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Abstract >> Commercial production line of FCEV was built in 2013 by Hyundai and followed by Toyota in 2014,
with additional manufacturers planning to enter the market around 2017. Now there is limited hydrogen

infrastructure over the world, but more hydrogen stations are planned, particularly in Japan, Korea, Germany, UK
and USA. ISO TC 197 which was created in 1990 focused standardization in the field of systems and devices
for the production, storage, transport, measurement and use of hydrogen. Total number of published ISO standards
related to the TC and its SCs (number includes updates) is 17. Now there are 20 participating countries and 13
observing countries. The current status of activity of ISO TC197 was reviewed and particularly issues on hydrogen

quality and hydrogen refueling station were discussed.
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Table 1 Number of published ISO standards under the
direct responsibility of ISO/TC 197 (number includes updates)”

1ISO 13984:1999, Liquid hydrogen - Land vehicle fuelling

system interface

ISO 13985:2006, Liquid hydrogen -- Land vehicle fuel

tanks

ISO 14687-1:1999/Cor 1:2001

ISO 14687-1:1999/Cor 2:2008

ISO 14687-1:1999, Hydrogen fuel - Product specification

- Part 1: All applications except proton exchange membrane
(PEM) fuel cell for road vehicles

ISO 14687-2:2012, Hydrogen fuel - Product specification

- Part 2: Proton exchange membrane (PEM) fuel cell
applications for road vehicles

ISO 14687-3:2014, Hydrogen fuel - Product specification

- Part 3: Proton exchange membrane (PEM) fuel cell
applications for stationary appliances

ISO/PAS 15594:2004, Airport hydrogen fuelling facility

operations

ISO/TS 15869:2009, Gaseous hydrogen and hydrogen

blends - Land vehicle fuel tanks

ISO/TR 15916:2015, Basic considerations for the safety

of hydrogen systems

ISO 16110-1:2007, Hydrogen generators using fuel

processing technologies - Part 1: Safety

ISO 16110-2:2010, Hydrogen generators using fuel

processing technologies - Part 2: Test methods for

performance

ISO 16111:2008, Transportable gas storage devices --

Hydrogen absorbed in reversible metal hydride

ISO 17268:2012, Gaseous hydrogen land vehicle

refueling connection devices

ISO 22734-1:2008, Hydrogen generators using water

electrolysis process - Part 1: Industrial and commercial

applications

ISO 22734-2:2011, Hydrogen generators using water

electrolysis process - Part 2: Residential applications

ISO 26142:2010, Hydrogen detection apparatus -

Stationary applications
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Table 2 ISO standards under development or updates
(2015.4)?

ISO/DTR15916 TC197, Basic considerations for the
safety of hydrogen systems (CD)

ISO/NP 16111, Transportable gas storage devices-
hydrogen absorbed in reversible metal hydride (NWI)

ISO/AWI 17268 (WG5), Gaseous hydrogen land vehicle
refueling connection devices (WD)

ISO/AWI 19880-1 (WG24). Hydrogen fueling stations-
Part 1. General requirements(WDTR)

ISO/AWI 19880-2 (WG19), Hydrogen fueling stations-
Part 2. Dispensers (WD)

ISO/AWI 19880-3 (WG20),
Part 3. Valves (WD)

ISO/AWI 19880-4 (WG21), Hydrogen fueling stations-
Part 4. Compressors (WD)

ISO/AWI 19880-5 (WG22), Hydrogen fueling stations-
Part 5. Hoses (WD)

ISO/AWI 19880-6 (WG23),
Part 6. Fittings (WD)

ISO/AWI 19881 (WG18), Hydrogen fueling stations-Land
Vehicle Fuel Tanks (WD)

ISO/AWI 19882 (WG18),Hydrogen fueling stations-Land
Vehicle Fuel Tanks- Thermally activated pressure
relief devices(TPRDs) (WD)

ISO/NP 19883, Safety of pressure swing adsorption
systems for hydrogen separation and purification (NWI)

ISO/CD 19884, Gaseous hydrogen-Cylinders and tubes
for stationary storage (CD)

Hydrogen fueling stations-

Hydrogen fueling stations-
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Fig. 1 Hydrogen fueling station (Source: ISO TC 197, Progress
report, 2014)
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- J2601 Fueling protocols for light duty gaseous
hydrogen surface vehicles

- SAE J2799 Hydrogen surface vehicle to station,
communications hardware and software

ASTM

- D7606-11 Sampling of high pressure hydrogen
and related fuel cell feed gases

- D7650-13 Standard test method for sampling of
particulate matter in high pressure hydrogen.
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Table 3 The effect of impurity constituents on process
equipment for purification, compression and treatment

Process equipment
Compressor c Hydrogen purification
D | I P DD | PSA | PdM

Impurity
constituents

HzO X*

Total HC X X X

CO x* x*

Total S X X X

HCHO

HCOOH

NH;3;

Halogenates

Particulates X X X X X X X

Additional
Information

D:Diaphragm, I: Ionic, P: Piston, C: Cryopump,

DD: Desiccant dryer, PAM: Pd membrane

* Only if present in the source of hydrogen supplying the
purification method.

