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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

In recent years, the landscape for using hydrogen as a fuel has changed significantly in response to its
potential to contribute to the reduction of greenhouse gas emissions. This shift is influenced by challenges
on both the hydrogen supply side, such as production technologies and supply chain infrastructure, and also
the hydrogen energy usage side, including advancements in fuel cell and combustion technology. To address
these changing conditions, the hydrogen fuel specifications in this document have been updated.

The hydrogen fuel specifications for proton exchange membrane (PEM) fuel cell applications in this
document are primarily based on research, development and data on the following items [2][31[41[3][6][Z][8][9]

PEM fy

effectd
impur

fuel ce

Grade D an|
appliances
acceptable

In addition
engines fo
informativ
normative

While this
quality reg
to technold

U‘l LUH LdelybL dlld fl.lUi LUH LUIUI dllCc L0 h_ydl Ugcll qul illlpul iLiCb,
mechanisms of impurities on fuel cell power systems and components;

ty detection and measurement techniques for laboratory, production and insfield oper

|l vehicle demonstration and stationary fuel cell demonstration results.

d grade E in this document are intended to apply to PEM fuel cells ferroad vehicles and|
respectively. These aim to facilitate the provision of hydrogenofiréliable quality bal
lower cost for the hydrogen fuel supply.

, Grades F-1 and F-2 are newly specified in this edition to-apply to hydrogen internal ¢
" use in vehicular and stationary applications, respectively. The new Grades were p
e annex (Annex F) to allow experience to be gained with this fuel quality prior to incly
text.

document reflects the state-of-the-art at the\date of its publication, the rapid deve]
uirements for hydrogen technology applications would necessitate future revisions i
gical progress.
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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 residential, commercial, industrial, vehicular and stationary applications.

This docurl

2 Norm

The follow
requireme
the latest ¢

[SO 19880+
[SO 19880

1SO 21087,
application

3 Term

For the pui
ISO and IE

ISO On
IEC El¢

3.1 Terr

3.1.1

boundary
<proton ey
supply equl
the hydrog

nent 1s applicable to hydrogen fuelling applications, which are listed in Table Z.

ative references

ng documents are referred to in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

8, Gaseous hydrogen — Fuelling stations — Part 8: Fuel Quality Control
9, Gaseous hydrogen — Fuelling stations — Part 9: Sampling for fuel quality analysis

Gas analysis — Analytical methods for hydrogen fuel —Rroton exchange membrane (PE
s for road vehicles

s, definitions and abbreviations
poses of this document, the following terms and definitions apply.

[ maintain terminological databasegs-for use in standardization at the following addreg

line browsing platform: available-at http://www.iso.org/obp

ctropedia: available at http://www.electropedia.org/

ns and definitions

point

change membrane fuel cell (3.1.7) for stationary applications> point between the hy
[pment (3.1.13) and the PEM fuel cell power system (3.1.9) at which the quality charad
en fuel'are to be determined

3.1.2

ronstitutes
references,

M) fuel cell

SesS:

Hrogen fuel
teristics of

constituent

component (or compound) found within a hydrogen fuel mixture

3.1.3

contaminant
impurity that adversely affects the components within the fuel cell system (3.1.8), the fuel cell power system
(3.1.9) or the hydrogen storage system

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

© IS0 2025 - All rights reserved
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3.1.4
customer

ISO 14687:2025(en)

<proton exchange membrane fuel cell (3.1.7) for stationary applications> party responsible for sourcing
hydrogen fuel in order to operate the fuel cell power system (3.1.9)

3.1.5

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

confidence

3.1.6

limit

determination limit

lowest qua

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

3.1.7

fuel cell
electroche
power), he

3.1.8

fuel cell sy
<proton ey
generation

mical device that converts the chemical energy of a fuel and an oxidant to electrical
ht and other reaction products

stem
cchange membrane fuel cell (3.1.7) for road vehicle applications=/power system uj
of electricity on a fuel cell vehicle

Note 1 to enptry: The fuel cell system typically contains the following subsystems: fuel cell stack, air pro

processing,

3.1.9

fuel cell p¢
<proton ex
used for th

thermal management and water management.

bwer system
change membrane fuel cell (3.1.7) for stationary applications> self-contained fuel ce
e generation of electricity which is fixed in place in a specific location

Note 1 to enftry: The fuel cell power system typically contains the following subsystems: fuel cell stack, air

thermal ma
power gene
residential ¢

hagement, water management and automatic control system. It is used in applications such as:

ind commercial applications.

Note 2 to entry: For the purposes of theapplications, the fuel cell power system does not contain a fue

system due

3.1.10
gaseous h
hydrogen t

3.1.11

hydrogen-
<proton e
concentrat

to the location of the bounddry point (3.1.1).

ydrogen
nder gaseous form

based fuel
xchange~membrane fuel cell (3.1.7) for stationary applications> gas containing §
ionofthydrogen used in PEM fuel cells for stationary applications

bnergy (DC

ed for the

tessing, fuel

1 assembly

processing,
distributed

ration, back-up power generation, ré€mote power generation, electricity and heat co-gemeration for

processing

W specified

Note 1 to er

3.1.12

L faah o s £1 1 ISR | : LU BB PG | LU P | QO 14
Iy, THIC CUIILTIILN AUIUIT UT ITYUTUETIT I LT 545 15 SPTUITITU I LdUTTS I LIS UUTUIITIIU (10U 15700

hydrogen fuel index

mole fracti

3.1.13

on of a fuel mixture that is hydrogen

hydrogen fuel supply equipment
equipment used for the transportation or on-site generation of hydrogen fuel, and subsequently for the
delivery to the fuel cell power system (3.1.9), including additional storage, vaporization and pressure

regulation

as appropriate

© IS0 2025 - All rights reserved
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3.1.14
irreversib
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le effect

effect, which results in a permanent degradation of the fuel cell system (3.1.8) or the fuel cell power system
(3.1.9) performance that cannot be restored by practical changes of operational conditions and/or gas
composition

