TECHNICAL ISO/TS
SPECIFICATION 19880-1

First edition
2016-07-01

Gaseous hydrogen — Fuelling
stations —

Part 1:
General requirements

Carburant d’hydrogeéne gazeux — Stations-service —

Partie 1: Exigences générales

_ Reference number
—/@\— ISO/TS 19880-1:2016(E)

R
= © IS0 2016


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

COFPYRIGHT PROTECTED DOCUMEN'T

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

Contents
FFOT@WOT ........coocccoveeses st 5555855855855
1 S0P ... 1
2 NOIIMALIVE FEERIEIICES ...........oooe e 2
3 Terms and AeFIMITIOIIS ... 3
4 ADDI@VIATEA TOITIIS .........cccco e
5 General safety recommendations
5.1 Hydrogen fuelling station safety recommendations...
5.2 RISK @SSESSIMENT ....ooooiovciieiessssss st oo
5.2.1 Methodology for semi-quantitative and quantitative risk assessment for
assessing hydrogen installation safety ... G,
5.3 Mitigation measures to improve SyStem SAfety ... ks
5.4  Mitigations which reduce the potential for the formation of a flammable or
EXPLOSIVE TMIXTUTE ..o g et
54.1  General ..
5.4.2  Hydrogen detection systems.................
5.4.3 Safety and emergency shut-off systems...
5.4.4  Mitigation for the formation of a flammable)or explosive mixture in enclg
5.4.5  General requirement hydrogen ventingfor mitigation for the formation ¢
a flammable or explosive MIXTUTe... 00 e
5.5 Mitigations which reduce the potential fordgnmition ...,
551  General .. S
5.5.2  Areas subject to restriction.ofactivity
5.6 Mitigation of the escalation and/or tmpact of a fire or explosion originating from
the fuelling INSTAllAtION ... s
5.6.1  General....nd N
5.6.2  Flame detection syStems
5.6.3  Enclosures containing hydrogen SyStems ...
5.6.4  Emergency release of gas from hydrogen storage tanks under fire condit
5.7 Mitigation of the effect of an external fire/events on the fuelling station installati
5.7.1  General
5.7.2  LayQUh e
5.7.3  Fife barrier recommendations
5.7.4 (Mitigating against vehicular impact
5.7. 5 DFIrefighting SYSTEIMS. ..o
5.7:6) Emergency principles and operations
5.8 SALEEY AISTATICES oot
5.8.1  GEIETAL ..o
5.8.2  Types of safety distances...........c.......
5.8.3  Examples of safety distances
5.8.4  Safety distances relating to hydrogen vent stack outlets...............
59 Protection measures for non-hydrogen hazards ...
5,91 GENETAL oo
5.9.2  Protection measures for asphyxiation hazard in an enclosure
5.9.3  Protection measures for emergency egress from enclosed spaces.......
5.9.4  Protection measures from environmental conditions
5.9.5  Protection measures for hose whip
5.9.6  Protection measures for noise.....
6 Process control and Safety SYSTEIMS ...
6.1 GBTIETAL .
6.2 Emergency shutdown functionality
6.3 Manually actuated emergency Stop dEVICES ...
6.4 REMOLE SYSEEIM COMEIOL ..o

© ISO 2016 - All rights reserved

iii


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

Hydrogen supply safety and operation

7.1 ON SItE GENETATION ...ooooooeeeies e
7.1.1  Hydrogen generators using water electrolysis process
7.1.2  Hydrogen generators using fuel processing technologies...........cs 36
7.2 HYATOZEN AEIIVETY ...t 36
7.2.1  Gaseous hydrogen supply by tube trailers and multiple element gas
CONEAINETS (IMEGC) oo 36
7.2.2  Liquid hYdrogen SUPPLY ... 37
7.3 PIPEIIIIE . 39
HydTogen diSPeNSING oo 9
8|1 Dispensing description ~e39
8.1.1  DiSPenSer COMPONEIITS.......ccccuurrieierriieereseieereseeesssseeseessssesssssseesessseeseessseesessseeesees e eeees ) e 0
8.1.2  Dispenser SENSOIsS lOCAtION ... P 0
8.1.3  Ambient temperature range of fuelling.. 0
82 Hydrogen FCEV fuelling ..., 1
8.2.1  Reference fuelling limits of FCEV vehicles.... 1
8.2.2  Fuelling process control.........n. 1
8.2.3  Manual control of dispensing................... 4
8.2.4  Pressure integrity check (leak check) ...l e 4
8.2.5  METETIIEG et ettt 4
8.2.6 Maximum flow rate and pressure drop.. 4
8.2.7  Flow control and isolation 4
8J3 DiSPenser SAfEtY AEVICES ... e Pttt oo 4
8.3.1  General considerations................... 4
8.3.2  Dispensing emergency shutdown... 5
8.3.3  OVer-preSSUre PrOtECTION ...y Mot 5
8.3.4  Dispenser temperature control faulfS ... 6
8.3.5 Limitation of hydrogen released.in case of fuelling line break 6
8.3.6  Process control failure ...l 6
8.3.7  Shutdown in case of breakaway activation 6
8.3.8  Physical disturbance of the‘dispenser....... 6
8.3.9  Hazardous area around'the dispenser... 7
8l4 Hydrogen quality ... s 7
8J5 Hydrogen quality control 7
8.5.1  General ... s 7
8.5.2  DiSPENSELAUE] FIILEI'S ..ot 8
Eguipment and COMPOTIEIIES ...t e 8
9 GEINETAL ... s 8
9.1.1  Geéneral equipment recommendations... 8
9.1.2 _~Material hydrogen compatibility 8
9.1.3,>Hydrogen and material compatibility at cryogenic temperatures..............cce 49
9.14)" Other material reCOMMENAAtIONS ....oocoovoieiee e 49
92 Piping carrying gaseous hydrogen 9
D.2.1  GEIIETAL e 9
9.2.2  Piping, fittings, valves, regulator for cryogenic service 9
9.3 Hydrogen storage recommendations ...
9.3.1 Gaseous hydrogen storage vessels ...
9.3.2  Hydrogen storage siting recommendations...................
9.4 HYydrogen COMPIESSOTS. ...
0,41 GENETAL ..o
9.4.2  Vibration and MOVEIMENT ...
9.4.3  Control and MONIEOTING ...
9.5 Cryogenic PUMPS......coerorerserrsseeeseee
9.5.1  General....s
9.5.2  High pressure vaporizer...........
9.6 Pressure relief devices for gaseous hydrogen systems
9.7 Valves for gaseous NYATOZEIN ...ttt

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

9.8 Instruments for gaseous hydrogen
9.9 Filters for gaseous hydrogen...........c.cccoene
Q.10 DISPEIISETS ..o
9.10.1 Location and protection of diSPENSEIS ... 56
9.10.2  FUEIINEG DAt
9.10.3 Dispenser system design
9.10.4 Dispenser fuelling assembly
.11 HOSE @SSEIMDLY ..ot
9.11.1 Rated operating conditions
9112 Hose nccpmh]y dpqign
9.11.3 Hose assembly type testing and production testing ... Gy b 60
9.11.4 Venting hose assembly
9.12 Fuelling connector (nozzle) general design and assembly...
9.12.1 General design and assembIy ... S
9.12.2 Depressurization 0f NOZZIES...........cceceees o
9.13 Hose breakaway device general design and assembly ...
9.13.1 Rated operating conditions ...
9.13.2 Breakaway durability.........ccco.
9.14 Gaseous hydrogen vent systems.........ccc....
9.14.1  General.....csene
0.14.2  Piping deSIZN ..o Moo
9.14.3  FIame arreStOrsS. ...y et
9.14.4 Ventoutlet ...
9.14.5 Maximum flow rate calculation.......¢
9.14.6 Piping diameter and exit velocitys.
9.14.7 Maximum pressure drop......... 5.
9.15  Pneumatics ...
0.16  HydIrOZen PUITIIT ..o e
1p Electrical SAfety ...t
TO.T  GOIETAL oot
10.1.1 Overview of electrical hazards
10.1.2  COMPONEIIES 1. 0
10.1.3 Site interconnections to and/or between equipment assemblies
10.1.4  Electrical'@rOUNAING ...ttt
10.1.5 Lightning protection ...
10.2 Hazardous,ateas (potentially explosive atmospheres)
L0021 GERETAL .o
10.2.2~ \Protection requirements for electrical equipment within hazardous
(ClaSSITIEA) ATEAS ....ooceee e
10:2:3 Other equipment in hazardous (classified) areas............cce
10:2.4 Areas adjacent to hazardous areas..........ne
10.2.5 Protection from ignition due to accumulation of static charge
10:3” Electromagnetic compatibility and interference (EMC) ...,
020 T80 O 071 1= v | O
10.3.2 Industrial (EMC) environments
10.3.3 Rcoidcutia}, CUIIIIIITT Lia}, aud }is}lt illdubtl ia} (E}VI{C) CllVil UlllllClltD ................................ 68
11 IVTATKIIIES .
11.1 General.......
11.2  Warning Signs ...
11.3  Functional identification
11.4 Marking of equipment (data PIate) ... 70
11.5  Reference deSIGNations. ...ttt 71
11.6  Emergency contact iNfOrMation ... 71
12 Technical dOCUMEMTATION ...
12.1  General....en
12.2 Information to be provided
12.3 Recommendations applicable to all docUMEeNtation. ... 73

© ISO 2016 - All rights reserved v


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS

12.4 Installation documents

12.5 Overview diagrams and function diagrams ...
12.6 CHFCUIE AIAZTAITIS ..ot
12.7  FIOW (P&ID) QIAGTAIMIS ..o

128 an]ling station operating manual

19880-1:2016(E)

L1241 GENETAL oo
12.4.2 Installation documentation for hazardous (classified) areas...

L2.4.3  VEITEIIIE et
12.4.4  SeiSMIiC AOCUIMENTATION ...t

12.4.5 Handling and lifting documentation...

13

R R WV PR R R R

1
Annex Aj

Annex B
fu

Annex C

Annex D
S)

Annex E

Bibliogr

P.11 Service manual

fation inspection and tests...
BT GEIIETAL .o
B.2  Minimum hydrogen fuelling station acceptance inspection

(informative) Proposal for hydrogen fuelling verification of the SAE J2601
LE1liNg PIOtOCOL .. ... T

(informative) Example matrices for guidance for hydrogen quality control

(informative) Pressure level definitions for the compressed hydrogen storage
stem and fuelling Station diSPETISETS...............oo e

(informative) Examples of.vehicular impact protection measures

.9  Hydrogen fuelling station dispenser operation inStructions...........ns &
D. 10 MaintenancCe MaNUAL............miiiirinsisissssssssssssssssssssssssssssesssssssssssssesssssessssesssssesssesosees (o

N = o Y D ] o000 SN
O ST <Yl 00 0} (r= 1 I 1 (< IY o St SN

G 707/ R C1=Y 0 1<) o= N 4000 . SO

13.2.2 Minimum hydrogen fuelling station acceptance teStitg) ...

13.2.3 Pressure test

13.2.4  LEAK EEST oo e

13.2.5  Electrical teSTING. ... Yoot

13.2.6  COMMUIICATIONS TEST ...ooocieriieiircsincceesise gt e

13.2.7 Safety and performance functional testing-of the hydrogen fueling station.......
B.3  Minimum periodic hydrogen fuelling station inspection and test ...

(informative) Safety distances definition and basic principles...............

vi

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

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 m
electrotechnical standardization.

atters of

The procedures used to develop this document and those intended for its further mainten
described in the ISO/IEC Directives, Part 1. In particular the different approval criteriayneede
d|fferent types of ISO documents should be noted. This document was drafted in aceordance
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this document'may be the s
pfatent rights. ISO shall not be held responsible for identifying any or all such patent rights. I
a
0

n the ISO list of patent declarations received (see www.iso.org/patents),

=

hy trade name used in this document is information given for the.convenience of users and
¢nstitute an endorsement.

(o)

br an explanation on the meaning of ISO specific tepms/and expressions related to co
ssessment, as well as information about ISO’s adherence to the World Trade Organizatio
rinciples in the Technical Barriers to Trade (TBT) see the following URL: Foreword - Supplg

ance are
d for the
with the

ubject of
etails of

y patent rights identified during the development of the document wilk be’in the Introductiogn and/or

does not

nformity
h (WTO)
mentary

=S »

formation.

—3

he committee responsible for this document isISO/TC 197, Hydrogen technologies.

et

40O/TS 19880-1 has been prepared with thelultimate goal of developing an International Stan
replaces ISO/TS 20100:2008, on the sathe subject, which was withdrawn in 2015.

—
.

Allist of all parts in the ISO 19880 seriés can be found on the ISO website.

dard and

© ISO 2016 - All rights reserved

vii


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

viii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

TECHNICAL SPECIFICATION ISO/TS 19880-1:2016(E)

Gaseous hydrogen — Fuelling stations —

Part 1:
General requirements

1 Scope

fdr performance of public and non-public fuelling stations that dispense gaseous hydrogen to |
1qnd vehicles (e.g. Fuel Cell Electric Vehicles).

NPTE These recommendations are in addition to applicable national regulations and codes, ¥
prohibit certain aspects of this document.

This document is applicable to fuelling for light duty hydrogen land.vehicles, but it can also b

cqpacities outside of current published fuelling protocol standards; such as SAE J2601.

Residential applications to fuel land vehicles and non-public demonstration fuelling station
irfcluded in this Technical Specification.

This Technical Specification provides guidance on_thé€ following elements of a fuelling sta
Flgure 1 and Figure 2):

— hydrogen production/delivery system

— delivery of hydrogen by pipelinetrucked in gaseous and/or liquid hydrogen, or meta
storage trailers;

— on-site hydrogen generators-using water electrolysis process or hydrogen generators u
processing technologies;

— liquid hydrogen storage;

— hydrogen purification systems, as applicable;
— compression

— gaseods hydrogen compression;

— Jpumps and vaporizers;

— ~gaseous hydrogen buffer storage;

This document recommends the minimum design characteristics for safety and, wheré appropriate,

ght duty

vhich can

b used as

ghidance for fuelling buses, trams, motorcycles and fork-lift truck ‘applications, with hydrogen storage

5 are not

tion (see

hydride

sing fuel

— pre-cooling device;

— gaseous hydrogen dispensers.
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Gaseous hydrogen - Fueling station

Hydrogen supply (permanent or temporary) Hydrogen storage and process equipment
(see Clause 6) | (see Clauses 7 and 8)
1
Hydrogen generators 1
using fuel processing
Utility technologies Gaseous hydrogen
supply(water, (IS0 16110-1)* I Compressor P high pressure buffer
electricity, natural Gaseous / - storage
gas, etc.) Hydrogen generators | hydrogen low -
using water electrolysis " pres§‘ure putrer/
(IS0 22734-1)° hydride storage
Pre-cooling device
. | recnsans]
Pelivery by <
gaseous

hydrogen pipeline N
Di. {er
(incl etering)
Delivery by tube o X
trailer \
p| Transfer panel
Fompressed '\ A
hydroge | \% i
ydrogen) : aporizer &% High pressure
ptal hydride gase?us hydrogen
hydfogen storage 1 fueling connector
i ¢ 1 O (1SO 17268)
systems
1

Liquid hydrogen storage | . ~7 v
Defivery by truck (IS0 21009-1) Cryogenics _ Qat Vehicles
(Li > - Above ground 1 pump 'Q@\anger

uid hydrogen) (1SO 24490)

@ Maylinclude a buffer vessel (or accumulator) for dampening or adjusting flow of comp@r suction inlet

- Below ground 1

\
N

Figure 1 — Example of typical elements in ah&drogen fuelling station, including the
hydrog@@upply

SIS

Hydrogen trailer

Multistation

Figure 2 — Image of an example hydrogen fuelling station

2 Normative references

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

There are no normative references in this document.
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— ISO Online browsing platform: available at http://www.iso.org/obp

1

Ccessory
bvice with an operational function

2

hithority having jurisdiction
H]J

rganization, office or individual responsible for approving a facility along“with an equipment, an
stallation or a procedure

SO M W omw

3

eed venting
kpiration or inspiration of air or gas from, or to, one side of a diaghragm of any accessory, conponent,
- equipment such as a valve, pressure regulator or switch

oo T W

4

reakaway device
bvice installed on a dispensing hose that separates when a given pull force is applied and closeq the flow
Fhydrogen to prevent gas leakage and protect thedispenser from damage from vehicles driving away

S QT W

5

nffer storage tanks
ressurized tanks, which can be located Getween a hydrogen generator and a compressor for an even
bw of gas to the compressor or betweéen the compressor and dispenser for accumulation of prgssurized
gas supply for vehicle fuelling
3

3
b
p
fl

6
cpntrol system
sfstem which responds tgrinput signals from the process and/or from an operator and generat¢s output
siignals causing the process to operate in the desired manner

Npte 1 to entry: A separate safety instrumented system (SIS), typically with a greater reliability than|the more
basic process cortrol system (BPCS), may be required, according to the manufacturer’s risk assessment, to
rgspond solely€g@-safety critical alarms. Further information is provided in [EC 61508 and 61511.

37
connector
jdinéd.assembly of nozzle and receptacle which permits the transfer of hydrogen

[SOURCE: ISO 17268:2012, 3.1]

3.8
dispenser
parts of the pressurised-gas fuelling station via which the pressurised gas is dispensed to vehicles

Note 1 to entry: As an example, the dispenser may include a dispenser cabinet, gas flow meter, a fueling hose and
fueling nozzle attachments.

3.9

dispenser cabinet

protective housing that encloses process piping and may also enclose measurement, control and
ancillary dispenser equipment

© IS0 2016 - All rights reserved 3
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dispensing system
system comprising all equipment necessary to carry out the vehicle fuelling operation, downstream of
the hydrogen supply system

3.11

enclosure
protective housing that may enclose, or partially enclose, equipment in order to protect it from the
environment, provide noise attenuation, or provide safety to the areas surrounding the equipment

3.12

frequenty

rate of
opportu

3.13

fail-safe
design fég
of contrd

3.14
fitting
connectd
3.15

forecouj
surfaced

currence of events, e.g.,, how many time the event occurs in a specified time or number
ities

ature that ensures that safe operating conditions are maintained in the event of a malfunctic
| devices or an interruption of a supply source

r used to join any pressure retaining components in the system

't
area where vehicle dispensing operations are conducted including the fuelling pad and ay

area underneath a canopy

3.16

fuel temperature

tempera

3.17

fuelling
part of t
- an ass(
compong

3.18
fuelling
flexible d

3.19
fuelling
area adja

3.20

ure of the hydrogen fuel, measured less.than 1 m upstream of the dispenser hose breakaway

assembly

he dispenser providing the interface between the hydrogen fuelling station and the vehic
bmbly consisting of a breakaway device, a hose(s), a nozzle and connectors between thej
nts

hose
onduit used for.dispensing gaseous hydrogen to vehicles through a fuelling nozzle

pad
cent tothe hydrogen dispensers, where customers park their vehicles for fuelling

hf

n

y

le

fuelling

tation

facility for the dispensing of compressed hydrogen vehicle fuel, often referred to as a hydrogen fuelling
station (HRS) or hydrogen filling station, including the supply of hydrogen, and hydrogen compression,
storage and dispensing systems

3.21

standalone
independent facility for the dispensing of compressed hydrogen only

Note 1 to

entry: This is a type of fuelling station (3.20).

© ISO 2016 - All rights reserved
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3.22

integrated

facility for the dispensing of compressed hydrogen integrated into an existing, or new build,
conventional fuelling station

Note 1 to entry: This is a type of fuelling station (3.20).

3.23

fuelling station operator
person or organisation responsible for the safe operation, maintenance and housekeeping of the
fyelling station

3|24

ghard

part of a machine specially used to provide protection by means of a physical barrier.
8

Npte 1 to entry: Depending on its construction, a guard may be called casing, covet) screen, door) enclosed
fiard, etc.

3|25

hprm

physical injury or damage to the health of people, or damage to propeérty or the environment
[JOURCE: ISO/IEC Guide 51:2014, 3.1]

3|26

hprmonised standard

Epiropean standard developed by a recognised Européean Standards Organisation (CEN, CENELEC, or
E[l'SI), in line with a European Directive
N
3
h

bte 1 to entry: harmonized standards are created following a request from the European Commissjon to one
f these organisations. Manufacturers, other economic operators, or conformity assessment bodief can use
irmonised standards to demonstrate that products, services, or processes comply with relevant EU ldgislation.

h
27

hzard

pptential source of harm

[JOURCE: ISO/IEC Guide 51: 2014, 3.2]

3|28

hpse assembly
irfcludes the hosej-appropriate end connectors (couplings or fittings), bend restrictors (if necessary),
ahd appropriate'markings

29

pusing
s¢ctionfof a system that encloses, and is intended to protect, operating parts, control mechapisms, or
othep components that need not be accessible during normal operation

= W

3.30
hydrogen purifier
equipment to remove undesired constituents from the hydrogen

Note 1 to entry: Hydrogen purifiers may comprise purification vessels, dryers, filters and separators.

3.31

incident

any unplanned event that resulted in injury or ill health of people, or damage or loss to property, plant,
materials or the environment or a loss of business opportunity

Note 1 to entry: The use of the term incident is intended to include the term accident.

© IS0 2016 - All rights reserved 5


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

3.32
maximu
MAWP

m allowable working pressure

maximum pressure that a component may experience in service, including upset conditions,
independent of temperature, before initiating mitigation options, typically the basis for the set point of
the pressure relief device protecting the vessel or piping system

Note 1 to entry: The maximum allowable working pressure may also be defined as the design pressure, the
maximum allowable operating pressure, the maximum permissible working pressure, or the maximum allowable
pressure for the rating of pressure vessels and equipment manufactured in accordance with national pressure

vessel co
Note 2 to

3.33

maximum operating pressure

MOP
highest {

Note 1 to
temperat

Note 2 to

3.34
mechan
mechani

acceptable maximum or minimum operating pressures or thatprevents a gas leakage in the event of 3

incident

3.35

mitigati
combina
impleme
mainten

3.36
multiple
MEGC

multimo
and asse
for the tn

Note 1 to
[SOURCE

3.37
nominal

es.

entry: Further guidance on pressure terminology is included in Annex D.

ressure that is expected for a component or system during normal operation

entry: This is the pressure from which hydrogen at a temperature of 85 °C would settle at the NWP af
ire of 15 °C.

entry: Further guidance on pressure terminology is included in AnnexD.

cally actuating safety equipment
rally actuating equipment that prevents the fuelling. station operation outside specifig

pn
Fion of the measures incorporated at_the design stage, and those measures required to
hted by the station operator, dispenser operator, or others involved with the operation arg
hince of the fuelling station

-element gas container

Hal assembly of cylinders; tubes or bundles of cylinders which are interconnected by a manifo
mbled within a framework, including service equipment and structural equipment necessaj
ansport of gases

entry: This définition is taken from the UN Model Regulations. ADR uses a different definition.

: 1SO 10286:2015, 2.2.1]

working pressure

NWP

pressure for which the dispenser is intended to be operated for a given gas temperature of 15 °C

Note 1 to
Note 2 to

3.38

entry: This defines a full vehicle tank gas density, of either 35 MPa or 70 MPa at 15 °C.

entry: Further guidance on pressure terminology is included in Annex D.

non-public fuelling station
fuelling station (3.20)that does not sell or dispense gaseous hydrogen to the general public

EXAMPLE private or municipal vehicle fleet operation

a

d

d

d
y
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3.39

nozzle

device connected to a fuel dispensing system, which permits the quick connect and disconne
supply to the vehicle or storage system

[SOURCE: ISO 17268:2012, 3.8]

3.40
outdoors

ct of fuel

location outside of any building or structure, or locations under a roof, weather shelter or canopy

provided this area 1s not enclosed on more than two sides

3l41
plinth

3|42

ppsitive isolation

provision of a safe environment for performing maintenance, repair of<peplacement operd
process facilities

N

bte 1 to entry: Positive isolation can be provided to equipment or piping.itéms for maintenance purpq
various arrangements depending on following factors, as piping ratipg; equipment in shutdown or e
under service.

Npte 2 to entry: An assembly commonly referred to as Double Block and Bleed is often used for this pu
such systems, two block valves are required for additional isolation between the operational process
the device requiring maintenance. A bleed is used to drain/vent the fluids trapped between the two blo

bte 3 to entry: A blind or a spade is an alternative wayto provide positive isolation.

43
re-cooling
rocess of cooling hydrogen fuel temperature prior to dispensing

ressure relief device

RD

bvice designed to release pressure in order to prevent a rise in pressure above a specified val
emergency or abnormal cenditions

N
3
p
p
3|44
p
P
d

Npte 1 to entry: PRDs\can be activated by pressure or another parameter, such as temperature, and may
rg-closing devices-(stich as valves) or non-re-closing devices (such as rupture disks and fusible plugs)
psignations forthese specific types of PRDs are as follows:

o

— Pressufe Safety Valve (PSV) — pressure activated valve that opens at specified set point to protec
from-butst and re-closes when the pressure falls below the set point.

— ~Temperature-activated Pressure Relief Device (TPRD) — a PRD that opens at a specified tempe

rgised area on the forecourt, supporting and protecting the dispensers and associated equipmient

tions on

ses using
quipment

'pose. For
side and
ick valves.

e due to

be either
Common

a system

rature to

protect a system from burst and remains open

3.45
probability

an expression of the chance (likelihood) that a considered event will take place to property, system,

business or to the environment

3.46
public fuelling station
fuelling station (3.20) that sells gaseous hydrogen to the general public
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receptacle
device connected to a vehicle or storage system which receives the nozzle

[SOURCE: ISO 17268:2012, 3.11]

Note 1 to

3.48
risk

entry: This can also be referred to as a fuelling inlet of gas filling port in other documents.

combina
the unce

[SOURCE
Note 1 td

3.49

risk assg
the dete
recognis

Note 1 to
sometimg

3.50
risk (acc
terms of

[SOURCH

3.51
risk leve
the asses

3.52

safegua
use of s
removed

3.53
safety
freedom

[SOURCE

3.54
safety d
device of

H £ i) Jaalise £ £1] J 21 T £ +1 H ]
[TUITUTUIT PIODAUTIIT Yy UTOLTUT TTIICT UT TIAT TIT AITU TIICT STVET Iy UT UIAUTIAT I, TITCUTITP AS STITE UU

Ftainty about and severity of the harm

: ISO/IEC Guide 51: 2014, 3.9 - added part from “encompassing” to “severity of the hatm” ar
entry removed]

pssment
'mination of quantitative or qualitative value of risk related to a spécific situation and
ed threat (also called hazard)

s required.

eptance) criteria
reference by which the significance of risk is assessed

: ISO/IEC Guide 73:20009, 3.3.1.3]

1
sed magnitude of the risk

ding
becific technical means to protéct persons from the hazards which cannot reasonably |
or sufficiently limited by design

from unacceptable tisk

: ISO/IEC Guide,51:2014, 3.14]

bvice
her{than a guard, which eliminates or reduces risk, alone or associated with the guard

entry: Based on national requirements, a review of a risk analysis or a-safety concept by third partyf|i

h

d

a

3.55

safety distance
distance to acceptable risk level or minimum risk-informed distance between a hazard source and
a target (human, equipment or environment), which will mitigate the effect of a likely foreseeable
incident and prevent a minor incident escalating into a larger incident

Note 1 to entry: Safety distances are split into Restriction distances, Clearance distances, Installation layout

distances

Note 2 to

, Protection distances and External risk zone. See 5.8.2 for further details.

