live
elec}rical parts as required by\6.2.1. See 6.2 of IEC 61010-1:2001/Cor. 1:2002/Cor. 2:2003 for more information and a
preferred means of testingdor-this particular protection.

10.1.9.2 Water test

The| electrical enclosure and process enclosures of hydrogen generators intended for outdoor yse shall be
testpd by the'methods of 6.3 of IEC 60068-2-18:2000 or by the methods of IEC 60529 to IPX5.

NOTE Components and equipment individually protected to levels required by this International Standdrd (or better)
do notTeedto beenciosed:

10.1.10 Performance tests

10.1.10.1 Hydrogen and oxygen production rate test

The hydrogen and, if applicable, the oxygen production rate shall be measured at 100 % capacity for a period
of 1 h using the method defined in ISO 9300, ISO 9951, ISO 10790 or ISO 14511.

The average production rate shall meet or exceed the rate specified by the manufacturer.
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10.1.10.2 Hydrogen and oxygen quality test

The applica

ble hydrogen quality parameters shall be verified as per ISO 14687.

If applicable, the oxygen quality parameters shall be verified as per the manufacturer's instructions.

10.2 Routine tests

10.2.1 General requirements

Routine tests shall be performed on every hydrogen generator.

10.2.2 Con

The continu
or IEC 6101

NOTE
generator.

A

10.2.3 Volfage test

The electr
IEC 61010

10.2.4 Funictional tests

The functio

10.2.5 Lea

The integrit

11 Marki

11.1 Geng¢ral requirements

The hydrog
ISO 17398.

tinuity of the protective bonding circuit test

ity of the protective bonding circuit shall be tested as specified in 10.1.4.1 of this partief SO 22
0-1:2001/Cor. 1:2002/Cor. 2:2003, Clause F.1.

ny of the alternative methods listed in 10.1.4.1 may be used regardless of the size or'ratings of the hydr

cal insulation shall be tested as specified in 10.1.4.2 <of this part of SO 22734

1:2001/Cor. 1:2002/Cor. 2:2003, Clauses F.2 and F.3.

ns of each hydrogen generator shall be tested as spgcified in 10.1.4.3

kage test

y of each hydrogen generator’s piping shall-be tested as specified in 10.1.5.5.

nhg and labelling

en generator shall -be-/marked in compliance with the applicable clauses of ISO 3864-2

11.2 Hyd

Each hydr

read when fhe hydrogen generator is in a normally installed position. The data plate/label(s) shall include
following information:

ogen generator marking

734

bgen

or

and

en generator shall bear a data plate or combination of adjacent labels located so as to be easily

the

a)
b)
c) date of
d)
e) current

f)
9)

30

manufacturer's name (with trademark) and location;

catalogue number and the model number or type;

construction;

electrical input range in volts;

rating in amperes or the rated power (watts or VA);

frequency in hertz and phases;

serial number of the hydrogen generator;
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IP rating for outdoor or indoor use as determined in 5.3.2;

capacity of generation of hydrogen in cubic meters per hour at a temperature of 273,15 K (0
atmospheric pressure of 101,325 kPa;

hydrogen output pressure range in kilopascals;
temperature range of output hydrogen in degrees Celsius (°C);

if applicable, the area classification rating;

-1:2008(E)

°C) and an

1.

It applicable, the capacity of generation of oxygen In cubic meters per hour at a temperature
(0 °C) and an atmospheric pressure of 101,325 kPa;

if applicable, the oxygen output pressure range in kilopascals;
if applicable, the temperature range of output oxygen in degrees Celsius (°C);

reference to this International Standard.

B Marking of components

All fypes of valves, transmitters, motors, pumps, and fans shall be-identified to match the hydroge

dra

vings. Piping and tubing shall be marked to identify contentsand flow direction.

11.4 Warning signs

Wa
valy

11.
hyq

Hyd
be U
of IH

1.

If re

12

12

ning signs shall be placed to identify vented hydregen and oxygen, electrical hazards, content
es, hot components and mechanical hazards, Warning signs shall conform to ISO 3864.

b Additional requirements for hydrogen generators containing classified areas ¢
rogen generators designed to be used in classified areas

rogen generators containing classified areas as determined in 6.1.2 and hydrogen generators
sed in classified areas (see 6.1:10) shall be marked as required by IEC 60079-0 and the apprd
EC 60079 for the type(s) of protection used.

b Additional requirements for oxygen venting

quired by 4.5, a’Tabel warning of enriched oxygen shall be affixed near the oxygen outlet.

Documeéntation accompanying the hydrogen generator

of 273,15 K

n generator

5 from drain

nd for

designed to
priate parts

| “Instructions and diagrams contained in the hydrogen generator

Where this International Standard requires instructions and diagrams to be contained in the hydrogen
generator, they shall be contained within the hydrogen generator enclosure, either in a protective pouch or
displayed using a permanent marking method resistant to water and heat.

12.2 Handling and lifting instructions

Instructions on how to safely handle and lift the hydrogen generator shall be provided by the manufacturer.

The hydrogen generator shall have its centre of gravity identified. Lifting point to facilitate lifting by crane,
forklift or other means as may be appropriate for the size and weight of the hydrogen generator shall be
provided and identified.
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12.3 Operation manual

Operation instructions including start-up and shutdown procedures shall be provided by the manufacturer.
The operation manual shall include a Clause on the hazards related to the use of the hydrogen generator. As
a minimum, the hazards related to the presence of hydrogen and oxygen, the hazards related to the handling

of the electrolyte and the hazards related to the use of purge gases shall be covered.

The operation manual shall also include a description and explanation of all warnings and markings on the
hydrogen generator especially those relating to classified areas.

The operatlng manual shall explain the hazards of oxygen enriched atmosphere and describe the miniium
room ventilation required to maintain oxygen levels below a volume fraction of 23,5 % in air.

If the hydrogen generator is provided with a remote monitoring system and adjustments to its controls can be
made by the customer or operator, the manufacturer shall supply the procedures to address| the changegs to
this remote[monitoring system. The procedures shall address the cases where:
a) there ig a person in charge at the hydrogen generator location;

b) there ig no person in charge at the hydrogen generator location.

The procedpres shall, as a minimum, address how to:

a) modify[the control parameters remotely;

b) certify an upgrade to the remote monitoring system;

c) upgrade software remotely;

d) certify @ parameter change;

e) changg parameters remotely;

f)  upload|parameters;

g) upload|software;

h) qualifythe operation;

i) undo/r¢verse all changdes;

j)  test anfl backup,do¢umentation.

12.4 Electrical'diagrams

Electrical diagrams of all elecirical circuiis within the hydrogen generator shall be supplied by the
manufacturer in each of the following forms:

a) connection diagram(s) to aid in locating components for field service;

b) schematic diagram of the ladder form and, when necessary for clarification, a cycle chart or printed
sequence of switching action accompanying the schematic diagram.

Electrical diagrams shall be affixed on the hydrogen generator in a location where they are accessible during
servicing of the electrical components and/or included with the instructions per 12.3. In all cases, the colour-
coding scheme shall be posted in a prominent location within the hydrogen generator enclosure and provided
in the operation manual.
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