3.1.15
liquid hyd
hydrogen t

3.1.16
particulat

rogen
hat has been liquefied, i.e. brought to a liquid state

e

solid or liquid such as oil mist that can be entrained somewhere in the production, delivery, storage or

transfer of

3.1.17

reversible
effect, whi
(3.1.9) per
compositid

3.1.18
slush hydi
hydrogen t

3.1.19

system inf
<proton ex
the PEM fu

3.2 Abb

4 (Class

4.1 Clas
Hydrogen {

a) Typel

the hydrogen fuel to a fuel cell system (3.1.8) or a fuel cell power system (3.1.9)

effect

Ch results in a temporary degradation of the fuel cell system (3.1.8) or the fuel cell po
formance that can be restored by practical changes of operational(\¢enditions 3
n

ogen
hat is a mixture of solid and liquid at the eutectic (triple-point) temperature

egrator
change membrane fuel cell (3.1.7) for stationary applications> integrator of equipme
el cell power system (3.1.9) and the hydrogen supply

reviated terms

Table 1 <=~ Abbreviated terms

Abbreviated term Definition
PEM

FCEV

proton exchange membrane

fuel cell electric vehicle

ification and application

sification
uel shallbe classified according to the following types and grade designations:

(grades A, B, C, D, E and F): gaseous hydrogen and hydrogen-based fuel;

wer system
ind/or gas

ht between

b) Typel

(grades C and D): liquid hydrogen;

c¢) Type IIl: slush hydrogen.

4.2 Application

Table 2 characterizes representative applications of each type and grade of hydrogen fuel.

© IS0 2025 - All rights reserved
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Table 2 — Hydrogen and hydrogen-based fuel classification by application

Type Grade Category Applications Clause
A _ Gaseous hydrogen; residential/commercial combustion ap- -
pliances (e.g. boilers, cookers and similar applications) -
Gaseous hydrogen; industrial fuel for power generation and
B — . - 7
heat generation except PEM fuel cell applications
Gaseous hydrogen; aircraft and space-vehicle ground support
C — S 7
systems except PEM fuel cell applications
Dab.c — Gaseous hydrogen; PEM fuel cells for road vehicles 5
I PEM fuel cells for stationary appliances
Gas E 1 ”yﬂvngnn hased fuel é
2 Gaseous hydrogen
Internal combustion engine applications
1 Gaseous hydrogen; internal combustion engine vehicular
Fe applications Annex F
2 Gaseous hydrogen; internal combustion engine'stationary
applications
I C _ Aircraft and space-vehicle on-board propulsion and electrical 7
Liquid energy requirements; off-road vehicles -
iqui .
q Dab.c — PEM fuel cells for road vehicles 5
II1 . . .
Slush — — Aircraft and space-vehicle on<bbdard propulsion 7
a2 Grade D|may be used for other fuel cell applications and internal combustion engines in vehicular and stationary ppplications,
including onjand non-road vehicles.
b Grade D|may be used for PEM fuel cell stationary appliances altetnative to grade E category 2.
¢ Fuel cells can be contaminated by lower grade hydrogen. Protection against misfuelling with Grade F is ensured by the nozzle/
receptacle geometry. These geometries are specified in 1SQ-17268-1 [13], Care should be taken to ensure cross contamination
does not occpr in the supply chain nor when dispensing inté.yehicles or other systems.

NOTE
that can affg

Biological and other sources of hydrogén can contain additional constituents (e.g. siloxanes

ctthe performance of the various applications, particularly PEM fuel cells. However, these are

in most of the following specifications due te insufficient information.

5 Hydr

5.1 Fuel

The quality
of Table 3.
have no gu|

pgen quality requirements for PEM fuel cell road vehicle application

quality specification

 of hydrogentat dispenser nozzle for grade D hydrogen (see Table 2) shall meet the re
['he fuelspecifications are not process-dependent or feed-stock-specific. Non-listed co
prantee.of being benign.

Annex A p1

D mercury)
hot included

uirements
taminants

ovides the rationale for the selection of the impurities specified in Table 3.

© IS0 2025 - All rights reserved
4


https://standardsiso.com/api/?name=a81285b25b1fc1662f2b4c248254a826

ISO 14687:2025(en)

Table 3 — Fuel quality specification for PEM fuel cell road vehicle application

Constituents 2 Type I, Type Il
(assay) grade D
Hydrogen fuel index P (minimum mole fraction) 99,97 %

Total non-hydrogen gases (maximum) 300 pmol/mol

Maximum concentration of individual contaminants

Water (H,0)¢ 5 pmol/mol

Hydrocarbons except methane 24

(C1 equivalent) 2 pmol/mol

Methane (CH,) 100 pmol/mol

Oxygen (0,) 5 pmol/mol

Helium (He) 300 pmol/mat

Nitrogen (N,) 300 pmol/mot

Argon (Ar) 300 pmolymol

Carbon dioxide (CO,) 2 umbol/mol

Carbon monoxide (CO)® 0,2 umol/mol

Sulfur compounds 2f

(S1 equivalent) 0,004 umol/mol

Formaldehyde (HCHO)¢® 0,2 pmol/mol

Ammonia (NHj) 0,1 pmol/mol

Halogenated compounds 28

(Halogen equivalent) 0,05 wmol/mol

Maximum particulate concentration b 1 mg/kg

a

For the ¢
the sum of t}

b Thehyd
from 100 m(

The allo
The allowab)
pressure of

plan as discy
FCEV should

d  Hydrocs
which can p
Hydrocarbo

C

¢ The sun

£ Sulfur ¢
typically foy
compounds

g€  Halogen

onstituents thatare grouped, such as hydrocarbons except methane, sulfur compounds and halogenated|
le constituents shall be less than or equal to the acceptable limit.

