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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

As mentioned in the Foreword, this document is a combination of three former standards for the
specifications of hydrogen fuel, [SO 14687-1, ISO 14687-2 and ISO 14687-3, incorporating their revisions
at the same time.

In recent years, PEM (proton exchange membrane) fuel cell technologies have shown a remarkable
progress such as lowering of platinum (Pt)-loading, thinned electrolyte membrane, operation with
high current density and operation under low humidity. With this progress, it has become necessary to
reconsider the tolerances of hydrogen impurities for the PEM fuel cells which were previously specified

inIS
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Thergfore, this document has been mainly revised based on the research and development
cells|focusing on the following itemsl1] [3] to [15];

The
and

PEM fuel cell catalyst and fuel cell tolerance to hydrogen fuel impurities;
¢ffects/mechanisms of impurities on fuel cell power systems and compornents;
impurity detection and measurement techniques for laboratory, production and in-field
fuel cell vehicle demonstration and stationary fuel cell demoudstration results.

prade D and the grade E of this document are intended te’apply to PEM fuel cells for r
stationary appliances respectively. These aim to facilitate the provision of hydroge

qualjty balanced with acceptable lower cost for the hydrogen fuel supply.

This|document reflects the state of the art at the' date of its publication, but since
requfrements for hydrogen technology applications are developing rapidly, this document
be further revised in the future according to teghnological progress.

of PEM fuel

operations;

pad vehicles
h of reliable

the quality
may need to
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Hydrogen fuel quality — Product specification

1 Scope

This document specifies the minimum quality characteristics of hydrogen fuel as distributed for
utilization in vehicular and stationary applications.

[t is 4pplicable to hydrogen Tuelling applications, which are listed In Table T.

2 Normative references

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

ISO 19880-8, Gaseous Hydrogen — Fuelling stations — Part 8: Fuel Quality Control

ISO 41087, Gas analysis — Analytical methods for hydrogen fuel =Proton exchange membrane (PEM) fuel
cell dpplications for road vehicles

3 Terms and definitions

For the purposes of this document, the following térms and definitions apply.
ISO gnd IEC maintain terminological databasesfor use in standardization at the following dddresses:
— SO Online browsing platform: available at http://www.iso.or

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

3.1
boundary point
<PENM fuel cell (3.7) for stationary applications> point between the hydrogen fuel supply equipment (3.13)
and the PEM fuel cell power system (3.9) at which the quality characteristics of the hydrogen fuel are to
be d¢termined

3.2
constituent
comi}onent (er'‘compound) found within a hydrogen fuel mixture

3.3
contanrnant
impurity that adversely affects the components within the fuel cell system (3.8), the fuel cell power
system (3.9) or the hydrogen storage system

Note 1 to entry: An adverse effect can be reversible or irreversible.

3.4

customer

<PEM fuel cell (3.7) for stationary applications> party responsible for sourcing hydrogen fuel in order
to operate the fuel cell power system (3.9)

3.5

detection limit

lowest quantity of a substance that can be distinguished from the absence of that substance with a
stated confidence limit

© IS0 2019 - All rights reserved 1
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determination limit

lowest quan

3.7
fuel cell

tity which can be measured at a given acceptable level of uncertainty

electrochemical device that converts the chemical energy of a fuel and an oxidant to electrical energy

