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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 committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting-, Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

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

The machine concerned and the extent to which hazards, hazardous situations and events are covered are
indicated in the scope of this part of ISO 16110.

This part of ISO 16110 provides requirements and recommendations relating to hydrogen generators using
fuelfprocessing technologies So as t0 promote:

— | safety of persons and property;
— | consistency of control response; and
— |ease of maintenance.

High performance is not to be obtained at the expense of the essential factors-mentioned above.

© 1SO 2007 — All rights reserved \"
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Hydrogen generators using fuel processing technologies —

Part 1:
Safety
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Scope

part of ISO 16110 applies to packaged, self-contained or factory matched hydrogen generat
a capacity of less than 400 m3/h at 0 °C and 101,325 kPa, herein referred to as hydrogen gen
vert an input fuel to a hydrogen-rich stream of composition and conditions suitable for the tyy
g the hydrogen (e.g. a fuel cell power system or a hydrogen compression, storage and delivery
plies to hydrogen generators using one or a combination of the following input fuels:

natural gas and other methane-rich gases derived from renewable (biomass) or fossil fuel s
landfill gas, digester gas, coal mine gas;

fuels derived from oil refining, e.g. diesel, gasoline;kérosene, liquefied petroleum gases such
and butane;

alcohols, esters, ethers, aldehydes, ketones,* Fischer-Tropsch liquids and other suitable hy
organic compounds derived from renewable (biomass) or fossil fuel sources, e.g. methan
di-methyl ether, biodiesel,;

gaseous mixtures containing hydregen gas, e.g. synthesis gas, town gas.

part of ISO 16110 is applicable to stationary hydrogen generators intended for indoor &
mercial, industrial, light industrial and residential use.

exception of those \associated with environmental compatibility (installation conditions), wh
J as intended and,under the conditions foreseen by the manufacturer.
E A list ‘of significant hazards and hazardous situations dealt with in this part of ISO 16110 is found i

partsof 1SO 16110 is a product safety standard suitable for conformity assessment a
Guide 104, ISO/IEC Guide 51 and ISO/IEC Guide 7.

on systems
erators, that
e of device
system).

burces, e.g.
as propane
drogen-rich

ol, ethanol,

nd outdoor

Ms to cover all significant hazards, hazardous situations and events relevant to hydrogen gengrators, with

bn they are

n Annex A.

5 stated in

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
document (including any amendments) applies.

ISO 4080, Rubber and plastics hoses and hose assemblies — Determination of permeability to gas

ISO

ISO

4413, Hydraulic fluid power — General rules relating to systems

4414, Pneumatic fluid power — General rules relating to systems

© 1SO 2007 — All rights reserved
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ISO 5388, Stationary air compressors — Safety rules and code of practice

ISO 10439,

Petroleum, chemical and gas service industries — Centrifugal compressors

ISO 10440-1, Petroleum and natural gas industries — Rotary-type positive-displacement compressors —
Part 1: Process compressors (oil-free)

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

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

COMpresSsofk

o

ISO 12499:
ISO 13631,
ISO 13707,
ISO 13709,
ISO 13850,
ISO 13943,
ISO 14121,
ISO 14847,
ISO 15649,
ISO 16528
IEC 60079-

IEC 60079+
hazardous

IEC 60146-
Part 1-1: S

IEC 60204-
IEC 60335-

IEC 60335-
for pumps

IEC 60335-

=

1999, Industrial fans — Mechanical safety of fans — Guarding

Petroleum and natural gas industries — Packaged reciprocating gas compressors
Petroleum and natural gas industries — Reciprocating compressors

Centrifugal pumps for petroleum, petrochemical and natural gas industries

Safety of machinery — Emergency stop — Principles for design

Fire safety — Vocabulary

Safety of machinery — Principles of risk assessment

Rotary positive displacement pumps — Technical requirements

Petroleum and natural gas industries — Piping

all parts)!) , Boilers and pressure vessels

D:2004, Electrical apparatus for explosive gas atmospheres — Part 0: General requirements

10:2002, Electrical apparatus for ;explosive gas atmospheres — Part 10: Classification
hreas
1-1, Semiconductor convertors — General requirements and line commutated convertors

ecifications of basic requirements
1, Safety of machinery)— Electrical equipment of machines — Part 1: General requirements
1:2004, Household and similar electrical appliances — Safety — Part 1: General requirements

P-41, Household and similar electrical appliances — Safety — Part 2-41: Particular requirem

P-51,>Household and similar electrical appliances — Safety — Part 2-51: Particular requirem

for stationa

of

ents

ents

h, circulation numns for heatina and sendcewater installations.
Y~-HthatHoR-pHHRPSHo-Heatig-aha 44 WateASaHaHoH

IEC 60529:2001, Degrees of protection provided by enclosures (IP Code)

IEC 60664 (all parts), Insulation coordination for equipment within low-voltage systems

IEC 60704-3, Household and similar electrical appliances — Test code for the determination of airborne
acoustical noise — Part 3: Procedure for determining and verifying declared noise emission values

IEC 60730-

1, Automatic electrical controls for household and similar use — Part 1. General requirements

1) To be published.
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IEC 60730-2-5, Automatic electrical controls for household and similar use — Part 2-5: Particular
requirements for automatic electrical burner control systems
IEC 60730-2-6, Automatic electrical controls for household and similar use — Part2-6: Particular
requirements for automatic electrical pressure sensing controls including mechanical requirements
IEC 60730-2-9, Automatic electrical controls for household and similar use — Part2-9: Particular
requirements for temperature sensing controls
IEC 60730-2-17, Automatic electrical controls for household and similar use — Part 2-17: Particular
requirements for electrically operated gas valves, including mechanical requirements
IEC|60730-2-19, Automatic electrical controls for household and similar use — Part2-19; Particular
reqliirements for electrically operated oil valves, including mechanical requirements
IEC|60812, Analysis techniques for system reliability — Procedure for failure mode’and effe¢ts analysis
(FMEA)
IEC|61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits ~ Limits for harmqnic current
emigsions (equipment input current < 16 A per phase)
IEC|{61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage changes,
voltage fluctuations and flicker in public low-voltage supply systems,.for equipment with rated cufrent < 16 A
perphase and not subject to conditional connection
IEC|ITS 61000-3-4, Electromagnetic compatibility (EMC) == Part 3-4: Limits — Limitation of emission of
harmonic currents in low-voltage power supply systems.fef’equipment with rated current greater than 16 A
IEC|ITS 61000-3-5, Electromagnetic compatibility (EMC) — Part 3: Limits — Section 5: Limitation of voltage
fluctuations and flicker in low-voltage power supply systems for equipment with rated current greater than
16 A
IEC|61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Immunity for
resiflential, commercial and light-industrial environments
IEC|61000-6-2, Electromagnetic~compatibility (EMC) — Part 6-2: Generic standards — Immunity for industrial
envjronments
IEC|61000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emission standard for
resiflential, commerciakand light-industrial environments
IEC|61000-6-4,.Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission $tandard for
indystrial envirenments

IEC

61025, Fault tree analysis (FTA)

IEC

P — e tr——S ety , : -

Framework, definitions, system, hardware and software requirements

r — Part 1:

IEC 61511-3, Functional safety — Safety instrumented systems for the process industry sector — Part 3:
Guidance for the determination of the required safety integrity levels

IEC 61779-4, Electrical apparatus for the detection and measurement of flammable gases — Part 4:
Performance requirements for group Il apparatus indicating up to 100 % lower explosive limit

IEC 61779-6, Electrical apparatus for the detection and measurement of flammable gases — Part 6: Guide for
the selection, installation, use and maintenance of apparatus for the detection and measurement of flammable
gases

© 1SO 2007 — All rights reserved
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IEC 61882, Hazard and operability studies (HAZOP studies) — Application guide

IEC 62086-1, Electrical apparatus for explosive gas atmospheres — Electrical resistance trace heating —
Part 1: General and testing requirements

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
3.1

air-rich corlldition
mixtures of [fuel and air, in which the air content is greater than that of a stoichiometric mixture

NOTE Air-rich conditions are used when complete fuel reaction is intended (e.g. in flame burners).

3.2
air-rich sygtem
system usirjg air-rich conditions

3.3
ambient temperature
temperaturg of the medium surrounding a device, item of equipment or installation

34
auto-ignition
phenomengn in which a mixture of gases, vapours, mists, dusts or sprays ignites spontaneously with no
external ignjition source

[ISO/TR 15p16:2004]

3.5
auto-ignitipn temperature
lowest temperature at which auto-ignition occurs

[ISO/TR 15p16:2004]

3.6
auto-thermal reforming
coupling of partial oxidation and\steam reforming

3.7
burner control system
system thai monitors\the operation of fuel burners, which is comprised of a programming unit and a flame
detector, arjd which"may include an ignition source and/or ignition device

3.8
cabinet
rigid structure that may contain the hydrogen generator that protects it against specific environmental and
climatic conditions and incidental contact by people and livestock and that may also provide protection to
people and livestock against incidental contact with hazardous parts or materials

3.9
catalytic partial oxidation
exothermic conversion of a hydrocarbon with a small quantity of air into hydrogen over a catalyst

4 © 1SO 2007 — All rights reserved
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3.10

combustible gas, liquid or vapour

gas, liquid or vapour which, when mixed with air or oxygen, is capable of propagating flame away from the
source of ignition when ignited

3.11

commercial

relating to the use of hydrogen generators by laymen in non-manufacturing business facilities such as stores,
hotels, office buildings, educational institutes and refilling stations

3.12
concealed location
locdtion that cannot be accessed without damaging permanent parts of a building structure or a*inish surface

NOTE Spaces above, below or behind readily removable panels or doors are not considered as concealged.

3.13
conformity assessment
demonstration that specified requirements relating to a product, process, system, person or body are fulfilled

NOTE The subject of conformity assessment includes activities defined in IS@/AEC 17000, such as testing, inspection
and [certification, as well as the accreditation of conformity assessment bodies.

3.14
critical failure mode
failyre mode of a software or hardware item, which can result it‘unacceptable risk of harm

3.14
maximum allowable pressure
max)imum pressure for which equipment is designed

31
design temperature
temperature value applied to the design*ofpressure-containing components

3.17
dirgct ignition
ignifion which is applied directly to the main burner without the use of a pilot

31
explosion limits
ma)imum and minimum concentrations of a gas, vapour, mist, spray or dust, in air or oxyger], for stable
detgnation to oecclir

NOTE 1 The limits are controlled by the size and geometry of the environment, the concentration of the fugl, as well as
the means\by which ignition occurs.

NO = Tla 4 i@ 1 H Lotk oLl ol Lisaaid alal ol H 1 4 I | H £t th t
| = TS TS TAYIUSIVE THTIL driu narrmauic 1t arc  wilutTly  UoTU do TUUIVAITTTU WIHIT 1T Tatt ey are no

identical. The only substance for which the explosive limit is significantly different from the flammable limit is hydrogen.
[ISO/TR 15916:2004]

3.19

explosive atmosphere

mixture with air, under atmospheric conditions, of flammable substances in the form of gas, vapour, mist or
dust in which, after ignition, combustion spreads throughout the unconsumed mixture

[IEC 60079-10:2002]

© 1SO 2007 — All rights reserved 5
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3.20

explosive gas atmosphere
mixture with air, under atmospheric conditions, of flammable substances in the form of gas or vapour in which,
after ignition, combustion spreads throughout the unconsumed mixture

NOTE

Although a mixture which has a concentration above the upper explosive limit (UEL) is not an explosive gas

atmosphere, it can readily become so and, in certain cases for area classification purposes, it is advisable to consider it as

an explosive

[IEC 60079-

gas atmosphere.

10:2002]

3.21

system cor
packed for

3.22
Fischer-Try¢
liquids deriv

EXAMPLES
(MTP), meth

3.23
flame dete
device that

NOTE A
amplifier and

3.24

factory malched unit

hponents engineered in a factory to correspond with each other and work together,-separg
storage and transportation, and intended to be assembled together at the point of utilization

bpsch liquids
ed through a technology based on the Fischer-Tropsch synthesis
Gas-to-liquids (GTL), methanol-to-gasoline (MTG), methanol-to-olefins «(MTO), methanol-to-propy
bnol-to-olefins-to-gasoline and distillates (MOGD), dimethyl ether (DME) progesses, etc.
Ctor
provides a signal indicating the presence or absence of flame

flame detector includes a flame sensor and may include.an“amplifier and a relay for signal transmission.
the relay may be embedded in the detector’'s housing or combined with a programming unit.

flame sensor

primary dey
EXAMPLES

3.25
flame failu
period of tin

3.26

flammabili
lower (LFL
ignite and p

NOTE1 1

ice in a flame detector, which detects the presence of flame

Optical sensors and flame electrodes (flame rods).

‘e lock-out time
ne between the signal jndicating an absence of flame and lock-out

y limit
and upper (UFL) vapour or gas concentration of fuel in air within which a flammable mixture
ropagate a.flame

[hese limits are functions of temperature, pressure, diluents and ignition energy.

NOTE 2

[hese limits are usually expressed as percent (volume fraction)

[ISO/TR 15916:2004]

3.27
flashback

recession of a flame into the mixing chamber or further upstream

3.28
frame

tely

lene

The

will

assembly of structural members held together through permanent (weldment, riveting) or screw-type joints,
carrying the hydrogen generator body and its equipment and components, providing accuracy of location,
strength and rigidity of support

© 1SO 2007 — All rights reserved
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3.29

fuel processing system

sequence of catalytic or chemical reactors that convert an input fuel to a hydrogen-rich stream of pre-specified
composition and conditions

3.30
fuel-rich condition
mixture of fuel and air, in which the fuel content is greater than that of a stoichiometric mixture

NOTE Fuel-rich conditions are used when complete air reaction is intended (e.g. in catalytic partial oxidation,
preferential oxidation or auto-thermal reactors).

3.31
fuel-rich system
system operating under fuel-rich conditions

3.34
harm
physical injury or damage to the health, or damage to property or the environment

[ISQ/IEC Guide 51]

3.33
hazprd
potential source of harm

NOTE The term hazard can be qualified in order to define its origin or the nature of the expected harm|(e.g. electric
shogk hazard, crushing hazard, cutting hazard, toxic hazard, ficte-hazard, drowning hazard).

[ISQ/IEC Guide 51]

3.34
hazprdous area
areg in which an explosive gas atmosphere is present, or may be expected to be present, in qugntities such
as tp require special precautions for the-Construction, installation and use of apparatus

[IEG 60079-10:2002]

3.38
hazprdous situation
circumstance in which-people, property or the environment are exposed to one or more hazards

[ISQ/IEC Guide51]
3.3

ign?tion activation period
peripd-of time between energizing the main gas valve and deactivation of the ignition means

3.37
incident
event or chain of events that can, but does not necessarily, result in harm

3.38

industrial

relating to the use of hydrogen generators by qualified and experienced personnel in a controlled
manufacturing or processing environment, e.g. a chemical plant or a mine

© 1SO 2007 — All rights reserved 7
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3.39

input fuel

chemical substance fed to the hydrogen generator as a reactant or as input energy, usually composed of
natural gas, other hydrocarbons, alcohols or other organic compounds

3.40

intermittent pilot

pilot which is automatically ignited when an appliance is called on to operate, which remains continuously
ignited during each period of main burner operation, and which is automatically extinguished when each main
burner operating cycle is complete

3.41
interrupted pilot
pilot which |s automatically ignited prior to the admission of fuel to the main burner and which is automati¢ally
extinguishef when the main flame is established

3.42
light industrial
relating to |the use of a hydrogen generator by personnel with limited qualification and experience in
manufacturlng environments with limited dedicated controls, e.g. computer and-electronics manufactdring
facilities

3.43
limit gases|
test gases fepresentative of the extreme variations in the characteristics of the gases for which appliances
have been glesigned

3.44
lock-out
safety shutdown in which the system goes into a volatile orfhon-volatile lock-out

3.45
lower explosive limit
LEL
concentratipn of flammable gas or vapour in.airbelow which the gas atmosphere is not explosive

3.46
main flame establishing period
the period qf time between the signal to energize the main fuel flow means and the signal indicating presance
of the main|burner flame

3.47

ventilation
movement ¢f air and'its replacement with fresh air by artificial suction means, for example fans, and appligd to
a general afea

3.48
non-hazardous area

area in which an explosive gas atmosphere is not expected to be present in quantities such as to require
special precautions for the construction, installation and use of apparatus

3.49

non-volatile lock-out

safety shutdown condition of the system, such that a restart can only be accomplished by a manual reset of
the system and by no other means

8 © 1SO 2007 — All rights reserved
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3.50
normal operation
situation when the equipment is operating within its design parameters

NOTE 1 Minor releases of flammable material may be part of normal operation. For example, releases from seals
which rely on wetting by the fluid that is being pumped are considered to be minor releases.

NOTE 2  Failures (such as the breakdown of pump seals, flange gaskets or spillages caused by accidents) which
involve urgent repair or shutdown are not considered to be part of normal operation nor are they considered to be
catastrophic.