Fogen fuel index is determined by subtracting the”"total non-hydrogen gases" in this table, expressed in 1
le percent.

wable water content is based upon a HRS.operating at 70 MPa nominal pressure and -40 °C hydrogen
e water content may be allowed to incréase to 7 pmol/mol H,O for a station only dispensing at a nom
5 MPa and a precooling temperatiite of -26 °C or warmer. The change should be confirmed by the hydr
ssed in ISO 19880-8 to ensure/that'no water condensate can form. The potential temperatures and pre
be considered.

rbons except methane inClude oxygenated organic species (for example, formic acid). Hydrocarbons exd
tentially be in the hydrogén gas should be determined by the hydrogen quality control plan discussed in
s except methane shall be measured on a C1 equivalent (pmol/mol).

of measured CO,and HCHO shall not exceed 0,2 pmol/mol.

ompounds_which can potentially be in the hydrogen gas (for example, H,S, COS, CS, and mercaptan|
nd in natural gas) should be determined by the hydrogen quality control plan discussed in ISO 198
thall be measured on a S1 equivalent (pmol/mol).

ated‘compounds which can potentially be in the hydrogen gas [for example, hydrogen chloride (HCI)

chlorides (R

compounds,

hole percent,

pre-cooling.
nal working
ogen quality
ssures in the

ept methane
S0 19880-8.
s, which are

80-8. Sulfur

and organic

Cl]}) should be determined by the hydrogen quality control plan discussed in ISO 19880-8. Halogenated

compounds

shall be mea
h

sured on a halogen equivalent (pmol/mol).

Particulate includes both solid and liquid particles and may be comprised of oil mist. Large particulates can cause issues
with vehicle components and should be limited by using filter as specified in.[14] No visible oil shall be found in fuel at a nozzle.

5.2 Analytical method

The analytical laboratories measuring the constituents should follow industry approved practices, such
as ISO/IEC 17025. For Grade D hydrogen, the analytical methods used shall be validated according to the
requirements in ISO 21087.

© IS0 2025 - All rights reserved
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5.3 Sampling

Sampling procedures shall be in accordance with ISO 19880-9. ISO 19880-9 outlines requirements for
sampling from hydrogen refuelling stations for samples taken at the dispenser.

5.4 Hydrogen quality control
The means of assuring that the hydrogen quality meets the specification in 5.1 shall be in accordance with

[SO 19880-8.

6 Hydrogen and hydrogen-based fuel, quality requirements for PEM fuel cell
stationaryapplications

6.1 Fuel quality specification

The quality of hydrogen and hydrogen-based fuel, supplied to stationary PEM fuel cell @ppliances|shall meet
the requir¢ments of Table 4 at the boundary point set between the hydrogen fuel supply equipment and the
PEM fuel c¢ll power system.

NOTE1 Annex B provides guidance for the selection of the boundary point.
NOTE 2  Annex C provides the rationale for the selection of the impurities specified in Table 4.

Type I, grade E hydrogen and hydrogen-based fuel, for PEM fuel celb applications for stationary appliances,
specify thelfollowing subcategories in order to meet the needs of different stationary applications,/depending
on the requiirements specified by the manufacturer:

— Typel)grade E, category 1 (hydrogen-based fuel);
— Typel)grade E, category 2 (gaseous hydrogen).

© IS0 2025 - All rights reserved
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Table 4 — Fuel quality specification for PEM fuel cell stationary applications

Constituents 2 Typel, grade E
(assay) Category 1 Category 2
i b
Hy(_irogen fuel 1nde>§ 50 % 99.9 %
(minimum mole fraction)
Total non-hydrogen gases 50 % 01 %

(maximum mole fraction)

Water (H,0) ¢

Non-condensing at any
ambient conditions

Non-condensing at any
ambient conditions

Maximum concentration of individual contaminantsd

Hydr ocarhaong nvr‘npf

methane 2.€

(CL equivalent)

10 pmol/mol

2 pmol/mol

Mgthane (CH,)

5 % (mole fraction)

100 wmol/mol

xygen (0,) 200 pmol/mol 50;mol/mol
Sum of nitfogen (N,), argon (Ar)
andl helium (He)2 50 % 0,1%
(mpole fraction)
Carbpn dioxide (CO,) Included in total non-hydrogen gases 2 pmol/mol

Carbgn monoxide (CO)

10 umol/mol

0,2 pmol/molf

Sulfur compounds 28
(SIL equivalent)

0,004 pmol/mol

0,004 pmol/mol

Form

ldehyde (HCHO)

3 umol/mol

0,2 pumol/molf

Ammonia (NHj3)

0,1 pmol/mol

0,1 pmol/mol

Halogenpted compounds &h
(haldgen equivalent)

0,05 pmol/mol

0,05 pmol/mol

Maximum particulate

C

ncentration

1 mg/kg

1 mg/kg

Maximu

n particle diameter

75 pm

75 pm

a  Forthe donstituents that are grouped, such as hydrocarbons except methane, sulfur compounds and halogenated{compounds,
the sum of the constituents shall be less than ofvequal to the acceptable limit.

b The hydrogen fuel index is determined by)subtracting the "total non-hydrogen gases" in this table, expressed in iole percent,

from 100 mqle percent.

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

d  The majimum concentrationof impurities against the total gas content shall be determined on a dry basis.

¢ Hydrocdrbons exceptaniethane include oxygenated organic species. Hydrocarbons except methane which can p
in the hydrogen gas shetuld be determined by the hydrogen quality control plans referred to in ISO 19880-8. Hydroca

methane shdll be measured on a C1 equivalent (umol/mol).

f The sun} of Medsured CO and HCHO shall not exceed 0,2 pmol/mol.

ptentially be
rbons except

g€  Sulfur dompounds which can potentially be in the hydrogen gas (for example, H,S, COS, CS, and mercaptans, which

are typically found in natural gas) should be determined by the hydrogen quality control plans referred to in ISO 19880-8.
Sulfur compounds shall be measured on a S1 equivalent (Lmol/mol). On the purpose to avoid the degradation of the fuel cell
performance, the threshold level of 0,000 1 pmol/mol may be used for sulfur compounds.

h

Halogenated compounds which can potentially be in the hydrogen gas [for example, hydrogen chloride (HCI) and organic

chlorides (R-Cl)] should be determined by the hydrogen quality control plans referred to in ISO 19880-8. Halogenated compounds
shall be measured on a halogen equivalent (pmol/mol).

© IS0 2025 - All rights reserved
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6.2 Quality verification

6.2.1 General requirements

Quality verification requirements shall be determined at the boundary point using the sampling methods
specified in 6.3.

The selection of relevant fuel contaminants for analysis as specified in Table 4 should be carried out based
on the hydrogen production method.

All analyses conducted under this document shall be undertaken using gaseous calibration standards (or
other calibration devices) that are traceable to the International System of Units (SI) via national standards,
where such standards are available.