(DC power),
3.8

heat and other reaction products

fuel cell system

<PEMfueI C 1’1’ (ﬁ) fun T Uad vchi\,lc ayyli\,atiuuo powet o_yotcul uocd fUl thc ge1et rsawivan} uf C}C\,tl tet yon
a fuel cell vehicle
Note 1 to entry: The fuel cell system typically contains the following subsystems: fuel cell stack, air|procefsing,
fuel processipg, thermal management and water management.
39
fuel cell power system
<PEM fuel cdll (3.7) for stationary applications> self-contained fuel cell assembl§-trsed for the generption
of electricity which is fixed in a place in a specific location
Note 1 to enftry: The fuel cell power system typically contains the followingsubsystems: fuel cell stack, air
processing, thermal management, water management and automatic control/system. It is used in applicdtions
such as: distijibuted power generation, back-up power generation, remote power generation, electricity and heat
co-generation for residential and commercial applications.
Note 2 to entry: For the purposes of the applications, the fuel cell pgwer system does not contain a fuel procgssing
system due t¢ the location of the boundary point (3.1).
3.10
gaseous hydrogen
hydrogen uhder gaseous form, purified to a minimum mole fraction as specified in tables in| this
document
3.11
hydrogen-hased fuel
<PEM fuel c4ll (3.7) for stationary applications> gas containing a concentration of hydrogen as spe¢ified
in tables in this document used for\PEM fuel cell for stationary applications
3.12
hydrogen fuel index
mole fraction of a fuel mixture that is hydrogen
y for
ssure

regulation a

3.14

s appropriate

irreversible effect
effect, which results in a permanent degradation of the fuel cell system (3.8) or the fuel cell power system
(3.9) performance that cannot be restored by practical changes of operational conditions and/or gas
composition

3.15

liquid hydrogen
hydrogen that has been liquefied, i.e. brought to a liquid state
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3.16

particulate

solid or liquid such as oil mist that can be entrained somewhere in the production, delivery, storage or
transfer of the hydrogen fuel to a fuel cell system (3.8) or a fuel cell power system (3.9)

3.17

reversible effect

effect, which results in a temporary degradation of the fuel cell system (3.8) or the fuel cell power system
(3.9) performance that can be restored by practical changes of operational conditions and/or gas
composition

3.18
sluslll hydrogen
hydrpgen that is a mixture of solid and liquid at the eutectic (triple-point) temperature

3.19
systém integrator
<PEM fuel cell (3.7) for stationary applications> integrator of equipment/bétween the HEM fuel cell
powdr system (3.9) and the hydrogen supply

4 (lassification and application

4.1 | Classification

Hydijogen fuel shall be classified according to the following types and grade designations:
a) Typel(grades A, B, C, D and E): gaseous hydrogeir and hydrogen-based fuel.

b) Type Il (grades C and D): liquid hydrogen.

c) Type III: slush hydrogen.

4.2 | Application

Tabl¢ 1 characterizes representative applications of each type and grade of hydrogen fuel.

Table 1 — Hyldrogen and hydrogen-based fuel classification by applicatiorn

Type Grade Category Applications Clause

Gaseous hydrogen; internal combustion engines for
B — transportation; residential /commercial combustion 7
appliances (e.g. boilers, cookers and similar applications)

Gaseous hydrogen; industrial fuel for power generation and
heat generation except PEM fuel cell applications

ral sz d H £ A licl A
l C TaSTOUS Ty UT UECTL, darr LT arCaimra Spat TV CITIC T g T Ut

support systems except PEM fuel cell applications

N

Gas Dab — Gaseous hydrogen; PEM fuel cells for road vehicles

o | o

PEM fuel cells for stationary appliances

1 Hydrogen-based fuel; high efficiency/low power applications

2 Hydrogen-based fuel; high power applications

3 Gaseous hydrogen; high power/high efficiency applications

a  Grade D may be used for other fuel cell applications for transportation including forklifts and other industrial trucks if
agreed upon between supplier and customer.

b Grade D may be used for PEM fuel cell stationary appliances alternative to grade E category 3.

© IS0 2019 - All rights reserved 3
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Table 1 (continued)

Type Grade Category Applications Clause
I C _ Aircra_ft and space-vehicle on-board propulsi_on and 7
electrical energy requirements; off-road vehicles -
Liquid Dab — PEM fuel cells for road vehicles 5
111 Aircraft and space-vehicle on-board propulsion
Slush B a Z

a2 Grade D may be used for other fuel cell applications for transportation including forklifts and other industrial trucks if
agreed upon between supplier and customer.

b Grade D may be used for PEM fuel cell stationary appliances alternative to grade E category 3.

