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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

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

FOREWORD

to promote
international co-operation on all questions concerning standardization in the eleClirie d els ic fields. To
this end and in addition to other activities, IEC publishes International Starfdards { pecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guids as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; 3 G Nati i{tee interested
in the subject dealt with may participate in this preparatory work. ional, 9§ ameghtal and non-
governmental organizations liaising with the IEC also participate i

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

4) In order to promote international uniformi al Somm ittees undertake to apply IEC Publications
] \ dl and regional publications. Any divergence

between any IEC Publicatiot regional publication shall be clearly indicated in

the latter.

5) IEC itself does not proyid a i rity. Independent certification bodies provide conformity
assessment serviges and, i \ S Q IEC marks of conformity. IEC is not responsible for any
services carried@ ati i

6) All users should ensurg edition of this publication

, employees, servants or agents including individual experts and
members of its te & { EC National Committees for any personal injury, property damage or

s r, whether direct or indirect, or for costs (including legal fees) and
expenses afising~olt of\ the\publigation, use of, or reliance upon, this IEC Publication or any other IEC

8) AttentiQn is™dra S mative references cited in this publication. Use of the referenced publications is
indispenss 3 application of this publication.

International Standard IEC 62282-3-100 has been prepared by IEC technical committee 105:
Fuel cell technologies.

IEC 62282-3-100 cancels and replaces IEC 62282-3-1 published in 2007. IEC 62282-3-100
constitutes a technical revision.

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

a) general reorganization of the safety requirements;

b) major changes for addressing electrical safety requirements for internal components;

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

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

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

FDIS Report on voting
105/371/FDIS 105/384/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts of the IEC 62282 series, under the general title F
can be found on the IEC website.

echnologies,

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
* amended.
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INTRODUCTION

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

integrated systems, as

Power inputs: System boundary

electrical, thermal,
mechanical Recovered heat
|- .
> Thermal >
management
| system Waste heat
»
Fuel Fuel * ?
i .
> processing
system Fuel Useable power
cell stack electrival
or Power — >
l_’ module conditioning
system
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system treatment Internal power Scharge
system ee \ water
Ventilation >
|-
Inert Gas i Ventilation \ \/ Exhaust gases,
» o
Wator » system Automatic nb ventilation
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» control e ergy
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wind, rain, vibration
temperature

etc.
Figure 1 — Stat ona%el\e@wer systems

Fuel proce y
plus associated” he
pressurize the
System that meters, conditions, processes and may

pressurize pply for use within the fuel cell power system.
Thermal tem — System that provides heating or cooling and heat
rejection ain the fuel cell power system in the operating temperature range, and

may prow
start-up.

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

Power conditioning system — Equipment that is used to adapt the electrical energy
produced by the fuel cell stack(s) to application requirements as specified by the
manufacturer.

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

Ventilation system — System that provides air through forced or natural means to the fuel
cell power system’s enclosure.

Fuel cell modules — Equipment assembly of one or more fuel cell stacks which
electrochemically converts chemical energy to electric energy and thermal energy
intended to be integrated into a power generation system.
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— Fuel cell stack — Equipment assembly of cells, separators, cooling plates, manifolds and
a support structure that electrochemically converts, typically, hydrogen rich gas and air
reactants to DC power, heat and other reactant bi-products.

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

@%
S
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FUEL CELL TECHNOLOGIES -

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

1 Scope

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

This standard applies to systems

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

h, or to a stand-

— intended to provide AC or DC power;

— with or without the ability to recover useful he

, Fischer-Tropsch liquids and other
derived from renewable (biomass) or fossil

fuel sources, fo thanol, di-methyl ether, biodiesel,
d) hydroger@

town gas.

— propulsion fuel cell pswer systems.

NOTE For special appligation such as “marine auxiliary power”, additional requirements may be given by the
relevant marine ship register standard.

This standard is applicable to stationary fuel cell power systems intended for indoor and
outdoor commercial, industrial and residential use in non-hazardous (unclassified) areas.