NOTE IISO 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 He defined.
Consideratfion shall be given to the consistency of hydrogen supply in determining the test frequency and
constituents to be tested.

Annex D provides a recommended practice of the quality assurance for(steam methane reforming (SMR)
hydrogen production processes using pressure swing adsorption (PSA}purification.

6.2.3 Reportresults

The detectlion limits and the determination limits for analy&ical 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 pogsible, the quantity of hydrogen in a single sample container should be sufficient to perform the
analyses fdr the hydrogen fuel quality«specification. If a single sample does not contain a sufficiept quantity
of hydrogen to perform all of the analyses required to assess the quality level, additional sampl¢s from the
same lot shall be taken under similar conditions. A large sample or sample with a greater pressjure, where
applicable,|may be required if multiple tests are to be conducted.

6.3.2 Selection of the sampling point

A boundary point shall be established so that gaseous samples are representative of the hydrogen supplies
to the PEM]|fuel cell\power systems.

NOTE Aniiex B provides guidance to assist in the identification of the party responsible for the qualityjof hydrogen
at the boundlary point and also the selection of the boundary point.

6.3.3 Sampling procedure

Gaseous hydrogen samples shall be representative of the hydrogen supply, withdrawn from the boundary
point through a suitable connection into an appropriately sized sample container. No contamination of the
hydrogen fuel shall be introduced between the boundary point and the sample container (a suitable purge
valve may be used).

The residual gases inside the sample container shall be evacuated to ensure that the sampled hydrogen is not
contaminated. If evacuation is not possible, the sample container shall be cleaned using repeated purge cycles.

Sampled gases are flammable. Measures shall be taken to avoid hazardous situations. Guidance is given in[16l,

© IS0 2025 - All rights reserved
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6.3.4 Particulates in gaseous hydrogen

Particulates in hydrogen shall be sampled from the boundary point, using a filter, if practical, under the
same conditions (pressure and flow rate) as employed in the actual hydrogen supplying condition.
Appropriate measures shall be taken for the sample gas not to be contaminated by particulates coming from

the connec

tion device and/or the ambient air.

7 Hydrogen quality requirements for applications other than PEM fuel cell road
vehicle and stationary applications

7.1 Fuel quality specification

The quality
vehicles an
limiting ch
imply that
componen{

NOTE
compreheny
systems, wi

d stationary applications shall meet the requirements of Table 5. A blank indicatesing
aracteristic. The absence of a maximum limiting characteristic in a listed quality lev
the component is or is not present, but merely indicates that there is no limitation reg
for compliance with this document.

ther specifications can be equally suitable for these applications,/€EN/TS 1797717
ive specification for the quality of hydrogen delivered to user applications through rede
ich is anticipated to be suitable for many applications covered by the Grades A and B below.

r of hydrogen supplied to the example specifications for applications other than PEM fdel cell road

maximum
el does not
arding this

| details a
dicated gas
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Table 5 — Fuel quality specification for applications other than PEM fuel cell road vehicle and
stationary applications

Constituents 2 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 %
b
(minimum mole
fraction)
Para-hydrogen — — — 95,0 % 95,0 %
(minimum mole
fraction)
Tmpurities
(maximum content)
Total non-hydrogen 2% 1 000 pmol/mol 50 umol/mol 50 pmol/mol —

gasgs (mole fraction)
Water (H,0) 250 pmol/mol ¢ 250 pmol/mol ¢ d d —
60 pmol/mol ¢ 60 pmol/mol ¢
Hydrocarpons ex- 100 pmol/mol Non-condensing d d -
cept methane € at all ambient
(C1 equifalent) conditions
Oxygen (0,) f 100 pumol/mol g 8 —
Argon| (Ar) f — g g —
f d d

Nitrogen (N,)

400 pmol/mol

Heliunm (He)

39,umol/mol

39 umol/mol

Carbon diokide (CO,) f - h h -
Carbon monoxide 20 pumol/mol - h h -
(C)
Sulfur compounds 7 umol/mol i 10 umol/mol — — —
(S1 equipalent)
j k k k

Permanent particu-

lat¢s

a  For the|constituents that are grouped;such as hydrocarbons except methane and sulfur compounds, thel sum of the
constituenty shall be less than or equal tp-the‘acceptable limit.

b The hydrogen fuel index is deterniined by subtracting the "total non-hydrogen gases" in this table, expressed in ole percent,

from 100 mqle percent.

¢ To prevent condensation under expected temperature condition range, the value is 250 pmol/mol at maximum operating
pressures <1 MPa and 60 pmol/mol at maximum operating pressures > 1 MPa.

d  Combingd nitrogen, water and hydrocarbon: maximum 9 umol/mol.

¢ Hydrocdrbons except methane include oxygenated organic species and shall be measured on a C1 equivalent baisis (pmolC/

mol).

f Combing¢dlexygen, nitrogen, argon and carbon dioxide: maximum mole fraction of 1,9 % (19 000 pmol/mol).

g  Combined oxygen and argon: maximum 1 pumol/mol.

b~ Combined CO, and CO: maximum 1 pmol/mol.

I Sulfur compounds excludes any sulfur from odorants and shall be measured on a S1 basis (umolS/mol).

NOTE Odorisation is considered as a safety issue dealt with at the national level. National requirements can permit amount
fractions higher than 7 pmol/mol.

] The hydrogen shall not contain dust, sand, dirt, gums, oils or other substances in an amount sufficient to damage residential/
commercial combustion appliances.

k  Tobe defined as appropriate for each application.

10
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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 contro
NOTE 1

NOTE 2
Table 5.

722 Pr

| procedures are described in 7.3.

Annex E provides the rationale for the selection of the impurities specified in Table 5.

duction qualification tests

Productior]
product to

This prodiction qualification can be achieved by verifying the analytical records of, produc

supplier, o1
appropriat
be perforni

7.3 Sampling

7.3.1 Sa

The quantity of hydrogen in a single sample container shall be sufficient to perform the analyses

quality spe
the analys
similar con

7.3.2 Gaseous samples

Gaseous s3
following
a) Fill th

same 1f
b) Withd
c¢) Forsa

leaste
d) Conne

regula
e) Select

assure the reliability of the production facility to supply hydrogen of the required qu

, if required, by performing analyses of representative samples of the produet from th
e intervals as agreed between the supplier and the customer. Productijon‘qualificatio
ed by the supplier or by a laboratory agreed upon between the supplier and the custot

mple size

cifications. If a single sample does not contain a sufficient quantity of hydrogen to pel
s required to assess the quality level, additional‘'samples from the same lot shall be t
ditions.

mples shall be representative of thé hydrogen supply. Samples shall be obtained using
rocedures.

b sample container and delivery containers at the same time, on the same manifold
hanner.