NOTE Biblogical sources of hydrogen can contain additional constituents (e.g. siloxanes or mercury) that can
affect the perfformance of the various applications, particularly PEM fuel cells. However, these are'notincluded in
most of the fqllowing specifications due to insufficient information.

5 Hydrogen quality requirements for PEM fuel cell road vehiclé application

5.1 Fuel quality specification

The quality] of hydrogen at dispenser nozzle for grade D hydrogen/(see Table 1) shall meef the
requirements of Table 2. The fuel specifications are not process-dependent or feed-stock-specific.|Non-
listed contaminants have no guarantee of being benign.

NOTE ISP 19880-8:2019, Annex A provides the rationale for the selection of the impurities specified in
Table 2.

Table 2 — Fuel quality specification for-PEM fuel cell road vehicle application

Constituents? Type I, Type I

(assay) grade D

Hydrogen fuel index (minimum mole fraction)b 99,97 %
Total non-hydrogen gases (maximum) 300 pmol/mol

Maximum‘eoncentration of individual contaminants

Water (H,0) 5 pmol/mol
Total hydrocarbens except methane¢ 2 umol/mol
(G1*equivalent)
Methane (CH,) 100 umol/mol
Oxygen (0,) 5 pmol/mol
Helium (He) 300 pmol/mol

a2  For the donstituents that are additive, such as total hydrocarbons and total sulphur compounds, the sum df the
constituents shall be less than or equal to the acceptable limit.

b The hydrogen fuel index is determined by subtracting the "total non-hydrogen gases" in this table, expressed in mole
percent, from 100 mole percent.

¢ Total hydrocarbons except methane include oxygenated organic species. Total hydrocarbons except methane shall be
measured on a C1 equivalent (pmol/mol).

d  The sum of measured CO, HCHO and HCOOH shall not exceed 0,2 pmol/mol.
¢ Asaminimum, total sulphur compounds include H,S, COS, CS, and mercaptans, which are typically found in natural gas.

f All halogenated compounds which could potentially be in the hydrogen gas [for example, hydrogen chloride (HCl) and
organic chlorides (R-Cl)] should be determined by the hydrogen quality control plan discussed in ISO 19880-8. Halogenated
compounds shall be measured on a halogen ion equivalent (Lmol/mol).

g  Particulate includes solid and liquid particulates comprises of oil mist. Large particulates can cause issues with vehicle
components and should be limited by using filter as specified in ISO 19880-1. No visible oil shall be found in fuel at a nozzle.
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Constituents? Typel, Type Il
(assay) grade D
Nitrogen (N,) 300 pmol/mol
Argon (Ar) 300 pumol/mol
Carbon dioxide (CO,) 2 pmol/mol

Carbon monoxide (C0O)d 0,2 umol/mol

Total sulphur compounds® 0,004 pmol/mol

tStequivatent;

Formaldehyde (HCHO)4 0,2 pmol/mol
Formic acid (HCOOH)d 0,2 pmolfinol
Ammonia (NH;) 0,1 pmol/mol
Halogenated compoundsf 0,05 ¢#mol/mol

(Halogen ion equivalent)

Maximum particulate concentrationg 1 mg/kg

a

b

C

d

e

f

8

consfituents shall be less than or equal to the acceptable limit.
percent, from 100 mole percent.

meadured on a C1 equivalent (pmol/mol).

organic chlorides (R-Cl)] should be determined by thehydrogen quality control plan discussed in ISO 19880-§
compounds shall be measured on a halogen ion egquivalent (Lmol/mol).

complonents and should be limited by using filter as specified in ISO 19880-1. No visible oil shall be found in f

Hor the constituents that are additive, such as total hydrocarbons and tetal sulphur compounds, th
The hydrogen fuel index is determined by subtracting the "total non-hydrogen gases" in this table, expj
Total hydrocarbons except methane include oxygenated organic'species. Total hydrocarbons except me

The sum of measured CO, HCHO and HCOOH shall not exceed'0,2 pmol/mol.
As a minimum, total sulphur compounds include H,S, €OS, CS, and mercaptans, which are typically found

All halogenated compounds which could potentially be in the hydrogen gas [for example, hydrogen chlo

Rarticulate includes solid and liquid particulates comprises of oil mist. Large particulates can cause issug

e sum of the

essed in mole

thane shall be

n natural gas.