NOT Noermatoperatiorreiodes-start-upand-shutdowrecenditons

3.5
operating mode
preget condition of functioning of the system

3.52

packaged unit
skid or cabinet containing system components pre-assembled in a factory andjengineered to worK together in
one|skid or cabinet

3.5

permissive
conglition within a logic sequence that must be satisfied before the sequence is allowed to proceed to the next
phage

3.54
pilo
flame, smaller than the main flame, which is utilized-to ignite the main burner or burners

3.5¢

pressure gradient monitor
dev|ce, fail-safe by design, installed in_a-héat exchanger to prevent heat exchange fluids from miixing where
necgssary, and that operates by isolating the heat exchanger when the positive pressure gradignt between
the fluids is less than a minimum predefined pressure threshold

NOTE A pressure gradient"menitor can be used to protect the quality of potable water when the other fluid is a
contaminant such as a toxic heattransfer fluid.

3.5¢

purge time
peripd during whichair is introduced to displace any remaining air/fuel mixtures or products of [combustion
fronp the combustion zone and flue ways

3.5

pyrpphoric material

material capable of igniting spantaneaq rhen brouaght into conta xith ai
[1ISO 13943]

3.58

reaction failure lock-out time
time between the moment of reaction failure detection and the automatic shut-off of the fuel supply for air-rich
operation, or the automatic shut-off of the supply of all reactants for fuel-rich operations

3.59

reaction initiation failure time

time between the recognition of failure of reaction initiation and the automatic shut-off of the fuel supply for air
rich operation, or for fuel-rich operation, of the supply of all reactants

© 1SO 2007 — All rights reserved 9
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3.60

recycle time
period of time between the signal to de-energize the fuel flow means following the loss of flame and the signal
to begin a new start-up procedure

3.61
recycling

process by which, following an unsuccessful hydrogen generator start-up, repeated complete start-up trials
are attempted

3.62

reference ¢
arbitrarily ¢
an absolute

3.63
reference ¢
test gases ¢
normal pres

3.64

reignition
process by
interruption

3.65
residential
relating to t

3.66
response t
time requirg

3.67
risk

onditions

hosen conditions for measured volumes of gases when recalculated to a temperature of 155C
pressure of 101,325 kPa

ases
n which appliances operate under normal conditions, when they are supplied\at the correspon
sure

which, following loss of the flame signal, the ignition device will be re-energized wit
of the fuel flow means

ne use of hydrogen generators by laymen in private<households

me
d for a hydrogen generator to transfer from-one defined state to another

combination of the probability of harm and the severity of that harm

[ISO/IEC G

3.68

risk analysjis

systematic
[ISO/IEC G

3.69
risk asses§

Lide 51]

Ise of available information to identify hazards and to estimate the risk

lide 51]

bment

and

Hing

hout

overall process comprising a risk analysis and a risk evaluation

[ISO/IEC Guide 51]

3.70
risk evalua

tion

procedure based on the risk analysis to determine whether the tolerable risk has been achieved

[ISO/IEC Guide 51]

10
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3.7
safeguarding
procedure for actions of the controlling system based on monitoring the technical process an

d aimed at

avoiding process conditions which would be hazardous to personnel, plant, product or environment

3.72
safety and reliability analysis
documented and systematic group of activities intended to recognize and evaluate the potential

failure of a

product/process and the effects of that failure, and to identify actions that could eliminate or reduce the risk of

harm of the potential failure occurring

3.7

safety shutdown

pro¢ess which is effected immediately following the response of a protection device or thecdetecti
in the control system and which puts the system out of operation by deactivating terminals for the
valves and the ignition device

3.7
selff contained unit
unit|that is complete and independent in itself

3.7
sevprity
qualitative measure of the worst possible incident that could be caused by a specific hazard

3.73t

stant position
pos|tion which denotes that the system is not in the lock“‘out condition and has not yet received the
but fan proceed with the start-up sequence if required

3.71
steam reforming

conyersion of a hydrocarbon with water forthe generation of hydrogen with input of energy us
catglyst

3.7
tesf gases
gases intended for the verification of the operational characteristics of an appliance using combust

3.7
tolerable risk
risk|which is accepted in a given context based on the current values of society

[ISQ/IEC Guide 51]

3.8(
transition

bn of a fault
gas shut-off

start signal,

hally over a

ble gases

process through which the hydrogen generator changes from one operating mode to another

3.81

upper explosive limit

UEL

concentration of flammable gas or vapour in air above which the gas atmosphere is not explosive

3.82

volatile lock-out

safety shutdown condition of the system, such that a restart can only be accomplished by either
reset of the system or an interruption of the main power and its subsequent restoration

© 1SO 2007 — All rights reserved
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3.83

water treatment system
system providing for treatment and purification of recovered or added water for use within the hydrogen

generator

4 Safety requirements and protective measures

4.1 Safety and reliability analysis

The manufgcturer shatt—demonstrate that—a safety and Tetfabifity anatysis—as been performed a3

IEC 60812,
The manufa

— all reas

throughout their anticipated lifetime have been identified;

— the risk
applica

— the risk
and co

— the neq
provisi

— provisi
require

4.2 Configuration

4.21 Fue] processing system

The hydrog
The fuel prg
— fuel clg

— primary
by meg

— water-g

IEC 61025, or equivalent.

cturer shall ensure that:

onably foreseeable hazards and hazardous situations associated with the hydrogen generz
for each of these hazards has been estimated as per ISO 14121, IEC.61882, or IEC 61511-

ble;

s have been eliminated or reduced as far as practical through the design (inherently safe de
hstruction);

essary protection measures in relation to risks that are;not eliminated have been taken, inclu
bn of warning and safety devices;

bns have been made to inform the users of any additional safety measures that they may
d to implement.

en generator shall be providedwith a fuel processing system.
cessing system may include the following steps:
an-up, in which the’fuel may be filtered and/or desulfurized;

conversion;in which the fuel is reacted mostly to hydrogen, carbon dioxide, and carbon mono
ns such.a@s)steam reforming, auto-thermal reforming, or catalytic or non-catalytic partial oxidati

as’shift conversion, in which carbon monoxide reacts with steam to produce additional hydrogs

per

tors

B as

5ign

ding

be

Xide
bN;

bN;

— purification, in which carbon monoxide and other impurities are removed from the hydrogen-rich product

stream

— conditioning, in which the stream temperature and humidity are adjusted to levels suitable for the type of

device

using the hydrogen;

— tail gas combustion, in which unreacted fuel and unused hydrogen are burned in a catalytic or
non-catalytic manner prior to their release to the environment.

4.2.2 Fluid management system

The hydrogen generator shall be provided with a fluid management system.

12
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The fluid management system may meter, condition and process fluids, or adjust the fluid pressure for use
within the hydrogen generator. These fluids may be reactants such as air (oxidant), fuel, water (or steam),
intermediate product streams, or utility fluids such as inert gas and heat transfer fluids (water, oil). The fluid
management system may include complex sub-systems such as steam generators, compressors and water
treatment units.

4.2.3 Thermal management system

The hydrogen generator shall be provided with a thermal management system that provides cooling and heat
rejection to maintain thermal equilibrium within the hydrogen generator, and which may provide for the
recqvery of excess heat and assist in heating the unit during start-up

NOTE The thermal management system uses heat and mass exchange networks to minimize external| heating and
coollng requirements as well as water consumption and energy losses by linking hot and cold proecess gtreams in a
thermodynamically advantageous way.

424 Automatic control system
The] hydrogen generator shall be provided with an automatic process control system that regulates the
effigient interaction of all components in order to maintain the process parameters within the limits specified by
the manufacturer, without manual intervention.

NOTE The automatic process control system may comprise mechanical, hydraulic, pneumatic, electrical, electronic,
programmable electronic, and computer hardware/software elements.

4.2.6 Electrical system
The| hydrogen generator shall be provided with an electrical system.

Thel electrical system may comprise circuits and.devices that regulate and distribute electrical powgr within the
hydfogen generator.

42,6 Frame and cabinet
Thel hydrogen generator shall be mounted on a frame and, whenever required, protected by a cabipet.

Calbjinets may include natural or forced ventilation to allow for the circulation of external air through the interior
conlpartments to remove e€xcess heat and hazardous fumes or vapours.

4.2.f Interconnection piping

The| hydrogen @generator may include part or all of the interconnection piping, joints and fittings. Ip particular,
the hydrogengenerator may include a flue gas vent system and the product delivery piping used t¢ deliver the
gasgeous shydrogen-containing product stream to distributed components that may or may nof be factory
matched, such as a fuel cell power system or a hydrogen compression, storage and delivery systelln.

4.3 Physical environment and operating conditions

431 General
The hydrogen generator and protective systems shall be designed and constructed as to be capable of

performing their intended function in the physical environment and operating conditions specified in 4.3.2 to
4.3.8.

© IS0 2007 — Al rights reserved 13
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4.3.2 Electrical power input

The hydrogen generator electrical power input shall meet the requirements specified in IEC 60204-1

for

industrial applications or IEC 60335-1 for residential, commercial and light industrial applications. In the case
of a special source of electrical power such as a fuel cell, the hydrogen generator electrical power input shall

meet requirements specified by the manufacturer.

4.3.3 Physical environment

The manufacturer shall specify in the product’s technical documentation the physical environment conditions

for which the_hydragen generator is designed Consideration shall be given to-

— indoor pnd/or outdoor use;

— the maximum altitude above sea level up to which the hydrogen generator shall be capable*of operg
as intepded;

— the range of air temperatures and humidity within which the hydrogen generator shall be capabl
operatiphg as intended;

— the seigmic zone where the hydrogen generator may be sited;
— the suifability of the hydrogen generator to operate in hazardous areas;

— the suitability of the hydrogen generator to operate where contaminants (e.g. dust, salt, smoke
corrosiye gases) are present in the physical environment;

— the risK of lightning for outdoor use.

4.3.4 Input fuels

The manufacturer shall specify in the product’s ¢echnical documentation the composition limits and su
characteristics of the input fuels that shall be ySed in the hydrogen generator.

4.3.5 Water

The manufacturer shall specify in the product’s technical documentation the quality and supply characteris
of the wateff that shall be used in:the hydrogen generator.

4.3.6 Vibrations, shock‘and bump

be addressgd-separately (see 4.3.3). This may be accomplished by selecting vibration resistant equipm

ting

D

b of

and

pply

stics

the
d its
hall
ent,

mounting t ; =

The manufacturer shall specify in the product’'s technical documentation the means that shall be used to

protect the hydrogen generator from vibrations, shocks and bumps whenever any is required.

4.3.7 Wind

The hydrogen generator shall meet the wind tests specified in 5.4.11.

14 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-1:2007(E)

4.3.8 Handling, transportation and storage

The hydrogen generator shall be designed to withstand, or precautions shall be taken to protect against, the
effects of transportation and storage temperatures within a range of —25 °C to 55 °C and for short periods not
exceeding 24 h at up to 70 °C, as per IEC 60204-1. Alternative temperature ranges may be specified by the

manufacturer and shall then be included in the product’s technical documentation.

The

hydrogen generator or each component thereof shall:

be capable of being handled and transported safely, and when necessary, be provided with means for

handling by cranes or similar equipment; and

— | be packaged or designed so that it can be safely stored (e.g. adequate stability, special supports, etc.).
The|l manufacturer shall specify in the product’s technical documentation the special 'méans for handling,
transportation and storage whenever any is required.

4.3.0 System purging

Where for safety reasons a passive state is required after shutdown.'@p prior to start-up, thg hydrogen
gengrator compartment(s) shall be provided with a purging system. The manufacturer shall specify in the
product’s technical documentation the characteristics of the medium that shall be used for purging and the
prog¢edures to avoid human error during manual purging.

4.4 Design requirements

44 General

Thelhydrogen generator shall be able to perform,to-function, to be transported, installed, adjusted,| maintained,
dismantled and disposed of without causing an injury or damage to health under the conditions [of intended
use|specified in the product’s technical documentation.

Thel hydrogen generator shall be so désjgned, constructed and/or equipped that reasonably foresg¢eable risks
due| to gases, liquids, dust or vapours released during its operation and its maintenance, or|used in its
congtruction, are avoided.

Where explosive, flammable;-or toxic fluids are contained in the piping, precautions shall be thken in the
des|gn and marking of sampling and take-off points.

Con
ope
eva

Ligu
rele

hponents in which-Condensation or other sources of liquid may collect prior to start-up or du
ration shall bé&/equipped with means to safely relieve pressure if the potential exists for therm
porate theliquid.

id-fuelled hydrogen generators shall include provisions for capturing, recycling and/or safely

ring normal
bl energy to

lisposing of

bsed\liquid fuel. Drip pans, spill guards or double-walled pipes shall be designed to prevent

rele

ases e.g. by provision of level switches

||mcontrolled

In so far as their purpose allows:

a) accessible parts of the hydrogen generator shall have no exposed sharp edge and no rough surfaces
likely to cause injury;

b) the hydrogen generator, or parts of it where people are intended to move about or stand, shall be
designed and constructed to prevent persons slipping, tripping or falling on or off these parts;

c) the moving parts of the hydrogen generator shall be designed, built and laid out to avoid hazards or,

where hazards persist, fixed with guards or protective devices in such a way as to prevent all risk of

contact that could lead to accidents;

© 1SO 2007 — All rights reserved

15


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-1:2007(E)

d) any areas requiring access for production, adjustment and maintenance operations shall be designed and
equipped to allow safe entry or access.

All equipment and components whose failure may result in a hazardous situation, as identified by the safety
and reliability analysis of 4.1, shall be separately tested and recognized or shall be certified for their intended

usage.

4.4.2 Des

ign temperature

The maximum and minimum temperature of components and materials, as installed in the hydrogen generator,

shall not ex

ceed their temperature ratings

4.4.3 Meg

The hydrog
the physica
Otherwise,

documenta

The variou
normally, n

All parts sh
suitable for

4.44 Tenpperature of surfaces accessible to the users

The manuf;
hydrogen g

When exte
equipment

limit th¢ temperature rise above ambient temperature of these surfaces as per Table 1; or

hanical stability

en generator, components and fittings shall be so designed and constructed that they are stab
environment and operating conditions specified in 4.3, including climatic and seismic conditi

ion.

5 parts of the hydrogen generator and their linkages shall be so constructed that, when
D instability, distortion, breakage or wear likely to impair their safety can occur.

all be securely mounted or attached and rigidly supported.{Shock-mounts may be used w
the application.

beturer shall take steps to eliminate any risk ofdinjury caused by contact with, or proximity
enerator parts or materials at high temperatures:

nal surfaces of the hydrogen generator*may be contacted by users without personal prote
while the hydrogen generator is in operation, the manufacturer shall either:

ein
bNs.

appropriate means of anchorage shall be incorporated and indicated in the product’s technical

sed

hen

to,

tive

— fix guards or protective devices in such a way as to prevent risk of contact that could lead to accidents.
Table 1 4 Maximum surfacetemperature rises above ambient temperature of external componenits
and/or cabinets that may be contacted during operation by users without personal protective
equipment (based on IEC 60335-1:2004, Clause 11)

Maximum surface temperature rise above ambient temperature

Material °C
Surface contacted for short periods only, in normal use

Metal 35
Porcelain or vitreous material 45
Plastics, rubber or wood 60

NOTE 1

The temperature rise values are based on an ambient temperature of 25 °C.

NOTE 2 The temperature rise limit for metal applies to parts having a metal coating at least 0,1 mm thick and to metal parts having a
plastic coating less than 0,3 mm thick.

16
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4.4.5 Temperatures of adjacent walls, floor and ceiling

The heat generated by the hydrogen generator intended for indoor use shall not raise the temperature of
adjacent walls, floor and ceiling by more than 50 °C above ambient temperature under the test conditions of
5.4.9.

4.4.6 Temperature of polymeric components

Polymeric components equipped onto hydrogen generators (including manufacturer’s specified or provided
vent systems) shall retain their functional integrity in the intended range of operational temperatures. This
provision shall be deemed met if the polymeric components meet the requirements of 5.4.10.

4.4.

The)
to a
nois

4.4.

The
diso
dian
con
insp

The)
gen
in th

Surd
(uni

4.4.

The)
con

NOT
expq

The
con
the

ine
54.

7 Noise

hydrogen generator shall be so designed and constructed that the emission of airbérne noise
level suited for the intended use or location in compliance with applicable regional or natio
e codes and standards.

B Exhaust gas condensate discharge system

exhaust gas condensate formed in the flue and its connecting pipes; shall be removed by
harge pipe (or pipes) or any other device that will ensure safe, removal of the condensate. ]
heter of the outside connection of the condensate dischargelsystem shall be at least 1
Hensate discharge system shall be a part of the hydrogen generator and shall be such that it ¢
ected and cleaned in accordance with the manufacturer’s instructions.

condensate discharge system shall not transmit combustion products into the room where th
brator is installed. If a water trap is used, the waterseal shall be at least 25 mm at the maximy
e combustion chamber at the maximum flue gas tength specified by the manufacturer.

aces in contact with condensates (e.g. drains, water traps and siphons) shall be designed
ntended) condensate retention.