This standard contemplates all significant hazards, hazardous situations and events, with the
exception of those associated with environmental compatibility (installation conditions),
relevant to fuel cell power systems, when they are used as intended and under the conditions
foreseen by the manufacturer.

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

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

2 Normative references

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

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

IEC 60079-2, Explosive atmospheres — Part 2: Equipment protg pressurized

enclosure «p»

Ction__by

IEC 60079-10 (all parts), Explosive atmospheres — Part 10: Clgs

IEC 60079-29-1, Explosive atmospheres - Part 29- 3 2 Performance
requirements of detectors for flammable gases

IEC 60079-30-1, Explosive atmospheres — Part -
General and testing requirements

IEC 60204-1, Safety of machinery —
requirements

requirements

IEC 60335-2-51, House
requirements fo '

requirements

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 — Part 2-6:
Particular requirements for automatic electrical pressure sensing controls including
mechanical requirements

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

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

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

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

IEC 61000-3-5, Electromagnetic compatibility (EMC) — Part 3-5: Limits — Limitation of voltage
fluctuations and flicker in low-voltage power supply systems for equipment with rated current
greater than 75 A

IEC 61000-3-11, Electromagnetic Compatibility (EMC) — Part 3-11: Li Limitation of

IEC 61000-6-2, Electromagnetic compatibility (EM
Immunity for industrial environments

IEC 61000-6-3, Electromagnetic co
Emission standard for residential, corf

IEC 61508 (all parts)
safety-related systems

IEC 62040-1, Uru
for UPS

IEC 62061, Safet)

IEC 62282-3-200
Performance test me

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

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

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

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

ISO 5388, Stationary air compressors — Safety rules and code of practice
ISO 7000, Graphic symbols for use on equipment — Index and synopsis. Available from:
http://www.graphical-symbols.info/equipment.
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ISO 10439, Petroleum, chemical and gas service industries — Centrifugal compressors

ISO 10440-1, Petroleum, petrochemical and natural gas industries — Rotary-type positive-
displacement compressors — Part 1: Process compressors

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

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

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

ISO 13631, Petroleum and natural gas industries — Packaged reciproga Rressors

ISO 13849-1, Safety of machinery — Safety related 5 eams — Part 1: General
principles for design

hydride

ISO 23550, Safety’s
requirements

ISO 23553~ : control devices for oil burners and oil-burning appliances —
s — Part 1: Shut-off devices for oil burners

ISO 26142, Hydrogen detection apparatus — Stationary applications

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

3.1

accessible

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

a) access can be gained without the use of a tool;

b) the means of access is deliberately provided to the end user;

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

Note 2 to entry: Only service technicians are allowed into non-accessible areas. Service personnel that are
allowed access into non-accessible areas may need to have proper personal protective equipment as noted in the
maintenance manual.

3.2
anode exhaust catalytic reactor
catalyst reactor which oxidizes hydrogen-rich gas used for hydrogen fuel cell power systems

33

automatic burner control system
system which monitors the operation of fuel burners. It includes a p
flame/oxidation detector and may include an ignition source and/or ignitig

ogramming unit, a

3.4
burner port
any opening in a burner head through which gas or gas-air mix IS ‘ Fgr ignition

3.5
combustible materials
item capable of combustion

Note 1 to entry: Such materials shall be cohsi
treated, or plastered

gh flame-proofed, fire-retardant

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

3.6

design pressure
highest pressure that , all operating modes, including steady state
and transient

3.7
effluent
products of con xe€ss air being discharged from gas utilization equipment

3.8
electro
EMD

or system, or adversely affect living or inert matter

3.9
electromagnetic interference
EMI

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

3.10

electrical equipment

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

3.1

emergency shutdown

safety shutdown

control system actions, based on process parameters, taken to stop the fuel QJD(‘pU/mentS
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system and all its reactions immediately to avoid equipment damage and/or personnel
hazards

3.12

fuel cell

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

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

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

3.15

flue gas vent

passageway, for conveying vent gas from gas utilization ed
the outside atmosphere (see also 3.33)

ent connectors to

3.16
heat exchanger
vessel in which heat is transferred fro

3.17
igniter
device which utilizes electrical energ

3.18
ignition device

device mounted@

period of time between the signal to energize the fuel flow means and the signal indicating
presence of the burner flame