Fide (HCI) and
.Halogenated

s with vehicle
el atanozzle.

5.2

The gnalytical methods/formeasuring constituents in Table 2 shall meet the requirements ¢

5.3

Guidpance onchydrogen sampling methods for gaseous hydrogen fuelling stations is

ISO

5.4

Analytical method

Sampling

19880-1;

f1S0 21087.

available in

Hydrogen quality control

The means of assuring that the hydrogen quality meets the specification in 5.1 shall be based upon

ISO

19880-8.
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6 Hydrogen and hydrogen-based fuels, quality requirements for PEM fuel cell
stationary applications

6.1 Fuel quality specification

The quality of hydrogen and hydrogen-based fuels, supplied to stationary PEM fuel cell appliances,
shall meet the requirements of Table 3 at the boundary point set between the hydrogen fuel supply
equipment and the PEM fuel cell power system.

NOTE1 AnnexA provides guidance for the selection of the boundary point.
NOTE2  Ahnex B provides the rationale for the selection of the impurities specified in Table 3.

Type I, grage E hydrogen and hydrogen-based fuels, for PEM fuel cell applications forstatignary
appliances, |specify the following subcategories in order to meet the needs of different.'Statignary
applicationg, depending on the requirements specified by the manufacturer:

— Typel, grade E, category 1 (hydrogen-based fuel; high efficiency/low power applications).
— Typel, grade E, category 2 (hydrogen-based fuel; high power applications):
— Typel, grade E, category 3 (gaseous hydrogen; high power/high effieciency applications).

Thable 3 — Fuel quality specification for PEM fuel cell stationary applications

Constituents? Typel, grade E
[assay) Category 1 Category 2 Category 3
(m?ﬁrﬁﬁrgglil ;?zfciﬁn) 50% 50 % 99,9 %
Total nonthydrogen gases 50 % 50 % 0.1 %

(maximum mole fraction)

Non-condensing at pny
ambient conditions

Non-condensing at any
ambient conditions

Non-condensjngat any

Watter (H,0)° ambient conditions

Maximum conceéntration of individual contaminantsd

Total hydfocarbons except

nethane® 10 pmol/mol 2 umol/mol 2 umol/mol
(C4 ¢quivalent)
Methane (CH,) 5% 1% 100 pmol/mol

Oxygen (0,)

200 pmol/mol

200 pmol/mol

50 pmol/mol

Sum ofnitrogen{Ny),
argon (Ar] and helitm (He) 50 % 50 % 0,1%
(mole fraction)

a2 For the dohstituents that are additive, such as total hydrocarbons and total sulphur compounds, the sum df the
constituents siall be 1ess than or equal to the acceptabie Hmit.

b The hydrogen fuel index is determined by subtracting the "total non-hydrogen gases" in this table, expressed in mole
percent, from 100 mole percent.

¢ Each site shall be evaluated to determine the appropriate maximum water content based on the lowest expected
ambient temperature and the highest expected storage pressure.

d  The maximum concentration of impurities against the total gas content shall be determined on a dry basis.

¢ Total hydrocarbons except methane include oxygenated organic species. Total hydrocarbons except methane shall be
measured on a C1 equivalent (umolC/mol).

f The sum of measured CO, HCHO and HCOOH shall not exceed 0,2 pmol/mol.
& Asaminimum, total sulphur compounds include H,S, COS, CS, and mercaptans, which are typically found in natural gas.

h Halogenated compounds includes, for example, hydrogen chloride (HCI) and organic chlorides (R-Cl). Halogenated
compounds shall be measured on a halogen ion equivalent (Lmol/mol).