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

gual to the pressure in the supply container.

for to prevent over-pressurizing this equipment.

h Cepresentative container from the containers filled in the lot.

ISO 21087 can be used as guidance for validation protocol for analytical methods for the contaminants in

qualification tests are a single analysis or a series of analyses that shall be perforllned on the

lality level.
t from the
e facility at
n tests can
mer.

for the fuel
rform all of
hken under

r one of the

and in the

container.

fety reasons, theé-sample container and sampling system shall have a rated service pressure at

Ct the container being sampled directly to the analytical equipment using a suitable pressure

7.3.3 Liquid samples (vaporized)

Vaporized liquid samples shall be representative of the liquid hydrogen supply. Samples shall be obtained
using one of the following procedures:

a) byvap

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

b) by flowing liquid hydrogen from the supply container into or through a suitable container in which a

repres

entative sample is collected and then vaporized.

CAUTION — Due to the high expansion ratio for liquid hydrogen, extreme caution shall be used to
avoid overpressure within the sample container.

© IS0 2025 - All rights reserved
11


https://standardsiso.com/api/?name=a81285b25b1fc1662f2b4c248254a826

ISO 14687:2025(en)

Annex A
(informative)

Rationale for the selection of hydrogen impurities for PEM fuel cell

A.1 Gen

road vehicle application

eral

This annex
complete f
publicatior

uel cell powertrain. Detailed information can be found in the relevant literature a
s. It shall be noted that this annex refers to known impurities and their effects on t

powertrain at the time of publication. It cannot be excluded that other impurities exist.FFurthermc

cases only
research r¢

A.2 Inel

The main 4
dilution eff
under con

the impact of a single impurity has been investigated and there is still the'need for fu
boarding the impact of a combination of the different impurities on the fuel cell powert

't gases

pffect due to the presence of inert gases such as Ar and Ng is*to lower the cell voltage
ect of the inert species (dilution of the hydrogen gas) andinertial (diffusion) effects. Ne
sideration of the threshold value current stack designs, fuel cell components an

powertraims are not adversely affected by inert constituents."High inert gas concentrations V

power loss
inert gas c
accumulatg
the presen
be noted t}

es, increased fuel consumption, and loss of efficiehcy. Furthermore, H, starvation caus
bncentrations can lead to permanent damage of the fuel cell stack or vehicle stop. Iner
e in the anode loop and can affect venting andrecycle blower control. Further sources
ce of N, hinders desorption of adsorbed CO from the surface of the anode catalyst. It
lat inert gases can affect the accuracy 6fmass metering instruments for hydrogen disy

A.3 Oxy

en

Oxygen camp have a detrimental effecton the fuel cell anode, but the concentration where this effe
not fully kmown. Higher levels of okygen can have an impact on metal hydride storage materials.

A.4 Carl

bon dioxide

The contamination effects of CO, depend on the concentration, fuel cell operation conditions,

catalyst co
of the fuel
via a rever
occurrencg

mpositiomyFirstly, CO, dilutes the hydrogen gas and can affect venting and recycle bloy
cell pewértrain. Furthermore, very high concentrations of CO, can be catalytically

gives a brief description of the impact of impurities on the stack, fuel cell componelLts and the

nd journal
he fuel cell
re, in most
ndamental
rain.

due to the

vertheless,
d fuel cell
vill lead to
ed by high
f gases will
report that
thould also
ensing.

Ct occurs is

and anode
ver control
converted

affect on-b

A.5 Carbon monoxide

se water gas shift reaction into CO which in consequence poisons the catalyst. In a
6 qt
y y a y ys.

dition, co-

FCO and CO, in hydrogen has an accumulated influence on cell performance. CO, can adversely

Carbon monoxide causes severe catalyst poison that adversely affects the performance of the fuel cell
powertrain. CO binds strongly to Pt sites, resulting in the reduction of the effective electrochemical
surface area available for H, adsorption and oxidation. The catalyst poison effect is strongly related to the
concentration of CO, the exposure time, the cell operation temperature and anode catalyst types. Although
the effects of CO on the fuel cell can be reversed through mitigating strategies, such as material selection of
membrane electrode assembly, system design and operation, the life time effects of CO on performance is a
strong concern. The lower catalyst loadings needed for cost optimization and longer hydrogen protection
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times especially lead to more severe poisoning effects. Therefore, CO needs to be kept at very low levels in

hydrogen f

uel.

A.6 Methane

Methane is one of the very few hydrocarbons that does not contaminate PEM fuel cells. It does not react with

the catalys

t, so dilution is the major effect that shall be considered with methane gas.

A.7 Water

Water is an issue for hydrogen dispensing systems, in the on-board vehicle tank system or fuel cell

componen
metallic cd
affects the
especially
absorb to :
membrane
issues tha
throughou
due to exof

A.8 Sulf

Sulfur conf

degradation of fuel cell performance. The specific sulfur compeunds that are addressed are in

hydrogen s
compound
sites of the
drop in pe
stable plat
Lower catd

A9 Ami

Ammonia (
conductivi
absorb to 4
concentrat
catalyst sul

A.10Hyd
Different h

O duc tU thC fUl lllatiUll Uf iLC. EALCDD VVCltCl cdall CA;Dt ill d }i\.luid otatc aud cdadll CLadaustT U
mponents. Low quantities can lead to severe impacts on the components. Furthery
function of the stack. Water provides a transport mechanism for water-solible
hs a solvent for cations like Na*, K*, Ca2+, Cs* and NH,* when present as an aerosol. '}
ind block the functional groups of the ionomer thereby reducing the protéh,conduct
Water is only a concern for the stack in very large quantities. It can lead‘to water m|
[ limit the current and cause an increase in over-potential. Water“should rema
F the operating conditions of system. It is believed that water affects the metal hydrid
hermic reactions.