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

3.19.2

ignition activation period

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

3.19.3

start-up lock-out time

period of time between the initiation of gas flow and the action to shut off the gas flow in the
event of failure to establish proof of the supervised ignition source or the supervised main
burner flame. Re-initiating the lighting sequence requires a manual operation
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3.19.4

purge time

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

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

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

3.19.5

recycle time
period of time between the signal to de-energize the gas supp of the
supervised ignition source or the supervised flame and the sign ew start-up
procedure

3.20

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

3.21
lock-out time

period of time between the signal indicating ab
fuel supply %
3.22

main burner

device or group e ~ ;
or a mixture of i bustigh zone, and on which combustion takes place to
accomplish the funtti icK p

3.23
manifold
conduit(s)

3.24
permissive
condition within a™agic sequence that must be satisfied before the sequence is allowed to
proceed to the next phase

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

3.25.1

continuous pilot

pilot that burns without turning off throughout the entire time the burner is in service, whether
the main burner is firing or not

3.25.2

intermittent pilot

pilot which is automatically lit each time there is a signal for initialization and burns during the
entire period that the main burner is firing
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3.25.3

interrupted pilot

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

3.25.4
proved pilot
pilot flame supervised by a primary safety control

3.26

purge

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

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

3.28

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

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

3.29
state

3.29.1
cold state
state of a fuel cell powg

3.29.2
operational state

3.29.3
passive

3.29.4
standby state

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

3.29.5

storage state

state of a fuel cell power system being non-operational and possibly requiring, under
conditions specified by the manufacturer, the input of thermal and/or electric energy and/or an
inert atmosphere in order to prevent deterioration of the components
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3.30

thermal equilibrium conditions

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

3.31

vent connector

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

3.32

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

ion air in the

3.33
vent terminal
vent cap

fitting at the end of the vent pipe that directs the flue produ atmosphere

3.34
ventilation

3.34.1
mechanical ventilation
movement of air and its replacement with f%ir b hanical means

3.34.2
natural ventilation

movement of aip~and
temperature gra

3.35
venting system

fresh air due to the effects of wind and/or

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

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

b) the risk for each of these hazards has been estimated from the combination of probability
of occurrence of the hazard and of its foreseeable severity;

c) the two factors which determine each one of the estimated risks (probability and severity)
have been eliminated or reduced to a level not exceeding the acceptable risk level as far
as practical possible through

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

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

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

« |EC 62061 (respectively ISO 13849-1) for applications according to IEC 60204-1;
« |EC 60730-1 for appliances according to IEC 60335-1;
« |EC 61508 (all parts) for other applications.

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

+ |EC 60812;
* SAE J1739;
- |EC 61025.

4.2 Physical environment and opere

4.2.1 General

4.2.2 Electrical powex ir

The fuel cell ps
electrical power input

in 4.7 or as otherwise

— the altitude above sea-level up to which the fuel cell power system shall be capable of
operating correctly;

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

— the seismic zone where it may be sited.
4.2.4 Fuel input

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

4.2.5 Water input

The quality and supply characteristics of the water to be used in the fuel cell pomgdeﬁments

shall be specified by the manufacturer.
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4.2.6 Vibration, shock and bump

The undesirable effects of vibration, shock and bump (including those generated by the
machine and its associated equipment and those created by the physical environment) shall
be avoided by the selection of suitable equipment, by mounting it away from the fuel cell
power system, or by the use of anti-vibration mountings. This does not include the effects of
seismic shock, which shall be addressed separately if the manufacturer deems it appropriate
for its product (see 4.2.3).

4.2.7 Handling, transportation, and storage

The fuel cell power system shall be designed to withstand, or suitable precautions shall be
taken to protect against, the effects of transportation and storage temperatures within a range
of =25 °C to +55 °C and for short periods not exceeding 24 h at up to *C. Alternative
temperature ranges may be specified by the manufacturer.

The fuel cell power system or each component part thereof shall

— be packaged or designed so that it can be stored d wift age (for example,
adequate stability, special supports, etc.).