D Carbon monoxide

hydrogen generator exhaust te atmosphere, under normal steady state operating condition
ain concentrations of carbah monoxide in excess of 300 pl/l in an air-free sample of the effluen

E  This threshold valae, may be further restricted by the manufacturer for specific applications d
cted usage patterns and)the potential exposure of CO gas to humans or animals.

hydrogen generator exhaust to atmosphere, under abnormal conditions of a blocked outlg
ain concentrations of carbon monoxide in excess of 600 ul/l in an air-free sample of the efflu
test in 5.4:12.2. Additionally, the hydrogen generator shall not produce a carbon monoxide cq
kcess of2600 pl/l in air-free sample of the effluents when the air supply inlet is blocked as pe
12.3.

4.4.

is reduced
nal airborne

means of a
I'he internal
3 mm. The
hn be easily

e hydrogen
m pressure

to prevent

s, shall not
ts.

epending on

t, shall not
ents as per
ncentration
Ir the test in

+0—Soundnessof gas-carryingparts

All gas-carrying parts of the hydrogen generator shall be sound. Soundness shall be verified as per 5.4.3.

4.5

4.51

Selection of materials

Materials known to pose health and physical hazards

When materials used in the construction of the hydrogen generator are known to pose health hazards under
certain circumstances, the manufacturer shall implement the measures and include in the product’s technical
documentation the requirements and the information necessary to avoid endangering persons’ safety or
health during all phases of the hydrogen generator's life cycle, i.e. packing, transportation, installation,
commissioning, operation, housekeeping, maintenance, decommissioning, recycling and disposal.
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452 Asb

estos

Asbestos or asbestos-containing material(s) shall not be used in the construction of the hydrogen generator.

4.5.3 Pyrophoric materials

When materials known to be pyrophoric are used in the construction of the hydrogen generator, the
manufacturer shall provide in the product’s technical documentation the requirements and procedures to
passivate or isolate these materials for their safe handling, transportation, recycling or disposal in accordance
with applicable national or regional codes and standards for hazardous materials.

4.5.4 Nickel carbonyl formation

When matgrials used in the construction of the hydrogen generator may form nickel carbonyl at icondit

potentially
ensure that
than format

This may b
other nicke
interlock sh

In addition,
user that th

455 Mat

4.5.51 (
Metallic an
generator s
within the s

This requir
contain pro
such as we

4.55.2

The materi
endurance
by the man

4553 (

Mechanical properties

resent during the operation of the hydrogen generator, the manufacturer shall provide mean
at all times the conditions in the hydrogen generator favour nickel carbonyl decemposition ra
on.

b achieved by ensuring that all carbon monoxide is purged before any part of the catalyst bed

ons
s to
ther

S or

-containing components falls below 200 °C. If this means is used and the purge fails, a plirge

bll prevent restart until a manual purge has taken place.

the manufacturer shall include in the product’s technical doCumentation warnings to inform
b area near the exhaust shall be cleared during the manual purge.

prial properties
eneral properties
I non-metallic materials used in the construction of internal or external parts of the hydrg
hall be suitable for all physical, chemical and thermal conditions which are reasonably foresee
cheduled lifetime of the equipment and for all test conditions.

ement applies in particular to_those materials exposed directly or indirectly to moisture or

Cess gas or liquid streams aswell as all parts and materials used to seal or interconnect the sz
ding consumables.

bls shall retain{ their mechanical stability with respect to strength including fatigue proper
imit, and creép-strength when exposed to the full range of service conditions and lifetime spec
ifacturer,

Lhemical and physical properties

the

gen
able

that
me,

ties,
fied

The materiatsshaftbe resistant o the chemicat and pnysical aCtorn or the TIiUIas that they contaln, das well d

environmental degradation.

s to

The chemical and physical properties necessary for operational safety shall not be affected within the
scheduled lifetime of the equipment unless replacement is foreseen. When selecting materials and
manufacturing methods, due account shall be taken of the following material’s properties:

impact

18

corrosion and wear resistance;

electrical conductivity;

strength;
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— ageing resistance;

— effects of temperature variations;

— effects of ultraviolet radiation;

— effects arising when dissimilar materials such as galvanic corrosion are put together;

— resistance to carburization attack and to the degradation effects of hydrogen on a material’s mechanical
performance.

NOTE Guidance on accounting for carburization attack and the degradation effects of hydrogen“on|[ a material’s
mechanical performance can be found in ISO/TR 15916 and in Annex B.

Where conditions of erosion, abrasion, corrosion, or other chemical attack or temperature’degragation exist,
as determined by the safety and reliability analysis of 4.1, measures shall be taken to:

— |minimize that effect by design, e.g. additional thickness, or by protection, e.g! measures sugh as use of
liners, cladding materials or surface coatings, taking due account ef\the intended and |reasonably
foreseeable use;

— | permit replacement of parts which are affected; and
— |indicate in the maintenance manual the type and the frequéncy of inspection as well as the npaintenance

measures necessary for continued safe use, indicating where appropriate which parts are subject to wear
and the criteria for replacement.

4.5.6.4 Permeability to hydrogen

Leakage due to permeability of materials used-for the construction of components containing gombustible
gases, in particular hydrogen, shall be consistént with the requirements of 4.7.

The| permeability of rubber, plastic hosés.and hose assemblies to hydrogen and to other combustible gases
nontsoluble in water shall be tested as'per ISO 4080.

4.5, Plastic and elastomeric materials
Plagtic or elastomeric materials shall only be used in non-classified areas or Zone 2 locatipns as per
IEC|60079-10. Plastic ‘ot elastomeric materials used in Zone 2 locations shall be antistatic to pvoid static

build-up when conveying dry gases. These materials shall meet the requirements and be tested as per
IEC|60079-0:2004) subclauses 7.3 and 26.13.

4.6| Pressure equipment and piping

4.6.1 C-Pressure equipment

Pressurized vessels, such as reactors, heat exchangers, gas-fired tube heaters and boilers, electric boilers,
coolers, accumulators and similar containers, and associated pressure relief mechanisms, such as pressure
relief valves and similar devices, shall be constructed and marked in accordance with a commonly used
national/regional standard that has a proven history of supporting public safety and has a good commercial
operating experience, such as one of the standards recognized by ISO 16528.

Vessels that do not qualify as “pressure vessels” in accordance with a commonly used national/regional
standard that has a proven history of supporting public safety and has a good commercial operating
experience, such as one of the standards recognized by ISO 16528, shall be constructed of suitable materials
in accordance with 4.5 and shall meet applicable requirements of 4.4. Such vessels, and their related joints
and fittings, shall be designed and constructed to prevent unintended releases.

© IS0 2007 — Al rights reserved 19


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-1:2007(E)

4.6.2 Piping systems

4.6.2.1 General

The provisions of this subclause apply to all piping systems used as part of the hydrogen generator, including

interconnection piping if the interconnection piping is provided with the hydrogen generator.

The manufacturer shall specify in the product’'s technical documentation the connections, piping materials,

construction, testing requirements and other applicable limitations for the interconnection piping provided

with

the hydrogen generator. This refers in partlcular to the flue gas vent system and to the product delivery piping

not be factgry matched.

Metallic, ngn-metallic, rigid and flexible piping and its associated joints and fittings shall conform to
applicable requirements of ISO 15649.

As piping systems which are designed for internal gage pressure at or above zero but less.than 105 kPa
for handling fluids that are non-flammable, non-toxic and not damaging to human tissue’ and which ha
design temlperature from -29 °C to 186 °C are not included in the scope of 1ISO\15649, these shal
constructed of suitable materials in accordance with 4.5 and shall meet applicable-requirements of 4.4. §
pipes, and their related joints and fittings, shall be designed and constructed to prevent unintended release

4.6.2.2 Design and construction

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

— Materigls shall meet the requirements specified in 4.5.

— The infernal surfaces of piping shall be thoroughly.cleaned to remove loose particles, and the end
piping s$hall be carefully reamed to remove obstructions and burrs.

— If fluid condensate or sediment accumulationinside gaseous fluid piping can cause damage from w
hammagr, vacuum collapse, corrosion or uacontrolled chemical reactions during start-up, shutdown an
use, the manufacturer shall provide means’for drainage and removal of deposits from low areas ang
access| during cleaning, inspection and maintenance. In particular, the manufacturer shall take meas
to prevent sediment or condensaté accumulation in fuel gas controls. Sediment traps or filters sha
installed or guidelines shall be pfoyided in the product’s technical documentation.

— The manufacturer shall take)measures to prevent sediment accumulation in liquid fuel controls. A
shall b¢ provided upstream of the fuel controls.

— Non-megtallic piping~used to convey combustible gases shall be protected against the possibilit
overhepting. Megasures as required by the safety and reliability analysis specified in 4.1 shall be prov
to prevent the<temperature of components conveying combustible gases from exceeding their de
tempernaturest

and
e a

be
uch

s of

ater
d/or
| for
res
| be

filter

y of
ded
sign

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

mechanical damage by means of adequate location or provision of guards and/or supports.

— Pressure relief valve discharges shall be controlled in a manner consistent with the requirements of

4.7.

Pressure relief valve release shall be piped outdoors either through a dedicated vent or by means of the

flue gas vent system or discharged with the ventilation air.
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4.6.2.3 Specific requirements for flue gas vent systems

The hydrogen generator shall be provided with a flue gas vent system to convey products of combustion from
fuel utilization equipment to the outside atmosphere. The manufacturer shall design and construct the flue gas
vent pipe, or shall provide in the product’s technical documentation the instructions to do so, in compliance

with

the following requirements:

Materials shall meet the requirements specified in 4.5. In particular, the flue gas vent system shall be
constructed of material resistant to corrosion by condensate. Non-metallic material shall be judged on its

temperature limitation, strength and resistance to the action of condensate.

The)
inst

NOT
4.6.
The
hyd

fuel

The)
tecH

The flue gas vent system parts of the hydrogen generator shall be rigidly constructed, leak.tig
the mechanical test requirements of 5.4.7.

Pressure switches used in residential, commercial or light industrial hydrogen ‘generato
exhaust gas flow shall be factory set. The adjustment means shall be factory locked. A pres
shall bear a marking indicating clearly the appliance manufacturer’s or distributor’'s part nur
correlates to the factory locked pressure setting. Pressure switches jused in industrig

specify the calibration procedures and frequencies for the pressure switches.

The parts of a pressure switch in contact with exhaust gas condensate shall be corrosion
exhaust gas condensate at the normal operating temperatures-

The materials used to construct the flue gas vent system shall have a temperature rating that ¢
temperature of the exhaust gases conveyed by that fluégas vent system.

manufacturer shall include in the product technjcal documentation the installation requirem
bllation of the flue gas vent system.

E Considerations for the installation of flue-gas vent systems are included in Annex D.

.4  Specific requirements for product delivery piping

hydrogen generator may «include the interconnection piping used to deliver th
rogen-containing product stream to distributed components that may or may not be factory mat
cell power system or a hydroegen compression, storage and delivery system.

manufacturer shallcdesign and construct the product delivery piping, or shall provide in th
nical documentatiofirinstructions to do so, in compliance with ISO 15649 and the following requ

Materials shall'meet the requirements specified in 4.5. In particular, the product delivery pip
constructediof material:

suitable for hydrogen service, non-permeable and resistant to the effects of hydro
material’s mechanical performance;

ht and meet

s to prove
sure switch
nber, which
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generators may not be factory set and locked. In this case, the products technical documentation shall

resistant to
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-

gaseous
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e product’s
irements:

ng shall be
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resistant to corrosion by condensate.

NOTE Non-metallic material should be judged on its temperature limitation, strength and resistance to the action of

condensate.

— The product delivery piping shall be designed and constructed to provide allowance for expansion,
contraction, vibration, settlement and fire exposure.

— The product delivery piping shall be designed and constructed so as to prevent the occurrence of a
hydrogen release.
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— The product delivery piping shall be marked “HYDROGEN?” at intervals not exceeding 3 m. Letters of such
marking shall be in a distinguishable colour.

— The hydrogen generator shall be marked at the connection outlet to the product delivery piping with the
following: “This hydrogen generator requires special piping for product delivery. Refer to the installation
manual for parts lists and methods of installation.”

The manufacturer shall provide in the product’s technical documentation instructions for installing the product
delivery piping.

NOTE Considerations for the installation of product delivery piping are included in Annex D.

4.6.3 Thermal management system

If the thermal management system is such that it cannot affect the potable water supply, any means of heat
transfer corhmensurate with the chemistry of the affected fluids or gases may be used.

If there is g risk that the thermal management system affects the potable water supply,-the heat exchanger
shall be of Houble-wall construction. An air gap, open to the atmosphere, shall be provided between the|two
walls. Notwthstanding the above requirement, single wall separation may be usgd-when the pressure of the
toxic coolant is at least 70 kPa lower than the pressure on the potable water side, where this is protected with
a pressure gradient monitor, or when the coolant is non-toxic.

4.7 Prevention of fire and explosion hazards

471 Gerleral
The hydroggn generator shall be designed and constructed.to. avoid any reasonably foreseeable risk of fife or

explosion posed by the hydrogen generator itself or by the gases, liquids, dust, vapours or the dther
substances|produced or used by the hydrogen generator:

4.7.2 Preyention of fire and explosion hazards in the vicinity of hydrogen generators provided with
cabinets

4.7.21 Hydrogen generators provided with cabinets intended for use in non-hazardous areas

4.7.2.1.1 |Ventilation of compartments with sources of flammable gas or vapour

Hydrogen dgenerator compartments with sources of flammable gas or vapour shall be mechanically ventilated
at negative|pressure relative’ to other compartments and their surroundings. Failure of ventilation, confirmed
by measuring either flow,or pressure, shall cause a hydrogen generator shutdown.

Notwithstanding the previous requirement, in hydrogen generators intended for outdoor use, compartmgnts
with sourcep offlammable gas or vapour may be positive pressure ventilated as per IEC 60079-2.

The minimum ventilation flow shall be set such that, for the release rate of flammable gases or vapours from
the hydrogen generator as determined per leakage test specified in 5.4.3.1, the maximum concentration of
any flammable gas in the hydrogen generator ventilation exhaust remains during all operating conditions
below 25 % of the LEL except in the case of hydrogen, where the exhaust shall remain below 25 % LFL.

Hydrogen generator compartments that contain electrical or mechanical equipment shall be ventilated with
fresh air and maintained at positive pressure with respect to compartments with sources of flammable gas or
vapour unless the equipment is suitable for the area classification of the compartment with sources of
flammable gas or vapour, according to IEC 60079-10.
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The hydrogen generator shall be provided with passive and active means, or a combination thereof, to avoid
the occurrence of releases of flammable gases or vapours inside hydrogen generator compartments at a rate
that cannot be diluted by the mechanical ventilation to levels below 25 % of the LEL except in the case of
hydrogen, where the releases shall remain below 25 % LFL.

Passive means may include 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.

Acti
sen
shu
ven
belg
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agai

In h
con

ve means may include flow measurements and controls, or safety devices such as coml
sors. These means shall meet the requirements specified in 4.10, and shall cause a hydfoge
down upon occurrence of conditions under which the concentration of any flammable
ilation exhaust exceeds 25 % of the LEL except in the case of hydrogen where thelexhaust s
w 25 % LFL.

[E Sudden and catastrophic failures need not be considered a release scenario'inythis analysis wh
hst such failures has already been contemplated in the vessel and piping design (see also 4.6).

ydrogen generators intended for indoor use, the ventilation and fluengas exhaust shall be d
hection to a flue gas or vent system as per 4.6.2.3.

ustible gas
n generator
gas in the
hall remain

en protection

esigned for

Ligyid-fuelled hydrogen generators shall include provisions to prevent fire hazards, e.g. by maintaining cabinet
ventilation or other dilution means if released liquid fuel can be“captured in drip pans, spill guarfls, or other
confainers open to the atmosphere.

4.7.2.2 Hydrogen generators provided with cabinets intended for use in hazardous areas

Hydrogen generators intended for use in hazardous area shall comply with the requifements of
IEC|{60079-0:2004 and the appropriate parts of{EC 60079 relative to the type(s) of protection used

4.7.2.3 Hazards within hydrogen generator cabinets

4.7.2.31 General

Hydrogen generator cabinets shall be designed, and the product’s technical documentation shall provide
opefation and maintenance)information, so that any releases of flammable liquids, gases or vapours within
hydfogen generator cabinets, and consequently the extent of hazardous areas in their interior, afe kept to a
min[mum, whether in‘eperation or otherwise, with regard to frequency, duration and quantity of thesge releases.
4.7.2.3.2 Classification of hazardous areas

Wi ur shall be

cla
like

t%n hydrogen generator cabinets, compartments with sources of flammable gas or vapo

Iy frequency and duration of release, the release rate, release material physical properties,

ified and the extent of hazardous areas determined according to IEC 60079-10, taking due ac|

count of the
ventilation,

system geometry and other relevant factors.

4.7.2.3.3

Ignition sources within cabinets

The manufacturer shall eliminate ignition sources in cabinet areas classified as hazardous by ensuring that:

the installed electrical equipment is suitable for the area classification according to IEC 60079-

the installed electrical resistance trace heating, if applicable, complies with IEC 62086-1;

the surface temperatures do not exceed 80 % of the auto-ignition temperature of the flamm
vapour, expressed in degrees Celsius;
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NOTE

IEC/TR 60079-20 provides guidance regarding auto-ignition temperatures of various flammable fluids.