ur compounds

aining compounds are severe catalyst poisons that ateven very low levels can cause i

ulfide, sulfur dioxide, carbonyl sulfide, carbon disulfide, methyl mercaptan. Beside th¢
5 further sulfur compounds can exist. The adsorption of the sulfur-containing species t
catalyst prevents the hydrogen from adserbing at the catalyst surface resulting in a
Fformance. The reactions of the adsorbed-sulfur compounds result in the formation
inum sulfide which makes it impossible to recover the fuel cell catalyst from conf]
lyst loadings are particularly susceptible to catalyst poisoning contaminants.

monia

ontamination causes sameirreversible fuel cell performance degradation by reducing|
[y of the ionomer. NH3ymigrates into the membrane and reacts with protons to NH,*
nd block the functienal groups of the ionomer. The level of deterioration depends on bd
ion and exposuretime. Performance decay is also attributed to the adsorption of amm
rface blocking the active sites.

rocarbens

ydrocarbons have different effects on fuel cell performance. The main effect is the

rrosion of
ore, water
impurities,
'he cations
vity of the
Anagement
n gaseous
e life cycle

rreversible
particular:
bse specific
b the active
significant
pof the very
amination.

the proton
which then
th the NH;
pnia on the

adsorption

on the cat

alysttayer;, Teducing the catatyst surface areaamd—thereby decreasing the cettpe

formance.

The severity of the effect depends on the type of hydrocarbon. Generally aromatic hydrocarbons, acid
and aldehydes adsorb more strongly on the catalyst surface than other hydrocarbons inhibiting access to
hydrogen and degrade performance. Phthalates, squalene and erucamide which can be found in seals and
hoses will cause problems on the stack side. CH, is considered an inert constituent since its effect on fuel cell
performance is to dilute the hydrogen fuel stream (see A.6).

A.11Formaldehyde

Formaldehyde (HCHO) has a similar effect on fuel cell performance as carbon monoxide. HCHO adsorbs on
the anode electrocatalyst and degrades the fuel cell performance, but its adsorption strength is weaker than
CO. Contamination due to HCHO can be recovered by changing the cell voltage and by purging with pure
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hydrogen. Therefore, HCHO can be considered as a reversible contaminant with the same impact on the fuel
cell as for CO. Lower catalyst loadings are particularly susceptible to catalyst poisoning contaminants.

A.12 Halogenated compounds

Halogenated compounds adsorb on the catalyst layer, reduce the catalytic surface area, and decrease the
cell performance. The performance degradation caused by halogenated compounds is an irreversible effect.
Potential sources include seawater electrolysis, chloralkali production processes, refrigerants used in
processing, and cleaning agents. Chloride for example promotes the dissolution of Pt by the formation of

soluble chloride complexes and subsequent deposition in the fuel cell membrane.

A.13 Hel

U
The main efffect due to the presence of helium is to lower the cell potential due to the dilution éffectjof the inert
species (dijution of the hydrogen gas) and inertial (diffusion) effects. It should be considered that hydrogen
sensors shpw interference with helium. Higher inert gas concentrations may also affect the venting and

recycle blg
Neverthele
of fuel cell

A.14Soli

Aerosols a
production
specified t
and affect

not specifi
ISO 14687.

There are Y
and the col
stations arj
siloxanes,

ions. One e
the hydrog
are the red
of H, sens
operating
operating {

The contay
Sn0,, theo
of matter y
the assum]
of the Avo

ss, higher inert gas concentrations will lead to power losses, increased fuel consumpti
pfficiency.

d and liquid particulates (aerosols)

e dispersed solid and/or liquid particles in a gas. These’ particulates may be introdjy
, storage, or delivery of hydrogen fuel. A maximums-selid and liquid particle conce
h ensure that filters are not clogged and/or solid andliquid particles do not enter the f
bperation of fuel system components and fuel cell'stacks. A maximum particulate size
ed yet but should be addressed in a fuelling station standard and/or future revision of]
Particulate sizes should be kept as small as possible.

rarious effects of station operating fluidS’and solid particulates on the stack, fuel cell cq
mplete fuel cell powertrain. These pakticulates originate from the operation of hydrog
d show severe impacts. This group.of substances comprises cleaning agents, oils, lub
onic liquids, decomposition products of ionic liquids, additives, metals, metal oxides
ffect of these substances is the .adsorption to the active site of the fuel cell catalyst whig
en from adsorbing at the ¢atalyst surface resulting in significant performance drop. Of

brs. Generally, the use)of operating fluids should be minimized as far as possible. If

luids from contaminating the vehicle fuel cell powertrain.

hination dueito aerosols is of extreme importance as illustrated by the following exa
kide of the tetravalent tin as a model substance. This heavy metal oxide is present in thd

wer control. Current stack designs are not adversely affected by higher inért gas congentrations.

n, and loss

iced in the
ntration is
uel system
Hiameter is
Grade D of

mponents,
en fuelling
ricant oils,
and metal
h prevents
her effects

uction of the proton cohductivity of the membrane, impact on storage systems, and interference

the use of

fluids is necessary,means should be provided by the hydrogen fuelling station to hinder these

mple using
solid state

vith amolar mass of Mg, 4, = 150,69 g - mol™! and a density of pg,, = 6,95 g- cm™3 at 2
ption of a spherical particle shape with a diameter of d, ¢ = 0,1 pm and under co

advo constant N, = 6,022 - 1023 mol-! the number of SnO,-molecules n¢,n, in the par

D °C. Under
sideration

lJ‘icle can be

calculated

Nsno, =

as follows:

T-d

3
particle ’pSnOZ
15 Na
6-10"° - Mg,0,

N§no, =1,45-107

(A1)

(A.2)

These 14,5 million SnO, molecules can lead to irreversible impacts in microelectronic structures. Therefore,
it is necessary to filter out any solid and liquid particles close to the fuelling nozzle to prevent any impact on

the fuel cel

1 powertrain.
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Annex B
(informative)

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

stationary applications

B.1 Purpose

The follow

for the quallity of hydrogen at the boundary point.