” o«

entry: The term “safety distance” may also be referred to as “safe distance,

“setback distance.”

separation distance,” or
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3.56

safety function

function to be implemented by a control system or safety-instrumented system, which is intended to
achieve or maintain a safe state for the process with respect to a specific hazardous situation

Note 1 to entry: Other technologies or risk reduction measures have a safety function not achieved through a
control system, however validation of these measures is equally important.

3.57
safety-instrumented system
IIfStrumented SyStem Used to IMplement one or More safety Instrumented functions

—

Npte 1 to entry: A safety instrument system is composed of any combination of sensors, logic solvers|and final
elements.

3|58

safety-related system
designated system that both implements the required safety functions necessary to achieve or maintain
a|safe state for the EUC and is intended to achieve, on its own or with@ther E/E/PE safety-related
systems, other technology safety-related systems or external risk reduection facilities, the nlecessary
s3fety integrity for the required safety functions

Npte 1 to entry: The term refers to those systems, designated as safety-related systems, that are infended to
aghieve, together with the external risk reduction facilities (IEC 61508-5:2010, 3.4.3), the necegsary risk
rgduction in order to meet the required tolerable risk (IEC 61508¢532010, 3.1.6 and Annex A).

Npte 2 to entry: The safety-related systems are designed toprevent the EUC from going into a dangefous state
by taking appropriate action on receipt of commands. Thefailure of a safety-related system would bg¢ included
inf the events leading to the determined hazard or hazards. Although there may be other systems having safety
fynctions, it is the safety-related systems that have been designated to achieve, in their own right, thg required
tdlerable risk. Safety related systems can broadlytbe divided into safety-related control systems and safety-
rglated protection systems, and have two modes-of'operation (IEC 61508-5:2010, 3.5.12).

Npte 3 to entry: Safety-related systems aréipotentially an integral part of the EUC control system orinterface
wlith the EUC by sensors and/or actuators:That is, the required safety integrity level is achieved by implementing
the safety functions in the EUC contrelsystem (and possibly by additional separate and independent systems as
well) or the safety functions may be implemented by separate and independent systems dedicated to s3fety.

Npte 4 to entry: A safety-relatedsystem is designed:

a) to prevent a hazardous“event (i.e. if the safety-related systems perform their safety function$ then no
hazardous event arises);

b] to mitigate the€ffects of the hazardous event, thereby reducing the risk by reducing the consequences;
c)] toachievea.combination of a) and b).

3|59

state-of charge

SpC

ratioof tompressed hydrogen storage systenmr (€HSSThydrogemr density tothe density at maximum
operating pressure rated at the standard temperature 15 °C

Note 1 to entry: SOC is expressed as a percentage and is computed based on the gas density according to
formula below.

Note 2 to entry: The accuracy of the NIST formula has been quantified to be to within 0,01 % from 255 K to
1 000 K with pressures to 120 MPa at the publishing of this document.

p(P,T)

SOC(%) = ———1—
p(NWP,15°C)

Note 3 to entry: The hydrogen densities at the two major nominal working pressures are:
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— density of Hp at 35 MPa and 15 °C and = 24,0 g/1

— density of Hp at 70 MPa and 15 °C and = 40,2 g/1

Note 4 to entry: The p(PT) function for hydrogen is available from the National Institute of Standards and
Technology (NIST) at http://www.boulder.nist.gov/div838/Hydrogen/PDFs/Lemmon.2008.pV113.N06.A05.pdf

3.60

station pressure
pressure of the hydrogen gas supplied to the vehicle by the station, measured near the hose breakaway

3.61
target p

3.62
vaporiz¢
device of
liquid to

4 Abh

AHJ
AiCHE
ALARP
API

CEN

CENELEC

CFD
CHSS
ESReDA
ETSI
LFL

MAWP

Fessure
station pressure that the hydrogen fuelling protocol targets for the end of fuelling

her than a tank that receives hydrogen in a liquid form and adds sufficient lieat to convert the
a gaseous state

reviated terms

MEGC

Authority Having Jurisdiction

American Institute of Chemical Engineers (AIChE)

As Low As Reasonably Practicable

American Petroleum Institute

French: Comité Européen de Normalisatien (European Committee for Standardization)

French: Comité Européen de Normalisation Electrotechnique (European Committee for Elef
trotechnical Standardization)

Computational Fluid Dynamics

Compressed Hydrogen Storage System

European Safety, Reliability and Data Association
European Telecommunications Standards Institute
Lower Flammability Limit

Maximum Allowable Working Pressure

Multiple Element Gas Containers

MOP
NWP
0GP
OREDA
QRA
PRD

10

Maximum Operating Pressure
Nominal Working Pressure

Oil and Gas Producers

Offshore and onshore REliability DAta
Quantitative Risk Assessment

Pressure Relief Device
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PSD Pressure Safety Device

PSV Pressure Safety Valve

SoC State of Charge

TPRD Temperature-activated Pressure Relief Device

VCE Vapour Cloud Explosion

5/ General safety recommendations

5|1 Hydrogen fuelling station safety recommendations

The hydrogen fuelling station installation should be sited to minimize risk to usets;-operating personnel,
properties, and the environment. The following elements of a hydrogen fuelling station should be

considered potential hazard sources:

on-site hydrogen production unit;

hydrogen delivery system, including remote fill points as applicable;
compressors;

storage;

piping;

dispensing units.

llowing hazards:
fires, deflagrations, detonations.and blast waves;
asphyxiation hazard (due to release of gaseous hydrogen or inert gases in confined spaces);
cryogenic burns (liquid hydrogen supply);
impact from pressuye / debris;
any additional’hazards associated with the system, including:
— electfocution hazards;
— working at heights (e.g. roof mounted equipment);

< 'injury from moving equipment / hose whip.

e following three stages of safety assurance should be considered:

— prevention of accidents through a combination of the following:

©

— application of state of the art technology;

— following technical standards and simple handling procedures to users and operators;
— designing the user-machine-interfaces in a straight forward manner;

— emphasizing training of personnel, managing competence of personnel;

— implement Management of Change processes;

ISO 2016 - All rights reserved
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— establishing preventative maintenance.

— mitigation strategies by combination of the following:

— application of state of the art technology;

— Dbarriers and layers of protection;

— safety measures;

— safety distances.

— stru
In gener3
— mini
— mini
—  miti
— miti

— redu
geng

5.2 Ri

Risk ass
OWNETrsS 3
of safety

Risk ass
mitigatid
individu

station i accordance with one of the following standards: ISO 31000, ISO/IEC 31010, and/or ISO 1210

Methods
detail re|
decision
be presc

It is recq
quantita
informat
included

Qualitati

ctured and effective emergency response (contingency planning).

11, the following mitigation strategies should be considered:

mization of the potential for the formation of a flammable or explosive mixtures

mization of the potential for ignition (from both piloted and spontaneous ignition sources);
bation of the effects of a fire or explosion originating from the fuelling station installation;

bation of the impact to the fuelling station installation from an extérnal fire;

rated by potential leaks or releases.

5k assessment

bssment may be used as a flexible compliance option. Use of risk assessment allows statig
nd designers to flexibly define station-specificmitigations that achieve an equal or better lev,
to those of prescriptive recommendations.

pssment is the overall process of risk ddentification, risk analysis, risk evaluation and rij
n. Risks can be assessed at an organizational level, at a departmental level, for project
] activities or specific risks. A riskassessment should be performed for the hydrogen fuelliy

used in assessing risks can-be qualitative, semi-quantitative or quantitative. The degree
quired will depend upen;the particular application, the availability of reliable data and t}
making needs of thecorganization. Some methods and the degree of detail of the analysis m3
[ibed by legislationt

mmended thatthe risk assessment carried out for the hydrogen fuelling station should
[ive or semi‘quantitative. Recommendations for the method, degree of detail, and source

in 5.3 and’5.4.

ve-assessment defines consequence, probability and level of risk by magnitude levels such 3

”

“high”, “

ction of the physical effects of the explosion strength poténtial of explosive atmospher

ion used-in(the assessment when carried out specifically for a hydrogen fuelling station af

LS

hmadinum” and “laws
HHG—OW—;

nt

level of risk against qualitative criteria.

Semi-quantitative methods use detailed models and data for either consequence or probability, and
qualitative treatment for the other. One example is a “consequence only” analysis which uses detailed
consequence modelling and assumes the probability of a scenario is 1,0.

Quantitative analysis uses detailed models and data to estimate for consequences and their
probabilities, and produces values of the level of risk using both probability and consequence. Level of
risk is expressed in specific units defined when developing the context.

12
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5.2.1 Methodology for semi-quantitative and quantitative risk assessment for assessing
hydrogen installation safety

5.2.1.1 General

It may be possible to use Quantitative Risk Assessment (QRA) and/or semi-quantitative (e.g.,
consequence-only) analysis instead of prescriptive requirements to allow the hydrogen fuelling station
to use alternative methods which are of an equivalent, or higher, level of safety to the prescriptive
requirements. Using QRA may allow (for instance using mitigation measures) for shorter safety

distancesand/or simplified stationlayout.

uuuuuuuuuuu oty

Iff QRA is used, this clause provides recommendations for performing that analysis. This|analysis
fdcuses on at hazards involved with the release and ignition of hydrogen mixtures and related physical
effects. This does not cover non-hydrogen hazards associated with the fuelling station;see 5.1(.

Developing an approach to protect against harm should consider the following factors:
— nature of the hazards (e.g., thermal, pressure, toxicity, etc.);

— physical properties of hydrogen under the design and operating cenditions;

— equipment design and operating conditions;

— installation design and location, including protection measures;

— targets (e.g., person, property, equipment) which are being protected from effects of potential
hazards.

Alsemi-quantitative risk assessment provides an intétrmediary level between the textual evaluations of
gpalitative risk assessment and the numerical evaluation of quantitative risk assessment, by eyaluating
risks with a score. Semi-quantitative risk assessment provides a structured way to rank risks
rcording to their probability, severity or both (criticality), and for ranking risk reduction adtions for
their effectiveness. This is achieved throngh a predefined scoring system that allows one fo map a
perceived risk into a category, where there is a logical and explicit hierarchy between categories. Semi-
ghantitative risk assessment is generally used where one is attempting to optimize the allocation of
ayailable resources to minimize the'impact of a group of risks.

QO

el
t

helps achieve this in two ways:

- first the risks can/be.placed onto a sort of map so that the most important risks can be sgparated
from the less impertant;

— second, by ¢omparing the total score for one or a series of risks before and after any proppsed risk
reductioniumeasures, so one can get a feel for how relatively effective the mitigation stratpgies are
and whether they merit their costs.

For performing a semi-quantitative risk assessment, a full mathematical model is not alwayg needed.
It ceuld sometimes offer the advantage of being able to evaluate a larger number of different kind of
137 ) L : i : possible

5.2.1.2 Summary of methodology

Risk assessment provides a framework to establish a common understanding of the system safety level
based on robust science and engineering models. The process enables transparent, evidence-based
safety decisions. The QRA approach uses a combination of probabilistic and deterministic models to
evaluate potential consequences on the targets identified in the previous clause. Risk is characterized
by a set of hazard exposure scenarios, the causes associated with each scenario, the undesirable
consequences associated with the scenario, and uncertainty about these elements (this uncertainty is
generally expressed by probability). In consequence-only modelling, the probability term is ignored,
but the remainder of the analysis follows the same methodology.
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One major aim of risk assessment is to provide a description of the hazard scenarios, their causes and
consequences and uncertainties (taken in part or in whole), for use in decision making (e.g., comparison
against a defined risk acceptance criteria).

The process for risk-informing mitigations includes the following steps, as displayed in Figure 3:

— target determination- Define the targets being protected, and as necessary, the hazard sources.
Table 3 provides many examples of targets;

— analysis scoping - Select appropriate risk type for each target and establish tolerability criteria

(e.g.

— syst
be ci

— Caus
scen

— cons
thos

— risk
risk;
com

—  riskq

alal L i | LI, I | AR | 4
dLLTPLAUIC/UIIdLLTPLAUIT TISKICTVEL ) TUD T4ALIT LAl gCL,

bm description - Document the system and installation being analysed, including mitigations
edited in the analysis and which events they mitigate (see 5.1);

e analysis - Identify and model the hazard scenarios and quantify the probability of eaq
ario in the model for each source and target;

equence analysis - Identify the physical effects for each scenario, and quantify the impact
b effects on the targets;

assessment - Integrate the cause and consequence models intoCaii assessment of the tot
bination of mitigation elements to maintain risk level withinthetolerability region;

informed mitigations -- Increase or reduce mitigations t@achieve risk level within tolerabilif

regi¢n (including consideration of uncertainty).

Perform sensitivity studies and changing modelling assumptions to identify appropriag

h

hl

y
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Consequence

Target determination

Define targets for each type of
safety distance

v

Analysis Scope

. Deflagration/
Jet fire ( Detonation

Select risk metrics and
tolerability criteria

v

System description
. Document the system and site
in detail, including mgitations

\ 4
Flame radiation
Calculate heat flux or
extent of flammable region
at each target location

L— Jd L J L

mitigatiens ¢

Risk-informed mitigations

| to be credited in the analysis
| + Overpressure
+ Calculate the overpfessure
| Release sizes w and duration for pach
| Calculate size of flame or target
Define release sizes to be extent of flammable region

| analyzed
| il v
| Release frequencies Thermal harm Overpressure larm
| Calculate the frequency of releases Calculate probgpility of Calculate probability of
| for each release size, taking into loss fr.om thedxpal ef.fects loss from overprepsure
. account system design and release (radiatigpehvective) effects
| mitigations
| v 7
! Release characteristics
| Calculate the parameters of the Harm total .

release for each size Calculate total expected harm/loss for all scenarios and
| all targets
| ¢ ¢
| Scenario probability
| Calculate the probability offjet Total risk
| fires, deflagrations and — D Calculate total risk using harm and scenario probability

detonations, taking inte adcount (if applicable)

| system design ard ignition
|
|

[ As necessary to achieve tolerable risk:

Adjust mitigations and repeat calculation Compare total risk to analysis

criteria

-Grey shading denotes an analysis step that is used only in full -QRA approach

yal e 1 < 4+ 1 H i+
Concaverectangle-denotesanalysis-step
- Rectangle denotes calculation step
- Diamond denotes branching

Figure 3 — Example of a risk-informed approach to safety distances

5.2.1.3 Target determination and analysis scoping

Each characterisation of safety distance in Table 1, affects one or more classes of target. Table 3 provides
many examples of targets for each type of safety distance. Types of safety distance should be defined
according to national requirements / guidance, with appropriate targets and hazards sources defined
for each type of safety distance.
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5.2.1.4 Hazards

The primary hazards related to the use of hydrogen are the release and subsequent ignition of hydrogen.
The two main hazards are thermal effects (e.g. conduction or radiation from hydrogen flames or post
flame gases) and blast effects (overpressure and impulse) from deflagrations and detonations. Both of
these hazards should be modelled for all sources and all targets.

5.2.1.5 Risk and harm criteria and tolerability limit selection

Risk and harm criteria are established through close interactions with stakeholders, which may include
detailed [surveys of existing risk benchmarks. A best practice is to ensure that risk from hydroggn
fuelling ghould be equal to or less than the risk posed by similar activities, which could include gasoline
fuelling, pccupational accidents, general accident rates within the population, etc.

For perspnnel risk, including workers and/or members of the general public, four widely(uiSed fatality
risk critgria are:

— FAR|(Fatal Accident Rate) - the number of fatalities per 100 million exposed hours;

— AIR [Average Individual Risk) or Individual risk per annum - the individual risk averaged over the
population which is exposed to risk from the facility;

— PLL [Potential Loss of Life) - the average number of fatalities (per system-year);

— F-N furves representing the expected frequency at which N.-6r more people will be exposed to|a
fatall hazard (cumulative distribution function). Such curves‘may be used to express societal rigk
critgria.

Other criteria may be used, such as:

— averpge number of hydrogen releases per system-year;

— averpge number of jet fires per system-year;

— averpge number of deflagrations/detondtions per system-year.
Consequpnce-based harm or damage criteria may be used, such as:
— heat|flux level;

— thermal dose;

— fla:[ temperature;

— flamfe length;
— pealf overpressure;

— gas ¢ onCentration;

— fluid temperature.

Acceptance criteria should be specified. These may be specified in terms of single values, acceptance
bounds or distributions, use of ALARP (As Low As Reasonably Practicable), option comparison, etc.

Due to the complexity and uncertainties involved in predicting performance in engineered systems,
there will always be a level of subjectivity attached to any risk assessment result. This uncertainty
should be considered when selecting risk and harm criteria and tolerability limits.
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5.2.1.6 System description

The analysis should contain documentation of the installation and operational environments (as-
built and as-operated). Documentation should contain sufficient detail to allow replication by an
independent expert.

The documentation should define and identify the system, and components, their functions, and their
relationships and interfaces. Block diagrams, P&IDs, and other figures should be included to facilitate
understanding of the boundaries of the system, components of the system, and functions of each
component in each operational environment. Installation characteristics should be described, including
expected use conditions and layout diagrams. Expected operating parameters/states of hydrogen in
the system should be documented.

The scope of work should capture and define the work activities and intended applications. Ifjmultiple
operational environments are contained in one analysis, the work activities should-be defined for each
perational environment.

]

2.1.7 Cause analysis

[ those causes. This involves creating models that describe the scénarios that occur after a release of

5

The goal of cause analysis is to provide insight into the causes of hazardous exposures and the likelihood
0

hydrogen, and quantifying these models using probability information.

5/2.1.8 Exposure scenarios
Al a minimum, exposure scenarios should contain the following elements:

— release of hydrogen. Release sizes that are te.be modelled should be defined based on|national
requirements or guidance;

— occurrence of ignition. At a minimum, jgnition should be sub-divided into immediate and delayed
ignition;

— jetfires, deflagrations/detonatiofis.

Rpot causes of releases should be identified qualitatively. Use of root cause information in quantification
id optional. Root causes should\include:

— leaks from individual.components, including separation of a component or unintended opgration;
— shutdown failures;

— accidents, ifcluding collisions and drive-offs;
— human-errors.

S¢enarie-and root cause models may also include:

- “leak detection systems;

— system isolation;
— more detailed bifurcations of “ignition”.

For QRA, exposure scenario fault expressions may be documented graphically, e.g. in Event Trees or
Event Sequences Diagrams, or fault expressions can be manually specified. Root causes may be given as
a list, or documented graphically, e.g. in Fault Trees, or through fault expressions.

5.2.1.9 Data for scenario quantification

Data used should be of sufficient quality to support decision making. Sources of data should be
documented in the analysis.
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should use published, hydrogen-specific data if it is available.

Non-published, hydrogen-specific data, such as proprietary company-specific data, may be used. If such
data are used, the data should be documented and should be made available to the AH] or designated
reviewer if requested. The designated reviewer should give extra scrutiny on inputs that lower
probabilities below commonly used data sources.

In lieu of hydrogen-specific data, commonly accepted, published data sources (OREDA, ESReDA, AiCHE
or API 521) from similar industries and applications should be used.

5.2.1.10

This invglves determining the physical effects of the scenarios, as well as the target responserto-thof

physical

5.2.1.11
The phys

2) pressuire effects. The primary physical effects relevant to ignited hydrogendel€ases are fire effec

(for exan
impulse

NOTE

Modellh;g of these required physical effects requires modelling several physical processes: release, j
n

flames,
The phy

expected

5.2.1.12

The first
of the fl
systems

in high-pressure hydrogen systems within the parameter ranges expected in the fuelling installation

specific §

5.2.1.13

The sour
list of ex

— light

— statilc electricity (including clothing)

Consequence analysis

effects.

Physical effects of the accidents

ical effects of hydrogen fires which should be modelled for a target are 1).thermal effects ar

ple; impinging flames, high temperature, heat flux) and explosion effects such as pressure ar
vaves.

Debris effects (e.g., from over-pressurization of hydrogen vessel) are'not required to be modelled.

d deflagrations and detonations.

bical models used should be validated for use in@n hydrogen within the parameter rangg
in the fuelling installation or specific equipment;

Hydrogen release characteristics

step in characterizing consequences(is to characterize the release of hydrogen and the exte
ammable envelope. Thermodynanli¢ parameters of releases from high-pressure hydrogg
can be estimated using notional'nézzle models. The selected model should be validated for u;

bquipment. The selected model should be specified in the analysis documentation.

Ignition sources

ce of ignition for‘an'installation or the process itself should be examined. A non-comprehensiy
hmples is as follows:

ning

[S

LS

Nt

e

— mec

hamical cp:\rl{c (Fnr nvnmp]n; mnving parfc, tools notsuitable for nvp]ncivn :\fmncphprpc)

— naked flames

— hot surfaces (for example; overheating by adiabatic compression)

— electrical components and installations (for example; electric sparks)

— exposed live cables

5.2.1.14

Jet flame behaviour

Releases from high-pressure hydrogen systems that are ignited immediately produce momentum
driven jet flames. A validated hydrogen model should be used to predict the characteristics of a jet

18
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flame necessary to meet the goals of the analysis. The selected characteristic(s) should be specified
in the analysis documentation. Characteristics relevant to the goals of the analysis may include flame
length, flame width, or heat flux. The position at which these characteristics are calculated should be
specified in the analysis.

5.2.1.15 Deflagration and detonation behaviour

Releases from hydrogen systems which are not immediately ignited may accumulate and result in a
flash fire, blast or vapour cloud explosion (VCE) when ignited with thermal and pressure effects.

Thermal and overpressure effects created from hydrogen deflagration or detonatiom-gdan vary
significantly based on the scenario.

The least significant is a flash fire when the cloud is ignited in its extremity (regions-below] 10 % of
hjdrogen). Flash fires result in thermal effects with very small overpressure.

When the cloud is important and ignition near the central stoichiometric fegion, the overpressure
effects (and associated impulse) produced could be more important.

The turbulence in the hydrogen release, and/or the presence of objects' can potentially result in an
irfcrease of the overpressure generated.

Blast effects may be modelled using validated software code based on Computational Fluids Dynamics
(CFD), empirical or Phenomenological methods.

2.1.16 Harm models

5

Alharm or damage model or criteria is used to translate the physical effects into the harm to a person, a
component, or structure. This should be done throeugh use of either a model or criteria, includipg single
c]:iteria, deterministic models, probability modéls, probit functions. The selected criteria or mpdel may
come from reference to establish scientific\information or national standard. The selected model or
criteria should be specified in the analysisydocumentation.

5{2.1.17 Risk calculation

Spme forms of risk assessment-calculate risk for multiple individual scenarios and some|use one
glculation of risk for multiple'scenarios.

(@)

When the total risk for-the’system is required, this should be calculated by combining the resullts of the
enario (cause) analysis and the consequence analysis into the total.

(%)

Risk is expressed-as follows:
Risk =3y (f, *C,)

wihere, risk is summed over all n selected scenarios, fy, is the frequency of scenario n, and [cy is the
conséquence for scenario n.

Risk may be calculated separately for each type of consequence (e.g., harm, loss).

In all cases, a combination of risk analysis and consequence only analysis may be used. For example, an
AH] may ask for a consequence only analysis for additional specific scenario and an AH] may ask for a
total risk analysis to include additional scenario.

5.2.1.18 Risk-informed mitigations
The estimated risk level should be compared to the risk acceptance criteria.

If the estimated risk level is above the acceptance criteria, the analyst should implement additional
mitigations or increase safety distances to reduce the risk level, and re-run the analysis.
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If the estimated risk level is below the acceptance criteria, the mitigations or safety distance may be
reduced.

Analysts should consider/discussion appropriate methods to account for uncertainty when comparing
to risk criteria. This should be addressed through use of conservative risk criteria, or sensitivity
analysis or methods to propagate uncertainties.

5.3 Mitigation measures to improve system safety

The risk assessment should demonstrate that the mitigation measures are appropriate to achieve the
desired ffeduction of the probability and/or consequences of each scenario. Mitigations which impreye
overall safety of the system (as demonstrated by use of the quantitative risk assessment process defingd
above) nlay be used to:

— reduce prescriptive safety distances through the risk-informed safety distance process;

— relax existing prescriptive mitigation measures by carrying out a semi-quantitative or quantitatiye
risk pssessment.

Aslong as total system risk remains below the selected tolerability threshold fRisk acceptance criterig).

Several mitigation features affect the probability and/or impact of multiple aspects of the analysjis
(e.g., usq of enclosures can reduce the probability of ignition, but it(could potentially increase the
consequénce of deflagrations) - when credit is taken for a mitigatiofithe entire analysis should be rg-
run to erfsure that total risk is sufficiently low.

5.4 Mitigations which reduce the potential for the formation of a flammable or
explosiye mixture

5.4.1 eneral

Hydrogeh fuelling stations should be designéd’ and operated such that, where an intentional ¢r
unintentjonal release of flammable gas occursduring normal operation, the formation of a flammable
or explogive atmosphere is prevented, minimised, detected or controlled. Further detailed informatign
is availalple from the IEC 60079 series of standards.

Where ppssible, it may be preferahle)to locate hydrogen process equipment in the open air, with naturpl
ventilatipn to dissipate any leaked hydrogen. Alternatively the hydrogen equipment may be located |n
an enclogure to permit detection of leaks and instigate forced ventilation to prevent accumulation.

The following mitigations'may reduce the frequency or probability of a release

— equipment designs which minimize the number of connections, are leak-free by design or uge
inherently saféyequipment design;

— permanentinert atmosphere;

J— in-p ocess lealk detection such as the ahi]ify forisolated cycfnmc to hold pressure;

— regular inspections and maintenance.

The following mitigations may reduce the frequency of scenarios related to gas accumulation (delayed
ignition scenarios)

— hydrogen detectors to provide detection and automatic shutdown/isolation if flammable mixtures
present, particularly in enclosed spaces;

— ventilation (e.g. passive or active ventilation).
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Where the source of release is situated outside an area or in an adjoining area, the penetration of a
significant quantity of flammable gas or vapour into the area can be prevented by suitable means such as:

— physical barriers;

— maintaining a sufficient overpressure in the area relative to the adjacent hazardous areas, so
preventing the ingress of the explosive gas atmosphere;

— purging the area with sufficient flow of fresh air, so ensuring that the air escapes from all openings
where the flammable gas or vapour may enter.

91

4.2 Hydrogen detection systems

s

[ydrogen detection apparatus used in hydrogen sensing and monitoring systems should comply with,
nd meet the accuracy requirements of [ISO 26142.

o)

Hgdrogen detection apparatus and/or hydrogen detection systems should have @suitable range for the
ncentration set-points used to initiate a response through the control or safety system.