6 © IS0 2019 - All rights reserved
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Constituents? Type I, grade E
(assay) Category 1 Category 2 Category 3
Carbon dioxide (CO,) Included in total non-hy- | Included in total non-hy- 2 umol/mol

drogen gases

drogen gases

Carbon monoxide (CO)

10 pmol/mol

10 pmol/mol

0,2 pmol/molf

Total sulphur compoundsg

(S1 equivalent)

0,004 umol/mol

0,004 pmol/mol

0,004 pmol/mol

Formaldehyde (HCHO)

3,0 umol/mol

0,2 pumol/mol

0,2 pmol/molf

Formic acid (HCOOH)

10 pmol/mol

0,2 umol/mol

0,2 umpl/molf

Ammonia (NH;)

0,1 pmol/mol

0,1 pmol/mol

0,1 pmjol/mol

jas)

alogenated compoundsh

0,05 pmol/mol

0,05 pmol/mol

0,05 pnpol/mol

(lhalogen ion equivalent)
Maximum particulate I
concentration 1 mg/kg 1 mg/kg I mg/kg
Mgximum particle diameter 75 um 75 um 75 pum

a
consf

b
perce

¢
ambi

d ]

e
meas

o
&

comy

or the constituents that are additive, such as total hydrocarbons and total sulphur compounds, the sum of the

ituents shall be less than or equal to the acceptable limit.

he hydrogen fuel index is determined by subtracting the "total non-Hydrogen gases” in this table, expiessed in mole

nt, from 100 mole percent.

ach site shall be evaluated to determine the appropriate maximum water content based on the lowest expected
ent temperature and the highest expected storage pressure.

he maximum concentration of impurities against the total gas content shall be determined on a dry basjs.

otal hydrocarbons except methane include oxygenatediorganic species. Total hydrocarbons except mefhane shall be

ured on a C1 equivalent (umolC/mol).

he sum of measured CO, HCHO and HCOOH shall not exceed 0,2 umol/mol.

\s a minimum, total sulphur compounds inchude H,S, COS, CS, and mercaptans, which are typically found

h Halogenated compounds includes, for example, hydrogen chloride (HCI) and organic chlorides (R-Cl)

ounds shall be measured on a halogen ion equivalent (pLmol/mol).

n natural gas.

Halogenated

6.2

6.2.1

Qual
meth

The
base

Quality verification

General requiréments

ty verification.requirements shall be determined at the boundary point using the sampling

ods specified'in 6.3.

selection*of relevant fuel contaminants for analysis as specified in Table 3 should be carried out
H oni the hydrogen production method.

All a

NOTE

Tatyses comducted umderthis document stratt beumdertakemr usimg gaseous tatibration standards
(or other calibration devices) that are traceable to the International System of Units (SI) via national
standards, where such standards are available.

[SO 21087 provides guidance for analytical methods.

6.2.2 Analytical requirements of the qualification tests

The frequency of testing and analytical requirements for the qualification tests shall be determined
based on the agreement between the supplier and the customer. Consideration shall be given to the
consistency of hydrogen supply in determining the test frequency and constituents to be tested.

NOTE

Annex C provides a recommended practice of the quality assurance for steam methane reforming

(SMR) hydrogen production processes using pressure swing adsorption (PSA) purification.

© ISO

2019 - All rights reserved


https://standardsiso.com/api/?name=3950fdd7964caf0895117cb984011105

ISO 14687

:2019(E)

6.2.3 Reportresults

The detection limits and the determination limits for analytical methods and instruments used shall be
reported along with the results of each test and the date the sample was taken.