IEC 60204-1 and by proper material selection as per 4.5;

the potential for static discharge has been eliminated by proper bonding and grounding as per

equipment containing materials susceptible of catalysing the reaction of flammable fluids with air can

suppress the propagation of the reaction from the equipment to the surrounding flammable atmosphere.

4.7.2.34
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which shall be energized prior to purging or in order to accomplish purging, shall be suitable
tilated area classification.
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yention of fire and explosion hazards'in the vicinity of hydrogen generators without

Hrogen generators without cabinets are potentially sources of flammable gas or vapour. They
releases of flammable liquids, gases or vapours from a hydrogen generator, and consequently
zardous areas in its viCinity, are kept to a minimum, whether in operation or otherwise, with re
y, duration and quantity.
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the installed electrical equipment is suitable for the area classification according to IEC 60079-10;

the installed electrical resistance trace heating, if available, complies with IEC 62086-1;

Celsius, of the flammable gas or vapour;

NOTE |

EC/TR 60079-20 provides guidance regarding auto-ignition temperatures of various flammable fluids.

by proper material selection as per 4.5;
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the surface temperatures do not exceed 80 % of the auto-ignition temperature expressed in degrees

the potential for static discharge is eliminated by proper bonding and grounding as per IEC 60204-1, and
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— equipment containing materials capable of catalyzing the reaction of flammable fluids with air is capable
of suppressing the propagation of the reaction from the equipment to the surrounding flammable
atmosphere.

The manufacturer shall provide in the product’s technical documentation the following information:
— when mechanical ventilation is used to influence the type of area classification, instructions to ensure that
the area where the hydrogen generator is installed is purged prior to energizing any devices not suitable

for the non-ventilated area classification;

NOTE 1 The purge is determined by analysis based on flow characteristics and system geometry.

NOTE 2  All devices, which should be energized prior to purging or in order to accomplish purging,.should be suitable
for the non-ventilated area classification.

NOTE 3 Purging may not be required if the atmosphere in that area can be demonstrated by design to be
non4hazardous.

— |instructions to ensure that in the vicinity of outdoor hydrogen generators without cabinets, compartments
that contain electrical or mechanical equipment are positive pressure ‘ventilated with fresh [air or other
non-flammable fluids as per IEC 60079-2, unless the equipment is\suitable for the area classification
according to IEC 60079-10;

— |instructions to ensure that all equipment affecting the area,classification, when it has been gubjected to
maintenance, is carefully checked during and after reassemibly to ensure that the integrity of|the original
design, as it affects safety, has been maintained before it\is returned to service;

— |information, requirements and other applicableX limitations for installing and operating hydrogen
generators without cabinets so as to avoid risks_tQ health or safety.

4.7. Burners

Hydrogen generators shall be designed Such that the unsafe build-up of flammable or explosiye gases in
burners (start, main and auxiliary burnérs*of a reformer section, tail gas burners) is avoided.

Thelmain burner shall be fitted with\a pilot or a direct ignition device.
If uged, the direct ignition deviee shall be controlled automatically and shall not cause deterioration|of the main

burner. Means shall be provided to prevent incorrect assembly or reversible mounting of any difect ignition
device in relation to the burner port being served.

If uged, pilots shall-be controlled automatically and direct ignition shall light any pilot fuel. Megns shall be
proyided to prevent incorrect assembly or reversible mounting of any pilot in relation to the burner port being
seryed.

When-a“pilot is an integral part of the start burner, it shall be evaluated only under the consfruction and
performance specifications of this standard

Automatic electrical burner control systems shall comply with requirements specified in 4.10.2.1.

The main burner or pilot flame, or both, shall be monitored by a flame detector. If a main burner is ignited by a
pilot, the presence of flame at the pilot shall be detected before gas is released to the main burner. A system
having an interrupted pilot shall monitor the main burner flame following the main flame-establishing period.

Pilot flame monitoring shall only be at a point where the pilot will effectively ignite fuel at the main burner even
when the fuel supply to the pilot is reduced so the flame is just sufficient to actuate the primary safety control.

© 1SO 2007 — All rights reserved 25


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-1:2007(E)

When the heat input of a pilot does not exceed 0,250 kW, there is no requirement for determining the main
flame establishing period. When the heat input of a pilot exceeds 0,250 kW, or in the case of direct ignition of
the main burner, the main flame establishing period shall be specified by the manufacturer so that in
accordance with the delayed ignition test of 5.4.6.2.7 no health or safety hazard for the user or damage to the
hydrogen generator occurs.

The signal to open the gas supply to the main burner shall only be given after the pilot burner flame has been
detected.

Each pilot or direct main burner ignition attempt shall begin with the opening of the fuel valves and shall end
with the closing of the fuel valves. The spark shall continue at least until ignition occurs or until the end of the

main flame

establishing period.

Pilot or dir¢gct main burner ignition shall be attempted a maximum of three times, each time followeq

purging. An
In case of fl
The pilot or

If reignition
within @ m
establishing
of the manu

If recycling
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third attempg

absence of flame at the end of the third attempt shall result in, at least, a volatile lock-out.
ame failure, the system shall cause at least reignition, recycling or volatile lock-gut:
main burner flame failure lock-out time shall not exceed 3 s.

takes place, under the test conditions of 5.4.6, the direct ignition, device shall be re-energ

bximum time of 1s after the disappearance of a flame signal.(In this case, the main fl
period shall be calculated when the ignition device is energized. An absence of flame at the
facturer’s specified flame establishing period shall result in, at/least, volatile lock-out.

takes place under the test conditions of 5.4.6, this shall.be'preceded by an interruption of the
purging; the ignition sequence shall restart from the beginning. In this case, the main fl
period shall be calculated to start when the ignition device is energized. Recycling shal
maximum of three times, each time followed by‘purging. An absence of flame at the end of
t shall result in at least a volatile lock-out.

A burner cifcuit shall be arranged so as to prevent a“motor, capacitor or similar device energizing a fuel v|

or ignition d
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in the burne
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affected by

evice after a control function has shutoff the main burner.

safety reasons, a passive state-is required prior to start-up or after shutdown, means shal
automatically purge a burner.hiousing or enclosure of any flammable gas mixture before the
bt the start and in-between recycling trials. This purge shall provide a minimum of four air char
r housing or enclosure.

em components shall’be installed so the operation of these devices and burner ignition will ng
falling particles dufing normal operation.

When prim

ry air undet>pressure is mixed with the fuel supply, effective means shall be provided to pre

air from pagsing back.into the fuel line, or fuel into the air supply. The fuel and air supply shall be controllg
prove air flgw prier o ignition and to prevent fuel from entering each burner until the air supply is available
in the even{ ofair fan failure, to shut off the fuel supply.
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Mechanical linkage for operating the fuel and air controls, if used, shall be designed to maintain the correct
fuel-air ratio and to resist breakage and disengagement.

Upon shutd

own, hazardous gases in the process system shall be safely contained or disposed of.

Where air and fuel or combustible process gas streams are put in close contact as part of the thermal
management system, the manufacturer shall provide the hydrogen generator with means to prevent health or
safety risks arising from the crossing of air into fuel or combustible process gas lines or the crossing of fuel or
combustible process gas into air lines.
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4.7.5 Catalytic fuel oxidation systems (catalytic burners)

Within hydrogen generator components carrying fluids, in which flammable or explosive gas volumes are
intentionally produced to conduct a controlled catalytic fuel oxidation reaction (e.g. 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 shall utilize a medium
specified by the manufacturer such as, but not limited to, nitrogen, air or steam. The extent of purging shall be
specified by the manufacturer and determined by considering flow characteristics, system dynamics and
geometry.
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line, or fuel from flowing back into the air supply.

ent fuel from entering the reactor until the air supply is available.

fuel-rich systems, the fuel and air supply shall be controlled to prove fuel.prior to reaction initic
ent air from entering the reactor until the fuel is available.

hanical linkage for operating the fuel and air controls, if used, shall*be designed to maintain
air ratio and to resist breakage and disengagement.

sidering the response time of the system control devices_and the time required to build up th
wable quantity of flammable or explosive mixture that can safely be contained in the system b3
5, fuel-air mixture flammability, and system dynamies.and geometry.

e catalytic reaction is not established within thedmanufacturer’s specified maximum reaction in
system shall automatically shut off the fuel.stpply for air-rich operations, or the supply of all r
rich operations.

temperature of the catalyst shallcbe"monitored either directly or indirectly. If the temperatur
perature change of the catalyst falls outside the range determined by the manufacturer, the g
matically lock out, shutting eff:\the fuel supply for air-rich operations, or the supply of all r¢
rich operations. The reaction failure lock-out time shall not exceed 3 s.

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

mixture of fuel and’ air could potentially build up inside the hydrogen generator following the
tion to start¢within the manufacturer's specified maximum reaction initiation time, the ext
tion, or the\decrease or increase of the reaction rate to unsafe levels, the manufacturer shall
maximum, quantity of flammable mixture that could accumulate, if combusted, produces prsg
peratures that can be contained within the components exposed to such conditions.
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pre_Jair and fuel streams are put in close contact as part of the thermal management

bystem, the

manufacturer shall provide the hydrogen generator with adequate means to prevent health or safety risks
arising from the crossing of air into fuel lines or of fuel into air lines.

4.8

Prevention of electrical hazards

The electric system design and construction, as well as the application of electric and electronic equipment,
including electric motors and electric enclosures, shall meet the requirements of IEC 60204-1 for industrial
applications or IEC 60335-1 for residential, commercial and light industrial applications.

Electrical components installed in hydrogen generators without cabinets intended for outdoor use shall be
protected from rain, with a minimum degree of protection of IPX4D as per IEC 60529:2001.
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The manufacturer shall include in the product’s technical documentation a requirement stating that hydrogen
generator ventilation outlets intended for outdoor termination shall be protected from rain so as to prevent
electrical components inside the cabinet from getting wetted.

The type of converter for motor speed control shall be suitable for the application as per IEC 60146-1-1.

Electrical clearance (through air) and creepage (over surface) distances, as well as solid insulation thickness
for electrical circuits, shall be in accordance with the applicable part of IEC 60664.

4.9 Electromagnetic compatibility (EMC)

The hydrogemn generator shaft ot generate efectromagnetic disturbances above the tevefs appropriate, far its
intended places of use. In addition, the equipment shall have an adequate level of immunity to
electromagnetic disturbances so that it can operate correctly in its intended environment. As applicable | the
hydrogen generator shall comply with the standards listed in Table 2.

Table 2 — EMC standards

Standard qumber Title
IEC 61000-§

1 Electromagnetic compatibility (EMC) — Part 6-1: Generic standardsS.=="Immunity for residential,
commercial and light-industrial environments

IEC 61000-6-2 Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity for indudtrial
environments

IEC 61000-6-3 Electromagnetic compatibility (EMC) — Part 6-3: Geneéric standards — Emission standard| for
residential, commercial and light-industrial environments

IEC 61000-6-4 Electromagnetic compatibility (EMC) — Part 6-4:, Generic standards — Emission standard| for
industrial environments

IEC 61000-3-2 Electromagnetic compatibility (EMC) — Part:3-2: Limits — Limits for harmonic current emissjons
(equipment input current < 16 A per phase)

IEC 61000-3-3 Electromagnetic compatibility (EMC) ~ Part 3-3: Limits — Limitation of voltage changes, volfage

fluctuations and flicker in public_low-voltage supply systems, for equipment with rated cunent
< 16 A per phase and not subject toe conditional connection

IEC/TS 61000-3-4 | Electromagnetic compatibility (EMC) — Part 3-4: Limits — Limitation of emission of harmpnic
currents in low-voltage power supply systems for equipment with rated current greater than 16 A

IEC/TS 61000-3-5 | Electromagnetic compatibility (EMC) — Part 3: Limits — Section 5: Limitation of voltage fluctuations
and flicker in low-voltage power supply systems for equipment with rated current greater than 14 A

4.10 Confrol systems and protective/safety components

4.10.1 General requirements

The safety| and réliability analysis as specified in 4.1 shall provide the basis for setting the protegtion
parameters|of the(safety circuit.
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hazardous situation. Means to prevent cascade failures include but are not limited to:

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

— use of proven techniques and components;

— provision of partial or complete redundancy or diversity;

— provision for functional tests.

NOTE Guidelines for the design of electrical, electronic and programmable controls can be found in IEC 62061 or
IEC 61511-1.
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4.10.2 Control systems and operation

4.10.2.1 General

Residential, commercial and light industrial hydrogen generators and automatic electrical and electronic
controls shall conform to IEC 60730-1.

Industrial hydrogen generator controls shall conform to IEC 60730-1 or IEC 61511-1.

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

Autpmatic electrical control systems for catalytic oxidation reactors shall comply, as applicable, with
IEC|60730-2-5 and with the specific requirements of 4.7.5.

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

4.1(Q.2.2 Start

Thel start of an operation shall be possible only when all the safeguards(are in place and arg functional.
Suitable interlocks shall be provided to secure correct sequential starting.

It shall be possible for a hydrogen generator that can be operated remotely, in automatic mode, to be
restarted after a stoppage once the safety conditions are fulfilled." It shall also be possible tol restart the
hydfogen generator by intentional manual actuation of a control provided for the purpose, prqvided such

resthrting is verifiably non-hazardous. This requirement does* not apply to the restarting of the hydrogen
gengrator resulting from the normal sequence of an automatic cycle.

4.1Q.2.3 Shutdowns

4.1(Q.2.3.1 General

As getermined by the safety and reliabilify*analysis indicated in 4.1 and the functional requirenjents of the
hydfogen generator, the hydrogen generator shall be provided with safety shutdown and controlled shutdown
fungtions as per 4.10.2.3.2 and 4.10.2.3.3.

4.10.2.3.2 Safety shutdown

4.1Q.2.3.21 General

Thel hydrogen generator shall be provided with safety shutdown functions in order to avert actual of impending
danper that cannot be corrected by controls.

These functions shall, for air-rich operation, de-energize the main fuel flow means or, for fuel-rich operation,
de-¢nergiZe both the process air flow and the main fuel flow means, as the result of the action of a limiter, a
cut—T)ut or the detection of an internal fault of the system.

In addition, the safety shutdown functions shall:

— remove all power to the equipment and stop the dangerous condition without creating additional hazards;

NOTE Control/monitoring systems that can operate safely in the hazardous situation may be left energized to
maintain system integrity or provide system information.

— trigger, or permit the triggering of, certain safeguard actions where necessary;

— override all other functions and operations in all modes;
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prevent reset from initiating a restart;

after the restart lock-outs have been intentionally reset.

be fitted with restart lock-outs such that a new start command may take effect on normal operation only

When a protective device or interlock causes a safety shutdown of the hydrogen generator, that condition
shall be signalled to the logic of the control system.

The reset of the safety shutdown function shall not initiate any hazardous condition.

Control/monitoring systems that can operate safely in the hazardous situation may be left energized to
maintain syptem integrity or to provide system information.

4.10.2.3.2.2 Emergency stop

The hydrogen generator shall be provided with emergency stops. The emergency stops shall have clgarly
identifiable,|clearly visible and quickly accessible controls such as buttons, in accordancewith ISO 13850.
4.10.2.3.2.3 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 contrel'system hardware:

a) the hydrogen generator shall not be prevented from stopping once the stop command has been given

b) automatic or manual stopping of the moving parts shall be unimpeded;

c) the protection devices shall remain fully effective;

d) the hydqrogen generator shall not restart unexpectedly;

4.10.2.3.3 | Controlled shutdown

Upset conditions that can be safely controlled-orthat do not pose immediate danger may be corrected with
controlled shutdown functions.

The controlled shutdown functions shall) for air-rich operation, de-energize the main fuel flow means or} for
fuel-rich opgration, de-energize both_the process air flow and the main fuel flow means, as a result of| the
opening of g control loop by a control device such as a thermostat. The function shall return the system td the
start position.

The controlled shutdown function may remove all power to the equipment, or may leave power available tq the
generator actuators.

If for safety|reasons.a passive state is required, a system purging shall be executed (see also 4.3.9).

4.10.2.4 Rermissives

Permissives shall be implemented consistent with requirements established from the safety and reliability
analysis described in 4.1.

4.10.2.5 Complex installations

When the hydrogen generator is designed to work together with other equipment (e.g. as part of a fuel cell
power system), the hydrogen generator stop controls, including the emergency stop, shall be provided with
means, such as signal interfaces, to enable a coordinated shutdown with all equipment upstream and/or
downstream of the hydrogen generator if continued operation can be dangerous.

30 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110

4.10.2.6 Operating modes

4.10.2.6.1

The

Primary operating and transitions modes

re shall be two primary operating modes: On-mode and Off-mode.