(hen used, hydrogen detection apparatus should be installed where it*has the highest like]ihood of
btecting the foreseeable leaks, such as:

QL =

— upstream of the ventilation system;

— where the released hydrogen is most likely to accumulate,

The appropriate response should be determined by the manufacturer’s risk assessment.
This may include different activation limits, for example:

—+ alower activation limit, set at a maximum value of 25 % of the lower flammability limit (LF[), which
instigates further mitigation measures afyd alerts the fuelling station operator, and other yisers. An
alarm set point lower than 25 % LFL may be appropriate depending on the station risk assessment,
for example, for enclosed areas witha high level of congestion;

— a higher activation limit, set at;/a maximum value of 50 % of LFL, which instigates an emergency
shutdown and alerts the fuellihg station operator, and other users. An alarm set point lower than
50 % LFL may be appropriate depending on the station risk assessment, for example, for |enclosed
areas with a high level‘oficongestion.

T

irther mitigation measures that may be appropriate to be taken upon detection of a flammable
atmosphere above thellower activation limit include, but are not limited to:

— shutoff of thehydrogen supply to the equipment within the enclosure from an isolation point outside
of the coptainer;

— depressurisation of the hydrogen equipment within the enclosure to a safe location;

— cde-energization of electrical equipment not intended for use in flammable atmospheres;

— increased ventilation.

The duration of the audible and visual signals instigated by the hydrogen detection system should be
determined by the manufacturer’s risk assessment. Where safe to do so, it is recommended that the
visual signals should remain until the alarm condition has been corrected and the fuelling station control
or safety system has been manually reset. The audible signals may be automatically extinguished when
the concentration of hydrogen falls below a defined set-point, after a specified period of time or when
the control system is manually reset.
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5.4.3 Safety and emergency shut-off systems

In order to minimise the magnitude of an unintentional release, or to minimise the duration of the
flammable or explosive atmosphere, emergency isolation valves that can safely shut-off the hydrogen
supply from the hydrogen storage to other areas of the hydrogen fuelling station should be installed.

The fail-safe position of automatic valves in liquid hydrogen lines in the event of power or pneumatic
pressure loss should be defined by risk assessment and implemented accordingly.

5.4.4 Mitigation for the formation of a flammable or explosive mixture in enclosures

The forrhation of hazardous explosive atmospheres resulting from anticipated hydrogen leaks-or
releases in enclosures should be minimised when practical.

NOTE 1 | When this is not practical, see 10.2 for guidance on classifying hazardous areas and’ controlling
ignition spurces within the hazardous area.

A non-comprehensive list of example prevention methods is as follows:
— passjive ventilation;

— active ventilation;

— flammable gas detection system or ultrasonic gas detection;
— integrity testing (rate of pressure loss measurement) of isolated’piping sections;
— othef means of leak detection.

Where passive or active ventilation is relied upon for preventing ignitable mixtures, the ventilatign
rate sho{ild maintain a volume fraction below 25 % ofithe lower flammability limit (LFL) of hydroggn
or any offher flammable gases (see 5.4.2). Where continuous or primary grades of release, as defined |n
[EC 60079-10-1, are anticipated, a lower volume fraction may be appropriate.

Small dilution volumes where the structural-integrity of the enclosure would not be affected in case pf
ignition, [based on the maximum anticipated flammable gas leak rate into the enclosure as determingd
by the mfanufacturer, may be exempted from this requirement. The manufacturer should demonstrate
that the ¢gquipment is fit for the purpose.

This ratg of ventilation need not be permanently present if it is initiated by a flammable gas detectign
system ypon measurement df the lower activation limit complying to the recommendations of 5.4|2
However the rate of ventilation necessary to prevent the formation of an explosive atmosphere due fo
normal gnd expected releases (e.g. natural leaks from fittings, or hydrogen permeation through non-
metallic [materials), should be maintained whenever the process contains hydrogen under pressure,
whether|the systenmiis'in operation or not.

Whenev¢r active ventilation is used, the minimum required ventilation rate of the ventilation system
should bg¢ specified. The pressure drop across the ventilation system and the maximum outlet pressuye
of the veptilation system should be taken into account as important design criteria.

Enclosures containing non-classified electrical equipment, not suitable for operation in a hazardous
area, that rely on active ventilation for protection against the formation of a flammable atmosphere
should be purged with sufficient air changes prior to the energization of such equipment.

Failure of active ventilation or detection of flammable gas in an enclosure at the maximum volume
fraction of 25 % of the LFL of hydrogen or any other flammable gases present should cause the shut-off
of the supply of hydrogen and other flammable gases to the enclosure and the de-energization of non-
classified electrical equipment.

Computational fluid dynamics analysis, using calculation tools validated for hydrogen, physical testing
using a tracer gas, or similar methods given in IEC 60079-10-1, may be used to design the means of
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active and/or passive ventilation and the means of hydrogen detection for providing the required
protection.

NOTE 2  Sudden and catastrophic failure of vessels or piping systems need not be considered a leak scenario in
this analysis when protection against such failures has already been contemplated in the tank and piping design.

Area classification determined according to 10.2 and the protection recommendations for equipment in
classified areas may be adjusted taking into account the means of ventilation and the means of flammable
gas detection that are present. In all cases, electrical apparatus operating in dilution volume that can
exist near potential sources of release (leaks points) should be protected in accordance with 10.2.2.

Ehclosures should be designed so as to avoid high points where hydrogen can accumulate uhdetected.

5/4.5 General requirement hydrogen venting for mitigation for the formation of a‘flammable
ol explosive mixture

Flows from vents and safety relief equipment should be piped outdoors toca‘safe location|to avoid
fdrmation of a flammable or explosive mixture in hydrogen equipment enclosures or other |ocations
wihere the consequences of ignition of the vented hydrogen would pose adiazard.

The position of hydrogen vent stacks should be taken into account jn'the layout of the installation and
should be such that the vent may be used for operation, maintenance-and emergency responsg without
creating hazardous conditions. Consideration should be given ta’the temperature of the hydrggen that
idvented, and the effect that this can have on the density of the vented gas.

The vent outlet location should be arranged to discharge.to open air, and so as not to generatefa hazard
fdr persons or neighbouring structures, away from personnel areas, electrical lines and othey ignition
urces, air intakes and building openings. The ventsstack should not discharge where accumylation of
ydrogen can occur, such as below the eaves of buildings.

S
h

Hlydrogen dispersion and radiated heat calculdtions should be carried out to establish the locdtion and
height of vent stack exits. Further detail is provided in 5.8.4.
T
h

he outlet of the vent stacks should notbe equipped with devices that deflect the direction of the vented
ydrogen downwards.

5|5 Mitigations which reduce the potential for ignition

5/5.1 General

The following mitigations may reduce the probability of ignition:
— restrictiovef activities;

— areaclassification;

— _design by construction of components or equipment;

— electrical measures; (e.g., grounding and bonding)
— equipment enclosures;

— procedures. (e.g. anti-static clothes or non-sparking tools, limited access)

5.5.2 Areas subject to restriction of activity

Equipment or areas of the hydrogen fuelling station in which flammable materials are handled or
stored should be designed, operated and maintained so that any releases of flammable material, and
consequently the extent of potentially explosive atmospheres, are kept to a minimum with regard to
frequency, duration and quantity, whether in normal operation or otherwise.
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In a situation in which there may be an explosive gas atmosphere, the following steps should be taken:

— minimise the likelihood of an explosive gas atmosphere occurring around the source of ignition;

— minimise the likelihood of potential sources of ignition being present.

This may be achieved through the control of ignition sources in the potentially explosive atmospheres
by the restriction of activities within defined distances, referred to as “restriction distances”, and
by the implementation of a hazardous area, as classified according to IEC 60079-10-1, in which fixed

electrica
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1 equipment should be appropriately classified, see 10.2.2.

here restrictions on ignition sources should be implemented are applicable from pointsypf
releases of hydrogen and/or other flammable fluids, or from the exhaust of passive or-actiye
bn of enclosures around equipment containing flammable fluids. In some cases the distancés

ht to the hazardous area as defined according to [EC 60079-10-1, in other casesdhe restrictign
5 may be determined by other methodologies.

horized persons should be allowed to enter such areas. They should be@ware of the hazards
ly encountered and the relevant emergency procedures.

on of activity does not apply to the dispenser area, for which spécific risk assessment may

ble equipment which may generate an ignition source.when brought into the restricted
ea (i.e. portable lamps, flashlights, communication devicés) should comply with the safety

ince operations requiring the generation of an ignition source within the restriction distancés
e installation is in operation or pressurized with*hydrogen should only be performed in caj
b necessity where hydrogen presence in the atmosphere is not likely under normal condition|

analyser. Welding and grinding should>be done with the utmost care. Hydrogen pipes ar
ht should be protected from weldingland grinding sparks by suitable protection devices sud
hg/fire blankets. Such maintenance-0perations should be covered by a risk assessment, wif
ttention to explosion and fire risks, in which all the measures necessary for ensuring safef

< ooas o

Information on electricalgrounding and bonding to prevent ignition sources is provided in 10.1.4.

tigation of the escalation and/or impact of a fire or explosion originating from
ing installation

pwing>mitigations may reduce the effects of fires or explosions originating within the
o

— flame or fire detection;

— equi

— acce

pment enclosures;

ss control measures (e.g., fences, walls, equipment enclosures);

— safety distances such as minimum distance between storages (see 5.8.1);

— explosionrelief protection [see for example; API 521 Guide for pressure-relieving and depressurising
systems].
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5.6.2 Flame detection systems

Where identified by the hydrogen fuelling station risk assessment, means of detection of hydrogen fires
should be provided to avoid escalation due to flame impingement on neighbouring equipment.

Infra-red, ultra-violet emission or thermal sensors may be used for hydrogen fire detection.

Means should also be provided to detect fires (e.g. smoke detectors) in equipment that have particular
fire hazards (e.g. high current electrical equipment) if such fires can directly affect hydrogen storage
systems.

5/6.3 Enclosures containing hydrogen systems
Ehclosures containing hydrogen systems should be constructed of non-combustible materials,

Windows and doors should be in exterior walls and should be located so as to beé-readily accg¢ssible in
cdse of emergency.

Requirements for the fire resistivity of the floor, walls, ceiling and any-openings (doors, windows)
should be defined by risk assessment.

If|the floor, walls and ceiling are included to protect the hydrogensystem from sources of fjre, or to
ré¢duce safety distances from the hydrogen system to external objects due to a fire inside the epclosure,
these should have a fire-resistance rating appropriate for thé scenario and, where applicable} provide
time for fire brigade intervention.

Requirements for over-pressure relief should be defined by risk assessment.

Where required, explosion venting should be providéd in exterior walls or the roof only. Vents should
consist of any one or any combination of the following:

— lightly fastened hatch covers;

— lightly fastened, outward-opening, swinging doors and/or suitable pressure relief wigdows in
exterior walls;

— lightly fastened walls or roofs;

— walls of light material;

— continuously openvents in the exterior walls or roof of the enclosure.
(here applicable/stiow loads should be considered.

W

The consequeénces of explosion relief e.g. over-pressure outside the opening, projectiles, moviement of
dpors or hatches should be considered by risk assessment.

R

equirements for the over-pressure resistance of the floor, walls, ceiling and any openings (doors,
wlindows), where not intended for explosion relief, should be defined by risk assessment.

If the floor, walls and ceiling are included to reduce safety distances from the hydrogen system to
external objects due to an explosion inside the enclosure, these should have an over-pressure capability
appropriate for the scenario.

5.6.4 Emergency release of gas from hydrogen storage tanks under fire conditions

If hydrogen storage tanks may be exposed to fire conditions (from inside or outside the storage area
or compartment) that could lead to rupture, thermally activated (non-reclosing) and/or manually
activated valves should be provided to safely vent all the content of the hydrogen storage. Where such a
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valve needs manual activation, this should be possible from a safe location. In this case, the vent system
should be designed accordingly, see 9.14.5.

NOTE National regulations can prohibit the use of manually activated valves.
5.7 Mitigation of the effect of an external fire/events on the fuelling station installation

5.7.1 General

Measures-sheuld—-be-taken—to—minimize—the—effectofeven Lot Loy
vicinity ¢f the fuelling station. These measures may include the following:

— safety distances;

— lightlning protection;

— fire barriers;

— vehifle impact protection;

— protpction against spillage of flammable fluids from other sources;
— acceps control measures;

— protpction against external events.

5.7.2 layout

The laydgut of a hydrogen fuelling station should minimise the likelihood of damage from activiti¢s
carried qut on the fuelling station, or external to the fug¢lling station property.

This mayfinclude hazards from fires of stored fuel or'other combustibles, including buildings, on or in the
vicinity fo the fuelling station, damage from impdct of moving equipment / vehicles or environmentpl
hazards puch as falling trees.

Hydrogeh installations should be kept free’of debris and other flammable waste.

No flamrpable liquids should be ableto accumulate under the hydrogen storage tanks.

5.7.3 ire barrier recomniendations

A fire bafrier may be usédias a mitigation option to reduce safety distances. A non-comprehensive lipt
of example safety distanges for which a fire barrier could be used is as follows:

— building of ceambustible material;

— flammable’liquids above ground;

— stockof’combustible material:

— flammable gas storage above ground;

— jet flames following ignition of hydrogen releases from the fuelling station;

— overpressure following delayed ignition of hydrogen releases from the fuelling station;
— pool fires following ignition of hydraulic oil releases.

If a fire barrier is used as a mitigation option, it should be made of suitable non-combustible materials
and have a minimum fire resistance rating of 30 min, as measured according to ISO 834-1. Consideration
should be taken for the overpressure effects generated around the barrier by an unignited or ignited
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release. Walls intended as mitigation against fires / over-pressure should have requirements defined
by risk assessment.

Any walls intended to function as a fire barrier should not include means of overpressure relief.

When used in conjunction with an outdoor storage system, the fire barrier should not generate
additional risks for operating personnel in case of foreseeable incidents, also see 5.7.6.

5.7.4 Mitigating against vehicular impact

Hlydrogen storage and dispensers should not be Tocated in a direct Iine of traffic, e.g. entrancd / exit to
station. Further details for the protection of dispensers from traffic are included in 9.10.1.

The station design should minimise the need for vehicle manoeuvres as far as is reasonably practical,
irf order to reduce the risk of an unsafe situation arising through, for example, the need for vehicle
r¢versing. Vehicle movement on the station should be clearly identified by means,ofsigns and a:arkings.
he fuelling station operator should conduct an impact assessment that takes’into account the vehicle

T
nmlovements within the fuelling station.
Vi
v

bhicular impact protection should be appropriate for the anticipated.type and speed of vehicles in the
cinity of the hydrogen equipment.

NPTE Further guidance on examples of how to achieve this is included as Annex E.

7.5 Firefighting systems

5

The location and quantity of firefighting equipment sheinild be determined depending on the size of the
hydrogen fuelling station and in consultation with the local fire authorities.
W

fater should be made available in adequate velume and pressure for fire protection (firefighting and
cooling of fire affected equipment) as determified in consultation with the local fire authorities.

For fire-fighting purposes, suitable fire*extinguishing appliances should be placed in readingss in the
v]cinity of hazardous areas. Details are:to be co-ordinated with the local fire authorities.

Hydrogen fires should never be extinguished whilst allowing a release to persist. Where the source
of hydrogen cannot be isolated, from the point of the leak, hydrogen fires should be allowed to burn
uptil the hydrogen fuel is completely consumed. Extinguishing a hydrogen fire before the hydrpgen fuel
i completely consumed could lead to an explosion in the event of a re-ignition of the hydrgdgen. The
firefighting equipment should only be used to prevent the spread of a hydrogen fire, e.g. fof cooling
stirrounding equipment or for cooling down the hydrogen storage to avoid bursting of the vessdls. Water
frlom the firefighting system should not be directed at or introduced into a hydrogen system vent stack.

5/7.6 Emergency principles and operations

Stiitable~roadways or other means of access for emergency equipment, such as fire department
apparatus should be provided.

The installation should be designed so that authorised personnel have easy access at all times and have
adequate means of escape in the case of emergency. Access should be prevented to all unauthorised
persons. Emergency exits should be kept clear at all times.

Where fencing is provided to prevent access of unauthorised persons, and a passage way is necessary to
allow unhindered access to and escape from the enclosure, the minimum clearance between the fence
and hydrogen equipment should be 0,8 m. Timber or other readily combustible materials should not be
used for fencing.

All gates should comply with the local fire and building codes. The gates should be wide enough to
provide for easy access and exit of authorized personnel. Gates should not allow entry without a key
or similar locking mechanism during normal operation. Gates should have access outwards and if
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equipped with a latch, should be equipped on the inside with fast release hardware that can be operated
without a key.

Consideration should be given to the provision of an additional emergency exit where the size of fenced
area or equipment location necessitates this. In cases where authorized personnel can be trapped inside
compounds, there should be at least two separate outward opening exits, remote from each other, that
are strategically placed in relation to the hazard considered.

Full emergency procedures should be established for each particular fuelling station in consultation
with local fire authorities. Periodic drills should be carried out.

wn
~

Where ajrisk remains that critical hydrogen equipment can be dangerously exposed to fire condition
which mpy originate from non-hydrogen related equipment, despite all the means that can reasonably
be taken|at design level, the following safety systems should be considered:

— watdr sprinklers for cooling of equipment exposed to fire, see 5.7.5;

— meaps for the emergency venting of hydrogen storage tanks according to 5.6.4.
5.8 Safety distances

5.8.1 General

The safety distance is the distance to an acceptable risk level or thenjinimum risk-informed separatiqn
between|a hazard source and an object (human, equipment, of environment) that will mitigate the
effect of i likely foreseeable incident and prevent a minor incidént from escalating into a larger inciden
This inclfides effects from hazard sources beyond the boundaries of the fuelling station.

c

In varioys regulations and industrial practices, the terni“safety distance’ often includes many types pf
distancef, such as: protection distances, clearance distahces, installation lay-out distances, distances fo
external(risk sources, and distances within which restrictions apply (restriction distances).

NOTE 1 | These safety distances are not intended to provide complete protection against catastrophic event
Protectioh against such events is fundamentally* provided by other requirements or through an emergen¢y
responseplan.

w

For standard equipment and events).safety distances may be prescribed by national regulation
see exanmples presented in AnnexX A, Table A.1 and/or may be determined through quantitative ris
assessment of a generic design. Kot any given fuelling station, one may also conduct a quantitative ris
assessment, which can be used)to understand the risks and the effects of station-specific mitigation
the result of the analysis may/result in a recalculation of the safety distance to result in station-specif]
safety diptances. If the safety distance is too large, additional mitigation or prevention measures shou
be considlered and thé’safety distances may be re-calculated using a quantitative analysis.

Qay xx9

NOTE 2 | The bexnefit of conducting quantitative analysis is that it generates safety distances that are specific fo
the fuellig station/site that is analysed.

The quantitative analysis is used to demonstrate that the fuelling station does not pose unacceptable
risk to specific targets, taking into account the design and mitigation features of the actual Installation.
Acceptable quantitative techniques include Quantitative Risk Assessment (QRA) and consequence
modelling (i.e., a QRA without quantification of the probability of scenarios). The analysis uses a
combination of information and data regarding the fuelling station design and operation, validated
physical models, and probabilistic models that meet the criteria discussed in the remainder of this
clause. Use of a common, ISO standard toolkit is strongly suggested.

NOTE 3  An example of a safety distance toolkit is given in Annex A.

This Technical Specification recommends making a distinction between safety distances designed to
protect against different hazards, and uses the following terms:

— Restriction distances
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— Clearance distances
— Installation layout distances
— Protection distances

— External risk zone

5.8.2 Types of safety distances

5{8.2.1 Restriction distances

The restriction distance is the minimum distance from hydrogen equipment or areajaround where
c¢rtain activities are restricted or subject to special precautions (e.g., no open ignition sources, like
flames, hot works, electrical sparking, use of sparking tools, smoking, etc.).

NPTE This is addressed in 5.5.2. The remaining types of safety distances mitigate,foreseen and upforeseen
eyents other than those arising from activities restricted during normal operations.

9]}

8.2.2 C(Clearance distances

The clearance distance is the minimum distance between thekfuelling station equipment|and the
viilnerable targets within the fuelling station site boundary. Here;the hydrogen installation is regarded
tq be the source, while the surrounding people /objects are<considered to be the targets.

Ekamples of targets that may be exposed include personnel of the fuelling station, users of th¢ fuelling
station, and other facilities within the fuelling stationike gasoline storage, gasoline dispensing and
delivery facilities. Additional examples are listed in.fable 3.

Ul

8.2.3 Installation layout distances

he installation lay-out distance is the(minimum distance between the various equipment of the
bdrogen installation required to pdevent escalation to other equipment in case of an [incident.
stallation layout distances may bedifferent combinations of hydrogen equipment.

=

[

kample of source-target pairs.are dispenser and bulk storage; liquid or gaseous hydrogen stdrage and
bdrogen venting. Additional targets are listed in Table 3.

= 1

8.2.4 Protection distances

5

The protection distance is to prevent damage to the hydrogen installation equipment from|external
hpzards (e.g. fises) not accounted for in the installation layout distances.
N
T

DTE In\this case, the term external refers to both off-site events and also on-site events unrelated to the
hydrogen-equipment.

he- protection distance prevents off-site and non-hydrogen-related events from escalatirlg to the

h drocan cguinmant Deotoction dictoncnc ooy ho Asffarant for cnncific alaaantc of +ha foollials station
e geegtHpieRt—rrotecHonalStahecesiayDe-arerent+e+—Ss pecie-eremenRtsoretuentt S

equipment.

External sources of hazard often involve fires and collisions. Sources include presence of combustibles
(e.g., gasoline storage area), on site vehicles using non-hydrogen parts of the fuelling station, and
vehicles on nearby roads; additional example sources are provided in Table 2. Example targets are any
equipment of the hydrogen fuelling station, including equipment listed in Table 3.

5.8.2.5 External risk zone

The external risk zone is the distance (or area) outside fuelling station which is to be protected from
hazards caused by the fuelling station. Here, the fuelling station is the hazard source, while people and
constructions offsite are regarded to be the target(s).
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Example off-site targets include members of the public residing or working near the fuelling station;
additional targets are listed in Table 3.

5.8.3 Examples of safety distances

Table 1 — Summary of types of safety distances

Characterization
of safety distance

Purpose

Source

Target(s)

Restrition dis-
tapces

MINImIZe 15K 1N areas adjacent
to hydrogen equipment

Fuelling station equipment

ATy open area adjacent.tq
hydrogen equipment

Clearange distance

Protect persons and objects
within the fuelling station from
hazards associated with the
fuelling station

Equipment and objects
within fuelling station

Persons and other facilitigs
within the fuelling station

Install
out

tion lay-
istance

Prevent escalation of events
within fuelling installation

Fuelling station equipment

Fuelling.station equipment

tion dis-
nce

Protec
t3

Protect the fuelling station
from damage due to any exter-
nal hazards

Off-site facilities and on-
site things (except for the
fuelling station equipment]

Fuelling station equipment

External risk zone

Mitigate off-site risks from
hazards associated with the
Fuelling station

Fuelling station equipment

Surrounding people/
property outside of the

fuelling station

Table 2 — Example sources for each type of safety distances.

On-site:

Off-site:

Safety distance Example sources

Clearancp distance Equipment of the fuelling-station
AND ¢ Dispenser;

Installation lay-out distance e Compressor;

AND ¢ Liquidhydrogen storage;
Externallrisk zone ¢ Gaseous hydrogen storage.
Protectign distance Off-sife-or on-site:

¢ ) Presence of other combustible liquids or gases (e.g., gasoline storagg,
LPG storage, pipelines containing flammable gases of liquids);

¢ Buildings of combustible materials.

e Vehicles using non-hydrogen parts of the fuelling stations.

¢ Vehicles on nearby roads;

° Qppriﬁ'r‘ types of industrial buildings
=)

NOTE The information in this table is provided to facilitate identification of hazard sources that could be in-
cluded in the model. It is not required to establish safety distances for any of the sources in the table. It is also
possible to establish safety distances for sources not listed in this table.
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Safety distance

Example targets

Clearance distance

Persons:
e Workers in the fuelling station (15t party);
e Users of the fuelling station (clients, 2nd party) ;

Other facilities within the fuelling station:

e Public and users of other facilities within the fuelling station (3rd party).

e Building such as convenience stores, carwash;
e Gasoline storage;

¢ Gasoline dispensing facilities;

¢ Fuel delivery areas;

¢ Building openings, air intakes.

—

hstallation lay-out distance
ND

Hrotection distance

o~y

Equipment of the fuelling station:
e Dispenser;
e Compressor;
¢ Liquid hydrogen storage;
e Gaseous hydrogen storage;

e Vent stack exits.

Hxternal risk zone

Persons:

e Public (3rd partyl;

e Places of public assembly.
Property:

e Lotlines;

e Parking;

o\_Houses;

e Public buildings such as schools, hospitals;

e High voltage lines.

[eVilyd

) the table.

—

OTE Theinformation inthis table is provided to simplify target selection. It is not required to establ
istances for any of thetargets in the table. It is also possible to establish safety distances for targets

sh safety
hot listed

91

8.4 Safety-distances relating to hydrogen vent stack outlets

The vent.outlet location (height; distance to exposures) should be such that the limits for]
rgdidtion and over-pressure effects of ignited vented gas are not exceeded under any for
veénting situation considering unfavourable wind conditions. The safety distances for vented

thermal
eseeable

as from

liquid hydrogen systems should take into consideration the density of the gas.

The thermal radiation and overpressure effects of ignited vented gas (immediate or delayed ignition)
should be considered for the anticipated vented gas.

Hydrogen concentration at windows, openings, air intakes and at locations where persons or personnel
may be present should not exceed 4 % in air (100 % LFL), unless a lower concentration of hydrogen in
air is required by national regulations or by risk assessment.
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5.9 Protection measures for non-hydrogen hazards

5.9.1 General

In addition to the hazards related to hydrogen supply, storage and dispensing on the fuelling station
site, other non-hydrogen hazards should be addressed. The risk assessment should identify measures
taken to protect against the specific hazards listed below, where applicable:

— working at heights (see 9.3.2.3);

— asph
— eme
— elect
— mov
— antij

— nois

yxiation (see 5.9.2);

rgency egress routes out of enclosures or vaults (see 5.9.3);
rocution (see 10.1);

ng machinery (see IEC 60204-1);

whip measures for hoses (see 5.9.5);

b (see 5.9.6).

5.9.2 Protection measures for asphyxiation hazard in an enclosure

When an

equipment compartment is intended to be entered and contains or is connected to a source

hydrogen or inert gases that compartment should be evaluated. fot the potential of an oxygen deficie

atmosph

ere during normal or off-normal conditions.