6.3 Sampling

6.3.1 Sample size

Where possible, the quantity of hydrogen in a single sample container should be sufficient to perform

the analysesfar the hydrogen fuel quality specification. If a single sample does not contain a sufficient

quantity of
samples fro
greater preg

6.3.2 Seld

A boundary
supplies to {

NOTE

hydrogen to perform all of the analyses required to assess the quality level, addit]
I the same lot shall be taken under similar conditions. A large sample or samplée:w
sure, where applicable, may be required if multiple tests are to be conducted.

ction of the sampling point

point shall be established so that gaseous samples are representative of the hydr
he PEM fuel cell power systems.

Ann
hydrogen at ﬂhe boundary point and also the selection of the boundary points

6.3.3 San

Gaseous hy
boundary g
contaminatij
container (aj

The residua
is not conta

purge cycleg.

Sampled gaj
inISO/TR 1

6.3.4 Par

Particulated
the same co
Appropriate

ipling procedure

drogen samples shall be representative of the~hydrogen supply, withdrawn fronj
oint through a suitable connection into an\appropriately sized sample containe

suitable purge valve may be used).

gases inside the sample container shall be evacuated to ensure that the sampled hydr
minated. If evacuation is not posgible) the sample container shall be cleaned using repé

es are flammable. Measures:shall be taken to avoid hazardous situations. Guidance is
5916.

ficulates in gaseoushydrogen

in hydrogen-shall be sampled from the boundary point, using a filter, if practical, y
nditions (pressure and flow rate) as employed in the actual hydrogen supplying cond
measurés)shall be taken for the sample gas not to be contaminated by particulates co

from the comnectidndevice and/or the ambient air.

RAE.

ional
ith a

ogen

ex A provides guidance to assist in the identification of the party-fesponsible for the quality of

1 the
. No

on of the hydrogen fuel shall be introduced>between the boundary point and the sample

ogen
pated

riven

nder
tion.
ming

7 Hydro

enquality requirements forapplications other than PEMfuelcettr

vehicle and stationary applications

7.1 Fuel quality specification

ad

The quality of hydrogen supplied to the example specifications for applications other than PEM fuel
cell road vehicles and stationary applications shall meet the requirements of Table 4. A blank indicates
no maximum limiting characteristic. The absence of a maximum limiting characteristic in a listed
quality level does not imply that the component is or is not present, but merely indicates that there is no
limitation regarding this component for compliance with this document.

NOTE Other specifications can be equally suitable for these applications.
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Table 4 — Fuel quality specification for applications other than PEM fuel cell road vehicle and
stationary applications

Constituents Typel Type Il Type III
(assay) Grade A Grade B Grade C Grade C
Hydrogen fuel index?@ 98,0 % 99,90 % 99,995 % 99,995 % 99,995 %
(minimum mole
fraction, %)
Para-hydrogen NS NS NS 95,0 % 95,0 %
(minimum mole
fraction, %)
Impurities
(maximum content)
Total gases 20000 1000 50 50
pmol/mol pumol/mol pumol/mol pmoél/mol
Water (H,0) Non-condensing | Non-condensing ¢ ¢
(mole fraction, %) at all ambient at all ambient
conditionsb conditions
Total hydrocarbon 100 Non-condensing ¢ ¢
pmol/mol at all ambient
conditions
Oxygen (0,) b 100 umol/mol d d
Argon (Ar) b d d
Nitrogen (N,), b 400 pmol/mol c c
Helium (He) 39 pmol/mol | 39 pmol/mol
(arbon dioxide (CO,) e e
Carbon monoxide (CO) 1 pmol/mol e e

Mercury (Hg)

0,004 pmol/mol

Sulfur (S)

2,0 umol/mol

10 pumol/mol

Pdgrmanent particulates

8

f

Density

Key
NS: Not specified

100 rhole percent.

¢ Total)CO, and CO: maximum 1 pmol/mol.

¢ (ombinedwnitrogen, water and hydrocarbon: maximum 9 pmol/mol.

d  (ombingd'oxygen and argon: maximum 1 pmol/mol.

a2 The hydrogen fuel indeX is determined by subtracting the "total non-hydrogen gases" expressed in mole

b ombined wateri,oxygen, nitrogen and argon: maximum mole fraction of 1,9 % (19 000 pmol/mol).

f To be agreed between the supplier and the customer.

percent, from

g  The hydrogen shall not contain dust, sand, dirt, gums, oils or other substances in an amount sufficient to damage the
fuelling station equipment or the vehicle (engine) being fuelled.