B.2 Hyd

Hydrogen,
fuels or ot
methods. |
a larger sc:

B.3 Identification of the party responsible for hydrogen quality at the sampli

[t is recognq

The follow
compreher
should use
boundary j

The follow

gaseoy

liquid
hydrog
reforn

electr(

filtration/purification system

ng guidance is provided to assist in the identification of the boundary point and whe\iSx

rogen production guidance

and hydrogen-based fuel, can be produced in a number of ways, including reformati
her hydrocarbons, the electrolysis of pure water or alkaline water, and numerous
[ydrogen, and hydrogen-based fuel, can be generated on-site, in‘relatively small quan

ized that provision of hydrogen to a fuel cell powet’system may involve numerous par|

sive. Hydrogen delivery systems that incofporate different equipment or hydroger
these examples as a basis for determining the responsibility for the quality of hydr
point and, if appropriate, additional sanipling points.

ng are examples of parties involved in and responsible for the supply of hydrogen:

s hydrogen supplier (for example, cylinders, bundles or tube trailers);

hydrogen supplier;
ren via pipelin€ diStributor;
er manufacturer;

lyser:manufacturer.

esponsible

bn of fossil
biological
tities, or in

ile production system off-site, then transported under pressure-or as a liquid to the pajint of use.

ng point

ties.

ing text and figure provide examples for iftformation purposes, but are not intended to be

feedstock
bgen at the

Depending]

orithe form of the hydrogen supply, there may be a requirement for system integratorg

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 B.1:

pressure regulators;
liquid hydrogen storage, cryogenic pumps and vaporizers;
gaseous hydrogen buffer storage;

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

10

11

Key
hydrpgen supply

system integration

fuel dell power system

delivery by pipeline

delivery by cylinder or tube trailer

utility supply (natural gas, electricity, water, etc.)
fuel processing system

electrolyser

delivery by truck (liquid hydrogen)

presqure regulator

gasegus hydrogen buffer

O 0 NN O Ul D W N R OW >

liquigl hydrogen storage, cryogenics)pump, vaporizer

[EnN
o

bounfdary point (for sampling)

[y
[y

PEM ffuel cell power system

Figure B|1 — Examples'showing the supply of hydrogen to a fuel cell power system and position of
the boundary point

[t should b¢ re€ognized that the system integrator is responsible for the quality of hydrogen at th¢ boundary
point, imnjéediately prior to the inlet of the fuel cell power system. If the system integrator apd fuel cell
power system 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 can 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.
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It can also be the case that the hydrogen supplier provides some aspects of on-site system integration but
does notdirectly 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 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.

B.4 Seld

In the casg
close as pr

In the casq
boundary
operator.

Examples for the location of the sampling point may include:

bound
— asingl

all boy

a)s

Key
i hydr

ii PEM

ction ol the sampling point
of a single fuel cell power system, as shown in Figure B.2 a), the boundary point sh

hctical to the fuel inlet to the fuel cell power system.

point should be determined by an agreement between the system integrator and t

hry point A - the supply for fuel cell power systems 1 to n;
e boundary point between B; and B,, representing the:worst case:

ndary points B; through B,

ould be as

of multiple fuel cell power systems in parallel, as shown in Figure B.i2'B), the locqtion of the

he fuel cell

:
0

= o~

I

iii

i

B

=

iii

ingle fuel cell.power system b) Multiple fuel cell power systems in pal

gen dndhydrogen-based fuel supply equipment

rallel

fuel cell power system(s)

iii boun

dary point(s)

Figure B.2 — Positioning of sampling point
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Annex C
(informative)

Rationale for the selection of hydrogen impurities to be measured for

PEM fuel cell stationary applications

C.1 Water

Water (H,
for water-s
water can
gaseous th

C.2 Hyd

Different h
adsorb mo
considered

C.3 Oxyj

Oxygen (O
high conce

C.4 Heli

Inert consf
fuel cell co

C.5 Carl

Carbon dio
affecting tl
in mole fr
consequen
highly unlj

oluble contaminants such as potassium and sodium ions when present as an aerQsol. |
[pose a concern under sub-zero ambient conditions and affect valves. Thus,water m
roughout the encountered ambient temperature conditions.

rocarbons

ydrocarbons have different effects on fuel cell performance. Generally aromatic hyc
e strongly on the catalyst surface than alkanes, inhibiting access to hydrogen. Metha
an inert gas since its effect on fuel cell performance is to diliite the hydrogen fuel stre

gen

) in low concentrations does not adversely affect the function of the fuel cell power {
htration oxygen causes degradation of the fuelcell.

um, nitrogen and argon

ituents, such as helium (He), nitfogen (N,) and argon (Ar) do not adversely affect the
mponents or a fuel cell power system. However, they dilute the hydrogen gas.

bon dioxide

xide (CO,) does netitypically affect the function of fuel cells. It dilutes the hydrogen f}
ne efficiency of-thie fuel cell power system. Furthermore, concentrations of CO, higher
ction can bgl.catalytically converted via a reverse water gas shift reaction into C(
e poisons the catalyst. However, under normal operating conditions, such high leveld
kely to be.present in the anode.

C.6 Carl

D) generally does not affect the function of a fuel cell; however, it provides a transpert rlnechanism

n addition,
st remain

Irocarbons
ne (CH,) is
am.

ystem; but

function of

hel thereby
than 25 %
, which in
of CO, are

ol monoxide

Carbon monoxide (CO) is a severe catalyst poison that adversely affects fuel cell performance and thus needs
to be kept at very low levels in hydrogen fuel. While the impact on performance can be reversed by changing
operating conditions and/or gas composition, these measures may not be practical. In reformate applications
(category 1), the impact of the inherently higher CO levels is mitigated through material selection, and/
or system design and operation, nonetheless the long-term effect of CO on fuel cell durability is a concern,
specifically for low anode catalyst loadings.

C.7 Sulfur compounds

Sulfur-containing compounds are catalyst poisons that at even very low levels can cause some irreversible
effects on fuel cell performance. The minimum specific sulfur compounds that need to be included in the
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testing are: hydrogen sulfide (H,S), carbonyl sulfide (COS), carbon disulfide (CS,), mercaptans (e.g. methyl
mercaptan), which can be found in hydrogen reformed from natural gas. The total sulfur concentration should
be monitored. Lower catalyst loadings are particularly susceptible to catalyst poisoning contaminants.