When thle potential exists for an oxygen deficient atmosphere, procedures should be put in place

prevent {
and notil

Where fi
distincti
oxygen-(

Hydroge

his occurring whilst personnel are present inor“entering into the compartment, or detectid
ication appliances should be provided to warn' personnel of an oxygen-deficient atmosphere.

xed detections and notification applianCes are used, notification appliances should produce
Ve audible and visual alarm and be legated outside the entrance to all locations that where th
eficient condition could exist.

h piping and equipment should be isolated, depressurized and made safe prior to replaceme

of compxnents. Vent gas and purgegas should be exhausted outside of the hydrogen compartme

before a

d after replacement or service work requiring depressurization

5.9.3 Protection measures for emergency egress from enclosed spaces

Exterior
to be sec
not need

Locks or]

access doors-should be secured against unauthorized entry. Where access doors do not nee
ured to pretéct workers against hazards, for example, live electrics, see IEC 60204-1, doors d
to be se€ured if a secured perimeter fence or wall is provided to prevent unauthorized entry

lateh€s on emergency doors should not require the use of a key, a tool for the operation fro
s(side.

the egre;

a
1

ht
Nt

Enclosed spaces e.g. equipment containers or vaults (see 9.3.2.2), should be provided with a personnel
access way with a minimum width of 0,8 m and ensure a permanent escape route. The travel distance
from points of maintenance inside an enclosed space to an emergency egress point should not exceed
6 m, otherwise multiple means of egress should be provided.

NOTE

Egress recommendations are not applicable when all operation and maintenance-related work

performed from the exterior of the enclosure.
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5.9.4 Protection measures from environmental conditions

Equipment enclosures should be designed and tested for the intended installation environment, as
defined in I[EC 60529. In function of the installation environment, the appropriate rating should be chosen.

NOTE1 Components and equipment individually protected to the levels recommended by this document (or
better) do not need to be enclosed, and subsequently enclosures not intended to provide weather protection do
not need to meet this IP rating.

NOTE 2 IEC 60529 does not directly address ice, sleet, snow, saline atmosphere or other conditions that can be
encountered in ocutdoor qpp]i(‘afinnc A “W” in the third character of the IP code indicates “weather conditions”,
h¢wever no specific requirements are provided. IEC 60068-1 contains additional guidance on en¥irjonmental
tdsting.

5/9.5 Protection measures for hose whip

For working pressures in excess of 4 MPa, hoses assembled should be prowided with a|suitable
r¢straining cable, sleeve or device, properly fitted to an anchor point on eachend of the hose td restrain
the hose in the event of a hose assembly failure (see ISO 14113).

Ofther anti-whip measures, for example, identifying failure of a ho§e)assembly through th¢ control
system and isolating the supply of gas, see 8.2.3.5, may be used in.place of restraining devicgs where
appropriate.

5{9.6 Protection measures for noise

Spund pressure level and sound power level under¢normal operating conditions should ndt exceed
r¢levant local limitations. Events such as the opening of a relief valve, or break-away event et are not
considered normal operation.

6/ Process control and safety systems

6/1 General

This clause defines the minimum recommendations for the functional safety of the cortrol and
sgfety system.

—

he hydrogen fuelling station should be equipped with a control system that enables aytomated
beration of the station/within the manufacturer’s specified limits. Control systems should maintain
berating conditipnis-within safe limits, carrying out a process shutdown as appropriate when these
mits are reached,ahd respond to any abnormal states by automatically activating mitigating heasures
b part of an emergency shutdown.

L =" O O

The individual risk assessment will dictate what to do when there is a system fault on thq process
controter safety system.

Wheére the manufacturer’s risk assessment requires a response to abnormal states (faults)| with an
increased reliability to that achievable from the control system, the fuelling station should be equipped
with an additional safety system or layer of protection. IEC 61508 and 61511 could be used for
specification, design, testing, operation and maintenance of such a safety system.

Electrical control systems, components of hydrogen fuelling stations, and devices determined by the
manufacturer to be safety related control systems, should comply with the requirements of [IEC 60204-1.

The safety system could be composed of several safety functions activated manually or automatically.

The configurations of process control and safety systems should be documented.
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There should be restrictions regarding admittance to the control and safety systems by using password
protection. Where specific operations require safety systems to be non-functional, a risk assessment
should be executed and documented before the start of the operation.

As part of the safety system an alarm system can be implemented. The station should fall to a safe state
by itself, not relying on the alarm system. The alarm system should only be used to give any user or
operator notification about the fuelling station.

NOTE1 See especially Control circuits and control functions, and Operator interface and machine-mounted
control devices of IEC 60204-1, Clauses 9 and 10.

NOTE 2 | IEC 60204-1 includes essential requirements for safety related controls that are often overloake¢d
including

— stop kategories;

— emellgency operations (emergency stop, etc.);

— protgctive interlocks;

— contyol function in the event of failure - including references to:

— IECH2061;

— SO 13849-1;

— IS0 13849-2;

— protéction against maloperation due to earth faults, voltage intetruptions and loss of circuit continuity.

All elem¢nts which remain under pressure after isolationf6llowing a process control or safety system
shutdowp, or from loss of the electrical power supply, should be provided with clearly identified vent
systems,[and details drawing attention to the necessity*of depressurizing those elements before settirg
or perfoming maintenance activity on the equipmeént unit should be included in the equipment manupl
(see 12.10).

ergency shutdown functionality

function|should be so desighed that, after actuation, hazardous movements and operations of the
fuelling Jtation are stopped.in an appropriate manner, without creating additional hazards and withofit
requiring any further intervention by any person, and should comply with ISO 13850 or IEC 602041.
Where appropriate, activation of emergency isolation valves shutting off the hydrogen supply should he
utilized.

The contfrol or-safety system performing the emergency shutdown should override all other functions
and operfations that could prevent the emergency shutdown actions. Emergency safeguarding should
remain efffective for all operating modes.

Provision of an overall (or global) emergency shutdown function that carries out a shutdown of the
complete hydrogen system should be considered, in addition to hazards where a localised shutdown
may be more appropriate.

Further detail for the emergency shutdown function specific to the dispenser is provided in 9.10.3.3.

Control circuits should be arranged so that, when an emergency shutdown is activated, hydrogen
supply and storage systems that are shut down or isolated as appropriate, should remain shut down
until proper maintenance checks are performed and the system is manually reset. A manual operation
is required for the dispenser to resume operation.
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Control and monitoring systems that can operate safely in the hazardous situation may be left e
to provide system information.

nergized

In the event of an emergency, the emergency shutdown also should shut off the liquid supply and power

to the liquid hydrogen transfer equipment necessary for producing gaseous hydrogen fro

m liquid

hydrogen. In the event of an emergency shutdown, the design should allow for pressure relief within

any closed system

Where the manufacturer’s safety case permits or requires equipment, such as the hydrogen gas
detection system and ventilation systems, to remain energised in such an event, this should be suitable

fdruse in classified areas according to 10.2.2 or 10.2.3.

6{3 Manually actuated emergency stop devices

The fuelling station should operate in conjunction with readily accessible manually‘@ctuated er
stop devices, see IEC 60204-1, positioned in appropriate locations with consideration givg
hazardous areas initially generated by foreseeable incidents. Emergency stop.devices should b
irf] the vicinity of hydrogen dispensers, and at other locations where the initiation of an emergg
nlay be required, such as inside the fuelling station office, where applicable, and in compré
sforage areas.

Emergency stop devices should be clearly identified with a permanently affixed legible
emergency stop device located at the dispenser, or on specificpieces of equipment, may have a
fuynctionality to an emergency stop device for the entire hydrogen system, or for the entirg
station. Where the functionality of emergency stop devicés/differ, this should be clearly define

Where emergency stop devices are located in the office’ of an integrated fuelling station, the
of these actuators being specific to the complete hyd¥ogen system only, or to include other act
the fuelling station, should be determined by risk assessment.

Aph emergency stop device should be provided'in the vicinity of the dispenser, but sufficiently s
flom the dispensing area such that it can'be safely actuated under fault conditions without e
pptentially hazardous area.

Where hydrogen is used in enclosgd, or indoor areas, in addition to any emergency stop
ldcated indoors, devices should also be provided outdoors, for example, close to the point of eg

wihen locating and labelling the emergency stop device in order to avoid “false alarms” and unn|
efnergency responses.

6{4 Remote System control
Alhydrogem{telling station may be provided with the following capabilities:

— refrete monitoring / data transmission

hergency
n to the
e located
ncy stop
ssor and

sign. An
different

fuelling
d.

function

vities on

eparated
htering a

device(s)
ress.

The possibility of inadvertent or malicious activation of emergency stop devices should be considered

ecessary

r a fault

— _remote operation, for instance giving permission for fuelling, or restarting the station aft

— remote control code modifications (software update, flashing etc.).

Where the capability for the manufacturer, or the operator, to restart the station after a fault, or modify
the control logic remotely is provided, the measures that should be taken to ensure this is carried out
safely should be defined, including consideration of the need for presence of maintenance staff on-site.

These control code modifications capabilities could include:
— modify the control parameters remotely;

— certify an upgrade to the remote monitoring system;
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— certify a parameter change;
— change parameters remotely;
— upload parameters;

— qualify the operation;

— undo/reverse all changes;

— test and backup documentation.

7 Hydrogen supply safety and operation
7.1 On site generation

7.1.1 Hydrogen generators using water electrolysis process

Hydrogeh generators using water electrolysis process should meet the requirements of ISO 22734-1 ¢r
nationalfregional standards.

7.1.2 Hydrogen generators using fuel processing technologies

Hydrogeh generators using fuel processing technologies, including ancillary hydrocarbon storage arid
pipework, should meet the requirements of ISO 16110-1 and references therein.

Storage pf hydrocarbon fuels should be sited to minimise risk to personnel, local population ard
property}. Consideration should be given to the location*of any potentially hazardous processes in the
vicinity, wwhich could jeopardise the integrity of the hydrocarbon and hydrogen storage installation.

7.2 Hydrogen delivery

7.2.1 Gaseous hydrogen supply by tube-trailers and multiple element gas containers (MEGC)

Gaseous|hydrogen can be delivered. on site by tube trailers or MEGC. Trailers can either deliver to
storage Vessels at the fuelling station site or remain at the site and be replaced when the inventory of the
hydrogen product in the trailer islow. Gaseous hydrogen may also be delivered on site in transportable
gas stordge devices containing)hydrogen absorbed in a metal hydride storage system. In such casgs,
ISO 1611]1 should be used.tgehsure safety of the metal hydride storage system.

The tubg trailer or MEGC stationing area should be level and support the front and rear ends of the
tube trailer or MEGG+n a designated area or unloading bay. The area should be kept free of debris arjd
combustjble matérials.

A bump ktop. or equivalent should indicate normal tube trailer or MEGC position in the unloading bgy
when a driver needs to reverse into the bay.

Hydrogen tube trailers or MEGCs should not be stationed outside of the designated trailer unloading bays.

The location of the transfer panel or pressure reducing station should be accessible only to authorized
persons.

Means to ground tube trailers and MEGCs prior to flexible hose connection should be provided.

A designated temporary tube trailer or MEGC parking location should be provided for carrying out
tube trailer or MEGC exchange without interfering with fuelling operations, unless the fuelling activity
is fully suspended during the tube trailer or MEGC exchange operation. The foundation under a tube
trailer or MEGC remaining on site should be made of reinforced concrete, or any other suitable non-
combustible material.
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A risk assessment of the hydrogen delivery process should be carried out, see 5.2. Activities other than
those directly related to the hydrogen tube trailer and/or MEGC operation should not be permitted in
the hydrogen storage area.

7.2.2 Liquid hydrogen supply

7.2.2.1 Liquid hydrogen storage layout and design features

The liquid hydrogen storage tanks should comply with ISO 21009-1 or be designed in accordance with a

COTITITIOTIy USEd TIatiomat/Tegionat stamdard:

et

tlis preferable that wherever possible, liquid hydrogen storage and related equipment islocated above
ground in the open air in a well ventilated area to minimize the consequence of an accidental l¢akage. If
ahy protective structures are used to reduce the safety distances, they should be designed to 4void any
uhintentional hydrogen confinement.

owever, underground installation, e. g. in a vault, may be needed and used when it is beneficidl to keep
bove ground areas free of equipment, such as may be the case for hydrogen vehicle fuelling|stations.
br this layout additional measures may have to be taken according to thewrisk assessment.

O TN T

bnnections to bulk storage systems and equipment controls necessary for filling purposes ghould be
cated in close proximity to each other and in such a way that thie storage tank fill control valves and
tlivery vehicle controls are accessible from the delivery vehicle operator’s position.

et
o

d
Alrisk assessment of the hydrogen delivery process shouldbe carried out, see 5.2.

2.2.2 Liquid hydrogen transfer area
he liquid hydrogen transfer area should be designated as a “NO PARKING” area.

concrete or any other suitable non-comibustible material hard standing area should bg located
ljacent to the fill coupling of the liquid-hydrogen storage tank.

S T |

The liquid hydrogen transfer area should be clearly defined and transfer of liquid should only take place
within the fuelling station premisés. A risk assessment of the hydrogen delivery process should be
cqrried out, see 5.2.

Means to ground liquid hydregen delivery vehicles prior to flexible hose connection should be provided.

The connection point in‘the transfer area should be protected sufficiently against a vehicle crpsh from
efther the delivery-veticle, any traffic on the filling station or other traffic (e.g. vehicles from foads not
part of the fuellifig-station).

7|2.2.3 Tank foundation and supports
Whepe\liquid hydrogen storage tanks are required to be elevated, the tank supports should be non-

combustible structures, capable of withstanding damage by cryogenic liquid spillage. Liquid spillage
sxuﬁmmmmmmwmmm ;

The tank foundation should be designed to withstand the weight of the liquid hydrogen storage tank,
its contents and other possible loads applied by wind, snow, seismic, etc.

The foundation on which the liquid hydrogen storage tank is installed should be made of concrete or
any other suitable non-combustible material.

National regulations may need the design and implementation of the foundation to be reviewed and/or
inspected by a third party prior operation.
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7.2.2.4 Liquid hydrogen delivery lines
Flexible hoses used for liquid hydrogen delivery should comply with ISO 21012.

Liquid hydrogen delivery lines should have a device, such as a non-return valve or an emergency
isolating valve, preventing backflow from the ground (bulk) storage tank in case of hose rupture. Means
to ensure that emergency isolation valves can be actuated in case of leaks in the hydrogen delivery lines
should be provided.

The location of safety shut off valves in liquid hydrogen service should be such that their actuators do

not risk lpeimrg btocked by accumutatiomrof ice imcase of a foreseeabte hydrogemfeak or refease———

Means td immobilize the trailer while the fuelling hose is connected should be provided.

7.2.2.5 | Pressure relief devices

When rejquired, the liquid hydrogen systems and equipment should be protected from’over-pressute
e.g. by uge of one or more PSD (pressure safety device), or by other appropriate means. A PSD can be pf
the self-destructive type, such as rupture disks and diaphragms, or of the resealable type, such as PV
(pressurk safety valve) spring-loaded pressure relief valves.

PSVs shguld meet the requirements of ISO 21013-1 or an equivalent standard recognized in lochl
regulatign.

Burst difc safety devices should meet the requirements of ISQO-21013-2 or an equivalent standard
recognized in local regulations.

Sizing anpd capacity determination of liquid hydrogen system PSDs should meet the requirements pf
ISO 21013-3 or be designed in accordance with a national ot regional standard, such as a Harmonisgd
standard. The different behaviour of gaseous and liquid\phases should be taken into consideration.

Pressurgrelief devices should be provided to prevent over-pressure, including overpressure by thermgl
expansidn where liquid can be trapped.

Pressurd relief devices and vent piping should be designed or located so that moisture cannot colleft
and freete in a manner which would intexfére with proper operation of the pressure relief device.

If a thred-way diverter valve is instdlled to accommodate two PSVs operating, either simultaneously ¢r
alternatifvely, the flow area of the-three-way valve should be such that the liquid hydrogen storage tarfk
is adequjtely protected regardless of the position of the diverter valve.

The thrde-way diverter yalve should be provided with a position indicator, if appropriate, showing
which PV is “on line”.

Considerfation should-also be given in the design of the installation to facilitate the periodic testing pf
the presgure relief.devices.

7.2.2.6 | Cold hydrogen vents

All vents, including those of pressure relief devices and purge valves, should be connected to a vent
stack, refer to 9.14.4.

The vent stacks should be dedicated to the liquid hydrogen installation and not be connected to other
vent stacks to avoid any back feed into the hydrogen vent stacks.

7.2.2.7 Purging

Cold sections of liquid hydrogen installations and transfer hoses should be purged with warm hydrogen
or helium prior to being purged with nitrogen.
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Following installation or repair work, cold sections of liquid hydrogen installations should be purged

with helium or warm hydrogen. If nitrogen is used instead of helium to remove air in c

ryogenic

sections, the nitrogen should then be purged with helium or warm hydrogen prior to cool down with

cold hydrogen for start-up to prevent nitrogen solidification.

7.3 Pipeline
The interface between the hydrogen pipeline and the fuelling station may include:

— isolation for emergency and/or maintenance;

— means for safe relief of pressure;
— means for nitrogen purging;

— pressure and/or flow regulation;
— metering;

— filtration.

NPTE The interface between the hydrogen pipeline and the fuelling‘station is typically located V
fyelling station boundary.

8 Hydrogen dispensing

8{1 Dispensing description

The Figure 4 below describes an example of the key components of the fuelling station d
iffcluding the fuel cell electric vehicle compressed hydrogen storage systems (CHSS) with sg
well as pressure relief device(s). The CHSS has a thermally activated pressure relief device(s) t
against overpressure due to a fire. On the'station side, there is an automated dispensing contrg
(g.g. through a PLC) for performing the-fuelling (using an acceptable fuelling protocol), as wel
btection and management procedures. The station also has mechanically-independent press
bvice(s) to protect against over.pressurization of the dispenser and the vehicle.

onitored and controlled by the dispenser. The ambient temperature is monitored as well at th
fuelling hose assemblyon the station dispenser should contain a breakaway, hose and no
bhicle CHSS can be“fuelled after connecting the station dispenser to the vehicle receptacle
the start-up procédure from the dispenser. The station fuelling nozzle may contain a commu
r¢ceiver and the'vehicle may contain a communications transmitter (such as SAE J2799).

d
d
Fpelling should be meteredyin the station and the hydrogen temperature and pressure s
1]
A
\%

—3

he hydrogen fuelling station should prevent the allowable limits of temperature, pressure an
charge (SOC) for the vehicle CHSS system from being exceeded.

vithin the

ispenser
nsors as
b protect
| system
| as fault
ire relief

hould be
e station.
vzle. The
ind after
hications

1 state of
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— Example of the fuelling station dispenser key components including the vehicle CHS

Dispenser components

on manufacturer should ensure the dispenser fuelling hardware is rated properly for t}
pn (temperature and pressure). For example, prope¥ nozzles and associated components are {
according to the appropriate ISO 17268 “H” pressure class rating according to application (e.
0 MPa NWP hydrogen fuelling.) See 9.10.3.2%Rated operating conditions.”

Dispenser sensors location

hould be monitored. The station-dispenser controller uses this data for the control system
he fuelling process.

e located upstream ofand as close as possible to the dispenser hose breakaway. SAE J2601 statg

enser hydrogen pressure sensor, measuring the fuel delivery pressure, should be locate
h of the dispénser hose breakaway coupling, ensuring no components that could restrict t

etween the pressure sensor and the breakaway.

jefit temperature sensor should be placed in a location in order to give an accurate reading ar

ogen temperature and pressure sensors measuring the station dispenser fuel delivery conditions

S

1S
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ot betocatedimthe directsumtight:

8.1.3 Ambient temperature range of fuelling

Dispensers should only fuel when the ambient temperature is greater than or equal to -40 °C and less
than or equal to 50 °C.

40
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8.2 Hydrogen FCEV fuelling
8.2.1 Reference fuelling limits of FCEV vehicles

8.2.1.1 Global technical regulation key limits

A complete set of hydrogen limits and extreme validation testing for the vehicle CHSS is found in the
GTR #13. See Figure 1 in the GTR to see the scope of a “typical compressed hydrogen storage system.”
The following provides key limits for the design and certification of the CHSS according to the excerpts
GIR##13:

— the minimum number of full pressure hydraulic qualification test cycles for hydrogen storage
systems is set at 5500 (GTR Clause 58.d).

— assurance of capability to sustain multiple occurrences of over pressurizationadue to fuelling station
failure is provided by the CHSS requirement to demonstrate absence of leakdn 10 exposures to 150
per cent NWP fuelling followed by long-term leak-free parking and subsequent fuelling/deffuelling.
(GTR Clause 61.f)

— the CHSS component complies with the external leakage test at the appropriate maximum|material
temperature (-40 °C to +85 °C) at the completion of the high-temperature cycles (GTR Clause
7.4.4.3.5).

Hlydrogen stations should not fuel vehicles which cannot opérate in the full range of the lim]ts above
(dnd according to the GTR #13) unless the safety of such a fuelling can be demonstrated by risk
agsessment to be appropriate.

NPTE Compressed hydrogen storage vessel materidls are qualified to 85 °C (material temperatujre) in the
GI'R durability test protocol. Since the bulk gas temperature is typically 5 °C -10 °C higher than thg material

tgmperature, there is an embedded 5 °C margin;{Reference: SAE 2011-01-1342) within the fuelling limit to
manage measurement errors and the transient.tliermal conditions during fuelling.

8/2.2 Fuelling process control

8/2.2.1 General recommendations for the fuelling protocol

Hlydrogen dispensers should)use a fuelling protocol such as SAE ]J2601 to ensure that the fyielling is
conducted within the fuelling protocol process limits for vehicles compressed hydrogen storage
systems as defined in 8.2.2.2 over the full range of ambient temperature defined in 8.1.3.

Ay fuelling protocel other than SAE J2601 should be approved by each manufacturer of the vehicles
ptior to fuellingat the station. The fuelling station operator should take measures necessary t¢ prevent
the fuelling 8fvehicles where this condition is not met.

The dispenser may either conduct the fill using communication with the vehicle as part of th¢ fuelling
procéss or conduct the fuelling protocol without communications with the vehicle. The SAE ]2601
fyeling protocol, for example, has provisions for both communication and non-communicatjons fills.
The vehicle IrDA communications system may use the SAE J2799 protocol to transmit the measured
temperature and pressure of the compressed hydrogen storage system on the vehicle to the hydrogen
dispenser. If other communications protocols are used, they should be validated to confirm compatibility
and robustness.

8.2.2.2 Fuelling protocol process limits

The fuelling station dispenser may be designed with separate nozzles to fuel vehicles to 35 MPa and/
or 70 MPa nominal working pressures. The station manufacturer should ensure the proper nozzles and
associated components are fitted according to the appropriate pressure and that the pressure limits
stay within the values in this clause.
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The fuelling protocol should consider the full range of possible ambient temperature and vehicle
operating conditions when establishing the fill rates to ensure that the storage system on the vehicle
does not inadvertently experience an over-fill or over-temperature condition.

The fuelling protocol should adjust fuelling rates and targets based on measured ambient and process
conditions such as hydrogen gas temperature, pressure, and the temperature and pressure of the
storage system on the vehicle (if communicated) to ensure that the process limits in 8.2.2.4.1 are
maintained for the vehicle. If these conditions cannot be maintained within the limits, the fuelling
should cease.

During f{lling the station dispenser should terminate the fuelling within 5 seconds if any of the followig
fuelling protocol limits are exceeded:

— ambjent temperature range between -40 °C and +50 °C;

— maxjmum operating pressure (MOP) should be less than or equal to 125 % of the nominal working
presgure. For example for 35 MPa the MOP 43,75 MPa and for 70 MPa it is 87,5 MPa;See 8.2.3.3 for
overtpressure protection measures if a fault occurs;

— disppnsers should not fuel a vehicle which arrives with a pressure lower than 0,5 MPa;
— minimum gas temperature should be greater than or equal to =40 °C;

— maxjmum bulk CHSS gas temperature should be less than 85 °C;

— max|jmum vehicle state of charge should be 100 % of the nominal state of charge;

— max|{mum fuel flow rate should be no greater than 60 g/s:for light duty vehicles;

— The maximum hydrogen mass allowed to be transferted to the vehicle prior to the start of fuelling
should be 200 g.

The fuelling protocol should be appropriate for thewehicle tank capacity (e.g. 2 kg to 10 kg for 70 MRa
SAE ]J26(1)

For example, SAE J2601 includes average-pressure ramp rates and target pressures for both H35 arjd
H70 to fill to 35 MPa and 70 MPa, respectively. This standard covers fuelling of light duty vehicles with
2 kg to 1P kg hydrogen storage. Fuelling ‘should cease when the target pressure or 100 % SOC has begn
achieved|

8.2.2.3 | Fuelling protocol performance targets

The hydifogen fuelling protocol should be designed to fuel vehicles within performance targets, such as
those spegcified in SAEJ2601, without exceeding protocol process limits of 8.2.2.4.1. Hydrogen fuelling
should bg validated'at'station commissioning using a Hydrogen Station Test Apparatus (HSTA), such as
found in[Annex B.

An examjple“fuelling protocol performance target is to achieve a 3 min fuelling with 95 % to 100%
resulting EHSS SOC (with communications) without exceedlng the fuelling limits (reference 8.2.2.7).
However, it is understood that “intended non-fuelling time” such as bank switching between cylinders
at the dispenser and leak checks can add to the overall fuelling time.

SAE J2601 gives a ramp rate which indicates an approximate fuelling time with a high resulting CHSS
state of charge (SOC). The fuelling pressure ramp up to the target SOC should be within the pressure
window such as given by the look up tables in SAE J2601 fuelling protocol specification.

8.2.2.4 SAE)2601 standard fuelling protocol and SAE J2799 communications
The SAE J2601 standard assumes that a station will perform fuelling into the vehicle after successful

vehicle connection and completion of initial checks. The fuelling station is responsible for controlling
the fuelling process within the operating boundaries.
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Variables that affect the fuelling process include, but are not limited to: Ambient Temperature;
Dispenser Pressure Class and Fuel Delivery Temperature; CHSS Size and Specification, Starting
Temperature and Pressure; and Dispenser to CHSS Pressure Drop and Heat Transfer. An important
factor in the performance of hydrogen fuelling is the station’s dispensing equipment cooling capability
and the resultant fuel delivery temperature “T” rating.

SAE ]2601 includes protocols for two pressure classes (35 MPa and 70 MPa), three station fuel delivery
temperatures (-40 °C, -30 °C, -20 °C) and compressed hydrogen storage system sizes from 49,7 lto
248,6 1. A T40 station dispenser, for example, has a fuel delivery temperature between -40 °C and -33 °C.

The Tuelling process may connect a vehicle to the fuelling station’s communication system] such as
SAE J2799. If the station has communication capabilities, it should terminate the fuelling within
5|seconds upon receiving an abort signal (such as FC=Abort command defined in SAE J2799).This
cdmmunication may not necessitate an emergency shutdown according to the requirements of|Clause 6.

The SAE ]J2601 table based fuelling approach uses the station fuel deliveky “category, [ambient
t¢mperature, vehicle capacity category, and vehicle initial pressure to select’ appropriate fuelling
pprameters. The fuelling stops when the target pressure, found in the tables is reached or based on
SPC (95%-100%) if using communications. The Pressure Corridor (such as SAE J2601) gives the fuelling
tqlerances for the average pressure ramp rate and fuel temperature,window gives the tolerances for
the gas temperature at the station dispenser.