7.2 Quality verification

7.2.1 General requirements

The supplier shall assure, by standard practice, the verification of the quality level of hydrogen. The
sampling and control procedures are described in 7.3.

NOTE
in Table 4.

© IS0 2019 - All rights reserved
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7.2.2 Production qualification tests

Production qualification tests are a single analysis or a series of analyses that shall be performed on the
product to assure the reliability of the production facility to supply hydrogen of the required quality
level. This production qualification may be achieved by verifying the analytical records of product
from the supplier, or, if required, by performing analyses of representative samples of the product
from the facility at appropriate intervals as agreed between the supplier and the customer. Production
qualification tests may be performed by the supplier or by a laboratory agreed upon between the
supplier and the customer.

7.3 Samp

7.3.1 San

The quantit

the fuel quality specifications. If a single sample does not contain a sufficient quantity,of hydrog|

perform all
shall be takd

7.3.2 Gas

Gaseous san
the followin|

a) Fill the

Same m

b) Withdr{

contain

For safd
at least

Connect
regulat

c)

d) Selecta

7.3.3 Liquid samples (vaporized)

Vaporized 1
obtained us

a) by vapo

Irizing;in the sampling line, liquid hydrogen from the supply container;

ling

Iple size

y of hydrogen in a single sample container shall be sufficient to perform the.analysg

of the analyses required to assess the quality level, additional samples, from the san
bn under similar conditions.

eous samples

sample container and delivery containers at the same\time, on the same manifold and i
Anner.

T

ty reasons, the sample container and sampling system shall have a rated service pre;
equal to the pressure in the supply.container.

the container being sampled directly to the analytical equipment using a suitable prej
r to prevent over-pressurizing this equipment.

representative containecfrom the containers filled in the lot.

jquid samples-shall be representative of the liquid hydrogen supply. Samples sha
ng one of-the following procedures:

b) by flow

s for
en to
1e lot

hples shall be representative of the hydrogen supply. Samples shall be obtained using gne of
lo procedures:

n the

iw a sample from the supply container through a suitable connection into the sample

sure

sure

1l be

ngliquid hydrogen from the supply container into or through a suitable container in

rhich

arepresentative sample is collected and then vaporized.

10
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Annex A
(informative)

Guidance on the selection of the boundary point for PEM fuel cell

A1l

The
resp

A2

stationary applications

Purpose

following guidance is provided to assist in the identification of the boundary|point|and who is

bnsible for the quality of hydrogen at the boundary point.

Hydrogen production guidance

Hydnogen, and hydrogen-based fuel, may be produced in a number “of ways, including

of fo

biological methods. Hydrogen, and hydrogen-based fuels, cai be generated on-site,

relat
pres

A3
sam

Itis 1

The
com

jvely small quantities, or in a larger scale production{system off-site, then transp
bure or as a liquid to the point of use.

pling point

ecognized that provision of hydrogen te-a fuel cell power system may involve numero

Identification of the party responsible for hydrogen quality at the

reformation

5sil fuels or other hydrocarbons, the electrolysis of pure watép or alkaline water, and numerous

renerally in
brted under

1S parties.

following text and figure provide .egamples for information purposes, but are not intended to be

rehensive. Hydrogen delivery systems that incorporate different equipment or hydrog

should use these examples as a basis for determining the responsibility for the quality of
the Boundary point and, if appropriate, additional sampling points.