-1:2007(E)

During the On-mode, the hydrogen generator components shall be active and operating as necessary to
supply hydrogen. The following conditions shall also be considered On-modes:

idle (zero net hydrogen output); and

In th
care

The)

automatic start enabled (power left available to the hydrogen generator terminals).

e Off-mode, all power to the hydrogen process equipment shall be de-energized. For qutdoor
shall be taken to assure adequate winterization of the system during the Off-mode.

re shall be two primary transition modes: start-up and shutdown.

ppplications,

Staft-up, which is the automatic transition from the Off-mode to the On-mode;”shall be initiated from an

exts

Shu
sign

4.1(

Sec
hyd

4.1(

If tH
moq
be
cor
con

The)
lead

The
(e.9

The

4.1(

rnal signal.

tdown, which is the transition from the On-mode to the Off-mode, may be initiated either via
al, or via an internal signal in response to out-of-limits conditions-of the hydrogen generator co

.2.6.2 Secondary operating and transition modes

pndary operating and transitions modes may be provided as necessary, such as to allow
rogen production rates or for adjustment, maintenance, or inspection activities.

.2.6.3 Mode selection

e hydrogen generator has been designed and built to allow for its use in several control g
es presenting different safety levels (e:g. to allow for adjustment, maintenance, inspection, ¢
apable of mode selection that can"be secured in each position. Each position of the mode s¢
espond to a single operating or control mode and shall be fitted with restart lock-outs. A
mand may take effect on normal operation only after the restart lock-outs have been intentiona

mode selector shall be securable, designed to prevent unintentional change to a different mo
to a hazardous condition by means such as a positioning knob, key lock, or software comman

mode selectornjay be designed to restrict user access to certain hydrogen generator opers3
access codes.for certain numerically controlled functions, etc.).

mode selected shall override all other control systems with the exception of the safety shutdow

.2:7™ Remote monitoring and control systems

an external
htroller.

for different

r operating
tc.), it shall
tlector shall
A\ new start
lly reset.

de that may
d.

ting modes

ns.

Hydrogen generators that can be operated remotely shall have a local, labelled switch or other means to
disconnect the generator from remote signals while a local operator performs inspection or maintenance.
Remote monitoring and control systems shall:

be allowed on hydrogen generators only where remote control will not lead to an unsafe condition;

not override locally set manual controls;

not override protective safety controls.

Procedures to address changes to the remote monitoring system shall be provided as per 6.3.4.2.
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4.10.3 Prot

Protective d

automa
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ective/safety components

evices and combinations thereof comprise:

safety devices; and

tically or manually to keep the hydrogen generator within the allowable limits.

Safety devices shall:

be des
mainte

have th

complyf
princip

Overloading
regulation
pressure s\

Safety dev
foreseeablg
reading acq
safety devi
outside the
and possibl

Pressure lin

Temperatuje monitoring devices shall comply with’ IEC 60730-2-9 shall have a response time consistent

the measur

Gas senso
maintained

All parts of

be manipulated by the user or:th€ installer, shall be protected against tampering.

Levers and
as to preve

4.11 Pnel

hance and testing requirements of the devices, where applicable;

gned and constructed to be reliable and suitable for their intended duty and take into accodnt

eir safety functions independent of other possible functions; and

with appropriate design principles in order to obtain suitable and reliable™protection. TH
es include, in particular, fail-safe modes, redundancy, diversity and self-diagnosis.

of equipment shall be prevented at the design stage by means .¢f integrated measurem
And control devices, such as over-current cut-off switches, temperature limiters, differe
itches, flowmeters, time-lag relays, overspeed monitors and/or similar types of monitoring devi

ces with a measuring function shall be designed and cofistrUcted so that they can cope
operating requirements and special conditions of use. YWhere conditions of use may affecf
uracy and serviceability, it shall be possible to check the reading accuracy and serviceabilif
ces. These devices shall incorporate a safety factorcthat ensures that the alarm threshold
limits to be registered, taking into account, in particular, the operating conditions of the installg
B aberrations in the measuring system.

hiting devices, such as pressure switches, shall be provided as per IEC 60730-2-6.

ement function, as per IEC 60730-2-9.

s relied upon for safety shall comply with IEC 61779-4 and be selected, installed, used
in accordance with IEC 64779-6.

hydrogen generators.which are set or adjusted at the stage of manufacture, and which should

other controlling and setting devices shall be clearly marked and given appropriate instruction
ht any errorin handling. Their design shall be such as to preclude accidental manipulation.

matic¢ and hydraulic equipment

monitoring devices such as indicators and/or alarms which enable adequate action to be taken either

the

ese

ent,
ntial
ces.

with
the
y of
lies
tion

with

and

not

Pneumatic and hydraulic equipment of hydrogen generators shall be designed as per ISO 4414 and 1SO
respectively.

In particular, pneumatic and hydraulic equipment of hydrogen generators shall be so designed that:

32

no hazards may result from pressure losses, pressure drops or losses of vacuum;

no hazardous fluid jet may result from leakages or component failures;

413

the maximum allowable pressure cannot be exceeded in the circuits (e.g. by pressure limiting devices);

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-

air receivers, fluid reservoirs or similar vessels such as hydro-pneumatic accumulators com
design rules of these elements (see 4.6);

1:2007(E)

ply with the

all elements of the equipment, especially pipes and hoses, are protected against harmful external effects;

reservoirs and similar vessels (e.g. hydro-pneumatic accumulators) are automatically depressurized when

isolating the hydrogen generator from its electrical power supply or, if it is not possible,
provided for their isolation and local depressurization and pressure indication;

all elements which remain under pressure after isolation of the hydrogen generator from i
power supply are provided with clearly identified exhaust devices, and a warning label drawi

means are

ts electrical
ng attention

412

-
4

41

Shu
fluio

Shu

Actdiators mounted on shut-off valves shall be temperature-rated to withstand heat conducted fro

bod

Eleq
pos

L
4

41

Inpu

to the necessity of depressurizing those elements before setting or performing maintenarice
the hydrogen generator.

Valves

.1 Shut-off valves

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

t-off valves shall be rated for the maximum allowable pressure, temperature and fluid characte

.

trically, hydraulically or pneumatically operated shut-off valves shall be of a type that moves t
tion upon loss of actuation energy.

.2 Input fuel valves
t fuel valves shall meet the following réquirements:

All input fuel supplied to the hydrogen generator shall pass through at least two automati
series, each of which shall sérve as an operating valve and a shut-off valve in case of a safety,

Any fuel supplied directly to fuel-fired equipment, such as a start-up boiler or a reformer start t
pass through at least.two automatic valves, in series, each of which shall serve as an operatin
a safety shut-off yalve. These valves may or may not be contained in a single control body.

Electrically_operated input fuel valves shall meet the requirements of IEC 60730-2-17 or IEC
as applicable. Valves serving as safety shut-off valves in the hydrogen generator shall meg
shut-off-valve requirements of the applicable standard noted above.

When fuel gases are recycled from appliances using the hydrogen generator output gas, the|

activity on

the process

istics.

m the valve

b a fail-safe

C valves, in
shutdown.

urner, shall
g valve and

60730-2-19
t the safety

connection

ahtaff valuaoc 1 afa oo oy cafat

A oo rom—ananlaviao a L
1N + £ H - | h
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analysis of 4.1.

4.13 Rotating equipment

4.13.1 General requirements

and reliability

Rotating equipment shall be designed for the pressures, temperatures and fluids to which they may be

subj

ected under normal operating conditions.

Fluid inlet and outlet lines shall be protected from damage due to vibration.
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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 or, if it is not possible, the
manufacturer shall provide hazardous fluid containment or dilution means as necessary to avoid risks to
health or safety.

Motors, bearings and seals shall be suitable for the expected duty cycles.
The rotating equipment and the related piping system shall be analysed to assure that forces and moments

exerted by piping on the rotating equipment unit remain within the manufacturer's tolerances under normal
operating cpnditions.

4.13.2 Compressors

413.21 Where applicable, packaged compressors shall conform to one of the standards,listed in Tabl¢ 3.

Table 3 — Compressor standards

Standard Number Application

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

ISO 10439 Petroleum, chemical and gas service industries — Centrifugal compressors

ISO 10442 Pgtroleum, chemical and gas service industrie$~— Packaged, integrally geared centrifigal
air compressors

ISO 13707 Petroleum and natural gas industries —Reéciprocating compressors

ISO 10440- Petroleum and natural gas industries:~— Rotary-type positive-displacement compressors —

Part 1: Process compressors (oil-frée)

ISO 10440-2 Petroleum and natural gas industries — Rotary-type positive-displacement compressors —
Part 2: Packaged air compressors (oil-free)

ISO 13631 Petroleum and natural'gas industries — Packaged reciprocating gas compressors

4.13.2.2 Unless determined unnecessary by the safety and reliability analysis of 4.1, compressorg, or
compressof systems, shall be provided with the following:

— pressufe relief devices that limit each stage pressure to the maximum operating pressure for|the
comprgssion cylinder and-piping associated with that stage of compression;

— an autgmatic shutdown control for high discharge and low suction pressure;

— where fequiredto restart the compressor after shutdown, an unloading device that captures and recygles
blown glgas for re-use and/or safe venting;

— vibration isolation from the inlet pipe to the compressor suction line;
— a pressure limiting device to avoid overpressurization at the inlet.

4.13.2.3 Compressors excluded from the scope of the standards referenced in 4.13.2.1 due to small
capacity or low discharge pressure need only to comply with the requirements specified in 4.13.2.2.

4.13.24 Packaged low discharge pressure compressors (fans and blowers) shall be guarded as per
ISO 12499 (see also 4.3.1).
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4.13.3 Electric pumps

4.13.3.1

Where applicable, packaged electric pumps for process liquids shall conform to IS

-1:2007(E)

O 13709 or

ISO 14847. Packaged electric pumps for water shall conform to IEC 60335-2-41 or IEC 60335-2-51.

4.13.3.2

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

pressure relief devices that limit both inlet and outlet pressure to less than the maximum allowable
pressure of the piping unless the shut-off head of the electric pump is less than the pressure rating of the

piping, in which case pressure relief valves need not to be installed;

an automatic shutdown control for high discharge pressure;

suction and discharge lines that are protected from damage due to vibration.

4.13.3.3 Pumps excluded from the scope of the standards referenced in 4.13.3.1 due to smallfcapacity or
low [discharge pressure need only to comply with the requirements specified in 4.13:3.2.

4.14 Cabinets

Hydrogen generator cabinets shall have the strength, rigidity, durability, resistance to corrosion and other

phy

bical properties to support and protect all hydrogen generatorcomponents and piping and

reqlirements of storage, transport, installation and final location cenditions.

All
enc

Hyd
of {

parts of residential, commercial or light industrial hydrogen generators intended for indoor u
osed by a suitable containment structure, such as a cabinet, casing or jacket.

rogen generator cabinets intended for indoor use_shall be designed and tested to meet a minin
rotection of IP20 as per IEC 60529:2001.. Hydrogen generators used under conditions

protected outdoor locations shall be designed and tested to meet a minimum degree of protection

per

The)
star
con

Ven
dus

All

phy
life.

Acc
des
sha

EC 60529:2001.

hydrogen generator intended for use-under conditions of non-weather-protected outdoor log
| and operate normally, without damage or malfunctioning of any part that would create 4
dition when subjected to a simulated rain test as per IEC 60529:2001, Test Condition 14.2.4 a)

tilation openings shall be designed so that they will not become obstructed during normal @
, Show or vegetation in"accordance with the expected application.

materials used té-construct cabinets, including door joints or gaskets, shall be able to wi
bical, chemical;and thermal conditions that are reasonably foreseeable throughout the hydroge

bss panels, covers or insulation that need to be removed for normal servicing and accessibi
gned ‘'such that repeated removal and replacement will not cause damage or impair insulatin
| 6ot be interchangeable if that interchange may lead to an unsafe condition.

0 meet the

se shall be

hum degree
bf weather-
of IP 44 as

ations shall
hazardous

peration by

thstand the
n generator

ity shall be
y value and

Access panels, covers or doors that are intended to protect equipment from entry by users or untrained
personnel shall have means for retaining them in place and shall require the use of a tool, key or similar
mechanical means to open. For residential units, this shall include all access panels, covers and doors.

All parts of hydrogen generators that are set or adjusted at the stage of manufacture and that shall not be
manipulated by the user or the installer shall be protected against tampering.

Means shall be provided to drain collected liquids and to pipe them to the exterior of cabinets for disposal or
redirect them to processes associated with the hydrogen generator.

Where personnel can fully enter the cabinet, ventilation openings shall have a minimum total area of
0,003 m2/m3 of cabinet volume.
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4.15 Thermal insulating systems and materials

Thermal insulating systems employed in the hydrogen generator shall:

which t

he systems will be exposed, and with the various components of the insulation system itself;

be chemically compatible with the metals being insulated, with the atmosphere and the temperatures to

be protected from expected thermal and mechanical abuse, including damage by atmospheric conditions;

be designed to provide fire safety, e.g. by avoiding to increase temperatures around heat-producing

objects
be des

Thermal in
component

be me
from fo

o the extent that these become sufficiently hot To ignite materials in contact with or near them
gned to provide for future accessibility of piping, fittings, etc. for maintenance purposes;

sulating materials and their internal bonding or adhesive attachment means’ mounted
5 of the hydrogen generator shall:

hanically or adhesively retained in place and shall be protected against displacement or dam
reseeable mechanical loads and service operation;

withstand all air velocities, temperatures and fluids to which they may be sabjected in normal operatio

If necessary to avoid hazards to health and safety, the manufacturer shallkspecify in the maintenance ma
the thermallinsulation system inspection and safety requirements.

4.16 Utilities

The hydrogen generator shall be designed and constructed such that in case of loss of utility supply, suc
interruption|of electrical supply, feed water, cooling water, ‘or instrument air, the system shall shut down sz
without:

a) creating any health or safety hazards; or

b) resulting in permanent distortion or damage to the system.

4.17 Instgllation and maintenance

4.17.1 Instpllation

Errors likely to be made{when fitting or refitting certain parts, and which could be a source of risk, sha
minimized by the design of such parts. Failing this, attention shall be drawn to the likely errors by inform3
given on the parts themselves and/or the housings. The same information shall be given on moving p
and/or theirfhousings where the direction of movement shall be known to avoid a risk. Any further informa
that may bg necessary shall be given in the product’s technical documentation.

on

age

hual

h as
fely

| be
tion
arts
tion

Where a faulty fluid or electrical connection can be the source of risk, incorrect connections shall be minimized
by the design. Failing this, attention shall be drawn to the possible incorrect connections by information given
on the pipes, cables and/or connector blocks.

NOTE

Annex D deals with the installation of hydrogen generators.

4.17.2 Maintenance

Adjustment, lubrication and maintenance points shall not be placed in locations in which a person is exposed
to risk of injury or damage to health. Failing this, instructions shall be provided in the product’'s maintenance
manual as necessary to avoid risks to health or safety.

36
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When adjustment, maintenance, repair, cleaning or servicing are to be conducted while the generator is
operating, means shall be provided to do this safely and instructions shall be provided in the maintenance
manual as necessary to avoid risks to health or safety.

For hydrogen generator components that have to be changed frequently, it shall be possible to remove and
replace them in safety. Access to the components shall enable these tasks to be carried out with the
necessary technical means (tools, measuring instruments, etc.) in accordance with the product’s technical
documentation.

Where for protection of health or safety, instructions or diagrams are to be adhered to the hydrogen generator,
they shall be displayed using a permanent method, and shall be resistant to, or protected from, the
env|ronmental conditions of use.

5 |[Test methods

5.1 Measurement uncertainties

Except where otherwise stated, measurements shall be carried out with the(maximum uncertainti¢s indicated
belgqw:

a) |atmospheric pressure: + 0,5 kPa;
b) |combustion chamber and test flue pressure: + 5 % full scaleor 5 Pa;
c) |gas pressure: + 2 % full scale;

d) |water-side pressure loss: + 5 %);
e) |water flow: + 1 %;

f) |gas flow: £ 1 %;

g) |air flow: £ 2 %;

h) |time:

— upto1h:+0,2s{

— beyond 1 h:£0,1 %;

i) |auxiliary eleetrical energy: + 2 %;
j) |temperatures:

10 for temperatures above or equal to 273 K:

— + 2 % of reading for temperatures between 273 K and 473 K;
— 5 % of reading for temperatures higher than 473 K;
2) for temperatures below 273 K:
— ambient: + 1 K;
— water: £ 2 K;

— combustion products: + 5 K;
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gas: £ 0,5K;

surface: £ 5 K;

CO, CO, and O, for the calculation of flue losses: + 6 % reading;

orific value: + 1 %;

gas density: + 0,5 %;

=0,06-%:

+10 %;
10 %;
+1 %;
1+ 1%;
al power: + 2 %.

je of the measuring apparatus shall be chosen to be suitable-fer/maximum anticipated value.

k)

) gascal
m)

n) mass:

0) torque:
p) force:
q) current
r) voltags
s) electrig
The full ran
For the de

determinatipn does not exceed 0,01 dm3/h.