The station selects the appropriate look-up table based on fuel delivery temperature, Compressed
Hllydrogen Storage System (CHSS) capacity category, and the-absence or presence of a commuhications
siignal from the vehicle. Once the proper table is selected; the station determines the specifi¢ fuelling
eyent parameters of Average Pressure Ramp Rate (ARRR) and target pressure, based on|ambient
tgmperature and vehicle initial pressure,

o)

elow (Table 4) is a reference for the tables based fuelling process limits according to SAE|]2601. A
complete list can be found in Annex B.3.4. Duting filling the station dispenser should term]nate the
fyelling within 5 seconds if any of the followiiig table based fuelling protocol limits are exceedgd.

Table 4 — Table based fuelling protocol requirements (SAE J2601)

Huel delivery temperature a sDispenser fuel temperature (Tfuel) category min < Tfuel within 30 s pfter the
skart-up (", |startof fuelling

Huel delivery temperatt@ . Tfuel category min < Tfuel <Tfuel category max

tplerance RN\

(HSS capacity (\"O‘ 85 % CHSS Cap Actual < CHSS Cap Measured < 115 % CHSS Cap Actul

Ihitial CHSS I@?ﬁre (at the 0,5 MPa < Pvehicle < NWP Station

Heginning ef fuelling)

Upper s@%’n pressure toler- Pstation < PO + (APRRtarget) (tfuelling) + APupper, where APupper 5 7,0 MPa
ances.

Lo%r‘station pressure toler- Pstation = PO + Max [((APRRtarget) (tfuelling) — APlower), 0], where APlower

ances = 2,5 MPa

Cycle control Fuel flow stoppage (below 0,6 g/s) may not happen more than 10 times dur-
ing a fuelling event

Non-communication end of Fuelling stops when Pstation > Ptarget
fuelling

Communication end of fuelling |Fuelling stops when Pstation > Ptarget, or 95% < SOCvehicle < 100 %.

Note, the communications fuelling tables which have a target pressure take
precedence over the SOC calculation to ensure that the CHSS stays within its
operational boundaries.
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8.2.3 Manual control of dispensing

The user of the dispenser should have the ability to initiate and stop the automatic fuelling process
from the dispensing area.

8.2.4 Pressure integrity check (leak check)

Control systems on fuelling stations should be designed to verify the integrity of the fuel hose,
breakaway, nozzle and connection to the vehicle before fuelling. Integrity should be checked while the
vehicle is_ connected. The integrity test should detect significant degradation of pressure indicating a
leak, and shut down in the event of detection.

The inclfision of additional high pressure integrity checks during and/or after fuelling, and/or |n
between|fuelling events should be used as an option until such time the dispenser componénts have|a
demonstjrated history of success.

If the pr¢ssure integrity check is not successful, an emergency shutdown should be exectted according
to 8.2.3.2.

8.2.5 etering

If requirgd, the dispenser should feature a metering device connected tg:a readout giving the quantity
of hydrogen dispensed for each vehicle fuelling operation (in kilograms, to accuracy as required hy
national fregulations if applicable).

8.2.6 aximum flow rate and pressure drop
The maxjmum hydrogen fuel flow rate should be no greatérthan 60 g/s for light duty vehicles.

The predsure drop between the dispenser pressurersensor monitoring the vehicle pressure and the
nozzle should not exceed 15 MPa at reference flow-conditions as defined by SAE J2601.

8.2.7 Flow control and isolation

The dispenser isolation valves in 9.10.3.3-are opened to perform the dispensing operation but are npt
to be usdd to control the hydrogen flow during the dispensing. The dispenser isolation valves should Qe
closed when dispensing is complete.

A separafe control valve systemyshould be used for controlling the flow in accordance with the intendgd
fuelling protocol. The dispefiser control should suspend or stop the fuelling process by closing the
isolation|valves if any of-the limits defined in 8.2.2.1 are reached.

See 8.2.3 for safety-critical actions that should be performed.

8.3 Dispenser safety devices

8 3 1 Caoibaral concidaraiiaonc
ada Uvllivlial LuviiosIiuvidauaviio

The dispensing control system should be capable, at any point in time during the fuelling process, to
detect a deviation that could be indicative of a fault that leads to a hazardous condition and execute
countermeasures that will mitigate the hazard or stop the fuelling. See Clause 6 for guidance in the
design and maintenance of process control and safety systems.

The required reliability, or safety integrity level (SIL), as defined in IEC 61508, IEC 61511, IEC 62308,
[EC 31010, ISO 13849-1 and/or ISO 12100 of safety measures intended to prevent a hazardous situation
in case of a failure of the dispensing control system hardware or software with regards to pressure and
gas temperature should be determined through risk assessment.
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Faults and associated hazards should be considered as part of the risk assessment according to 5.2.
As a minimum, countermeasures should be provided to ensure that no single faults, including items
identified in 8.2.2.3 through 8.2.2.4.4, result in a hazardous situation in the dispensing area. If the
fuelling ramp rate is determined from the result of a measurement by the fuelling station dispenser or
information communicated to the fuelling station, then this function should be shown to be sufficiently
reliable to effectively avoid an unacceptable risk of overfill, over-temperature or over-pressure in the
vehicle tank.

8.3.2 Dispensing emergency shutdown

The dispenser should operate in conjunction with an emergency shutdown function. Refer to-€.2

The emergency shutdown function should be operational at all times and override all‘@ther functions
anhd operations in all operating modes of the dispenser.

Artivation of the emergency shutdown should cut off the flow of hydrogen gasto the dispepser and
vehicle by closing the automatic isolation valves defined in 9.10.3.3.

Other emergency shutdown functions that may need to be considered inthe’risk assessment ifpclude:
— ventany remaining gas in the dispenser lines to a safe location;

— shut down the upstream compression systems where these*compress hydrogen direct]ly to the
dispenser;

— removal of power to non-classified electrics in the vicifiity of the dispenser.

Ofher emergency stop functions may need to be congidered to leave the dispenser in a safe stafe.

3.3 Over-pressure protection

means should be provided within the dispenser control system to detect a failure of the dispenser
ressure sensor or pressure control fupction, and, if necessary, execute an emergency shutdown
fcording to 8.2.3.2. In order to not-interfere with normal control action according to 8.2.1, the set
bint for this action may be set ashigh as the Maximum Operating Pressure (MOP), equivalent o 125 %
[WP, if there are appropriate station dispenser controls in place to reliably prevent this value from
ping exceeded.

M oZ2T VT > 0

br example, for 70 MPa,_the pressure should stop at the target pressure for fuelling during normal
elling operation, which under certain circumstances can be as high as 87,5 MPa.

o)

dditionally, a préssure safety valve (PSV), or equivalent, on the dispensing line or hydrogen $upply to
spenser should/be used to protect against over-pressurization of the components and pipipg in the
spensing system (see 9.10.3.1) as well according to 8.2.1.

oo

In orderste avoid over pressuring of components, the set point for a dispenser PSV should Ipe set no
h|gher than 138 % of nominal working pressure (NWP), if there is enough station reliability fo ensure
D 5% NWP will not be exceeded above the assumptions in 8.2.1. For example, for 70 MPa, the [PSV may
besetas high as 96,6 MPa. The dispenser PSV should prevent the pressure irom rising above 150 % of
the NWP.

U

If the dispenser control cannot reliably prevent pressure excursions above 125 % NWP (as defined
above), then the set point of the dispenser PSV may have to be lowered to adequately protect the vehicle
CHSS according to 7.2.1 or additional measures may be required.

Additionally if components in the dispensing system are rated lower than values defined in 9.10.3, then
the set point of the PSV should be lowered to protect the lowest rated component in the dispensing system.

In either case, if the PSV set-point is lowered below 138 % NWP, then the maximum fill pressure should
be lowered below the MOP accordingly.
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8.3.4 Dispenser temperature control faults

When ambient temperature is measured for the purpose of establishing the vehicle pressurization rate
or fuelling target, the dispensing system should be equipped with a means to confirm that the ambient
temperature is correct.

If pre-cooling of the dispensed hydrogen is used, the dispensing system should be equipped with a
means to confirm that the pre-cooled fuel temperature is correct and that the control meets the limits
of the fuelling protocol, such according to SAE J2601.

If the fugttimgprotocol, suchras SAE 72601, uses commurication of the tank temperature o thre vettitle
and expe¢riences a failure of the communication, the protocol should execute a non-communigatign
fuelling §hat is allowed by the protocol, such as SAE J2601.

8.3.5 Limitation of hydrogen released in case of fuelling line break

A suitable means should be provided upstream of the fuelling hose assembly to detect a potentially
hazardotis leak (e.g. failure of a breakaway to close, hose leak, etc.) and limit the-release of hydroge
The minjmum leak flow and maximum allowable reaction time that is requited for such means to
actuate ghould be determined.

e

Examplef of possible means to detect the leak and thereby meet this requitément are listed below. Oxe
or more [means may be required to achieve the required level of safetybased on the specific system
being prtected. Examples of possible means to detect the leak are;

— deteftion of a dispensing pressure that is below the levelhtargeted by the fuelling protocol arnd
actiyation of the emergency shutdown according to 8.2.3:2.

— deteftion oflow dispensing pressure and activation ofthe emergency shutdown according to 8.2.3.p.

— deteftion of an unexplained reduction in dispensing pressure and activation of emergency shutdown
according to 8.2.3.2.

— deteftion of a higher-than-expected dispensing flow and activation of the emergency shutdown
according to 8.2.3.2.

— deteftion of a higher-than-expected-dispensing flow and closure by an excess flow valve.

8.3.6 Process control failure

-

For the gituation where pregrammable process controllers are used to control the fuelling protoc
the possibility of a hardware or software failure that would cause the controller to “lock up” and ceaj
executioh should be addressed. A means should be provided to detect that the controller has failed anfd
if necesspry, initiate:an emergency shutdown according to 8.2.3.2.

(¢

<

8.3.7 $hutdown in case of breakaway activation

The discprinection of the breakaway should (directly or indirectly) terminate the fuelling process and
isolate the fuelling hose assembly up-stream of the breakaway.

8.3.8 Physical disturbance of the dispenser

The risk assessment conducted according to 5.2 should consider possible accidents and incidents and,
if physical measures are not adequate, detection of physical disturbance should be incorporated, for
example using a tilt sensor, and subsequent emergency shutdown.
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8.3.9 Hazardous area around the dispenser

By design according to ISO 17268, and the performance of pressure integrity tests (8.2.2.4.3) the
fuelling hose assembly, including whilst connected to the vehicle receptacle, is bubble free, even during
uncoupling of the receptacle and nozzle.

The utilization of the mitigation measures described above for leak detection, see 8.2.2.4.3 and 8.2.3.5,
reduce the probability of a leak and the persistence time. Therefore the presence of an explosive
atmosphere around an open air fuelling hose assembly is not expected, and no hazardous area, see
5.5.2, is considered around the fuelling hose assembly.

8{4 Hydrogen quality
The hydrogen quality at the nozzle should be consistent with the requirements of ISO"14687-2

Ak the Fuel Cell Electric Vehicles (FCEV) industry matures, the list of impurities inISO 14687-2 and their
thresholds should be revised appropriately and according to technical progress)taking into acfount:

proven detrimental effect to fuel cell vehicle systems;

feasibility of measurement of very low concentrations;

— complexity of appropriate purification, sampling and analysis,
8{5 Hydrogen quality control

5.1 General

8

Hlydrogen fuelling stations are used for fuel cell\electric vehicles which are powered by PEM fuel cells.
Fliel cells are sensitive to some critical imputities, such as CO and components of sulphur.|Without
control of these impurities, there could be significant performance and durability issues.

Alquality assurance system should beLiniplemented for the whole hydrogen supply chain in|order to
ayoid damage to the fuel cell vehiclées:

Since the likelihood of contamination depends crucially on the hydrogen supply chain (from gource to
npzzle, including transportahd compression), not all impurities need be tested for at all times.|Analysis
of the whole supply chain}will allow station operators to identify quality risks and modify testing
specifications, while maintaining the same quality assurance and limits.

DTE An exampleof the impurities of concern is shown in Annex C, Tables C.1, C.2 and C.3.

N

The specific list.of impurity constituents should take into account the impurities that could ocqur in the
fyelling station operation and maintenance processes. Fuelling station manufacturers should irfform the
fyelling station operator of impurities that could occur, and to specify preventive measures o ensure
hydrogen fuel is within specification limits. Impurities could occur from lubricants, heat trangfer fluid
and-cleaning of hardware in contact with hydrogen.

Hydrogen quality measuring for impurities relevant to the supply chain, whether delivered or onsite
production, should be carried out before the onsite fuelling station acceptance test and repeated after
an appropriate period. Following the first acceptance test, the testing frequency should be repeated as
a minimum annually.

Fuelling stations with onsite hydrogen production or purification equipment should have a continuous
monitoring of one or more critical canary species, or a process control system to ensure that the
hydrogen gas at the nozzle meets the specification in 8.3 (see also Table C.1).

Hydrogen quality measuring should be conducted, according to the risk assessment, after maintenance
which may cause contamination of hydrogen fuel.
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If the fuelling station cannot meet the quality mentioned in 8.3, corrective action should be taken
before other vehicles are permitted to fuel. Corrective measures should be put in place and fuel quality
assessments conducted until the hydrogen is again within specification.

Periodic sampling of hydrogen should be done at the fuelling nozzle and should only be done by
personnel trained in handling of pressurized hydrogen gas. A representative sample should be
considered utilizing hydrogen from all hydrogen banks at fuelling station.

8.5.2 Dispenser fuel filters

high prepsure hydrogen system of FCEV, specifically the vehicle CHSS valves, hydrogen filterssheould
be includled as part of the dispenser, see 9.9. There should be a filter with a capability to prevent
particuldtes of a maximum size of 5 pm with a minimum removal efficiency of 99 % under expected
process ¢onditions, or alternatively a 5 pm filter. The filter should beinstalled upstream pf, and as cloge
as possible to, the hose breakaway device. This should filter out the particulate concdentration in the
hydrogen according to ISO 14687-2.

To previEt hydrogen containing function-impairing impurities (i.e. particulates) that would affectthe

NOTE ISO 4022, ISO 12500-1 and ISO 12500-3 provide recommended methodologiesfor the testing of filt
efficiencigs.

19
—

9 Equipment and components
9.1 General

9.1.1 General equipment recommendations
Equipment should be designed for the expected operating conditions, and specified ambient condition|s.

Compongnts that may need to be dismounted for miaintenance should be installed in such a manner that
dismounting and remounting does not damage*or untighten other components. If a specific procedure
is to be applied to avoid this, a reference to.thiSprocedure should be made by signage.

All partg that may be contacted during riormal servicing and operation should be free from sharfp
projectidns or edges and projecting screw ends.

All compjonents that are routinely serviced should be accessible for servicing and functional adjustment
in positign and should be replaceable during normal servicing.

9.1.2 aterial hydrogen compatibility

Compong¢nts in which* hydrogen are processed, as well as all parts used to seal or interconnect the
same, shpuld be-fegsistant to the chemical and physical action of hydrogen at the operating conditions.
In partidular,when selecting materials and manufacturing methods, due account should be taken pf
resistange to\hydrogen assisted corrosion.

The materials (steels, aluminium and polymers, etc.) utilized need to be compatible with hydrogen at
the temperatures and pressures utilized. Due consideration should be given when selecting ferrous
materials for hydrogen service. Further information on the selection of materials, particularly the
choice of steels resistant to hydrogen embrittlement can be found in ISO/TR 15916 and ISO 11114-1.
ISO 11114-4 can be used to determine the test methods for selecting metallic materials resistant to
hydrogen embrittlement.

NOTE Hydrogen embrittlement is commonly addressed by material selection, conservative design (avoid
yielding), manufacturing process and surface finish.

Cast iron, malleable iron and grey iron pipe and fittings should not be used due to the permeability of
hydrogen and the possibility of porosity.
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Vent lines, where hydrogen is not expected to be present under normal operating conditions, or at
sustained high pressures, may use other materials not suitable for high pressure hydrogen service.

9.1.3 Hydrogen and material compatibility at cryogenic temperatures

Equipment and components that are to be used for handling liquid hydrogen and other gases under
cryogenic conditions should meet the material recommendations of the equipment and component
standards specified in 9.1.1. A guide for material compatibility in cryogenic service is given in
ISO/TR 15916, I1SO 21010 or ISO 21028-1.

9|1.4 Other material recommendations

The materials of construction, or byproducts of the degradation of the materials of constructiqn should
npt adversely affect the environment. Material selection should be made in accordance with local
environment requirements, avoiding the use of materials that do not comply withsthese requjrements
stich as: mercury, lead or asbestos.

Chre should be taken to prevent contact between dissimilar metals toCprevent galvanic cprrosion.
When an electrolyte is expected to be present, the use of dissimilar metals in tubing, fittings gnd other
c¢mponents should be avoided. Special consideration should be given to prevent contact [between
components of anodic metals with cathodic ones. Metal fittings should be compatible with metfal tubing
njaterials.

9{2 Piping carrying gaseous hydrogen

912.1 General

Plping used to transport hydrogen in the fuelling station should conform with ISO 15649, ¢r with a
nptional/regional standard, such as a Harmonjsed standard, and be suitable for the anticipated cycle
life. Piping and fittings should be made of materials compatible with hydrogen service, see 9.12.

Hiigh pressure components should be/mounted in strict compliance with the supplier’s instfuctions,
fqllowing a well-defined assembly procedure.

Hligh pressure piping should be welded in accordance with a national / regional standard, guch as a
armonised standard. Thisdncludes qualification of welders, welding procedures etc.

H
Plping should be installed-so it is not accidentally stepped on or used for leverage, and does nof present
altrip hazard for users:ot service personnel.

Where necessary, hydrogen piping may be run below grade, preferably in an open trench cové¢red by a
grating. If noncwelded joints are used, particular attention should be given to their location co}anidering
thhe potential/impact of a leak on personnel safety and equipment integrity. Buried gaseous hydrogen
plpes should use welded joints. Where non-welded joints are used, they should be accessible ffrom the
syirfacézand be of a high integrity leak tight design.

Plping that might be exposed to corrosive environments (e.g. underground pipes or pipes in frenches)
should be protected from corrosion by suitable means.

9.2.2 Piping, fittings, valves, regulator for cryogenic service
Valves used for cryogenic service is should comply with ISO 21011.

Means should be provided to minimise exposure of personnel to piping operating at low temperatures
and to prevent air condensate from contacting piping, structural members and surfaces not suitable for
cryogenic temperatures.

Uninsulated piping and equipment, which operates at below air condensation temperature, should not
be installed above asphalt surfaces or other combustible materials in order to prevent contact of liquid
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air, asphalt and bitumastic paving should be considered combustible for oxygen dripping. If expansion
joints are used, fillers should also be made of non-combustible materials. Drip pans may be installed
under uninsulated piping and equipment to retain and vaporise condensed liquid air.

9.3 Hydrogen storage recommendations

9.3.1 Gaseous hydrogen storage vessels
Storage vessels for the storage of hydrogen gas should be manufactured in accordance with a commonly
used nat[‘_v_‘_l_ﬁlﬁ_d_d_ﬂ‘hrf‘_ﬁ_l_lﬂ_hﬁ‘_l_ona Tegional standard and designed for the anticipated cycle [ife.Buffer storage may inciude
hydrogen absorbed in a metal hydride storage system.

If buffer[storage tanks of different design pressures are interconnected, they should be protected n

such a wpy that tanks rated for a lower pressure cannot be over-pressurized due to any malfuhction.

If compdsite tanks are used for buffer storage, the design of the installation should include means {o
prevent pursting in the case of fire. Suitable prevention methods may include:

— product venting systems, such as thermally activated pressure relief devicés\(TPRDs);
— thermal shielding;
— fixed firewater protection, where permitted according to national regulations.

The layopt design of the gaseous hydrogen buffer storage tanks should prevent direct impingement pf
any gas lpak onto an adjacent vessel.

Each grdup of buffer storage tanks that may be isolated with manual or automatic valves, should he
equipped with their own set of safety devices.

When hydrogen is delivered in transportable cylindeys, tube trailers or MEGCs, these may not include
safety relief devices within the cylinder / group of vessels.

Howevell when transportable cylinders, tube'trailers or MEGCs are incorporated into a fuelling statio
following appropriate risk assessment that:addresses the potentially different design consideration
particuldrly pressure cycling, any on-site-<Compression system that may compress hydrogen into su¢h
a system|should include a set of safety:devices to protect the storage tube(s) from over-pressurization.

K

9.3.2 Hydrogen storage siting-recommendations

9.3.2.1 | Ground storage

Gaseous [hydrogen biffer storage tanks or assemblies should be situated in the open air or a suitabje
hydrogen safe container, see 5.6.3. The foundation for a gaseous hydrogen storage tank should be
approprifate to acecommodate the weight of the equipment placed on it and should be made of concrete
or any otlhersuitable non-combustible material.

9.3.2.2 Below ground vaults

Below-ground vaults constructed on-site should be designed in accordance with a national building
code. Inspections should be conducted to verify structural strength and compliance of the installation
with the approved design. Consideration should be given to soil and hydrostatic loading on the floors,
walls and roof, anticipated seismic forces, uplifting by ground water or flooding, and to loads imposed
from above, such as traffic and equipment loading on the vault roof.

The vault walls should be higher than the gaseous hydrogen buffer storage tanks contained therein.
There should be no openings in the vault enclosure except those necessary for access to, inspection
of, and filling, emptying, ventilation and venting of the gaseous hydrogen buffer storage tanks. Means
of ventilation should be provided to prevent accumulation of leaked hydrogen gas. Ingress of water
should be prevented, or minimised where a drainage system to manage water ingress is provided. If
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installed at grade and subject to vehicle loading, the top should have a metal grating or another roof
with sufficient strength to carry vehicle loading.

If manual intervention is required for safe operation or in an emergency, manually operated valves or
controls, should be located above ground and accessible to authorized personnel only.

There should be sufficient clearance between the gaseous hydrogen buffer storage tanks and the vault
to allow for visual inspection and maintenance of the tanks and their appurtenances.
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Where adjacent vaults share a common wall, the common wall should be liquid and vapour
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Fessure relief devices should be vented to a safe location as specified in 5.4.5.

hults should be designed in accordance with 5.9.1. At each entry point, a warningsign indic
ped for following procedures for safe entry into confined spaces should be postéd: Entry poin
b secured against unauthorized entry and vandalism.

3.2.3 Roof top installation of gaseous hydrogen systems

3.2.3.1 General

(here hydrogen generators, compressors, gaseous buffet storage tanks, piping systg
leir related accessories are located on building or canopy roofs, the installation should
commendations of 9.3.2.3.

quipment installed at heights should have walk®ways and working platforms to facilitatg
Fcess and be accessible for inspection and maintenance. Measures to address the hazards of
heights should be taken to protect workers from falling off the roof, and to protect persons H
quipment / elevated from falling objects.

ccess to the building or canopy roof should be provided in accordance with ISO 14122.

3.2.3.2 Roof structural recommendations

he roof structure supportiig-the hydrogen equipment and tanks should be constructed in co
ith the local national building code with due consideration for the added weight of the equi
dition to other static-and dynamic loadings.

3.2.3.3 Gasegus hydrogen storage mounting

hseous hydrogen buffer storage tanks should be mounted according to the tank manuf
structions,'They should be individually supported in a cradle or similar structure or with
jat provides individual tank support.

he tank mounting structure should be securely affixed to the roof.
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9.3.2.3.4 Other hydrogen equipment mounting

Other hydrogen equipment should be securely mounted on the gaseous hydrogen storage mounting
structure or separately mounted to the roof.
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9.3.2.3.5 Fire protection

Gaseous hydrogen equipment and buffer storage tanks on the roof of an occupied building should meet
the following recommendations to avoid escalation from a building fire:

— Measures should be provided to avoid overpressure/explosion of the hydrogen storage systems
in case of fire, such as fire detection, emergency device to empty the storage, such as thermally
activated pressure relief devices (TPRDs), or a sprinkler system;

— The supporting roof structure and columns below the hydrogen equipment and storage footprint
area T Te-Tes] g, i pf
congtruction for the building.

9.4 Hydrogen compressors

94.1 eneral

Compregsors should be designed with particular reference to hydrogen serviceZand to minimize the
introduction of contaminants.
Each compressor should be equipped with a pressure relief device to preventoverpressure.

Where multiple compressors are installed in parallel, and operated ‘during maintenance activities,
positive {solation should be provided to isolate any compressor being worked on.

Each compressor should be equipped with means to fully depréessurize all parts of the system for
maintengnce purposes.

When thg risk mitigation review of a compressor systemcrecommends the use of an inert purge, meains
(written|procedure) to purge the compressor(s) with ivert gas prior to maintenance operations should
be provigled to control in an effective inerting.

Compregsor enclosures should comply with 5.44"and 5.6.3.

9.4.2 Vibration and movement

Sufficient compensation for vibration' and movement should be provided between interconnectgqd
systems pt a hydrogen fuelling station and between the hydrogen gas supply piping and the compress¢r
suction piping to avoid leaks caused by vibration and movement.

Any vibrations that may-‘affect the strength of the piping, fitting and component should not Qe
transferfed to the pipingwork.

9.4.3 (ontrol and monitoring

9.4.3.1 | Géneral

Safety controls should be Installed to ensure temperature and pressure levels do not exceed or fall
below set operating levels.

In addition to the instruments and controls normally provided for gas compressing systems, the
following specific safeguards for hydrogen should be considered.

9.4.3.2 Inlet pressure

Ingress of air at the inlet to the compressor should be avoided at all times to prevent the formation of an
explosive mixture. If this condition is no longer guaranteed, the compressor should be shut down.
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For example, the inlet pressure should be monitored by a pressure indicator/switch to avoid a vacuum in
the inlet line and consequent ingress of air. This pressure indicator/switch should cause the compressor
to shut down before the inlet pressure reaches atmospheric pressure.

If there is a possibility of oxygen contamination under normal operating conditions, measurement of the
oxygen content in the hydrogen can be considered as a mitigation measure during risk assessment. For
example, should the oxygen content reach a volume fraction of 1 %, the compressor can be automatically
shut down. Alternative means can be taken to prevent critical situations.

The temperature after the final stage of compression, or the temperature after the cooler,.Wwhere fitted,
should be monitored by an indicator/alarm that should be arranged to shut down the compressor at a
predetermined maximum temperature.

4.3.4 Discharge pressure

9

The pressure after the final stage of compression should be monitored Byyan indicator/alarm, which
should be arranged to shut down the compressor or initiate alternative actions, such as recydling, at a
predetermined maximum pressure which is below that of the final pressure relief device.

N}

4.3.5 Cooling water — low pressure alarm

Alwater pressure alarm should be provided in the cooling watér system, which should indicate|the need
tq shut down the compressor in case of low pressure or flow.