C.8 Formaldehyde

Formaldehyde (HCHO) has a similar effect on fuel cell performance as CO is thus considered as a contaminant
which causes reversible effects. The effect of HCHO on fuel cell performance can be more severe than that of
CO due to slower recovery kinetics and its specifications are lower than that for CO. Lower catalyst loadings
are particularly susceptible to catalyst poisoning contaminants.

C9 Am

Ammonia

exchange 1
data for an
catalyst loz

C.10 Halg

Halogenatd
production

C.11 Part

A maximuy
particulatg
Potassium
the proton
cause seve

TTOTId

[NH;) causes some irreversible effects on fuel cell performance by contaminating
hembrane/ionomer and reacting with protons in the membrane/ionomer to fornr NH,|
hmonia tolerance should include ion exchange capacities of membrane andfer electro
idings imply lower ion exchange capacities within the electrode.

pgenated compounds

d compounds cause irreversible effects on performance. Rotéential sources include
processes and refrigerants used in processing and cleaningjagents.

ficulates

n particulate concentration and size are specified to ensure that filters are not clog
s do not enter the PEM fuel power system andaffect the operation of valves and fuel
and sodium ions present in aerosols cause\irreversible effects on performance by con

exchange membrane/ionomer. Iron-cantaining particulates, even at very low cond
'e membrane/ionomer degradation.

the proton
" ions. Test
des. Lower

hlor-alkali

bed and/or
cell stacks.
faminating
entrations,
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Annex D
(informative)

Pressure swing adsorption and applicability of CO as an indicator for

PEM fuel cell stationary applications

D.1 Indicator: major impurities from different H, production and purification

processe

For SMR-P
listed in T4

Confirmation that CO content is less than its specified limit indicates that other impurities, e

impurities

bA production and purification, CO can serve as an indicator for the presence of\ether

S

ble 4 because it has the highest probability of presence in a fuel produced b¥;'thHe giv

are present at less than their specified limits.

impurities
b1 process.
kcept inert

The maxinpum content of inert impurities in the product can be estimated by‘using the maximyim content

of inert im
the flow d
PSA syster
conversion|

D.2 In-li

In-line mor
specificati

on a real-time basis. For this purpose, commercially available infrared CO analysers can be used.

of an SMR-
of the equi

D.3 Batq

For back-uj
of all impy|
at the bour
quality ass|

purities in the feedstock specified by the supplier and the flow, inerease in the SMR §

bcrease in the PSA system. The flow increase in the SMR system and the flow decr
h can be calculated from the feedstock composition, steafy to carbon ratio and thg
rate.

ne monitoring of the indicator

itoring of CO is strongly recommended to showithat its content in the hydrogen fuel is 14
bn on a real-time basis, which indicates that@ther contaminants are less than their spq

PSA system, the analyser should be placed just after the SMR-PSA system to avoid con
bment downstream.

ch analysis

b of in-line monitoring of GO content, batch sampling of product hydrogen and laborato
rities constituents aslisted in Table 4 are also recommended. The batch sample shou
idary point. The fréquency of sampling and analysis is determined by the hydrogen sy
urance and samplinig methods as described in 6.2 and 6.3 should be applied.

ystem and
pase in the
b hydrogen

ssthanthe
cifications
In the case
famination

'y analyses
d be taken
pplier. The
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Annex E
(informative)

Grade A: Gaseous hydrogen for applications other than PEM fuel cell
road vehicle and stationary applications — rationale for parameter

selection and value specifications

E.1 Hyd

Hydrogen
Various hyf
purity conf

E.2 Wat

Water can
can also bg
because w
Water in ¢
carbon diof
If water is
pressure c

E.3 Totd

This specifiies the combined total impurity gases (exclusive of hydrogen) content within the hydr

other than
rationale f
specified s

E.4 Hyd
Hydrocarb)

transportation of hydregen in repurposed natural gas infrastructure. The rationale for limiting

is to preve

rogen fuel index

Fuel index is required to determine fuel properties such as calorific value and(the W
drogen production methods are available that are capable of producing iydrogen
ent. Higher purity of hydrogen can be achieved by the means of purificationunits.

er

be present due to specific hydrogen production mechanismsy(e.g., electrolysis of
present in existing infrastructure used for natural gas. The rationale for limiting its
hter can condense under certain temperature and pressure’ conditions found within
pntact with iron/steel can cause corrosion, especially.in the presence of ‘acidic’ gag
xide which dissolve to form an acid. Oxygen will alse’cause corrosion in the presend
prevented from condensing, these issues are avoided. Thus, water content is specifie

1l non-hydrogen gases

hydrogen can be present due(to-hydrogen production and transportation mecha
br limiting its content is to prevent dilution of the hydrogen. Individual gaseous impg
eparately within Table 5 in eases where effects of that impurity are significant.

rocarbons

ons can be present in hydrogen at trace levels due to production mechanism;

ht condensation of hydrocarbons within grade A applications, as liquid hydrocarbon

bbe index.
of varying

ater) and
content is
hppliances.
es such as
e of water.
d based on

pnditions to ensure it remains gaseous throughdut all possible ambient temperature c¢nditions.

gen. Gases
hisms. The
urities are

and also
its content
ontent can

lead to process failures. Hydrocarbons except methane include oxygenated organic species and shall be

measured

bn a Glequivalent basis (umol/mol).

E.5 Oxygen, carbon dioxide, nitrogen and argon

These gases can be present due to specific production and transportation mechanisms. The rationale for
limiting their combined content is to prevent dilution of the hydrogen. This limits the content of gases with
no calorific value being used within processes and limits carbon emissions from process exhausts.

Oxygen specific rationale: Oxygen can be present due to specific production mechanisms and the possibility
of air ingress during gas transport. The rationale for limiting oxygen content is to prevent explosive
mixtures being generated in the presence of hydrogen and to reduce corrosion of equipment in the presence
of water. The limiting oxygen concentration for flame propagation is in the region of 4 cmol/mol to 5 cmol/
mol (inclusive of pressures of 100 kPa to 10 000 kPa and temperatures of 20 °C to 100 °C). The limit of
19 000 umol/mol for the combined content of oxygen, carbon monoxide, nitrogen and argon ensures that the
limiting oxygen concentration is not exceeded.
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