The measurement uncertainties indicated concern individual\measurements. For measurements requirit

combinatio
to limit the

5.2 Test

A hydrogen
gas whose
natural gas

A hydroger
conducted
petroleum d

A hydrogen
with a test f
fuels for wh

ermination of the leakage rate, the method used shall.give such accuracy that the error in its

of individual measurements, lower uncertainties for individual measurements may be neces
ptal uncertainty.

fuels and pressures

generator intended for use with natural gas shall have the tests specified herein conducted w
composition and maximum afdiminimum expected pressures reflect that of commercially avail
If required by the country-of.destination, the tests shall also be conducted with limit gases.

generator intended-for/use with liquefied petroleum gases shall have the tests specified hg
vith a gas whose eomposition and supply pressures reflect that of commercially available liqug
as. If required by\the country of destination, the tests shall also be conducted with limit gases.

generator-intended for use with other types of fuel shall have the tests specified herein condu
uel thatis\representative of the extreme variations in the composition and supply pressures of
ch theshydrogen generator has been designed.

ga
sary

th a
able

rein
fied

cted
the

A hydroge

generator ||Qing maore than one fypp of fuel shall he tested with nnly ane test fuel pmvidpd

that

there are no changes in equipment and ratings for the other fuels that would affect the results of the tests.

5.3 Basic test arrangements

In conducting the tests, the entire hydrogen generator, 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.

Unless otherwise stated, the entire hydrogen generator shall be operated:

38

at the supply pressure(s) defined in 5.1;
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within two percent of the rated input voltage and frequency;

within five percent of the rated fuel consumption when operated at rated hydrogen output co
specified by the manufacturer;

at reference conditions specified as follows:
— reference temperature: t; = 288,15 K (15 °C);

— reference pressure: pg = 101,325 kPa.

Vari

Tes
oth4

5.4

5.4.

Ad
san
54.

5.4.

5.4.

Hyd
star
hyd
nati
ope
54.

Ah
spe

Whd
sub

Prio
sub
be {

ations in the ambient conditions are allowed because they do not influence the test results.

ling shall commence when the hydrogen generator components are at equilibrium témpera
rwise specified.

Typel/qualification tests

1 General

esign examined for compliance with this International Standardcshall be a representative
ple of the hydrogen generator. The sample shall be subjected {o the type/qualification tests ¢
D to 5.4.14.

P Pressure tests

.1  General

rogen generator subsystems subject to a.\national/regional pressure standard, such as
dards recognized by ISO 16528, need notundergo the pressure tests specified in 5.4.2.2 and
fogen generator subsystems containing_hazardous liquids or gases not covered by a com
bnal/regional standard that has a preven history of supporting public safety and has a good
rating experience, such as one recognized by ISO 16528, shall be tested for strength as per
P.3.

drostatic pressure test shall-be performed last or, when judged feasible, on parts not used fo
cified herein.

bre the manufacturer considers a hydrostatic pressure test impractical, a pneumatic te
stituted recognizing the hazard of energy stored in compressed gas.

1:2007(E)

nditions, as

ure, unless

production
escribed in

one of the
5.4.2.3. All
monly used
commercial
5.4.2.2 and

other tests

st shall be

r to the conduct of the pressure testing, it shall be established which parts, through (inter)con
ected tothé same internal pressure during normal operation of the hydrogen generator. Thes

isolarted from the rest of the hydrogen generator by any convenient means.

nection, are
parts shall

bken as-an individual test section that shall then be pressurized separately and, when deemed necessary,

5.4.2.2

54.2.21

Hydrostatic strength test

General

This test method shall be used for evaluating test sections that contain hazardous liquids, e.g. liquid fuels,
toxic coolants. It shall also be used for evaluating the strength of test sections that contain gases.

© 1SO 2007 — All rights reserved

39


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-1:2007(E)

5.4.2.2.2 Test fluid

The test fluid shall be the design liquid (liquid fuel, toxic coolant). When evaluating the strength of
gas-containing test sections or if the manufacturer considers that testing with the design liquid is impractical,
then the test fluid 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 flammabile, its flash
point shall be at least 50 °C and consideration shall be given to the test environment.

5.4.2.2.3 Metallic test section

The hydrostatic test pressure at any point on a test section made of metallic components shall be as follows:

a) notless than 1,5 times the maximum allowable pressure;

b) for desjgn temperature above the test temperature, the minimum test pressure shall be calculated by the
following equation, except that the value of S¢/S shall not exceed 6,5:

P4 is minimum test gage pressure;
P | isinternal design gage pressure;

St| s stress value at test temperature as per Table A-1 of ANSI/ASME B31.3 as required by
ISO 15649;

S | is stress value at design temperature as per Table A-1 of ANSI/ASME B31.3 as required by
ISO 15649;

c) if the test pressure would produce a nominal-pressure stress or longitudinal stress in excess of Yield
strength at test temperature, the test pressure may be reduced to the maximum pressure that willl not
excee( the yield strength at test temperature;

d) where the test pressure of the pipingyattached to a vessel is the same as or less than the test pressur¢ for
the vegsel, the piping may be tested with the vessel at the piping test pressure;

e) where the test pressure of the piping exceeds the vessel test pressure and it is not considered practichble
to isoldte the piping from-the vessel, the piping and the vessel may be tested together at the vessel|test
pressufe provided thesmanufacturer agrees and the vessel test pressure is not less than 77 % of] the
piping {est pressure.¢alculated in accordance with the equation above.

A preliminaly test using air at more than 170 kPa gage pressure may be made prior to hydrostatic testing to
locate major leaks.

5.4.2.2.4 Non-metallic test section

The hydrostatic test pressure at any point in a test section made of non-metallic components shall be not less
than 1,5 times the maximum allowable pressure, but shall not exceed 1,5 times the maximum rated pressure
of the lowest rated component in the system. Thermoplastic piping in which the design temperature is above
the test temperature, the hydrostatic formula of 5.4.2.2.3 applies except that:

— S7 = stress value at test temperature from Table B-1 of ANSI/ASME B31.3 as required by ISO 15649;

— S = stress value at design temperature for Table B-1 of ANSI/ASME B31.3 as required by ISO 15649.
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54225 Test procedure
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The test section shall be filled with the test liquid and connected to a suitable hydraulic system, including a
pressure-measuring device capable of sustaining the required leak test pressure. Care shall be taken to purge
any air from the test section. The pressure shall then be gradually increased in steps until the leak test
pressure is reached holding the pressure at each step long enough to equalize the piping strains. The test
pressure shall be held for at least 10 minutes and until all joints and connections are examined for leakages.

5.4.2.2.6 Acceptance criteria

The

parts under pressure shall withstand the hydrostatic test pressure without rupture, fractu

re or other

phy
5.4.

5.4.

sical damage. The test section shall show no signs of leakage during the test.
2.3 Pneumatic strength test

2.3.1 Test fluid

Porfions containing gas or vapours shall have the tests specified herein conducted with a non-flan

non
cha
whi

5.4.
The

Pipi
diffe

5.4.

The
pres
orp
the

mesa

The)
pres

Ltoxic gas or vapour (e.g. clean dry air or any inert gas) that is( representative of t
racteristics (e.g. molecular weight) of the constituents expected duringloperation and shutdd
th the hydrogen generator has been designed.

2.3.2 Test pressure

gaseous leak test pressure shall be 110 % of the maximum-allowable pressure.

rential pressure but not less than 105 kPa.

.3.3 Test procedure

test section shall be filled with the test'gas and connected to a suitable pressurizing system,
sure-measuring device capable of-sustaining the required leak test pressure and a flow-meas
ressure decay device to determinefeakage. The leakage-measuring device shall be located a
pbortion under test after the pressure-measuring device. The test section shall be sealed by any
ns.

pressure shall then be)gradually increased in steps until the leak test pressure is reached,
sure at each step {ong enough to equalize the piping strains. The test pressure shall be held

10 inutes, at which-time any leakage, as indicated by the flow-measuring device or other led

mead

5.4.

The)

ns such as apressure decay device, shall be noted.

.3.4 -Acceptance criteria

parts' under pressure shall withstand the pneumatic test pressure without rupture, fracty

nmable and
e physical
wn and for

ng subject to external pressure shall be tested dtvan internal gage pressure 1,5times the external

including a
iring device
the inlet of
convenient

holding the
for at least
k detection

re or other

phy

sical damage.

5.4.3 Allowable hazardous gas leakage test

5431 Leak test method for portions of the system containing hazardous gas

5.4.3.1.1 General

All portions of the hydrogen generator that may contain hazardous gases, e.g. flammable or combustible
mixtures, shall be tested for leakage.

The procedures of this subclause shall be performed twice: prior to and after all tests specified in 5.4.6 to

5.4.

14.
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Prior to conducting the leak test, it shall be established which parts, through (inter)connection, are subjected
to the same internal pressure during normal operation of the hydrogen generator. These parts shall be taken
as an individual test section that shall then be pressurized separately and, when deemed necessary, isolated
from the rest of the hydrogen generator by any convenient means.

5.4.3.1.2

Test fluid

Portions containing hazardous gas or vapours shall have the tests specified herein conducted with a
non-flammable and non-toxic gas or vapour (e.g. clean dry air or any inert gas) that is representative of the
physical characteristics (e.g. molecular weight) of the constituents expected during operation and shutdown

and for whi

h the hydrogen generator has been designed

5.43.1.3
The gaseo(

Piping subj
differential

54.3.1.4

The test se
pressure-m
or pressure
the portion

means.

The pressu
pressure at|
10 minutes

means such as a pressure decay device, shall be noted.

5.4.3.1.5

If helium is
other gases

LH = Rl
where
i

Ly

LTest [

Test pressure
s leak test pressure shall be 110 % of the maximum allowable pressure.

ect to external pressure shall be tested at an internal gage pressure 1/55times the exte
pressure but not less than 105 kPa.

Test procedure

pasuring device capable of sustaining the required leak test pressure and a flow-measuring de|
decay device to determine leakage. The leakage-measuring‘device shall be located at the inl
Linder test after the pressure-measuring device. The test section shall be sealed by any conver

re shall then be gradually increased in steps until the leak test pressure is reached, holding
each step long enough to equalize the piping(§trains. The test pressure shall be held for at |
at which time any leakage, as indicated by the flow-measuring device or other leak deted

Expression of results

are used, the algorithm shall)be adapted.

L Test

5 hazardous§ gas leakage rate;

5 the test gas leakage rate;

rnal

ction shall be filled with the test gas and connected to a suitablé pressurizing system, including a

vice
bt of
ient

the
bast
tion

used as test gas, the gas leakage rate shall be corrected according to the following algorithm. If

R=(dy

sildp )2

where
dTest

dFueI
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is the test gas specific gravity;

is the fuel gas specific gravity;
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or
R = utesttFyel

where
UTest IS the test gas absolute viscosity,
UFuel  is the fuel gas absolute viscosity.

These two equations shall be used to calculate R, and the worst-case scenario, i.e. the higher value for the
hazfrdous gas Teakage rate, shall be reported.

5.4.3.1.6 Acceptance criteria
The| total hydrogen generator leak rate shall be such that, for the provided cabihéf ventilatign flow, the
max)imum concentration of any flammable gas in the hydrogen generator ventilation“exhaust remains below
25 % of the LEL except in the case of hydrogen where the exhaust shall remain be€low 25 % LFL.

The| parts under pressure shall withstand the pneumatic test pressurecwithout rupture, fractyre or other
physical damage.

5.4.3.2 Leak test method for flue gas vent system

5.43.21 Test procedure

Thig test shall be conducted using the maximum air(intake and vent pipe length and numbegr of joints,
inclliding fittings, as specified by the manufacturer. For purposes of this test, the manufacturer shall supply:

— |the venting system which incorporates the maximum specified number of fittings; and
— |a sealed test fitting incorporating the vent collar to which the venting system is to be attached.

Thig test fitting shall also have inlet tap(s) to which a pressure source and a pressure-measuring| device can
be gttached.

The| entire vent-air intake system, including the piping and terminal cap, shall be installed (and sealed, if
applicable) in accordance (with the manufacturer’s instructions.

5.4.3.2.2 Hydrogen-generators having a separate air intake section and a separate exhaugt-vent
section

The| vent andair intake terminals shall be removed, and the entrance of the process air intake segtion sealed
at the pointiit enters the hydrogen generator. The entire system, including the process air and ¢xhaust gas
conpections between the hydrogen generator and the vent and air intake terminals, shall be installed and
sealed-in accordance with the manufacturer’s instructions.

Both the exhaust outlet and the air inlet shall then be sealed at the point of connection to the vent and air
intake terminals. The sealing means shall include fittings for supplying air to both the air intake and exhaust
sections of the system and provisions for measuring the internal pressure in each section of the system.

The internal pressure in the system shall be determined by connecting the means for determining internal
pressure to a water-filled manometer that may be read directly to 2,5 Pa.

A suitable supply of clean air shall be permitted to flow through a metering device and into the section of the

direct vent system being pressurized through the air supply fitting. The air supply fitting to the section of the
system not being pressurized shall be open.
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The internal pressure in the section of the system being pressurized shall be adjusted to:

a)

combustion chamber pressures; and

b)

of the direct vent system.

25 Pa above the normal operating system pressure for forced draft systems operating at positive

25 Pa for all other systems. The leakage rate shall be noted for both the air intake and exhaust sections

This provision of this test shall be deemed met if leakage from the exhaust section of the system does not
exceed a volume fraction of 2 % of the effluents, and leakage from the air intake section of the system does

not exceed

a volume fraction of 8 % of the effluents.

5.4.3.2.3

within the air intake section

On these h

exhaust-vent section not contained within the air intake section.

The vent-ai
enters the

between th
with the m3
be installed

The direct

sealing means shall include fittings for supplying air simultaneously*to/the air intake and exhaust-vent sect

of the syste

Using the
pressurized

The exhaug
joint of the
hydrogen g
section sha

This provis

exceed a volume fraction of 2 % of.the’effluents, and leakage from the total system does not exceed a vol

fraction of 8§

5.4.4 Pro

For each cr|
procedure ¢

Hydrogen generator with all or part of the vent portion of the exhaust section enclosed

drogen generators, the exhaust-vent section of the system shall be considered that portion of

r intake terminal shall be removed and the entrance of the air intake section sealed at the po
hydrogen generator. The entire system, including the process air and-exhaust gas connect
b hydrogen generator and the vent-air intake terminal, shall be installed and sealed in accordz
nufacturer’s installation manual. Any vent extension located within‘the air intake section need
vent system shall then be sealed at the point of connection to the vent-air intake terminal.

M and provisions for measuring the internal pressure.

est apparatus and the method of test specified in this subclause, the total system shal
and the leakage rate noted.

t section of the system shall then be sealed, with the appropriate fittings noted above, at the
vent portion of the exhaust section (contained within the air intake section downstream of
bnerator. Using the test apparatus and the method of test specified in this subclause, the exh
| be pressurized and the leakage rate noted.

on of this test shall be deemed met if leakage from the exhaust section of the system does|

% of the effluents plus-the leakage determined for the exhaust-vent section.

ection parameter tests

tical failureymode resulting from the safety and reliability analysis described in 4.1, a simulated
r suppertive evidence from the manufacturer shall be used to verify that the required action oc

The verifice1tion shall include that of the:

the

nt it
ons
nce
not

The
ons

be

first
the
aust

not
ime

test
Curs.

modes

resulting from the safety and reliability analysis described in 4.1; and

automatic shutdown of the appropriate system(s) of the hydrogen generator for any of the critical failure

permissives required as per 4.10.2.4 to avoid the creation of critical failure modes or unsafe conditions,

where sequential phases of system operation require certain conditions to be satisfied prior to initiating
those applicable sequential phases of operation.
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5.4.5 Burner operating characteristics test

5.4.51 Applicability

The following procedures are applicable to hydrogen generators equipped with any fuel-fired boiler or heating
device such as the start burner of the reformer section, and shall be performed with the burner both hot and

cold
a)

b)

under the following conditions:

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

at the maximum and minimum fuel Q"Pr‘ly pressures Qppr‘ifipd hy the manufacturer_if differen

from those

c)

5.4.

The

port(s). A continuous pilot, when provided, shall not extinguish when the‘burner fuel gas is turned

Thig

Dur

5.45.3 Limit testing

The
the
den
in4
und

5.4.

pressures defined in 5.4.5.1 a);
when operating at 85 % and 110 % of the rated input voltage. When the hydrogen generator|

with voltage variation protection within this range, the system shall be tested at the limits sped
protection device. In addition, the voltage variation protection shall be verified as,per 5.4.4.

5.2  General testing

automatic ignition system shall effect ignition of burner fuel immediately after the fuel reaches
provision does not apply to an intermittent or interrupted type pilot when the burner fuel is turn
ng the test it shall be verified that:

when the burner fuel is turned “on”, the burner fuel ignites effectively without delayed ignition
undue noise or equipment damage;

when the burner fuel is turned “off”, the burnerdlames extinguish without flashback or undue n
the burner flames do not flash outside the'eombustion chamber;
the burner does not deposit carbon;and

there is no gas escaping or backpressure at the burner’s primary air openings.

test shall be carried.out without altering the adjustment of the burner and ignition burner. The
inlet shall be «feduced to 70 % of the normal pressure. Under these supply conditions,
onstrated that‘the burner is safely operating, and that the CO emissions remain below the le
4.9. This test'shall be repeated at the minimum heat input permitted by the controls, if ignition
br these conditions.

b Tests of automatic control of burners and catalytic oxidation reactors

is provided
ified for the

5 the burner
on” or “off”.
ed “off”.