The manufacturer shall specify specig p i nsportation and storage if
required.

4.2.8 System purging

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

suitable purge system, utilizi ifi by the manufacturer such as, but not
limited to, nitrogen, ai am in\a hon-hazardeUs situation within the intended use may be
used.

4.3 Selection o; p

hazards<dunder\certain circumstances, the manufacturer shall implement the measures and
i i egcessary to sufficiently minimize the risk of endangering persons’
safety or health

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

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

— they shall retain their mechanical stability with respect to strength (fatigue properties,
endurance limit, creep strength) when exposed to the full range of service conditions and
lifetime as specified by the manufacturer;
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— they shall be sufficiently resistant to the chemical and physical action of the fluids that
they contain and to environmental degradation;

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

— specifically, when selecting materials and manufacturing methods, due account shall be
taken of the material’s corrosion and wear resistance, electrical conductivity, impact
strength, aging resistance, the effects of temperature variations, the effects arising when
materials are put together (for example, galvanic corrosion), the effects of ultraviolet
radiation, and to the degradation effects of hydrogen on the mechanical performance of a
material.

NOTE Guidance to account for the degradation effects of hydrogen on the mechanical p€ ance of a material

can be found in ISO/TR 15916, ASME B31.12 and Annex B.

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

— minimize that effect by appropriate design, for exa

— draw attention, in the instructions referred
inspection and maintenance me
appropriate, it shall be indicated
replacement.

4.4 General requirements

4.4.1 In so far as their glurpo ‘ a%ib parts of the fuel cell power system shall
[ > q o rougf

4.4.2 The fuel ceglNpo :
access, shall bed 5 ed 10 prevent persons slipping, tripping or falling on or
off these parts.

—eobmponents and fittings thereof shall be so designed and
able enough, under the foreseen operating conditions (if

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

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

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

4.4.7 All parts shall be securely mounted or attached and rigidly supported. The use of
shock-mounts is permitted when suitable for the application.
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4.4.8 All safety shutdown system components, whose failure may result in a hazardous
event, as identified by the risk analysis noted in 4.1, shall be recognized, certified or
separately tested for their intended usage.

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

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

4.4.11 |If external surfaces of the fuel cell power system’s enclosure, ha dles, |ps knobs or
similar parts may be contacted by users without personal equipment, the
manufacturer shall either limit the temperature of these surfaces all timpes, aceqrding to
Table 1 or the manufacturer shall fix guards or protective devices i s_to prevent
risk of contact that could lead to accidents.

Table 1 — Allowable surface temp@s&

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

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

— of porcelain 45

— of moulded ma&aw r@e\\w@\/ 60

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

3

based on an ambient temperature not normally exceeding

The temperatures om\walls, floor and ceiling adjacent to a stationary fuel cell power system
shall not exceed °(>above ambient temperature under the test conditions of 5.12 b).

4.4.12 The fuel cell power system shall be so designed and constructed that the emission of
airborne noise is reduced to a level suited for the intended use or location in compliance with
applicable regional or national airborne noise codes and standards.

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

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

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

(CO)ayg @and (CO3)4yq are the average values of measured concentrations in the sample
taken at least 3 times during the test, both expressed in percent.

Or

CO = (CO)ayg * (21) 1 (21 = (O2)ayg)
where
(CO)ayg @and (O3)ayg are the average values of measured concentrations in the sample

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

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

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

The manufacturer shall
condensate drain lines

4.5.1

Pressurized vesse € actors, heat exchangers, gas-fired tube heaters and boilers,
electric boiler 3 lators and similar containers, and associated pressure relief
mechanisms,\such ag reli es and similar devices, shall be constructed and marked in
accordagce wit e regional or national pressure equipment codes and standards.

equipment standards/shall be constructed of suitable materials in accordance with 4.3 and
shall meet the applicable requirements of 4.4. Such vessels, and their related joints and
fittings, shall be designed and constructed with adequate strength for functionality and
leakage resistance to prevent unintended releases.

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

4.5.2 Piping systems

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

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