The following are examples ofparties involved in and responsible for the supply of hydroggn:

aseous hydrogen-supplier (for example, cylinders, bundles or tube trailers);
iquid hydrogen.supplier;

ydrogen'via pipeline distributor;

efornyer manufacturer;

leetrolvser manufacturer

bn feedstock
hydrogen at

Depending on the form of the hydrogen supply, there may be a requirement for system integrators to
provide equipment between the source of the hydrogen and the inlet to the fuel cell power system. Such
equipment may comprise, as applicable, the following, shown in Figure A.1:

— pressure regulators;

— 1

iquid hydrogen storage, cryogenic pumps and vaporizers;

— gaseous hydrogen buffer storage;

— additional manifolds from hydrogen source to fuel cell power system inlet.

© ISO

2019 - All rights reserved
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[11

ii

4-------

vii TP i
v
.}
iii
.}
Vi
Key
[ hydrogen supply Il  system integration Il fuel cell power system
i delivery}ny pipeline ii ~ delivery by cylinder or tube
iii  utility supply (natural gas, trailer
electricity, water, etc.) iv  fuel processing system
v electrolyser vi  delivery by truck (liquid vii pressure regulator
hydrogen)
viii gaseous hydrogen buffer ix  liquid‘hydrogen storage,
cryogenics pump, vaporizer
x  boundar point (for sampling) xi ~REM fuel cell power system
Figure A.1 — Examples showing/the supply of hydrogen to a fuel cell power system and position
of the boundary point

It should bq recognized-that the system integrator is responsible for the quality of hydrogen at the
boundary ppint, immhediately prior to the inlet of the fuel cell power system. If the system integfator
and fuel cell powersystem operator are the same party, one or more appropriate alternative sampling
points for meeting hydrogen quality characteristics should be determined by an agreement between
the hydrogen‘supplier and the customer.

In some cases, the system integrator may also be the hydrogen supplier, in which case the responsibility
for the hydrogen quality characteristics at the boundary point is that of the hydrogen supplier unless
otherwise specified by an agreement between the hydrogen supplier and the customer.

Where the system integrator and hydrogen supplier are different parties, the responsibility for the
hydrogen quality characteristics at the boundary point is that of the system integrator. In such cases,
the analytical requirements (periodicity, impurities and appropriate interface test point) for the
hydrogen supply should be determined by an agreement between the hydrogen supplier, the system
integrator and the customer.

It may also be the case that the hydrogen supplier provides some aspects of on-site system integration
but does not directly interface with the fuel cell power system. In such cases, the hydrogen supplier is
responsible for meeting the hydrogen quality characteristics at the supplier interface to the additional

12 © IS0 2019 - All rights reserved
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equipment that connects to the fuel cell power system, while the integrator interfacing with the
fuel cell power system is responsible for the analytical requirements of the hydrogen quality at the
boundary point. The analytical requirements (periodicity, impurities) at any additional sampling points
appropriate to the system should be specified by an agreement between the system integrator and the
hydrogen supplier.

Where system maintenance is to be carried out by an additional party, the requirements for hydrogen
quality assurance following the completion of such maintenance should be determined by an agreement
between the system integrator, the party responsible for maintenance and the fuel cell operator.

A4

In the case of a single fuel cell power system, as shown in Figure A.2 a), the boundary peint
closd as practical to the fuel inlet to the fuel cell power system.

In the case of multiple fuel cell power systems in parallel, as shown in Figure A:2-b), the lo
boundary point should be determined by an agreement between the systemyintegrator and
operator.

Examples for the location of the sampling point may include:

Key
i
ii

ii

A single boundary point between B; and B, representingthe worst case.

Cal

achion oftho camnling ozt
JUICLULLIVIL UL LI D(«llllllllll5 PUlllI,

Boundary point A - the supply for fuel cell power systems 1 te/n.

All boundary points B; through B ..

il

ﬂ i
A B, B Bn

1il il

= to-

= HOH{w
W

= “Oi>=

a) Single fuelcell power system. b) Multiple fuel cell power systems

hydrogenand hydrogen-based fuel supply equipment
PEM.fuetcell power system(s)

should be as

Fation of the
the fuel cell

in parallel.

Boundary point(s)

Figure A.2 — Positioning of sampling point
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