, flashback,

Dise;

pressure at
it shall be
vel required
is possible

5.4.6.1 General

The following procedures are associated with the start of all components intended to conduct a controlled
oxidation reaction, such as combustion in the start burner of a reformer section, catalytic partial oxidation and
catalytic combustion.
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5.4.6.2

5.4.6.2.1

Tests of automatic ignition control of hydrogen generators burners

Effective ignition test

With the hydrogen generator maintained at rated voltage, the igniter shall be activated and ignition observed.
The igniter shall light the main burner fuel immediately after fuel reaches the main burner ports. Flames shall

not flash ou

tside of the hydrogen generator, nor shall there be any damage to the hydrogen generator.

At least five ignition attempts shall be made. In each instance, ignition shall occur immediately after fuel
reaches the main burner ports.

5.4.6.2.2

5.4.6.2.2.1

The voltag¢ to the hydrogen generator shall be adjusted to 85 % of the rating plate yoltage. Under

condition,
emissions g
the hydrogs

At least fiv
establishing

5.4.6.2.2.2

The voltag¢ to the hydrogen generator shall be adjusted to 110, % of the rating plate voltage. Under

condition, t
emissions g
the hydrogg

At least fiv
establishing

5.4.6.2.3

The flame ¢

5.3. The time from energizing the main fuel flow to the time of proof of the ignition device or burner flamg

applicable,

5.4.6.2.4

The hydrog

The flame fpilure lock-out time shall be measured between the moment when the pilot (if equipped) and 1

burner are
control effe)
shut-off val

Ignition-voltage variation test

Undervoltage test

he igniter shall light the main burner fuel within the main flame establishing period. The
hall be measured to verify compliance with the requirement of 4.4.9. Flames shall not flash out]
n generator, nor shall there be any damage to the hydrogen generator,

a)

=

ignition attempts shall be made. In each instance, ignition shallJoccur within the main fl
period.

Overvoltage test

he igniter shall light the main burner fuel within:the main flame establishing period. The
hall be measured to verify compliance with the requirement of 4.4.9. Flames shall not flash ouf]
n generator, nor shall there be any damage to the hydrogen generator.

a)
=

ignition attempts shall be made. In each instance, ignition shall occur within the main fl
period.

Main flame establishing period test
stablishing period shall be checked when the hydrogen generator is being operated as specifie
shall not exceed the manufacturer’s specified main flame establishing period.

Flame failure Jock-out time test

en generator-shall operate at its rated fuel consumption rate until thermal equilibrium is achie

intentionally extinguished by shutting off the fuel, and the moment when the automatic ign
ctively' shuts off the fuel supply. The automatic ignition control shall de-energize all fuel sa

this
CcO
side

pme

this
cO
side

ame

din
, as

ved.
nain
tion
fety

es_within the flame failure lock-out time specified in 4.7 .4.

With the burner alight, flame failure shall be simulated by disconnecting the flame detector. The time that
elapses between this moment and that when the flame monitoring device effectively shuts off the fuel supply
shall be measured. For the purposes of this test, the manufacturer’s specified maximum flame failure lock-out
time shall be used as acceptance criteria.

5.4.6.2.5 Recycling/spark restoration test

With a recycling ignition system, the recycle time shall be checked with the hydrogen generator being adjusted
to its rated fuel consumption rate. When spark restoration occurs, it shall be verified that after flame failure the
igniter effectively relit the fuel within the main flame establishing period. Flames shall not flash outside the
hydrogen generator, nor shall there be any damage to the hydrogen generator.
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With the burner alight, flame failure shall be simulated by disconnecting the flame detector. The time that
elapses between flame outage and the moment when the flame detector acts to shutdown fuel flow shall be
measured. Also, the time that elapses between the moment when the fuel flow stops and the moment when
the igniter re-energizes shall be measured. For the purposes of this test, the manufacturer's specified
maximum flame failure lock-out time and minimum recycle time shall be used as acceptance criteria.

5.4.6.2.6 Pilot flame reduction test

A pilot, when provided, shall effect safe ignition of fuel at the main burner when the pilot fuel supply is reduced
to an amount just sufficient to keep the safety shut-off valve open or just above the point of flame extinction,

whi

hever represents the higher pilot fuel rate. Flames shall not flash outside the hydrogen ge

nerator, nor

sha

Thig

| there be any damage to the hydrogen generator.

test shall be initiated from both a cold start and immediately after the hydrogen generator ha

off after equilibrium condition. At the reduced pilot fuel rate, the main burner shall be ighited with

flam

5.4.

For

e failure lock-out time.

6.2.7 Delayed ignition test

a hydrogen generator that is arranged for ignition of the main burner directly by an electric igni

ignifion of the fuel shall not result in flashback of flame to the outside*of the hydrogen generat

dan
mar
For
con

Wit
nor
mair
acti
inte
tota

The

The
mar

5.4.

The
igni
equ
mez

5.4.

age to the hydrogen generator and the connected vent system. For purposes of th
ufacturer's specified maximum trial for ignition period for the automatic fuel ignition system sh
systems that deactivate the igniter prior to the end of the ‘trial for ignition period, the tg
Hucted using the manufacturer’s specified maximum ignitionsactivation period timing.

the hydrogen generator at room temperature, the hydrogen generator shall be placed into
al heat input rate with the ignition means temporarily circumvented for varying intervals of tin
ufacturer’'s specified maximum trial for ignitionsperiod or the manufacturer’s specified maxin
ation period, whichever is shorter. For multi~try systems, ignition attempts shall be made
rvals of time for each trial for ignition period and any time the ignition means is activated thr

| operating sequence up to lock-out.

ignition of the main burner shall be_observed for each of the trials.

delayed ignition testing shall’also be used to confirm the main flame establishing period spec
ufacturer.

6.2.8 Temperatureitest of ignition system components

rmocouples or equivalent temperature-measuring devices shall be attached to applicable po
ion systemccomponent. The hydrogen generator shall be operated at rated fuel consumptic
librium condition is obtained. Temperatures of the components shall then be measured. The te
sured shall not exceed their manufacturer’s specified maximum temperature.

.2.9

5 been shut
in the main

er, delay of
Dr or in any
s test, the
all be used.
st shall be

bperation at
he up to the
um ignition
for varying
bughout the

ified by the

nts of each
n rate until
mperatures

Burner purge test

This test is applicable to systems that require purging as per 4.7.4.

According to the option chosen by the manufacturer, the purge volume or the purge time shall be determined

and
The

a)

checked according to the manufacturer’s specification.

purge volume shall be determined as follows:

The hydrogen generator shall be at ambient temperature and not operating. The purge fan shall be

supplied with electricity under actual purge conditions.
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b) The purge rate shall be measured with a limit of error of + 5 % at the outlet of the combustion product
evacuation duct at ambient temperature, and corrected to reference conditions.

¢) The manufacturer shall state the volume of the combustion circuit.
The purge time shall be determined as follows:

d) The hydrogen generator shall be at ambient temperature and not operating.

e) The time between the starting of the purge fan and the moment when the safety shut-off valves are
opened shall be measured.

5.4.6.3 Tests of automated control of catalytic oxidation reactors

5.4.6.3.1 Reaction initiation time test

The hydrog
initiation ar
shall be op
that the rea
maximum r

5.4.6.3.2

The hydrog
the fuel sup

With the ca
reaction ter
shuts off th
exceed the

5.4.7 Med

5471 (

Vent systen
meet the re

5.4.7.2 H

en generator shall be operated as specified by the manufacturer until ceonditions for reag
p attained. Then the fuel supply for air-rich operation, or the supply of air for fuel-rich opera
bned. The time between this moment and the moment when the reactor (monitoring devices si
ction has been successfully initiated shall be measured. The time measured shall not exceed
paction initiation time specified by the manufacturer.

Reaction failure lock-out time

en generator shall be operated as specified in 5.3 until-eguilibrium conditions are attained. T}
ply for air-rich operation, or the supply of air for fuel-rich operation, shall be shut off.

alytic reactor alight, reaction failure shall be simulated by disconnecting the device monitoring
hperature. The time measured between this;moment and the moment when the system co

e fuel supply for air-rich operation, or the supply of all reactants for fuel-rich operation, shal
reaction failure lock-out time specified in 4.7.5.

hanical testing of vent systems

eneral

ns shall be mechanically,teésted unless it can be demonstrated by calculation that the vent syst
Huirements below.

ull and torque-tests

The ventin

instructions| The venting system components shall be assembled such that the vent pipe extends beyond
hydrogen genefator casing. If cemented joints are included in the assembly of the hydrogen generator
system, thel cement shall be allowed to dry as specified in the manufacturer’s instructions.

system{shall be installed on the hydrogen generator in accordance with the manufactu

tion
on,
jnal
the

hen

the
htrol
not

er's
the
vent

A 223 N force shall be applied along the longitudinal centreline of the vent pipe in a direction tending to pull
the vent from the hydrogen generator. A similar force shall then be applied in the opposite direction. In each
case, the force shall be applied for five minutes.

A torque of 34 N-m shall be applied to the centreline of the assembly for one minute in one rotation direction.
The torque shall then be applied in the opposite direction for one minute. Rotation of the vent pipe with
respect to the exhaust collar shall be considered as acceptable if the joint then passes the following vent
leakage test.

After the test, the vent connections and the other internal parts shall be examined for signs of leakage,
breakage or disassembly. This provision shall be deemed met if the hydrogen generator meets the blocked
outlet combustion test and vent leakage tests specified in 5.4.12.2 and 5.4.3.2.
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5.4.7.3 Load test on vent termination

The vent system shall be assembled in accordance with the manufacturer’s installation manual. A vertical
suspension load of seven times the nominal pipe diameter, expressed in mm, to a maximum of 750 N, shall
then be evenly distributed without impact over the vent terminal and shall be left in place for one minute. The
load shall be removed and shall not have caused substantial distortion of any part of the vent terminal or
alteration of its position relative to the hydrogen generator so the appliance would not operate satisfactorily.

The hydrogen generator shall then be operated at normal input rate until equilibrium conditions are attained. A
sample of the effluents shall then be taken and analysed. The concentration of carbon monoxide, based on an
air-free sample, shall not exceed the requirements of 4.4.9.

5.4.7.4 Impacttest on vent termination
Thelimpact shall be produced by a pendulum action.
A bpg filled with sand weighing 12 kg shall be suspended from a cable or rope\so that the Igngth of the
pendulum measured from the point of rotation to the centre of gravity of the bagshall be 2,20 m. The bag shall
havge an at-rest position such that not more than 25 mm separate the edge-of the bag from the edge of the
vent terminal. The point of impact on the vent shall be opposite the centre®f gravity of the bag. The bag shall
then be elevated so that the specified test angle is measured between<the pendulum arm with the bag at its
at-rg¢st position and pendulum arm at its elevated position.

Ong impact shall be made at each of the following points on impact:

a) |the centre of the vertical front surface of the vent terminal;

b) |the leading edge on the left side of the vent terminal, pendulum trajectory rotated left at an angle of
45 degrees from the trajectory applied in a);

c) |the leading edge on the right side of thecvent terminal, pendulum trajectory rotated right at fan angle of
45 degrees from the trajectory applied.in a).

Follpwing each impact, the hydroget generator shall be operated at normal input rate until|equilibrium
conflitions are attained. A sample, of.the effluents shall then be taken and analysed and in ea¢h case the
congentration of carbon monoxidg:on an air-free sample shall not exceed the requirements of 4.4.9.

Accprding to the manufacturer’s instructions, the vent terminal may be replaced following each [impact and
combustion test.

5.4.8 Surface and component temperature test

When the hydrogen generator has attained equilibrium operating conditions, temperatures shall be measured
to determine-that the requirements of 4.4.5, 4.4.2 and, if applicable, 4.7.2.3.3 and 4.7.3 are met.

5.4.p““Wall, floor and ceiling temperatures test

This test shall be performed on hydrogen generators intended for indoor use only. The hydrogen generator
shall be placed in a six-sided rectangular non-ventilated test enclosure made of dull black-painted plywood
with a nominal thickness of 20 mm. The test enclosure shall be built with dimensions such that the hydrogen
generator fits in it, respecting the minimum clearance distances to combustible material specified by the
manufacturer in the installation manual.

Temperature rises shall be determined by means of fine-wire thermocouples.

NOTE Thermocouples having wires with a diameter not exceeding 0,3 mm are considered to be fine-wire
thermocouples.
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Thermocouples used for determining the temperature rise of the surface of walls, ceiling and floor of the test
enclosure shall be attached to the back of blackened disks of copper or brass, 15 mm in diameter and 1 mm
thick. The front of the disk shall be mounted flush with the surface of the test panels.

Thermocouples shall be positioned so as to detect the highest temperatures, changing their position if
required during the test.

Ambient temperature shall be measured and recorded before starting the operation of the hydrogen generator.

The hydrogen generator shall be operated at maximum power output. After equilibrium temperatures are
obtained, the temperatures of the test panels shall be measured.

The tempen

ature rise shall not exceed the requirements of 4.4.5.

5.4.10 Temperature of polymeric components

The highes

for indq
and ce

operating temperature of polymeric components shall be determined:

or hydrogen generators by placing thermocouples on polymeric compon€énts during the wall,
ling temperature test of 5.4.9;

for out

oor hydrogen generators by placing thermocouples on polymeric. components when operating

hydrogen generator at maximum power output in a wind-protected efivironment and at the maximun
tempernature specified by the manufacturer as per 4.3.3.

The functignal integrity of a polymeric component shall be detefmined after it has been exposed

temperatur
whichever i

There shall
function or

5.410.1 (
When the

piping shall
the manufa

of not less than 70 °C, or to a temperature of 10°2€ above the highest operating temperat
5 greater, for seven hours in a full draft circulating-airoven.

be no shrinkage, warpage or other distortion of the component that would affect its inten
create a safety hazard.

Dutlet piping temperature test

nydrogen generator has attained” equilibrium operating conditions, the temperature of all o
be measured. The temperature obtained shall not exceed the maximum temperature specifie
Cturer.

5.4.11 Wind tests

54111

The wind 5
perpendicu
installed in

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

ource .calibration configuration shall consist of the centre of the wind source being dire
ar to the centre of a test wall equipped with four ports located around a vent terminal whid
aecordance with the manufacturer’s installation manual in the centre of the test wall. The p

loor

the
h air

Litlet
1 by

Cted
h is
orts

shall be ma

nifalded to obhtain a Qingln average static pressure rnading \With the wind source directed aga

inst

the wall, the average static pressure reading as measured by a manometer referenced at the hydrogen
generator combustion air opening shall form the basis for calibrating the wind source using the relationships
shown in Table 4.

50

Table 4 — Relationships

Nominal wind velocity Average static pressure

km/h Pa
16 10
54 116
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Additionally, the wind source calibrated at 50 km/h shall not generate a velocity pressure exceeding 12 Pa
(16 km/h) at a distance of 305 mm perpendicular to the test wall and in line with the ports.

5.4.11.2 Hydrogen generators intended for outdoor use

5.4.11.21 Applicability

These tests apply only to hydrogen generators intended for outdoor use or components of hydrogen
generators intended for outdoor use.

5.4.11.2.Z Verification of operation under wind conditions

Cahinets of hydrogen generators intended for outdoor use or enclosures of compopenis ¢

f hydrogen

gengrators intended for outdoor use shall be subject to, and pass, a wind test as per the following method.

Thel hydrogen generator shall start and operate normally, without damage or malfunctioning of a

wit
incl

AW

at the point(s) deemed most critical. The wind source shall be locatediso that a uniform wind, g

enti
spe
Wi
pro
Wi
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flam
the

5.4.
Dur
aw

con
emi

5.4.

5.4.

The]
the

th the hydrogen generator subjected to a wind having.a*nominal velocity of 16 km/h, the

th the hydrogen generator subjected to a wind having a nominal velocity of 50 km/h, the burn

ut creating a hazardous or unsafe condition, when exposed to winds having;nominal velocitie
ding 50 km/h.

nd source calibrated as per 5.4.11.1 shall be directed against an outérsurface of the hydrogel
'e projected area of the outer surface, is directed horizontally toward the hydrogen gene
Cified velocity measured in a vertical plane 50 cm from the windward surface of the hydrogen g

ided, shall be capable of being ignited.

e from the ignition device in a time within thé’main flame establishing period and the burn
es shall not extinguish. The pilot, when provided, shall be operated alone, as well as simultar
burner.

11.2.3 CO emissions under wind
ng the test of 5.4.11.2.2, the<€0 emissions shall be checked when the hydrogen generator is
nd ranging from 0 km/h 10.50 km/h. The hydrogen generator shall operate at nominal input

stant exhaust gas temperature is achieved. During the application of this range of velociti
5sions shall be measured to verify compliance with the requirements of 4.4.9.