4.3.6 Purge gas on electrical equipment

9

Where the motor and auxiliary equipment are pressurized by an inert gas such as nitrggen, low
pressure/flow should be indicated by an alatm, which should be arranged to shut down the mjotor and
alixiliaries as required by IEC 60079-2.

914.3.7 Pressurized crankcases

Where the compressor crankease is pressurized by nitrogen or other inert gases, low pressure/flow
should be indicated by an atarm, which should be arranged to shut down the compressor.

The compressor design-should prevent the formation of an air and hydrogen mixture in the compressor
crankcase.

o

flthe crankcase(s protected by a safety valve, the valve should be vented to a safe location.
9l5 Cryogenic pumps

9|5.1\ 'General

Foundations for cryogenic pumps should be designed and constructed to prevent frost heaving.

Surfaces located under the pump’s connections and under uninsulated hydrogen piping should be
constructed of non-combustible materials according to 9.2.2.

Each cryogenic pump should be provided with a vent and a pressure relief valve that will prevent over-
pressurizing of the pump case under all conditions, including the maximum possible rate of cool down.

Operation in presence of cavitation should be prevented if identified as a safety relevant factor, for
instance by an anti-cavitation system activating automatic shutdown of the pump.

[SO 24490 can be used as a reference for the design of cryogenic pumps.
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9.5.2 High pressure vaporizer
The vaporizer and its piping should be protected with pressure relief devices.

The vaporizer should be sized for the maximum flow requirement specified for cryogenic pumps. The
vaporizer system should be designed as required despite accumulation of ice due to condensation of
ambient moisture.

Where necessary, a device should be installed to ensure that cold gas temperature exiting the
vaporizer cannot:

— affeqt the dispensing process;
— cause damage to pipe work and equipment downstream.

Heat used in the vaporizer should be indirectly supplied utilising media such as air, steam, water, ¢r
water solutions.

Means tp stop flow should be installed should low temperature downstream-of ‘the vaporizer be
detected

The vapgrizer should be anchored and its connecting piping should be sufficiently flexible to provide
for the effect of expansion and contraction due to temperature changes.

Suitable means should be installed on the vaporizer discharge to avoid’the possibility of liquid hydrogdn
from enfering a gaseous hydrogen storage or other equipment\not designed for liquid hydroggn
temperatures. The combustion air required for the operationief‘the primary heat source for remote
heated vhporizers should be taken from outside an enclosed:structure or building. A device should he
fitted affer the hydrogen vaporizer to avoid back flow into the hydrogen system.

When a [water bath or steam heated vaporizer is used, the maintenance schedule should include|a
regular yisual examination of shell and external tubé’ surfaces for signs of damage, excessive frosting
etc. Any flefects should be reported to the suppligr.

9.6 Pressure relief devices for gaseous hydrogen systems

When rejquired, the pressurized gaseous hydrogen systems and equipment should be protected from
over-prepsure e.g. by use of one or mere PSD(s), or by other appropriate means. A PSD can be of the self-
destructjve type, such as rupture disks and diaphragms, or of the resealable type, such as PSV spring-
loaded ptessure relief valves.

PSVs shguld meet the requirements of ISO 4126-1 or an equivalent standard recognized in locpl
regulatidn.

Burst difc safety-déevices should meet the requirements of ISO 4126-2 or an equivalent standagd
recognized in localregulation.

The equipment should be protected against excessive pressure at all times during operatiop.
Considerfation should also be given in the design of the installation to facilitate the periodic testing bf
the pressure relief devices. EN 764-7 provides guidance on isolation of relieving safety systems.

Isolation of the pressure relieving safety accessory(ies) from the equipment which it is designed to
protect should only be permitted if the source of pressure, which could lead to an unsafe condition,
is simultaneously isolated from the equipment with the pressure relief device. Prior to isolation the
continued need to protect against external sources of overpressure such as solar radiation and fire
should be addressed.

Where multiple relieving safety accessories are used, any provision made for isolating any one relieving
safety accessory (e.g. for testing or servicing) should ensure that the remaining relieving safety
accessory(ies) connected to the equipment provide the full relief capacity required.
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Acceptable methods include but are not limited to:
— 3-way valves;

— changeover valves;

— mechanical interlocks;

— captive sequential key interlocking.

In some cases, isolation valves may be used for maintenance of pressure relief devices if the isolation
valve can be locked open whenever the equipment being protected is being pressurised. A¢cdss to the
ldck key should be controlled and used by qualified service personnel only, with the positienof the valve
ahd the locking device checked periodically. In such cases, a bleed valve should be usedtp-depfessurize
the line upstream of the PRV and ensure safety during maintenance operation.

9{7 Valves for gaseous hydrogen

Idolation valves should be used to isolate portions of the piping system in‘emergencies and fof routine
aintenance. Where manually operated emergency isolation or vent yalves are included, thege should
b installed at an accessible location in the hydrogen piping so that-the hydrogen flow can b¢ shut off
hen necessary.

standard operating procedure should insure a safe and efficient hydrogen purging of the system with
gh purity hydrogen after maintenance operation of 4all kinds and prior to use. The purpoge of the
bdrogen purging is to remove any chemical and particulate contamination before restarting fhe plant
ir] operation. Hydrogen gas quality analysis may.lie Tequired to confirm that the dispensed hydrogen
gpality meets the expectation defined in 8.3 and\8.4, before restarting dispensing operations.

]
b
\
Means to safely relieve pressure and purge with hydrogen aftér maintenance should be provided.
A
h
h

9{8 Instruments for gaseous hydrogen

Ijstruments dedicated for various functions on the fuelling station should be tested andl proved
gpalified for their intended purpaSe:

Injstruments and gauges should\be designed and located such that, in the event of a leakage or{rupture,
nd possible subsequent fite) the risk to personnel is minimised. Safety “glass” and blowout packs on
ressure gauges should beised.

hbinets or housing$ containing hydrogen control equipment should be designed to preyent any
rcumulation of hydrogen gas.

919 FiltersTor gaseous hydrogen

Fllterstand separators should be sized for the maximum hydrogen gas flow and for the gxpected
ithpurities in the hydrogen gas, see 8.4.2, and, where appropriate, should be provided with sufficiently
1 rge sumps-or rn”or‘fing tanks As far as pnccih]n’ filters and cnparnfnrc should be combined in a
single unit. The filters should have a specified separating capacity. Where liquids and condensation
products require removal, consideration should be given to the dew point of these liquids, relative to
the temperatures to which hydrogen is cooled prior to passing through the separator, to avoid freezing
and blockage.

Clogging of the filter insert in the main hydrogen gas flow should be monitored. This may be done
by regular preventive maintenance, by regular operational checks or by monitoring equipment, e.g.
differential-pressure gauges indicating a maximum value, as specified by the filter supplier.

The filters and separators should be arranged and installed in such a way that it is possible to open and
empty them in a safe manner. In the event of frequent opening and closing operations, the filters and
separators should be fitted with quick opening and closing fittings.
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Where a separator is needed for removing liquids and condensation products, a manual or an automatic
discharging device, if applicable comprising a sump, should be provided.

The filter should be accessible for inspection, cleaning and replacement of the filter element.
9.10 Dispensers

9.10.1 Location and protection of dispensers

Th dl ooy paayy bha o oo d Jlon dassion A dlhn £l s cbadinay Fon it e sy bn b gt d o
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part of alhydrogen production / compression container unit. Necessary physical protections should he
implemehted to protect the dispenser from any vehicular impact.

NOTE Examples of methods that can be used to achieve adequate protection are described in Annex E.

The structural foundation of the dispenser and the fuelling area should be adequatée-to support gll
compongnts including vehicles to be fuelled.

Dispensdrs should be secured against unauthorized use outside normal operating-hours. The hydroggn
supply tq the dispenser should be isolated at the source and dispenser according to 9.10.3.3.

Dispensdrs should not be located beneath a canopy unless the canopy thas been designed to prevent
the accumulation of hydrogen in pockets or between the canopy ceilihg and roof, or other means pf
protectign have been taken.

9.10.2 Kuelling pad

The vehigle fuelling pad should be made of non-combustiblé’materials and designed to allow electricpl
grounding before the nozzle is connected to the vehiclesThe fuelling pad should have a common grourd
(earth cqnnection) with the station equipment. Thecelectrical resistance between the vehicle fuelling
pad and the dispenser ground should be less than :\MQ.

The vehicle fuelling pad should be level, except for a minimal slope to provide normal surface water
drainagd.

9.10.3 Dispenser system design

9.10.3.1| General design and-assembly

The dispgensing system showld be designed to perform compressed hydrogen fuelling according to|a
defined fluelling protocehand incorporate the required critical safety equipment to safeguard the users
and vehifles against any“over-pressure, over-filling and major hydrogen release situations (see 8.2).

The conpection interface of the fuelling assembly to the dispenser should be such as to prevent the
mounting of asfitelling nozzle designed for 35 MPa fuelling on a 70 MPa dispenser.

Dispensédrsishould be equipped with means to secure and protect the fuelling nozzle and hose(s) againgt
external mechanical aggression and contamination by foreign materials when not in use.

A means to depressurise and/or purge the dispenser should be provided and should be protected by a
locking mechanism or permanent closure so that it is inaccessible to the public.

9.10.3.2 Rated operating conditions

All the components in hydrogen service should be covered by a technical specificatio providing the
necessary recommendations, based on the dispenser operating conditions defined in the table below.
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All the components of the dispensing system should be rated for, as a minimum:

a maximum allowable working pressure (MAWP) equal to or greater than 138 % of the dispenser
nominal working pressure (H35 or H70 as defined in ISO 17268);

an ambient temperature range of -40 °C to +50 °C; (consideration should be given to the possibility
of higher temperatures, with the use of protection from the sun and/or higher rated components

where necessary)

use with hydrogen;

— aspecified cycle life beyond which the component should be removed from service.
Iflis recommended that dispenser components are rated for use at the MAWP listed below ir Table 5,
and tested as a minimum to the appropriate Integrity Test Pressure (ITP) for their pressure class.
NPTE Further guidance on pressure terminology is included as Annex D.
When components in the dispensing system have a lower maximum allowable working presgure than
1B8 % of nominal working pressure (NWP), the set point of the PSV shotld be defined by the lowest
nlaximum allowable working pressure of any component in the relevant pressure system. Th¢ fuelling
protocol should take this restriction into account to minimise the likelihood of over-pressurisation of
the dispenser.
Table 5 — Pressure levels for dispensing system components
Pressure | NWP (Nomi- MOP MAWP 1 ITP 2,3
Class ngl Working (Maximum Operating | (Maximum Allowable Work- | (Integrity Test Pres-
ressure) .
Pressure) ing Pressure) sure)
dg: ttgrz C:i? Highest pressure per=| Minimum pressure to which | Minimum prepsure to
%ure of 11)5 oC mitted during noriial component is rated which compgnent is
fuelling due to a,CHSS . A tested before use.
Highest permissible
gas temperature of . .
859C dispenser PSV set-point -
see 8.2.3.3
1,00 x NWP 1,25 x NWP 1,375 x NWP 1,50 x NWP
H25 25 MPa 31,25 MPa 34,375 MPa 37,5 MPa
H35 4 35 MPa 43,75 MPa 48,125 MPa 52,5 MHa
H50 50 MPa 62,5 MPa 68,75 MPa 75,0 MHa
H70 4 70 MRa 87,5 MPa 96,25 MPa 105,0 MPa
NOTE 1 ComponéntTating to be valid at maximum and minimum allowable material temperatures as ¢lefined
by the manufaeturer;
NOTE 2 The proposed test level matches the maximum pressure expected during PSV relieving;
NOTE 8;0ther test pressure required according to national regulations;
NQOTE 4 Pressures used for hydrogen road vehicle fuelling in this document.
NOTE 5 The ratio between MOP and MAWP is different (greater or lower than 1,1) depending on the
processor design of the hydrogen fuelling station and corresponding sub-systems (for example in Japan).
NOTE 6 ITP is either a hydraulic or pneumatic test.

9.10.3.3 Dispenser hydrogen isolation valves

Means to automatically isolate all hydrogen dispensers from the hydrogen supply should be included.

The manufacturer’s risk assessment should consider the need for an automatic isolation valve to be

provided at each end of the pipe between the dispenser and the hydrogen buffer storage, depe

ndent on

the amount of hydrogen that would be released in case of a loss of containment. At least one automatic
isolation valve should be located in a place not accessible to public, and protected from vehicle impact.
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Where required, the automatic valve at the dispenser should be located such that it is protected from
vehicular impact.

The automatic valves should be normally-closed. The automatic shut-off valves should be closed if an
emergency shutdown occurs as defined in 8.2.3.2 and when no dispensing is taking place. While the
automatic shut-off valves should open to allow dispensing, these valves should not perform process
control as described in 8.2.2.4.6.

Means to provide positive isolation of the dispenser automatic shut-off valve and of the dispenser, for
example using manual shut-off valves, should be included where appropriate for maintenance.

The leakitightness of the isolation valves should be periodically checked.

Where r¢quired by risk assessment, the isolation valve body should be constructed with materjal that
will contfinue to function in the case of engulfment in fire.

9.10.3.4| Dispenser cabinet

The congtruction of the cabinet should be such that it will not become warped, bent, loosened ¢r
otherwide damaged in normal operation. The dispenser cabinet should:

— be able to withstand the expected service loads;
— be njade from non-combustible and antistatic materials.

A recessjor depression in the cabinet that may collect water should contain means to drain the water fo
an area that will not cause an unsafe condition.

The disgenser cabinet should afford space for making.field connections of gas-carrying piping ard
electrical equipment. Openings should be provided formaking connections and for inspection arjd
adjustmént of the operating mechanism after installation. Openings should require a key or tool to opep.

The equjpment and parts within the dispenserycabinet should comply with the recommendations
of 10.2.2. The interior of the dispenser cabinet should be naturally- or force- ventilated to prevent
flammallle mixtures in case of a reasonably foreseeable leak. This may be achieved by openings at
different{ elevations so as to ensure suffi¢ient ventilation. Ventilation outlets should be located in a wgy
as to avqid exposure of the user. Pressurized gases emerging from pressure relief devices should be
ventilated and dissipated in a safe manner to a safe location outside the dispenser cabinet, avoiding any
flammallle gas atmosphere within,the dispenser cabinet.

9.10.3.5| Dispenser pipingand fittings

The dispgnser pipingand fittings should comply with the recommendations of 9.2.
9.10.4 Dispenserfuelling assembly

9.10.4.1| General

A dispenser fuelling assembly should consist of a breakaway device, a hose(s), a nozzle and connectors
between these components.

Suitability of the fuelling assembly components for the specified service conditions and cycle life should
be demonstrated by type testing. Type testing to enable a rated pressure to an MAWP of 1,375 % NWP
could for example include:

— ahydrostatic pressure test to 375 % NWP;
— 100 000 pressure cycles to 125 % NWP;
— 10 pressure cycles to 150 % NWP.
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Where a MAWP of a lower ratio of 137,5 % NWP is used, the test pressures above may be lower.

The maximum and minimum operational temperatures of the fuelling assembly components should be
used during type testing, i.e. see 9.10.3.2.

Each fuelling assembly component should have been hydraulically tested by the manufacturer to a
minimum 150 % of the nominal working pressure, see 9.10.3.2, and had a certificate issued to that effect.

NOTE National requirements can require a higher test pressure for assemblies/components as well as the
involvement of third party inspection.

10.4.2 Composition and integration

9

The hose breakaway device should be positioned such that when the fuelling hose is-pulled [along its
axis, it will release without damage to the dispenser cabinet. If the fuelling assembly.includes & venting
hpse, the latter should also be fitted with a breakaway device.

T

he fuelling assembly should be strong enough to withstand the loads (tensile-and torsion) ejerted by
the user without damage.

9/10.4.3 Prevention of damage to fuelling assembly in service

Between fuelling, the hose assembly and nozzle should be stored’in such a way that they are grotected
filom damage by vehicles.

The hose assembly should be prevented from contacting the ground unless appropriate meagures are
tgken to protect the hose from any damage resulting from contact with the ground.

The hose assembly should be prevented from beéing bent to the point of damaging the hoge in the
conditions of use that are likely to occur.

10.4.4 Electrical continuity

9

Electrical continuity should be ensured throughout the fuelling assembly. The outer surfdce cover
should be non-conductive. The total electrical resistance between the (vehicle) end of thq fuelling
npzzle to the station electrical ground should be a maximum of 1 000 ().

The resistance should be nleasured equal to the manufacturer’s specified maximum allowablejworking
pressure.

Ne)

10.4.5 Marking

The fuelling aS§sembly components should be individually marked with:

the manufacturer’s name or trademark;

— _the'model designation;

In—addition, the fuelling assembly components should be marked with either the date of manufacture
or testing, or a serial or batch number, to enable traceability of the component to a test report or
certification.

Where appropriate, reference should be made to the design standard with the appropriate pressure
class, H25, H35, H35HF or H70 identified.

Where this isn't applicable, the component should be marked with:
— the maximum allowable working pressure;
— permissible operating temperature range; and

— suitability for use with hydrogen.
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Breakaway couplings should be marked with the direction of gas flow.

The markings should be designed to be permanent throughout the expected lifetime of the component.

9.10.4.6 Assembly and installation

The components of the fuelling assembly should be assembled and installed according to the
manufacturer’s instructions.

9.10.4.7 aintenance and incpprtinn

The fuelling assembly should be visually inspected regularly to check that the assembly s free
from dajnage.

The fuelling hose should be visually inspected regularly to check that the hose is free ftom damage,
cuts, cragks, bulges or blisters, and kinks.

The fuelling assembly should be periodically tested for leaks with a compatible leak detection fluid. Any
leakage §hould be reason for rejection.

The use [of protective covers and/or automatic leak tests should be used to“define the frequency pf
visual inppection.

Fuelling hose assemblies that fail visual inspection or leakage test shieuld be withdrawn from service

9.11 Hgse assembly

9.11.1 Rated operating conditions

The hosd should be rated for the conditions specifiedzin 9.10.3.2.

9.11.2 Hose assembly design
The hosd should be designed for hydrogen service and the environmental conditions at site of use.
Hydrogeh leakage by permeability should not exceed 10 cm3/h per metre of hose at 20 °C.

Construgtion and materials shouldbe such as to prevent the trapping of hydrogen within or betwegn
the matefrials at a pressure that,could damage the hose when the internal pressure is relieved.

Metal m¢sh reinforcement-should not be susceptible to corrosion from penetration of humidity, if su¢h
penetratjon is reasonably foreseeable during expected lifetime.

The fuelling hose.assembly should be strong enough to withstand without damage the expected loads
(tensile gdnd torsien) exerted by the user.

The length-of the fuelling hoses should be long enough to fill vehicles, but should not be longer thdn
necessamyta fill vehicles at the intended location

7

9.11.3 Hose assembly type testing and production testing

For rated pressures of up to 45 MPa, the fuelling hose assembly should be type tested and production
tested according to ISO 14113.

9.11.4 Venting hose assembly

The venting hose, if present, is subject to the same recommendations as the fuelling hose, as defined in
9.10.4.2 t0 9.10.4.7.
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9.12 Fuelling connector (nozzle) general design and assembly

9.12.1 General design and assembly

The fuelling nozzle should comply with ISO 17268 or SAE ]J2600 and be rated for the appropriate
pressure class. The use of adapters should be prohibited.

The fuelling nozzle should be securely supported and protected from the accumulation of foreign
matter (e.g. snow, ice or sand) that could impede operation.

The fuelling nozzle should prevent the entry of air into the vehicle fuel system and fuelling station
equipment.

9(12.2 Depressurization of nozzles
Almechanism should be provided to depressurize nozzles as required in ISO 17268.

The gas should be vented in a safe manner to a safe location.
9{13 Hose breakaway device general design and assembly

9/13.1 Rated operating conditions
The hose breakaway device should be rated for the conditions'specified in 9.10.4.1.

The hose breakaway device should disconnect when supjected to a maximum force of 1000 N but not
lgss than 220 N independent of the operating pressure within the device when installed as spdcified by
the manufacturer. This condition should be met at'all operating fuelling pressures.

The hose breakaway on the fuelling line shotld incorporate double shut-off features that isolate both
sides of the connection when uncoupled.

Al method requiring the use of tools*should be provided to reconnect the hose breakaway [device if
itlis not a “one-time-use device”. i the event of a reconnection, the fuelling hose assembly should be
pressurized and leak tested under-eperating conditions before recommencing operation.

9(13.2 Breakaway durability

The hose breakaway device should withstand 100 000 cycles of hydrogen gas pressure pulseg without
s¢paration or leakage. The breakaway device should be inspected and tested according to the qupplier’s
nlaintenance scheme.

9(14 Gaseous hydrogen vent systems

911441 YGeneral

—

€ venting of hydrogen 1s typical i1 a hydrogen fuelling station, and measures should be taken to
ensure that hazards arising from venting are minimised, see 5.4.5.

Hydrogen venting systems should be designed and sized according to the following considerations.

9.14.2 Piping design

Design pressure should be such that the pipe system will not rupture in the event of detonation of a
flammable hydrogen air mixture in the system. The vent system should be designed for the thrust of
the discharging jet.
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The recommendations of 9.1.2 should be applied. Vent piping of cryogenic hydrogen should not be
insulated to allow the maximum heat transfer from atmosphere in order to reduce the probability of
cold hydrogen vent gas vapor clouds. Thermal contraction should be accounted for.

9.14.3 Flame arrestors
Flame arrestors are not needed for vent systems that follow the recommendations of this document.

NOTE Flame arrestors are typically used on combustion systems such as a pre-mixed air fuel supply to a
hand torch for example. Flame arrestors can apply a backpressure to increase velocity at the “fire check”.

Back prg¢ssure devices used on hydrogen vent systems with gas recovery or atmosphere exclusign
systems ghould be engineered for the specific hydrogen vent recommendations.

9.14.4 VYent outlet
Outlet mpy be vertical upwards, horizontal, or any direction in between. Caps should not be used.

Drains ahd water accumulation points should be protected from freezing to avoid blockage or breaking
of vent stack. Consideration should be given in the fuelling station risk assesgment to the prevention pf
accumulgtion of water, including that from condensation, in the vent stack ofitlet (or other requirements
for protelction against freezing.)

Where the risk assessment deems appropriate, vent systems, particdlarly those with a vertical outlet
should bg equipped with a water drain valve at the bottom of the®@ent stack.

For horiZontal outlets (T-vent or single outlet vent), the cut plane should not face downward if the exit
velocity |s sufficiently high for the direction of the release;to be determined by the orientation of the
cut plang.

The outlet piping may be slightly inclined downwards to avoid entry of water if measures are taken fo
avoid thdt the plume or jet will be pointing downwards (e.g. through low velocity release, or by use pf
a cut plahe facing upwards for exit velocities that‘are sufficiently high for the direction of release to he
determined by the orientation of the cut plane:

9.14.5 Maximum flow rate calculation

The mayimum flow rate should-be’calculated as the sum of all the flows in normal or foreseeable
operating conditions that are-expected to be simultaneous, and the highest flow generated by upsgt
conditioms.

Normal pnd foreseeable-operating conditions to be considered are, for example, the venting pf
comprespor flow. Fof Aiquid hydrogen supply systems, normal and foreseeable operating conditions
include:

— cool|down-of lines, pumps and connected equipment;

— liquid'flash and gas displacement during filling of the tank;

— normal boil-off rate from ambient heat leak.

Upset and accidental conditions maximum flow rate should include the largest of the following
independent upset conditions such as

— emergency discharge of gaseous hydrogen buffer storage;
— external fire;

— malfunction of dispensing control valve causing pressure relief valve(s) to open.
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For liquid hydrogen supply systems: Upset and accidental conditions maximum flow rate should include
— excessive rate of cool-down;
— loss of vacuum;

— malfunction of control valves in the pressure control circuits or fuelling line causing excess vapour
generation in the tank;

— venting of pumped liquid flow.

14.6 Piping diameter and exit velocity

9

The vent piping diameter should not be smaller than the diameter of any pressure-relief valye outlet,
and large enough to prevent the pressure relief valve functioning properly. Limitation of n¢ise level
nfay also need to be considered.

N

DTE1  For vertical venting, the higher the discharge velocity the smallér “the separation| distance
rgcommendations around the vent 1.

NPTE 2  For T-venting, the smaller the discharge velocity the smaller the s€paration distance recommgndations
ir the axis of discharge 2).

9(14.7 Maximum pressure drop

The maximum pressure drop resulting from the sum of*design flows of all vent devices discharging
irlto a common vent system at the same time should notexceed 10 % of the lowest set pressure of these
r¢lief valves, in order to prevent counter-pressure in the vent line from preventing the opening of the
r¢lief valve.

9/15 Pneumatics

[

fstrument air from an air compressor or cylinder supply system should be supplied through control
valves. A buffer volume should maintain the air pressure to allow a safe shutdown of the fuelling station
lhould the supply lapse. Pneumatic equipment and systems should satisfy the requirements of |SO 4414.

%)

heumatic systems should bedesigned so that no hazard may result from pressure losses, pressulre drops.

P
All elements of the pneumatic system, especially pipes and hoses, should be protected againstt harmful
external effects where this is required by the fuelling station risk assessment.

16 Hydrogempurifier

hder alleperating conditions where vehicle fuelling is possible. The hydrogen purifier should be
bsigned taking into account possible contamination from the hydrogen supply system o1 process

9

Hydrogen purification should be provided as necessary to meet the recommendations of 8.3 and 8.4
u

d

efluipment, such as oil in vapour or liquid form.

If adverse effects on the performance and/or corrosion are to be expected because of the quantity of
moisture, the hydrogen gas should be dried such as to avoid water condensation at the highest pressure
and in all operating conditions.

1) The higher the velocity, the higher the vertically directed momentum and, thus, the lower the chance for the
cross wind to bend the resulting flammable plume towards the ground. High momentum nature of the vertical
release will ensure that the bulk of released gas is directed away from people and equipment.

2) The lower the velocity, the lower the horizontally directed momentum and, thus, the lower the horizontally
projected footprint of the formed flammable plume. Buoyancy dominated nature of the horizontal release will
ensure that the orientation of flammable plume will become vertical within a short proximity to the vent stack thus
directing the bulk of released gas away from people and equipment. Cross wind in this case will help dispersion.
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10 Electrical safety
10.1 General

10.1.1 Overview of electrical hazards

Clause 10 addresses electrical safety for hydrogen fuelling stations. There are many aspects to electrical
safety in general and additional, specific aspects related to hydrogen and hydrogen fuelling. Some of
the hazards common in electrical systems are:

— elecfric shock;

— electrical burns;

— arc flash / arc blast;
— fire;
— Elecfromagnetic interference (EMC).

Fuelling systems include many features and hazards common with many typ€s of complex machinery
including hazards due to:

— failufre of control systems;
— operator error;

— etc.
Hydrogeh fuelling systems in particular add this hazard:
— ignitfion of flammable atmospheres

The electrical system of the hydrogen fuelling station should be designed, installed, maintained, ard
serviced|to eliminate these hazards where possible and minimize any that remain.

The electrical system of the hydrogen fuelling station should also be designed, installed, maintainefd
and servjced to eliminate any other<«electrical hazards identified in the risk assessment (see 5.1) where
possible pnd minimize any that remain.