Table 4 Hydrogen quality and source of hydrogen

' Source of Hydrogen
v | D [ e | g | B
ents
1 213|456 |7 |8]09
H,O X X | X | X[ X | X | X|X
THC X
0, X X | X X
He X
No/Ar X X | X
CO, X X | X | X | X | X
CO X X | X|X X
Total S | X X
HCHO | X X | X
HCOOH | X X | X
NH; X X X | X
H X X X
P X
Al D
Notation:

1. GH, without certificate, 2. LH,, 3.Alkaline, 4. PEM, 5.
Natural Gas, 6.Bio Gas. 7.CH;0OH, 8.Chloro Process, 9.
CxHy

THC: Total Hydrocarbon, H: Halogenates, P:Particulates, Al:

Additional Information, D: Depending on certificate

A274 A3E 20164 64
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Table 5 Guideline for Hydrogen Fuel Quality Specification (Source:http://energy.gov/sites/prod/files/2014/03/f12/appendix_c.pdf)

. . Mininmum
Constituent Chemical Limits Laboratory Test Methods to Consider Analytical
Formula and Under Development . ..
Detection Limit
Hydrogen fuel index H, >99.97%

Total allowable non-hydrogen,
non-hellum, non-partculate

constituent
Acceptable limit of each individual constituent
Water H0 5 pumol/mol ASTM D7653-10, ASTM D7649-10 0.12 umol/mol
T"tal(ch’y ‘éra":i:)rb"“s 2 pmol/mol ASTM D7675-11 0.1 pmol/mol
Oxygen 0, 5 umol/mol ASTM D7649-10 1 umol/mol
Helium He 300 pmol/mol ASTM D1945-03 100 pumol/mol
Nitrogen, Argon Na, Ar 100 pmol/mol ASTM D7649-10 5 pmol/mol
Carbon dioxide Coy 2 pmol/mol ASTM D7649-10, ASTM D7653-10 0.1 pmol/mol
Carbon monoxide CcO 0.2 pmol/mol ASTM D7653-10 0.01 pmol/mol
Total sulfur 0.004 pmol/mol ASTM D7652-11 0.00002 pumol/mol
Formaldehyde HCHO 0.01 pmol/mol ASTM D7653-10 0.01 pumol/mol
Formic acid HCOOH 0.2 pmol/mol ASTM D7550-09, ASTM D7653-10 0.02 pmol/mol
Ammonia NH; 0.1 pmol/mol ASTM D7653-10 0.02 pmol/mol

Total halogenates 0.05 pmol/mol

ASTM WK23815, WK34574 0.01 pmol/mol

1 mg/kg

Particulate Concentration

ASTM D7650-10, ASTM D7651-10 0.005 pmol/mol
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Table 6 Measurement method and its limit (value in
parenthesis is proposed in guideline for Hydrogen Fuel
Quality Specification)

Analitical minimum
Constituent . Range of detect detectable
equipment
value
(¢0] FTIR,GC, 10
(200 ppb) | CRDS 10-100 ppb ppbv
HCHO CRDS,GC-P 10
(10 ppb) HID 10~100 ppb ppbv
without
GC-SCD | concentration: lppm
Total S with concentration:

0.02
compounds 4 ppb by
(4 ppb) GC-PDHID | with concentration: pp

IC 10 ppb
1 ppb
NH; IR, 20
(100 ppb) | TDLAS 1~100 ppb ppbv
Halogenates IC, 10
(50 ppb) GC 330 ppb ppbv
Symbols:

FTIR: Fourier transform infrared spectroscopy, GC: Gas
chromatography, CRDS: Cavity Ring-Down Spectroscopy,
PDHID: Pulsed discharge helium ionisation detection, SCD:
Sulphur chemiluminescence detection, IC: Ion chromatography,
IR: Infrared [spectroscopy], TDLAS: Tunable diode laser
absorption spectroscopy)
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HyStEP (Hydrogen Station Equipment Performance)
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Fig. 2 Today, each OEM performs vehicle test fills to validate
station (Upper). HyStep is vehicle surrogate; operated by testing
agency (Lower).

(Source: https://h2tools.org/h2first/HyStEP)
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Fig. 3 HySUT Program in Japan

ciation of Hydrogen Supply Utilization Technology)
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Fig. 4 An example of a Hydrogen Station Test Apparatus
P&ID by HySUT. The component layout and inventory should
be investigated per local requirements and accompanying
risk assessment
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