11.3 Hydrogenjgenerators intended for indoor use

11.3.1 Applicability

se tests apply only to hydrogen generators intended for indoor use. These tests shall be cond
maximum air intake and flue gas vent pipe length, as specified by the manufacturer. For the

ny part and
s up to and

n generator
overing the
rator at the
enerator.

pilot, when

er gas shall
er and pilot
eously with

exposed to
rate until a
es, the CO

ucted using
purpose of

thes

T tests; themanufacturer shattprovide theflue—gas vent=air intake— T heentire fluegas—ve

1t-air intake

system, including the piping and terminal cap, shall be installed (and sealed, if applicable) in accordance with

the

5.4.

5.4.

manufacturer’s installation manual on a test wall.
11.3.2 Verification of operation under wind conditions

11.3.21 Wind parallel to the test wall

The wind source shall be calibrated at a nominal velocity of 50 km/h (117 Pa free-stream velocity pressure)
when measured with the wind parallel to the test wall with a Pitot tube at three locations positioned on a plane
perpendicular to the test wall and also bisecting the flue gas vent system.

© 1SO 2007 — All rights reserved

51


https://standardsiso.com/api/?name=9fb2792a1806fc5cf2559bf5163d2d61

ISO 16110-1:2007(E)

For the purpose of this test, the test wall shall be subjected to a parallel wind having a nominal velocity of
50 km/h. The hydrogen generator shall start and not shut down during a 10-minute period when exposed to
the 50 km/h calibrated wind source.

5.4.11.3.2.2 Wind perpendicular to the wall

For the purpose of this test, the test wall shall be subjected to a perpendicular wind having a nominal velocity
of 50 km/h, produced from a wind source calibrated as specified in 5.4.11.1.

When exposed to the 50 km/h wmd source, the burner gas shall |gn|te from the |gn|t|on dewce ina t|me within
the main flame e hen
provided, shall be operated alone, as well as simultaneously with the burner. The hydrogen generater, ghall
not shut down during a 10-minute period and shall also continue to operate when cycled on and off by the
automatic cpntrols.

5.4.11.3.2. CO emissions under wind

During the |test of 5.4.11.3.2.1, the CO emissions shall be checked when a wind ranging from 0 km/h to
50 km/h is pxerted against the vent-air intake terminal(s). The hydrogen generator{ shall operate at noninal
input rate until a constant exhaust gas temperature is achieved. During the applieation of this range of wind
velocities, the CO emissions shall be measured to verify compliance with the requirement of 4.4.9.

5.4.12 CO pmissions tests

5.4.12.1 Qperation under equilibrium conditions

When the hlydrogen generator has attained equilibrium operating conditions, CO emissions shall be measiyired
to verify compliance with the requirement of 4.4.9. Hydrogeh generators that have variable output capacity
shall be tesfed at 25 %, 50 %, 75 % and 100 % capacity levels.

5.4.12.2 Blocked outlet test

The CO enpissions shall be checked with the_hydrogen generator's exhaust outlet progressively blocked to
any degree|up to and including complete «closure. The hydrogen generator shall be operated at nominal|fuel
input rate for at least 15 minutes. Whenthe hydrogen generator incorporates a control to automatically shut
off the maih fuel supply under blocked- outlet conditions, the area of the exhaust outlet shall be graddally
decreased o the lowest point at which the control remains in its open position. The CO emissions shall then
be measurgd to verify compliange'with the requirement of 4.4.9.

5.4.12.3 Blocked air supply test

This test slhall be pefformed on hydrogen generators that rely on outside air routed through an air infake
conduit. The hydrogen  generator shall be operated at nominal fuel input rate for at least 15 minutes.

The air intgke~duct shall be progressively blocked. The CO emissions shall then be measured to vgrify
compllancefm'mmwwmﬁmmmmm—mwwmply

duct shall be reopened gradually and the blockage at which the burner ignites shall be determined. At this
blockage, and once thermal equilibrium is achieved, the CO emissions shall be measured to verify compliance
with the requirement of 4.4.9.

5.4.12.4 Voltage variation test
This test shall be performed on hydrogen generators that rely on mechanical means, such as fans, to bring air

to the hydrogen generator burners or to vent its emissions. The hydrogen generator shall be operated at
nominal fuel input rate for at least 15 minutes.
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The voltage at the fan terminals shall be progressively reduced. It shall be checked that the gas supply is shut
off before the CO concentration of the combustion products exceeds the requirement of 4.4.9. With the
hydrogen generator at ambient temperature, the voltage at the fan terminals shall be progressively increased
from zero. The voltage at which the burner ignites shall be determined. At this voltage, the CO emissions shall
be measured to verify compliance with the requirement of 4.4.9.

5.4.13 Limit testing due to loss of utility and fuel supply

The hydrogen generator shall be installed and operated as specified in the applicable provisions of 5.3. A test
shall be conducted for each utility and fuel system, i.e. electrical, feed water, cooling water, instrument air, etc.,
where the supply is gradually interrupted

Thelsystem shall safely shut down without:
— |the creation of any health or safety hazards;
— |permanent distortion or damage to the system;

If the hydrogen generator requires a purge gas for protection during/~shutdown and/or sforage, the
simypltaneous failure of the inert gas and a second utility need not be tested:-However, the test shgll verify that
losg of purge gas supply results in an alarm.

5.4.14 Verification of operation

54141 General
Thel| purpose of this test is to verify that the hydrogen output, under the test conditions of 5.3 while using the

nonjinal fuel input, is not less than the nominal hydrogen output and that the hydrogen purity is npt less than
the hominal hydrogen purity.

5.4/14.2 Functions
Thel functions of the hydrogen generator:shall be tested, particularly those related to safety and sgfeguarding.
All modes and transition conditions.spécified by the manufacturer shall be tested. The system |shall safely
operate without:

— |the creation of any health.or safety hazards;

— |permanent distortion-or damage to the system.

5.4.14.3 Operation

The product gas stream flow rate and the fuel supply shall be measured at 100 % capacity when gonditions of
equjlibriumr~are achieved. The fuel supply gas stream shall be measured using the same method for gas
strepms or using another method suitable for liquid fuels.

Hydrogen generators that have variable output capacity shall be tested at 25 %, 50 %, 75 % and 100 %
capacity levels.

Hydrogen generators that have different output settings shall be tested at each different output setting.
Each capacity level or output setting shall have the measurements made at equilibrium operating conditions.

Airborne noise emissions shall be determined as per IEC 60704-3.
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Based on the measurements made according to 5.1, the following characteristics shall be determined:

electri

hydrogen production rate;
fuel input rate;
hydrogen content in the output stream on a dry basis;

pressure, temperature and humidity of the hydrogen output stream;

2l const |mp+inn atratad ol |fp| it
H

airborn

5.4.144 1

Subsequen
Subsequen
repeated.

E noise emissions.

\ccumulated operation

to tests 5.4.13 and 5.4.14.3, a 720-hour accumulated operation test shall be complg
to the 720-hour accumulated operation test, the allowable leakage test'as per 5.4.3 shal

5.5 Roufine tests

Each hydro
leakag
burner

dielect
applic
minute

NOTE |
dielectric pof
before the cd
— protect
resider

gen generator shall be subjected to the following routine tests)prior to delivery:

b test of the hydrogen generator section(s) carrying flammable fluids, as per 5.4.2.2 and 5.4.3;
operating characteristics test as per 5.4.5;

ic withstand (hypot) test on the generator’s high voltage circuitry as per IEC 60204-1 for indug
ions or IEC 60335-1 for residential, commercial and light industrial applications, applied for

or using a potential of 120 percent of that'value applied for one second;

[ the hydrogen generator employs alcomponent, such as solid-state device that can be damaged by
ential, the test may be conducted, with the point of connection of the component to ground disconnectg
mponent is electrically connected.

ve bonding circuit continuity test, as per IEC 60204-1 for industrial applications or IEC 60335-
tial, commercial and-light industrial applications.

6 Marking, labelling and packaging

6.1

Each hydr

HydIgen generator marking

ted.
be

trial
one

the
d or

for

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

read when the hydrogen generator is in its intended installed position.

The marking shall clearly state any restrictions on use, in particular the ventilation requirements of the area in
which the hydrogen generator is to be installed.

NOTE

equipment for handling hydrogen.

The data plate and/or label(s) shall include the following information:

a)

b)

54

the manufacturer’'s name, trademark, and location;

the catalogue number and the model number or type;

Subclause 7.5.8 of ISO/TR 15916:2004 presents principles related to ventilation of spaces containing
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c) the serial number;

d) the electrical input range in volts;

e) the current rating in amperes;

f)  the frequency in hertz and number of phases;

g) the rated nominal power input in watts;

h) the rated nominal thermal input (if applicable);

i) |the input fuel type and quality to be used by the hydrogen generator;

j) |the permissible range of fuel supply pressures;

k) |outdoor or indoor use;

[) |the capacity of generation of hydrogen in kilograms per hour;

m) |the hydrogen content in the output stream on a dry basis;

n) |the hydrogen output pressure in kilopascals;

0) |a reference to this International Standard.

If tHe hydrogen generator is rated to operate in hazardéus areas as per IEC 60079-10, it shall|be marked
accprdingly.

Thelhydrogen generator shall be marked with the following: “Refer to the installation instructions for parts lists
and|installation procedures for piping, electrical~and instrument interconnects.”

6.2| Marking of components

Warmning signs shall be placed to identify electrical hazards, contents from drain valves, hot compgonents and
meghanical hazards. Preference,'should be given to the use of standard symbols given in ISQ 3864. If a
warping statement is employed”in lieu of a symbol, the statement should include a signal wofd, such as
Darjger, Warning or Caution, the hazard, and how to avoid the hazard. As a minimum, the hydrogegn generator
cablnet shall be visibly marked with the warning signs specified in 6.3.3.

Control devices, yisual indicators, and displays used in the man-machine interface shall be clearly marked
withl regard to their functions either on or adjacent to the item. Special attention shall be paid to those related
to spafety. Preference should be given to the use of standard symbols given in IEC 60417 and 1SO T000.

6.3| Product’s technical documentation

6.3.1 General

The manufacturer shall provide with each hydrogen generator the information necessary for safe installation,
operation and servicing of the hydrogen generator, and shall in particular draw attention to any restrictions on
use. The information shall be provided in the form of technical documents such as drawings, diagrams, charts,
tables and instructions, and these shall be on a suitable data medium and in a suitable language.

Part of the technical information may be intended only to qualified personnel, in which case the manufacturer
shall specify criteria for qualification of personnel.
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The information provided with the hydrogen generator shall include:

a) a clear, comprehensive description of the equipment, installation and mounting, and the connection to

electrical supply(ies);

b) the technical specifications of the hydrogen generator, including at least the information required
marking in 6.1;

c) electrical supply(ies) requirements;

d) physical environment and operating conditions as per 4.3;

for

e) electrid circuit diagrams;

f)  information (where appropriate) on
1) handling, transportation and storage,
2) software programming,
3) sepuence of operations,
4) frequency of inspection,
5) frgquency and method of functional testing,
6) thg¢ adjustment, maintenance, and repair, particularly of the protective devices and circuits, and
7) a parts list and recommended spare parts list;

g) a desgription (including interconnection diagrams) of the safeguards, interlocking functions
interlogking of guards for potentially hazardous situations, particularly for hydrogen generators opers
in a cpordinated manner with other equipment items (e.g. a fuel cell power system or a hydrg

compragssion, storage and delivery system);

h) a desgription of the safeguarding.and of the means provided where it is necessary to suspend
safeguprding (e.g. for manual pregramming, program verification);

and
ting
gen

the

i) all the |nformation that is required by this International Standard to be included in the product’s technical

documentation.

6.3.2 Instpllation manual

The installgtion manual shall provide the installer all the information necessary for the preliminary wor

k of

setting up the genérator.
In paﬂiculah—mmmmmmmw f f f f f f

full

information about all external connections (e.g. electrical supply, fuel supply, water supply, control signals,

exhaust venting, ventilation connections, product delivery interconnection, etc.).

These installation instructions shall provide, as applicable, guidelines on the following:

a) location and design of the hydrogen generator foundation including the anti-vibration mountings;
b) ventilation requirements;

¢) design, construction and installation of the pressure relief venting pipe, flue gas venting system
product delivery piping;

and
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protection from weather hazards;
recommended height in relation to the base flood elevation;
security enclosure;

minimum clearance distances from combustible materials or ignition sources, vegetation,
public ways, roads, and railroad tracks;

protection from vehicular impact;

1:2007(E)

sidewalks,

NOT
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clearances around air supply, ventilation and exhaust openings in metres;
clearances for maintenance, servicing and proper operation in metres; and
anchorage means.

E Annex D provides information on the installation of hydrogen generators.

B User’s information manual

hydrogen generators intended for residential, commercial and,light industrial use such as

'ce for residential fuel cell power systems, the manufacturer shall‘provide to the hydrogen geng
er’s information manual together with any appropriate additional’ information to facilitate mainte
ddresses of the importer, repairer, etc.

user’s information manuals shall be in the user’s natiénal language.

user’s information manuals shall be typed or typeset and formatted to provide easy-to-follow p
trations shall be used to identify hydrogen@enerator components, dimensions and clearances
ponents, and connection points as needed to make the instructions clear. lllustrations shall a
Hentify the location of serviceable.components and illustrate correct methods for performy
edures.

bn text is shown in quotation-marks, it shall appear in the user’s information manual exactly as

h is part of the hydrogen generator or shall be supplied in an envelope marked with instrug
rence.

h user’s infofmation manual should be divided into appropriate chapters or sections, and shou
e of contents and clearly marked page numbers.

front cover shall present the user(s) with only the most important safety instructions. As a m

fro

cover—or—in the ahcanca - of 2 covar the firet naaa of tha manual chall hgar thg faollo
a4 —H—e—abSeh —a Ve —th HFS+—Pag —HRe—ahRda—SHAat+—oeai—th +OoH

a hydrogen
rator owner
nance such

rocedures.
assembled

|so be used
ing service

shown.

user’s information manual shall be affixed to the hydrogen generator in a pocket or attachg¢d by a clip

tions to the

ller to affix them—on~or adjacent to the hydrogen generator, and to the user to retain them for future

Id include a

nimum, the
ving safety

precautions boxed as shown in Figures 1 to 3, as applicable.
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A WARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings exactly could result in
serious injury, death or property damage.

— Do not store or use gasoline or other flammable vapours
and liquids in the vicinity of this or any other related
appliance.

— WHAT TO DO IF YOU SMELL GAS
o Do not try to light any appliance.

e Do not touch any electrical switch; do not use any
phone in the area.

e Leave the area immediately.

o Immediately call your gas supplier. Follow the' gas
supplier's instructions.

e If you cannot reach your gas supplier, call’ the fire
department.

— Installation and service must be performed by a qualified
installer, service agency or the gas supplier.

Figure 1 — Minimum safety precautions for odorized gas-fueled systems

A WARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings exactly could result in
serious injury, death or property damage.

— Do met store or use gasoline or other flammable vapours
and liquids in the vicinity of this or any other related
appliance.

- Installation and service must be performed by a qualified
installer, service agency or the gas supplier.

Figure 2 — Minimum safety precautions for odorant-free gas-fueled systems
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A WARNING:

FIRE OR EXPLOSION HAZARD

Failure to follow safety warnings exactly could result in
serious injury, death or property damage.

— Do not store or use gasoline or other flammable vapours
and liquids in the vicinity of this or any other related
appliance.

— WHAT TO DO IF YOU SEE LIQUID LEAKAGE

e Do not try to light any appliance.

e Do not touch any electrical switch; do not use any
phone in the area.

e Leave the area immediately.

e Immediately call your fuel supplier. Follow the fuel
supplier's instructions.

e If you cannot reach your fuel supplier, call the fire
department.

— Installation and service must be performed by a qualified
installer, service agency or the fuel'supplier.

Figure 3 — Minimum safety precautions for liquid-fueled systems

Thel front cover shall include a statement.informing users that they shall read all instructions in the manual,
and|shall keep all manuals for future reference.

A safety section shall be included near the front of the manual to present hydrogen generator usefs with a list
of potential hazards and safety-related instructions for a particular hydrogen generator. Statement of at least
the |following shall be included-in the safety section with references to specific sections or pages of the
manual:

a) |directions that the area surrounding the hydrogen generator must be kept clear and free of gombustible
materials, gasaline’ and other flammable vapours and liquids;

b) |where airis(required for combustion or ventilation, instructions not to block or obstruct air openings on the
hydrogenvgenerator, air openings communicating with the area in which the hydrogen generator is
installed, and the required spacings around the hydrogen generator that provide clearances to[secure and
discharge the required air;

c) instructions for starting and shutting down the hydrogen generator, which shall pictorially illustrate and
locate all user interface components;

d) the following statement: "Do not use this hydrogen generator if any part has been under water. A flood-
damaged hydrogen generator is potentially dangerous. Attempts to use the hydrogen generator can result
in fire or explosion. A qualified service agency should be contacted to inspect the hydrogen generator and
to replace all gas controls, control system parts and electrical parts that have been wet.”;

e) specifications for the frequency of filter change or cleaning and the dimensional size and type of filter for
replacements, which shall contain directions for removal and replacement of filters and pictorially illustrate
and locate all components supplied by the manufacturer referred to in the instructions for removal and
replacement of filters;
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