<

At a minfimum the electrical (system of the hydrogen fuelling station should comply with this claus,
which isjorganized as follows:

— gendral electrical
— f¢omponents

— equipmient assemblies

—  Sitefnterconnectonstoandforbebwecn cquipmentassemblies]

— lightning

— hazardous areas (potentially explosive atmospheres)
— electrical equipment
— other equipment

— Electromagnetic compatibility (EMC).
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10.1.2 Components

Individual electrical components / devices or equipment assemblies that have any of the characteristics
or are used in any of the ways listed below should comply with the requirements of the product safety

standard(s) corresponding to that component device or assembly:
— connected to the electrical mains;

— contain, use, or are connected to hazardous voltage;

performa safety function.

Hhzardous voltages are typically defined as greater than 50 VAC and 120 VDC in clean, dry conditions.

HEwever, much lower voltages can be hazardous in other conditions. The condition’s of us
bg considered when determining the hazardous voltage levels. See the SELV and“PELV c
I§C 60364-4-41, and IEC 60204-1, for more information.

conform to IEC 60204-1.

Valves, sensors, and other individual components or devices that are connected to the ed
tsemblies should also conform to IEC 60204-1.

o8]

Pp.1.3 Site interconnections to and/or between equipmernt assemblies

bnnections between the electrical equipment of the hydrogen fuelling stations and the §

so be designed, erected, installed, connected, tested,'and verified in accordance with IEC 603
pltage electrical installations.

There are many clauses and sub-clauses to fE€ 60364; the electrical equipment connectior
comply with all clauses of IEC 60364 that apply.

=z

DTE 2 In many cases the requirements of IEC 60204-1 also apply to connections between
quipment assemblies of the hydrogenfuelling stations.

[¢]

D.1.4 Electrical grounding

[ydrogen tanks, associatéd piping and systems should be earthed to prevent potential electrig

he earthing system resistance should be less than 30 Q.

anges shotild be electrically bonded. Electrical continuity across joints with an isolating se
blymer)sshould be ensured with electrical straps or similar. For example the 2 halves of flang
shouldsbe bonded together.

1
H
NPTE IEC 60204t provides requirements for both protective and operational bonding.
T
F
p

1
C
nlains, or connections between electrical equipment assemblies of the hydrogen fuelling stations should
a
\%

e should
auses of

Iflthere is no product safety standard(s) corresponding to a type of equipment} the equipment should

[uipment

blectrical

64, Low-

s should

electrical

al shock.

al (e.g. a
ed joints

Epclosures where hydrogen is stored or used should be grounded.

Effectiveness of grounding connection should be verified at a frequency according to local regulation.

10.1.5 Lightning protection

Lightning protection should be provided in accordance with the IEC 62305 series of standards, i.e.

IEC 62305-1, and the other parts of IEC 62305 appropriate for the type of equipment.

All hydrogen delivery vehicles should be electrically connected to the same earth ground as the fixed

storage hardware prior to flexible hose connection.
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10.2 Hazardous areas (potentially explosive atmospheres)

10.2.1 General

Hazardous areas, as classified according to IEC 60079-10-1, in which fixed electrical equipment should
be appropriately classified, should be defined.

Hazardous areas are applicable from points of potential releases of hydrogen and/or other flammable
fluids, or from the exhaust of natural or active Ventllatlon of enclosures around equipment contalnmg
flammable e e &

may be ep cluded

A shelter] or a canopy with a flat roof surface and with the sides sufficiently open to allow free passage
of air thfough all parts should be considered well ventilated and should be treated as an outdoor arg¢a
(i.e. “medlium” degree and “good” availability). If the canopy is within the height of the classified aref,
the classjfied area should extend to the border of the canopy.

Where ehclosures are placed around hydrogen equipment to contain and / or control’hazardous areds,
these shguld be in accordance with 5.6.3.

Area clapsification around venting system outlets should be defined onCthe basis of the specifigd
maximuin flow rate, considering also potential upset or accidental flow as defined in 9.14.5.

Hydrogeh fuelling stations can include several hazardous areas, e.g.dreas with potentially flammabje
or explogive atmospheres. The energy required to ignite a mixture’of hydrogen and air is extremely
small; sep IEC 60079-20-1. Almost all electrical equipment can be an ignition source for a hydrogen / afir
mixture fif proper protection is not implemented. In additiorkte the electrical circuits other aspects pf
the electfical installation or equipment can be ignition sourees for hydrogen / air mixtures, for examplg:

— Rotdting blades in fans;
— Hot $urfaces;
— Electrostatic discharge from conductive parts or equipment to other conductive parts or earth.

Additionpl guidance on reducing the poteritial for the formation of explosive atmospheres included in
5.4.1 and 5.5.1.

10.2.2 Protection requirements for electrical equipment within hazardous (classified) areas

All electrical equipment in“hazardous (classified) areas should be protected in accordance with the
IEC 60079 series of standards, i.e. [EC 60079-0 and the appropriate other clause of IEC 60079 fgr
the type| of protection ‘used. For example an intrinsically safe electrical system should comply with
IEC 60079-0 and IEG60079-11, and IEC 60079-25.

All electrical é&quipment in hazardous (classified) areas should be installed in accordance with
IEC 60079-14.

Where new or existing efectrical equipment 15 Wit the azardous area SurTounding nydrogen
equipment, this should be rated for gas group IIC, or [IB+H2 hazardous areas. This is particularly
relevant to integrated fuelling stations, where existing fuel dispensing equipment may not be rated for
hydrogen. Further information is available in IEC 60079-14.

All electrical equipment installed in hazardous (classified) areas should be inspected and maintained
in accordance with IEC 60079-17.

All electrical equipment installed in hazardous (classified) areas should be serviced, repaired,
overhauled, and reclaimed in accordance with IEC 60079-19.

Mechanical parts of electrical equipment installed in hazardous (classified) areas should be protected
in accordance with the ISO/IEC 80079 series of standards, i.e. ISO/IEC 80079-36, and the appropriate
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other clause of ISO/IEC 80079 for the type of protection used. For example a fan protected by
construction should comply with ISO/IEC 80079-36 and ISO/IEC 80079-37.2.

10.2.3 Other equipment in hazardous (classified) areas

Mechanical equipment and mechanical parts of electrical equipment installed in hazardous (classified)
areas should be protected in accordance with the ISO/IEC 80079- series of standards, i.e. ISO/IEC 80079-
36, and the appropriate other clause of ISO/IEC 80079 for the type of protection used. For example a fan
protected by construction should comply with ISO/IEC 80079-36 and ISO/IEC 80079-37.2.

1D.2.4 Areas adjacent to hazardous areas

o3|

ammable gases should be prevented from entering adjacent areas or compartments umless the
quipment within the adjacent area or compartment is suitable for the resulting area.classificgtion.

(¢

Methods to prevent flammable gases from entering an adjacent area or compartment includ¢ but are
npt limited to:

— maintaining the adjacent area or compartment at a relative pressure higher than thq area or
compartment containing the flammable gas;

sealing between areas / compartments;

— separation between the exhaust of one compartment-and the intake of another compartment
(allowance for ambient air dilution) (see 5.8.2.3).

NPTE One approach is to use negative pressure when¥entilating an area containing a flammable gas.

When multiple purged hydrogen equipment enclostires are located in one area, the exhaust of ventilation
flom one hazardous area should not be introdueced into adjacent enclosure compartments.

1D.2.5 Protection from ignition due to@ccumulation of static charge

All exposed and extraneous conductive parts should be connected to the bonded grounding dystem in
a¢cordance with IEC 60079-14.

Development of electrical charges should be prevented by means ensuring both electrical cpntinuity
(throughout equipment and piping) and grounding.

Tp prevent the accumulation of static electricity in conductive equipment, the total resistanice of the
ground path to earthishould be sufficient to dissipate charges that are otherwise likely to be| present.
The bonding system resistance should be less than or equal to 1 MQ.

A]l sources that are able to cause static charges should be addressed, and measures should be|taken to
r¢move thiem' completely or reduce the probability of their occurrence. At the design stage, th¢ fuelling
station.should be examined to identify possible electrostatic hazards and the requirements of|earthing
should be determined.

WARNING — Electrostafic charges can occur when mechanical separation of similar or different
substances takes place and also when a gas, containing droplets or dust particles, flow past the surface
of a solid, e.g. valve openings, hose or pipe connections. If the accumulation of electric charges is
released suddenly, the resulting electric spark can be sufficiently strong to ignite hydrogen.

Equipment and electrical sources that may unintentionally be in contact should have a common
grounding.

Earthing devices should:

— either be clearly visible or be essential to the correct functioning of the fuelling station, so that any
shortcomings are quickly detected;
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— be robust and so installed that they are not affected by high resistive contamination, for example,
by corrosion products or paint.

The use of non-conductive materials should be restricted in some hazardous areas.

In Zone 1 areas, non-conductive solid materials should only be used if charging mechanisms capable of
generating hazardous potentials will not occur either during normal operation (including maintenance
and cleaning) or in the case of likely malfunctions.

In Zone 2 areas, non-conductive solid materials should only be used if these do not generate electrostatic

dischar

S.

10.3 Ele¢ctromagnetic compatibility and interference (EMC)

10.3.1 General

Hydrogeh fuelling stations should not emit electromagnetic noise that will interfere with oth
equipment at or near their sites and should not be adversely affected by electregmagnetic noise at

near the

The elec
parts of {

r sites.

rical equipment and systems of hydrogen fuelling stations should-comply with the applicable

he IEC 61000 series of standards. These standards include:

— IECPT 61000-3-1;

— IEC
— IEC
— IEC
— IEC
— IEC
— IEC

1000-3-2;
1000-3-3;
1000-3-4;
1000-3-5;
1000-3-11;
1000-3-12.

10.3.2 Industrial (EMC) environments

The elec

rical equipment andssystems of hydrogen fuelling stations located in industrial environmen

should also comply with thé€seTEC 61000 standards:

— IEC 11000—6-2;

— IEC

1000-6-4.

10.3.3 Residential, commercial, and light-industrial (EMC) environments

The elect

eI
r

[S

33 1 3 s | £ £l d £. 11 okl 1 fad s 3 | 1ol ral
TTCaT CHOUTPTICTIC aITU— 3 y STCTITS UT 1Ty UT O gt TU TS S TaAtToTr S 10 CatCa T T CSTaCTITIeraTr;, COTITITCTCT

or light-industrial environments should also comply with these IEC 61000 standards:

— IEC61000-6-1;

— IEC61000-6-3.
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11 Markings

11.1 General

Warning signs, nameplates, markings, and identification plates should be of sufficient durability to

withstand the physical environment involved including the effects of weather.

11.2 Warning signs

Fielling station equipment assembly markings and warning signs should comply with the.a
clauses of ISO 3864, ISO 17398 and [EC 60417.

arning signs should be placed to identify all hazards identified in the risk assessment of 5.1 i
(Ibut not limited to) the following types of hazards:

— flammable fluids;

— hazardous (classified) areas, where explosive atmospheres may exist;

— pressurized fluids;

— electrical hazards;

— contents from drain valves,

— hot or cold surfaces;

— mechanical hazards.

The following warning signs should be placed atall approaches to the fuelling station site:
— “Compressed Hydrogen”;

—+ “No smoking, open flames, or other ignition sources”;

Hazardous areas, where applicable;
— “Authorized access only™

Warning signs should bé _clearly displayed and visible at all times, particularly at access po|
should have black letfers with a minimum height of 50 mm on a white or contrasted bac
fternational symbolSishould be used where appropriate.

p—

For liquid hydrogen installations, warning signs should indicate:
— LIQUID HYDROGEN;
— FLAMMABLE LIQUID;

—t NO SMOKING;

pplicable

ncluding

ints, and
kground.

— NO SOURCES OF IGNITION (NAKED FLAME);

— DO NOT SPRAY WATER ON VENT STACK;

— AUTHORIZED PERSONS ONLY.

For gaseous hydrogen installations, warning signs should indicate:
— GASEOUS HYDROGEN;

— FLAMMABLE GAS;

— COMPRESSED GAS;
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— NO SMOKING;

— NO SOURCES OF IGNITION (NAKED FLAME);

— AUTHORIZED PERSONS ONLY.

For dispensing points, warning signs should be located within 3 m of the fuelling point, and should

indicate:

— NO SMOKING;

URN IGNITION OFF DURING VEHICLE FUELLING;
ASEOUS HYDROGEN;
LAMMABLE GAS;

Instructions for use of the dispenser by the general public should be included on or in.the vicinity of]
on each dispenser. These instructions should include prohibitions against:

— thet
— thef
Sampling

This sha
procedul

se of adapters (e.g. 35 MPa vehicle filling from 70 MPa nozzle, or alternative fuel nozzles);
illing of undersized cylinder systems (whether in vehicle or not)

r of hydrogen at the nozzle for quality purposes requires the filling of under-sized cylinder
uld be carried out only by trained persons according<to“a specific risk assessment arf
e.

11.3 F

ctional identification

Control devices, visual indicators, and displays (particularly those related to safety) should be clear

and dur
be as agy
of stand4

Fuelling

Requirer
assessm
that the

NOTE

bly marked with regard to their functions either on or adjacent to the item. Such markings m4
eed between the user and the supplier of the equipment. Preference should be given to the us
rd symbols given in IEC 60417 and ISO\7000.

hssembly components should bemarked according to 9.10.4.5.

hents for the marking of piping and tubing to identify content should be determined by rij
ent and be implemented according to national requirements. As a minimum, it is recommends
bipes accessible to the public, or visible by the public, should be marked.

ASME A13.1 docunients one scheme for the identification of piping systems.

11.4 Marking of equipment (data plate)

Each fue
located s

Where a

ling station'major supplied assembly should bear a data plate or combination of adjacent labe
0 as to be easily read when the equipment is in a normally installed position.

v

d

y
Ly

Is

1 {EC or ISO product safety standard exists for the equipment it should be marked in accordang

with tha

L Standard.

Where an IEC or ISO product safety standard does not exists for the equipment the data plate/label(s)
should include the following information as applicable:

a) manufacturer’s name, trademark and location;

b) the model number or type;

c) serial number;

d) date

70

of construction;
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e) utility connections (as applicable);
— electrical:
— electrical input range in volts;
— current rating in amperes;
— frequency in hertz and number of phases;

— rated nominal power input (watts or VA);

— type;

— quality;

— pressure range;

— flow rate (consumption);

— rated nominal thermal input;

f] environmental ratings:

— [P rating;

— ambient temperature range;

— if applicable, the area classification rating;
g) hydrogen output

— pressure range in MPa;

— temperature range of outputthydrogen in °C;

h] main document number (see [EC 62023).

T

juipment designed to b€ used in hazardous (classified) areas should be marked as required by
C 60079-0 and the appropriate parts of IEC 60079 for the type(s) of protection used.

—
o=

[y

1.5 Referencedesignations

A]l enclosures,assemblies, control devices, and components should be plainly identified with the same
re¢ference designation as shown in the technical documentation.

11.6¢Emergency contact information

rordertofacitttate controtofamremergency, o sigmwitir the folowinmgemergency contactint i
I | o L 1 1 L g y S 1 1 L£.11 g g y £ rmatlon
should be included at the fuelling station site:

— the station operator’s name and local address;
— the station operator’s local phone number;
— the phone number of the local emergency service.

Operating, maintenance and emergency instructions should be supplied to the fuelling station owner
before commissioning the installation.

© IS0 2016 - All rights reserved 71


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

12 Technical documentation

12.1 General

The information necessary for installation, operation, and maintenance of the hydrogen fuelling station
equipment should be supplied in the appropriate forms, for example, drawings, diagrams, charts,
tables, instructions. The information should be in an agreed language. The information provided may
vary with the complexity of the equipment. For very simple equipment, the relevant information may
be contained in one document, provided that the document shows all the devices of the equipment and
enables ttrecommections tothe utitities to bemade:

NOTE1 | The technical documentation provided with items of electrical equipment can form part of the
documenftation of the hydrogen fuelling station equipment.

NOTE 2 | In some countries, the requirement to use specific language(s) is covered by legal requiréments.

12.2 Information to be provided

The infofmation provided with the hydrogen fuelling station equipment should include:
a) A mgin document (parts list or list of documents);

b) Complementary documents including:

1) a clear, comprehensive description of the equipment,{dnstallation and mounting, and the
fonnection to the electrical supply(ies) and other utilities;

2) electrical supply(ies) and other utility requirements;

3) Information on the physical environment. (for example lighting, vibration, atmospherjic
Contaminants) where appropriate;

4) pverview (block) diagram(s) where apprepriate;

5) gircuit diagram(s);

6) Information (as applicable) on;

— programming, as necessary for use of the equipment;
— $equence of operatjion(s);

— [frequency of inspection;

— Jrequency and method of functional testing;

— guidanceron the adjustment, maintenance, and repair, particularly of the protective devic¢s
hnd<Iifcuits;

- CLUllllllClldCd Dpdl [S] lel lL.b libt, dlld
— list of tools supplied.

7) a description (including interconnection diagrams) of the safeguards, interlocking functions,
and interlocking of guards against hazards, particularly for equipment operating in a
coordinated manner;

8) a description of the safeguarding and of the means provided where it is necessary to suspend the
safeguarding (for example for setting or maintenance), (see 10.2.5);

9) instructions on the procedures for securing the hydrogen fuelling station for safe maintenance;
(see also 12.10);
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10) information on handling, transportation and storage;

11) information regarding load currents, peak starting currents and permitted voltage drops, as
applicable;

12) information on the residual risks due to the protection measures adopted, indication of whether any
particular training is required and specification of any necessary personal protective equipment;

13) emergency contact information;

1/1) cause and effect matrix summary, inr‘lnding dpcr‘ripﬁr‘m of anpfy Innp and critical equipment.

12.3 Recommendations applicable to all documentation
Uhless otherwise agreed between manufacturer and fuelling station owner or operator:
— thedocumentation for the electrical system should be in accordance with relevant parts of IEC 61082;

- reference designations should be in accordance with relevant parts ofdEC 61346;

- instructions/manuals should be in accordance with IEC 82079-1.

- parts lists where provided should be in accordance with IEC 62027, class B.

NPTE See item 13 of Annex B.
For referencing of the different documents, the supplier.should select one of the following methods:

- where the documentation consists of a small number of documents (for example less than 5) each
of the documents should carry as a cross-refefence the document numbers of all other ddcuments
belonging to the hydrogen fuelling station egquipment; or

— for single level main documents only (see IEC 62023), all documents should be listed with document
numbers and titles in a drawing or décument list; or

— all documents of a certain level\{see IEC 62023) of the document structure should be listed, with
document numbers and titlesyin a parts list belonging to the same level.

1R2.4 Installation documents

P.4.1 General

b the hydrogén fuelling station equipment (including commissioning). In complex cases, if may be

1

The installationrdocuments should give all information necessary for the preliminary work qf setting
u

necessaryto\refer to the assembly drawings for details.

The recommended position, type, and cross-sectional areas of the supply cables to be installdd on site
s

Tould be clearly indicated. The data necessary for choosing the type, characteristics, rated gurrents,
a . ; i i juipment

of the machine should be stated (see 7.2.2 of IEC 60204-1, Supply conductors).

Where necessary, the size, purpose, and location of any ducts in the foundation that are to be provided
by the user should be detailed.

The size, type, and purpose of ducts, cable trays, or cable supports between the machine and the
associated equipment that are to be provided by the user should be detailed.

Where necessary, the diagram should indicate where space is required for the removal or servicing of
the hydrogen fuelling station equipment.

NOTE1 Examples of installation diagrams can be found in IEC 61082-4.
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In addition, where itis appropriate, an interconnection diagram or table should be provided. That diagram
or table should give full information about all external connections. Where the electrical equipment is
intended to be operated from more than one source of electrical supply, the interconnection diagram or
table should indicate the modifications or interconnections required for the use of each supply.

NOTE 2  Examples of interconnection diagrams/tables can be found in IEC 61082-3.
The installation documentation should also include guidelines on:

— equipment unpacking;

— location and design of the foundation;

— instgllation and interconnection;

— ventjlation recommendations;

— protpection from weather hazards;

— recommended height in relation to the base flood elevation;
— altithde;

— secufrity enclosure;

— acceptable distances from exposures; and

— protpction from vehicular impact.

The instfllation documentation should define the servicestand utilities, for example drains and waste
water refjuired for operation of the hydrogen fuelling station.

12.4.2 Installation documentation for hazardous-(classified) areas

The hydjogen fuelling station installation dogumentation should indicate the area classification (zon
and exteht of any hazardous (classified) areas, see 5.5.2, Area classification.

14
Nt

The insthllation documentation should .also include specific instructions for the proper installatign
of hydrogen fuelling station equipnient that is designed to be installed in classified areas in order fo
ensure cpmpliance with IEC 60079-0 and with any other parts of IEC 60079 used for protection; s¢e
especially IEC 60079-14.

The instgllation documentation for hydrogen fuelling station components and assemblies using actiye
ventilatipn as a means to\protect against the accumulation of ignitable mixtures in accordance with 5[5
should also include ré¢etmmendations for:

— sourje of ventilation air;

— location“of exhaust;

— ducting (when usedJ;

12.4.3 Venting

The installation documentation should provide guidelines for the proper venting of gases and the
proper installation of the vent lines. The installation documentation should indicate that relieved gases
should be vented to a safe area

12.4.4 Seismic documentation

The seismic rating, should be included in the installation documentation.
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12.4.5 Handling and lifting documentation
Instructions on how to safely handle and lift hydrogen fuelling station assemblies should be provided.

Lifting point to facilitate lifting by crane, forklift or other means as may be appropriate for the size and
weight of the hydrogen fuelling station assembly should be provided and identified.

12.5 Overview diagrams and function diagrams

Where it is necessary to facilitate the understanding of the principles of operation, an overview
dlagram should be provided. An overview diagram symbolically represents the hydroger fuelling
station equipment together with its functional interrelationships without necessarily showing|all of the
interconnections.

NPTE1 Examples of overview diagrams can be found in IEC 61082 series.
Flinction diagrams may be provided as either part of, or in addition to, the overyiew diagram.

NPTE 2  Examples of function diagrams can be found in IEC 61082-2.

[y

2.6 Circuit diagrams

Al circuit diagram(s) should be provided. This diagram(s) should show the electrical circuifs on the
hfdrogen fuelling station and its associated electrical equipnfent. Any graphical symbol not $hown in
C 60617 should be separately shown and described on<he’diagrams or supporting documents. The
symbols and identification of components and devices should be consistent throughout all ddcuments
and on the hydrogen fuelling station.

—
o]

Where appropriate, a diagram showing the terminals for interface connections should be provided.
That diagram may be used in conjunction witli'the circuit diagram(s) for simplification. The|diagram
should contain a reference to the detailed cireuit diagram of each unit shown.

Syvitch symbols should be shown on thé\electromechanical diagrams with all supplies turnefl off (for
example electricity, air, water, lubricant) and with the machine and its electrical equipment ready for a
nprmal start.

bnductors should be identified in accordance with 13.2 of IEC 60204-1.

aintenance and fault location. Characteristics relating to the function of the control devices and
¢mponents which\are not evident from their symbolic representation should be includefl on the
dJagrams adjacentfo the symbol or referenced to a footnote.

C
CJrcuits should be shown_in such a way as to facilitate the understanding of their function als well as
1]
c

12.7 Flow-(P&ID) diagrams

Alflowtdiagram(s) should be provided. This diagram(s) should show the fluid piping on the hydrogen
fyeling station and its associated instruments, valves, and equipment in accordance with ISO[10628-1.
A 3 grnphir‘a] cymhn] notshownin IS0 106282 or1SO 14617 should he cnparafn]y shown anddescribed
on the diagrams or supporting documents. The symbols and identification of components and devices
should be consistent throughout all documents and on the hydrogen fuelling station.

Where appropriate, a diagram showing the interface connections should be provided. That diagram
may be used in conjunction with the flow diagram(s) for simplification. The diagram should contain a
reference to the detailed flow of each unit shown.

Valve symbols should be shown on the flow diagrams with all supplies turned off (for example
electricity, air, water, lubricant) and with the hydrogen fuelling station and its fluids equipment ready
for a normal start.
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Piping and circuits should be shown in such a way as to facilitate the understanding of their function
as well as maintenance and fault location. Characteristics relating to the function of the control devices
and components which are not evident from their symbolic representation should be included on the
diagrams adjacent to the symbol or referenced to a footnote.

12.8 Fuelling station operating manual

The technical documentation should contain an operating manual detailing proper procedures for
set-up and use of the hydrogen fuelling station equipment. Particular attention should be given to the
safety mpasuresprovided-

The operjating manual should indicate the hazards related to the use of the fuelling station.

The operjating manual should also include a description and explanation of all warnings andumarkings
on the hydrogen fuelling station especially those relating to hazardous (classified) areas.

12.9 Hydrogen fuelling station dispenser operation instructions

Hydrogeh fuelling station dispenser operation instructions for dispensing hydfogen into a vehicle may
be displdyed as markings or electronic displays at the dispenser.

12.10 Maintenance manual

The technical documentation should contain a maintenance manual detailing proper procedures for
adjustmént, preventive inspection, and replacement of consumables by the end user. Recommendations
on maintlenance intervals and records should be part of that manual.

This mahual should contain clearly defined, legible and‘complete instructions for starting, shutting
down anf servicing the hydrogen fuelling station.

The maintenance instructions should also include specific instructions for the proper maintenance pf
the hydrjogen fuelling station designed to be installed in classified areas to ensure compliance with
IEC 60079-0 and with any other parts of IEC 60079 used for protection in accordance with IEC 60079-1{7.

12.11 Trvice manual

The teclnical documentation sheuld contain a service manual detailing proper procedures for
adjustmgnt, servicing and preyentive inspection, and repair. Recommendations on maintenance/servige
intervalq and records should-be part of that manual. Where methods for the verification of proper
operatioh are provided (foréxample software testing programs), the use of those methods should he
detailed,

Where the operatigh of the equipment can be programmed, detailed information on methods pf
programming, .equipment required, program verification, and additional safety procedures (whefre
required|) should be provided.

If the higdrogen fu [
transmission, remote operatlon or remote control code modlflcatlons see 6.4, the station manufacturer
or integrator should supply the instructions / procedures for the operator to be able to monitor the
station remotely, receive data from the station, and/or to permit fuelling from an unattended station.

NOTE The service manual is not required to be provided to the end user unless the end user is expected to
perform service on the hydrogen fuelling station equipment.

12.12 Parts list

The parts list, where provided, should comprise, as a minimum, information necessary for ordering
spare or replacement parts (for example components, devices, software, test equipment, technical
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documentation) required for preventive or corrective maintenance including those that are
recommended to be carried in stock by the user of the equipment.

12.13 Technical file

It is recommended that the manufacturer and/or integrator assemble the documentation for the
hydrogen fuelling station components, subsystems, assembly compliances, intended installation
environment, and maintenance and service requirements into a technical file. This technical file should
be kept according to applicable national regulations and laws after the hydrogen fuelling station is

d commissionad—dicaccamblad and dicnacad of
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

The technical file should include the following minimum documentation:
— risk assessment;

— declarations of conformity / manufacturer’s declarations;

— manuals;

— technical specifications;

— component lists;

— schematics and technical diagrams;

— assembly and layout drawings;

— calibration certificates.

1[3 Station inspection and tests

1B.1 General

The hydrogen fuelling station sholtdd be inspected and tested to validate compliance With the
r¢commendations of this Technical.§pecification and local requirements. All inspection and tesgt results
should be retained according te local requirements.

The hydrogen fuelling station installation and documentation should pass minimum acgeptance
r]spection before safety,and performance validation tests are conducted.

—

The hydrogen fueling station should pass minimum on-site safety tests to validate compliajnce with
his Technical Standard before performance tests are conducted. The hydrogen fuelling statidn should
hss minimurfiven-site performance tests before normal vehicular fuelling is allowed.

(=

d periodic performance re-test to assure continued compliance with this Technical Standard and to

p

The hydrogen fuelling station should pass minimum periodic re-inspection, periodic safety re-test,
a

permit continued fuelling operation.

To avoid unnecessary duplication of work, previously certified parts and components (for example,
pressure assemblies or equipment, etc.) should not need to be retested during the initial inspection
of the fuelling station. Wherever retesting of components or assemblies is necessary after the start of
operation, this should be performed accordingly. When necessary according to national requirements,
the appropriate safety documents for the hydrogen fuelling station should be checked and verified by
an authority or third party with consideration of the location the environment and the interdependency
to neighbouring systems.
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13.2 Minimum hydrogen fuelling station acceptance inspection

13.2.1 General

The entire hydrogen fuelling station should be installed in accordance with the manufacturer’s

instructi

ons, any certification/approval requirements, the recommendations of this Technical

Specification, and local requirements.

Minimum inspection of the hydrogen fuelling station for compliance to site-specific operational and

environn

— site

— phys
— verif
— indiy
— subs

— safe

— oper

— maintenance procedures and maintenance record forinat;

— com
— verif

— conf]
appl

At a minjmum, the checklist of Tablets'should be used by authorities to guide fuelling station acceptange

inspectic

nental requirements, local requirements, and this Technical Specification should include:
blans;

ical installation;

ication of good housekeeping;

ridual subsystems;

ystem integration;

ruarding process:

bafety measures according to the global safety concept;

nstallations in hazardous areas (see 10.2.1);

ational procedures;

bonent marking, technical file, and documentation of Clauses 11 and 12;
ication of emergency communication.

rmation of existence of calibrated redundant temperature and pressure sensors (wheye
cable) for hydrogen gas and ambient temperature sensor.

n to the recommendatipns.of this Technical Specification.

13.2.2 l[linimum hydrogen-fuelling station acceptance testing
i

The ent
usage, v(

If there g

acceptarice teStas well.

At a mi

e hydrogen fuelling station should be tested within the manufacturer specified capacitly,
ltage, frequency, gas and liquid pressures, temperature, and altitude.

re somespecific requirements from the regulatory authority, this should be considered in the

testing.

imum, the checklist of Table should he used to guide hydrogen fuelling station acceptange

Minimum acceptance testing should include:

— electrical grounding and bonding testing, according to 5.5.1 and 10.1.4;

—  fuell

ing pad resistance, according to 9.10.2;

— pressure and leak integrity of subsystem piping interconnections, defined furtherin 13.2.3 and 13.2.4;

— safety function control and alarms according to Clause 6:

— fire and combustible gas detection systems;
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— emergency shut-off systems;

— emergency shutdown of hydrogen fuelling station equipment according to 5.4.3, 5.7.6, 6.2, 6.3,
8.2.2,9.10.3.2 and Clause 10;

— testing to ensure fuelling does not exceed the limits according to 8.2.1, 8.2.2.2 and 8.2.2.4.1 and the
station terminates the fuelling within 5 seconds if these limits are exceeded;

— fuelling protocol testing according to 13.2.7.1 and Annex B;

—  hvdrogen gualitv testing according to 8 3
J =] 1 v =] O —_——

1B.2.3 Pressure test

The strength and integrity of all pressure bearing parts, including joints and connections, thgt convey
affluid should be pressure tested using either hydraulic means or pneumatic means;in accordgnce with
applicable national regulations.

N permanent deformation or mechanical failure should be allowed.

et

ndividual components or assemblies provided with manufacturer’s cértification of pressure tgst do not
need to be subjected to the complete system pressure test(s) wherethe components or assemplies can
bg isolated or removed from the pressure systems for the test(s),.Connection points of such SIIRLsystems
tq the fuelling station should be pressure tested. Means of¢{ressure indication suitable for] the test
ptressure should be installed before the test. Precautions sheuld be taken to prevent excessive pressure
ir] the system during the test. Following any hydraulic test of a pneumatic system, the system/equipment
should be drained and thoroughly dried out and checked:

Where a pneumatic test is specified, the pressureinthe system should be increased gradually jup to the
tgst pressure. Any defects found during the testshould be rectified in an approved manner.

Testing should be repeated until satisfactory results are obtained.

Al suitable pressure test certificate<should be signed and issued. Records of pressure tpsts and
c¢rtificates should be maintained and-filed for future reference.

Pressure relief valves and otheér pressure sensitive instruments may be removed for the [test and
lihes capped.

The pressure test(s) may be’carried out either prior to delivery to the site, or on the site where thg fuelling
sfation is to be installed; however pressure testing prior to delivery to the site is recommend¢d where
ppssible, to minimise-€ontamination from test fluids during on-site pressure testing. Hydraulic [pressure
tdst(s), when required, should be carried out on subsystems prior to delivery to the site where thg fuelling
sfation is to be’inistalled, where it is easier to manage the removal of contamination than with on-site
tdsting, in erder to minimize the efforts needed to remove contamination from test fluids used.

Ifla pneumatic test is used, nitrogen, helium, or non-flammable hydrogen mix, is recommended.

Hligh’pressure hydrogen gas is much more hydroscopic than dry nitrogen and is the most [effective
cleaning agent for hydrogen piping and storage. Purging the fuelling station components with high
quality hydrogen after replacement or atmospheric contamination of hydrogen pressure rated
components is recommended to meet the recommendation of 8.3.

13.2.4 Leak test

The integrity of all pressure bearing hydrogen systems in the fuelling station should be verified by
measuring the ability of the system to retain hydrogen at normal operating pressure when isolated
from the supply of hydrogen or other means.

When and where possible, it is recommended to use a pressure drop test. When the test pressure
is reached, the flow of test gas should be stopped and the pressure in the test subsection should be
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monitored for at least 2 min. for systems with a small volume (e.g. less than 15 1). For larger volumes
an adequate time to be monitored should be determined and agreed by a third party inspection, where
applicable. There should be no measurable pressure drop or observable leakage of test gas.

A leak test should be conducted on hydrogen subsystems, on the interconnections and on the whole
system. The leak test should follow the pressure test. Depending on the complexity, the leak test may
be executed sub-system by sub-system or for all the sub-systems at the same time, when the whole
assembly has been connected and prepared for commissioning.

Care should be exercised in selection of a non-contaminating test gas in accordance with manufacturer’s
instructions and safety of operations. Care should be exercised to remove air from hydrogen systems
prior to introduction of hydrogen.

The leal test pressure should be no less than the maximum normal operating pressure-for eagh
subsectipn of the fuelling station system.

Alternat¢ly, hydrogen subsystems and interconnections may be leak tested using ayhelium detectgr
with a mlixture composed of dry nitrogen and a minimum volume fraction of 5 % helium, ora hydroggn
detectorwith a mixture composed of dry nitrogen and a maximum volume fractiofrof 5 % hydrogen. The
results of measurements should be transferred by calculation into equivalent hydrogen leakage rates.

Leak testing should be repeated until satisfactory results are obtained.with the hydrogen statign
system assembled in final configuration (and pressure tested with hydrogen).

All nitrogen should be vented from the field-installed subsystems, the entire fuelling station system
assembléd in final configuration with all subsystems and components reinstalled (if removed for
pressurd testing) and the entire system purged with high purgityhydrogen. The final leak testing should
be condycted with hydrogen at increasing pressures up to,naximum system operating pressures (pf
each section of the stations system) once the entire system‘is completely assembled.

Hydrogeh leaks may detected on components or fittings on fully assembled and pressurized o¢r
operating systems using an approved hand held hydrogen gas leak detector. The leak test(s) should he
repeated after any subsystem repairs, and periedically, according to manufacturer’s instructions.

13.2.5 Electrical testing

Electricql verification testing in accerdance with Clause 18 of IEC 60204-1 should be performed on the
hydrogen fuelling station. This testing should include:

— Verification of conditions(for protection by automatic disconnection of supply (typically a “ground| /
bond test”);

— Insujation resistanee tests;
— Voltgge tests;

— Protectiohvagainst residual voltages;

— Fundtienal tests which are safety related mitigation measures (see Clause 6)

Functional testing especially of the safety circuit(s) should be thorough, complete, and unambiguous.
All inputs should be activated or simulated individually. Each device in the circuit or system should
be checked individually for each input activation or simulation. Care should be taken to ensure that
only the circuit under test caused the required action. Careful inspection and disconnection of other
devices, circuits, or systems may be required to eliminate paths other than the one under test (ex.
“sneak circuits”).

Where a portion of the fuelling station and its associated equipment is changed or modified, that
portion should be re-verified and retested, as appropriate (IEC 60204-1, 18.1).

Particular attention should be given to the possible adverse effects that retesting can have on the
equipment (for example overstressing of insulation, disconnection/reconnection of devices).

80 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

ISO/TS 19880-1:2016(E)

13.2.6 Communications test

All hydrogen dispensers with communications should implement a vehicle to dispenser communication
system that meets the specifications of the fuelling protocol, such as SAE J2799 and SAE J2601.

13.2.7 Safety and performance functional testing of the hydrogen fueling station

13.2.7.1 General

T—mHnn voarifine thqat +hn houderaagnn Fi0]l
PSHHIEVere s tattRe-nyaroget—+1uen

r¢commendations of Clause 8.

eatieom and the

1B.2.7.2 Fuelling protocol test

3.2.7.2.1 General

5ing an approved fuelling protocol, such as SAE ]J2601, to control the rate-of fill, the fuel temperature,
nd the target pressure, etc. Safety related fuelling process limits and performance targets should be
eyaluated.

1
The fuelling protocol test should be tested at each dispenser nozzle to cenfirm that the dispenser is
u
a

—3

bsting capability should include a data acquisition system and ‘ability to test the vehicle-to-dispenser
¢mmunication system. This assumes that access to pressuresand temperature signals of the dispenser
 data from the station owner / operator / manufactureriasapplicable, during testing will be [given for
the station acceptance testing.

o O

=z

DTE Annex B offers an example of acceptance testing for stations that utilise the SAE J260[l fuelling
protocol.

[y

3.2.7.2.2 Test apparatus

Hydrogen fuelling stations should be. tested at each dispenser nozzle using a Hydrogen Stafion Test
Apparatus (HSTA) that is representative of the size(s) of vehicle fuel storage systems that will|be using
the dispenser (wherever possible'adcording to capability of the HSTA).

NPTE Annex B offers examples of hydrogen station test apparatus that could be used for Acceptang¢e Testing
fqr stations that utilise the SAEJ2601 fuelling protocol.

1B.2.7.2.3 Test procedure
Stations should®be Validated by testing to ensure that they meet the following recommendations:

1) The station terminates the fuelling within 5 seconds if the safety and performance procgss limits
for allfuelling protocols, as listed in 8.1.3, (or, for example, Clauses 7 and 9 of SAE ]2601) are
exceeded;

2) _-The station implements the fuelling praotocol heing used, correctly (e g Tahle-hased| Fuelling

Protocol, listed in Clause 9 of SAE J2601);

3) The station implements the SAE ]J2799 or intended vehicle to station fuelling communication
protocol correctly and terminates the fuelling within 5 seconds upon receiving an abort signal or if
an incorrect signal is sent to the station.

NOTE Refer to Annex B for an example of a table-based test procedure.
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General hydrogen quality testing requirements

1 Hydrogen quality test

At first commissioning, periodically, and after maintenance procedures that may impact hydrogen
quality, the hydrogen should be sampled at the dispenser to determine the impurity levels and ensure
compliance with ISO 14687-2 fuel cell grade impurity threshold limits, according to 8.3.

Gas phase impurities in the dlspensed hydrogen may be captured with a sampllng adapter and taken

banks sh

assure compliance with I[SO 14687-2 fuel cell grade impurity threshold limits.

In additi
adapter

13.2.7.3

The Hyd
use the A

13.2.7.3

When te
should b

The eva
measure|

13.3 Minimum periodic hydrogen fuelling station inspection and test

At a min
fuelling 1

The fuelling station maintenance record should be made available for inspection by authorities having

jurisdict

Repair or

as applic

ould be taken to conflrm that all storage banks have been cleaned and purged properly-to

bn to gas phase contaminants, the dispenser should be tested for particulates with a suitab
ind test method, such as ASTM D7650 or ASTM D7651.

2 Hydrogen quality test apparatus

‘ogen Quality test apparatus should connect to the dispenser nozzle. The.test apparatus should
STM D7606, ASTM D7650, ASTM D7651 test standards, or equivalent.

3 Hydrogen quality test procedure

sting for compliance with impurity threshold limits, as-defined in 8.3, the sampling system
e connected to the dispenser nozzle and used to fill a testtank for analysis.

uation of particulate entrained in the fuel and included in the dispenser flow should he
d using a suitable adapter and test method, suchras ASTM D7651.

imum, the checklists of Tables 6, 7 and 8 should be used by authorities to guide hydrog¢n
tation periodic inspection and testing.

on.

direct replacement of fuelling station components should require verification and validatidn
hble, according to 13(2;

Table 6 — Minimum hydrogen fuelling station acceptance inspection checklist

Avs Minimum fuelling station acceptance inspection checklist
Name anfl addrg&yl’the operator:
Name anfl adQQB\s of the constructor:
Place ang @h:ess of the designated operation site:
Date:
Inspection by:
. Reference to . Link to other
No. LG L I e ISO/TS 19880-1 (clause) il standards/remarks
Design documentation - - -
Permit for construction/installation Per local authority e.g. BetrSichV'in
Germany
Safety concept / description 12.2
82 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=586596b19a8952b0ceefdf67ea00c3df

Table 6 (continued)

ISO/TS 19880-1:2016(E)

Minimum fuelling station acceptance inspection checklist

- safety devices / safeguarding
process (mechanical, PLC etc.)

6,8.2.2,7.2.2,94.3,9.6

Set pressure of safety
valves, wiring
diagram, logic dia-
gram etc. for PLC

- explosion protection docu-

ment / zones 5.5.2,12.4.2
- nrotective measures to avoid e g ventilati
—P 7 g tion
building of a hazardous atmosphere system, gas;sgnsor, etc.
- Safety distances 5.21.1,5.8 Per dationdl code
Hazard and risk analysis 5.2 PER/ hation il / local
requirenjents

Civil work - structural

Per local authority

Per national/local

author|ty
PED, EMC,|ATEX,
Machingry
Document of Conformity, certifications 12.13 Appl}C : le
certificatlions
(ASME B31, B&PVC,
NF PA2 10.3)
PED, ASME, etc.;
Design examination for pressure ) CE-marking ip Europe,
equipment DoC or manulfacturer
declarafion
- pressure vessel / storage 9.3.1
- piping / hose 9.1.3,9.10
- components 9
- pumps / compressor; 9.4,9.5 ISO 24490
. ISO 4126; I1SQ) 21013,
- pressure relief valves 7.2.2.5,9.4.3,9.6 ASME B&JPVC,
- dispeiniser 8,8.2.2,9.10.3 CSA-HGVY 4.3
) ) e.g. water eleftrolyser
assembly‘/sub-assembly 71,9.10.4 1SO 2273411, etc.
Manufacturer test
System pressure test / leakage test 13 documentlation
Desigfi’fexamination for electrical
equipment 6.2,10.2.2 ATEX, NFPA FO(NEC)
/ . . Dispenser manufac-
Vehicle compliant fuelling protocol 8.2.1 turer documkntation
Manuals, diagrams, and instructions - -
Dispenser operation instructions 12.2(4)
Station operation manual 12.2(5)
Flow diagrams (P&ID or PFD) 12. [SO 10628-1
Wiring diagrams 12.2(6) 13.2 of IEC 60204-1,
Installation instructions 12.2(7)
Manufacturer
Station maintenance manual 12.2(8) Fieterml_nes_perlodlc
inspection intervals
by the operator
Maintenance log 12.2(8)

© ISO 2016 - All rights reserved
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Table 6 (continued)

Minimum fuelling station acceptance inspection checklist

Physical Installation

Compliant with manufacturer’s in-

Per manufacturer’s

structions 2132 instructions
Layout 5.7.2 IEC 61082 series
Pinin 9 ISO 15649:2001;
ping z EN 13480 part 1 to 8
WL ( I bonding) 0 IEC 60204-1;
iring (especia rotective bondin 10
g1esp yp & IEC 6036%\
—
Protection from vehicular impact 5.74,9.10.1 N ,l’
Fire barriers 5.7.3 ~Q
Fire fighting equipment 5.7.4,5.7.5 P al authority
Separation distances 5.8 'Pet national code

Equipment enclosures

5.4.4,5.6.3,59.1,59.2,59.3

““Consider personnel

egress and asphyx-

iation, environment
protection,

& Mixture mitigation
Pefsonnel access, egress and emergen- 575 C’\ Authorized access,
cy equipment access - \\Q emergency escape
Flammable gas vent 45 & »
, < ISO 3864, IS0 17398
Markings }TP\(\ and IEC 60417
Markings are permanent X 11
Piping and tubing ~9.2,11.3 ASME A13.1
Vents 914,113 CGA G-5.5
4 U‘
Cpntrol devices/indicators/displaysC)\\ 11.3 IE(igé)ééz)gnd
Warning Signs @ : 11.
N
. IEC 62023
Equipment Data plates/lapel 12. ’
U\ IEC 60079-0
Fuelling hose zigéﬁ'fbly a1
- 5.4.3,5.2.6,6.2, 6.3, 1S0 13850,
Eme}‘@%”smp 8.2.2,9.11.1,11.4 IEC 60204-1

En}g@\&‘cy contact

operator, gas supplief

84
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Table 7 — Minimum on-site hydrogen fuelling station acceptance test checklist

Minimum on site fuelling station acceptance test checklist
Name and address of the operator:
Name and address of the constructor:
Place and address of the designated operation site:
Date:
Inspection by:
Requirement Referenceto1S67 Einkto other
No. |Content/requirement q TS 19880-1 Pass/fail st ﬁyards /
value %m
(clause) _(Cremarks
Ele.ctrlcal bonding and ground- <300 13.2.5, 10,14 [EC 6(~204-1
ing, components to earth U e Clauge 18
Insulation resistance >1MQ 13.2.5 IEC 6(~204_1
Clauge 18
per applicable IEC 6(3204-1
Voltage test standard 13.2.5,10.1.2 Clauke 18
Protection against residual | per applicable IEC 6(3204-1
voltages standard 1425 10.1.2 Clauge 18
Fuelling pad resistance 1 MQ 9.10.2, 1024 IEC 60p79-14
Per national Per nati¢nal reg-
Pressure test regulations 1323 ulatjons
Leak test Per natlpnal 13.2.4 Per nati¢nal reg-
regulations T ulatjons
. . ASTM P7606,
Dispensed Hydrogen Quality | 156 146872, 13.2.72.3,8.3 ASTM P7650,
ASTM[D7651
. - SAE] 2799 and
Dispenser communications SAEJ2799 8.2.2.4,13.2.7.2.3 SAE J|2601
i 13.2.7.2.3 (1,2
Dispenser fuelling limit test Rer applicable (1.2) SAE J2601
standard 8.2.2.2
. . Per applicable 13.2.7.2.3(3)
Dispenser fuelling protocol standard 8 SAE J2601
5.4,5.5.1,5.5.2,5.7.6,
Verify emergency and safety 100 % 6.2,6.3,8.2.3,9.10.3.2 See Notes in
funotions 0 and Clause 10,12.8, 132.5
13.2.5
VerifyrEmergency communi- Test conmmunica-
cation according to the risk 100 % 13.2 tions with emer-
assessment. gency responders
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Table 8 — Minimum periodic hydrogen fuelling station inspection and test checklist

Minimum periodic fuelling station inspection and test checklist
Name and address of the operator:
Name and address of the constructor:
Place and address of the designated operation site:
Date:
Inspection by:
Reaquirement Referenceto Eink-toother—
No. Content/requirement qvalue ISO/TS 19880-1 Pass/fail standard
(clause) remarks
Per local authority
Safe work permit 5.5.2
(grinding/welding
Good housekeeping 13.2.1
Maintenance log up to date 13.3
- sensor calibration
- leakage test
- PRV within calibra-
tion date
- Hose within date
Digpensed Hydrogen Quality | (¢4 14687.0 | 13272183 1SO 14687-2
testreport
- Per applicable 13.2.7.23(3) SAE] 2799 and
Dfspenser communications
standard 82.2.4 SAE] 2601
i 13:227.2.3(1,2
Dispenser fuelling limit test Per applicable (1.2) SAE J2601
standard 8.2.2.2
. Per applicable 13.2.7.2.3(2)
Djispenser fuelling protocol standard g SAE J2601
Vdrify emergency and safety o 5.3,5.4.2,5.4.3, . L
functions 100% 12.8 13.2.2 See Notes in 13.2.b
Vdrify Emergency communi Test communica-
cation according to the risk 100% 13.2.1 tions with emer-
assessment. gency responder;
86 © IS0 2016 - All rights reserved
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Annex A
(informative)

Safety distances definition and basic principles

A1 Safety distance toolKits
Tpolkits can be used to facilitate implementation of the methodology.

Ah approved toolkit should:

- contain the latest available data and models (ideally, validated for hydrogen infrastruct
relevant to quantifying the probability of progression various hazard scenarios;

— contain the latest available data and models (ideally, validated for hydrogen infrastruct
relevant to prediction of physical properties of hydrogen releases and ignition events
consequences of those events;

— calculate the representative observable quantities (e.g., physical parameters, damages, n
fatalities) relevant to decision making for safety, codes;and standards;

— facilitate relative risk comparison, sensitivity analysis, and treatment of uncertainty;

— provide default models, values and assumptions, and provide transparency about those
furthermore, itallows modification of these defaults to reflect different systems and new kn|

A2 Example of toolkit: HyRAM

frastructure.

—
—

.3 Example safety distances from each country / region

The following is a table of examples of safety distances collected by ISO/TC 197, through|

ure use)

ure use)
and the

hmber of

defaults;
owledge.

This is a toolkit for integrated.deterministic and probabilistic risk assessment for hydrogen

country

r¢presentative members. This table is meant to convey a status of country specific safety distances and

the wide range ¢frésults but it is not an inclusive list of values internationally.

NPTE1 Table'A.1 is not meant to be a recommendation for these applications and could be subject
friom locakstandards and codes and this list could be revised in future versions. Units are in mete
otherwisénoted. It is intended in the future ISO 19880-1 that a quantitative risk assessment example bg

in an‘informative Annex to help with alternative methods for determining appropriate safety distancesg.

to change
rs unless
b included

© ISO 2016 - All rights reserved
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Annex B
(informative)

Proposal for hydrogen fuelling verification of the SAE J2601
fuelling protocol

B.1 General

order to properly verify hydrogen dispenser functional operation according-te SAE J2601, new
bdrogen fuelling stations should ensure the following:

==

— Thefuelling protocol SAE]J2601 has been properly implemented includingfault shut-off conflirmation
(especially the vehicle fuelling safety parameters (including CHSS limits) are not exceeded

—+ The performance targets for fuelling including average pressure ranip rate and cooling capjcity, etc.
are met.

.2 Factory acceptance and site acceptance testing

B
Bl2.1 Factory acceptance testing vs. site acceptance testing
T

hble B.1 below gives an overview of tests whichshould be completed for all stations broyght into
s¢rvice. Some of these tests can be performedias Factory Acceptance Tests (FAT), and are pccepted
wjithout the need for replication when the stdtion is installed on-site. If this is not possible, thiese tests
lhould be performed as field validation testing.

%)

Spme FAT may be representative of mudtiple stations, for example where identical control software is
uped and do not need performing ehieach identical station. Additional details of testing is planhed to be
c¢vered in the future ISO 19880-1:

Table B.1 — Dispenser function tests

ispenser function tests FAT SAT

onfirmation that tablesare correctly programmed into PLC through software means. | Yes No a

5 Fault Simulation Testing (see Table B.2).

Yes No a
owever AbortSignal to also be tested in both FAT and SATs

I
q
1
H
9 Site Acceptance Tests including 1-2 top off from low start pressure (see B.3.3.4).
d
H

erification that Measured Fuelling performance Parameter are within limits No Yes
as-Temperature Window, Flow Rate and Pressure targets are within bounds of
ueling protocol

a  unless notincluded in FAT, in which case it is carried out on site.

B.2.1.1 Factory acceptance testing - general

The FAT of dispensers is expected to be carried out before the fuelling station is commissioned in order
to prove the functionality of the safety and performance systems of the fuelling station according to
SAE ]J2601. This could take place in a simulated environment to evaluate that the dispenser applies the
protocol correctly under a wide range of conditions, and that it responds properly to out-of-bounds
conditions (upset conditions) which cannot be replicated in the field. This should include simulated
software testing, hardware loop testing but can optionally include hydrogen fuelling with a Hydrogen
station testing apparatus (HSTA).
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The Factory Acceptance Tests are mainly focussed on the minimum safety tests as described in the

next clause.

It is assumed that the data from the pressure and temperature signals of dispenser will be provided
from the station owner/operator.

Table B.2 — Example of dispenser factory acceptance tests

Test CHSS Possible to perform also
Function .na | Preparation to be performed with fuelling Acceptable test
no. IrDA
(Site Acceptance Test)
Influence Tamp Mmeasurement
1 Fault: to < -40 °C by manipulation of Main fuelll t
. transmitter signal loo ain fuelling pat
AmbientNg g P N/A is netallowed tp
lemperature Influence Tymp Mmeasurement Start
2 Tamb) to > 50 °C by manipulation of
transmitter signal loop
Refuel with< 0,5 MPa starting
3 I pressure by manipulation of ) )
I aul'F: CHSS transmitter signal loop Mam fuelling part
qtarting pres-|Yes - —N/A is not allowed tp
dure Refuel with > 70 MPa starting start.
4 pressure by manipulation of
transmitter signal loop
Manipulation of transmitter
signal loop to produce a signal ) .
Fault: Excess greater than 60 g/s. Additional Hydrogen mass flow meas Fu.elll.ng Stop
5 i No . : urementtobelessthan60|within 5 |s
ydrogen flow hardware might be required for . -
. . . . g/s after 30 s start-up with out-of-bounds.
manipulation of signal without
software change.
‘ _ Manipulation ofdlspen_ser signal After a period of > 35 s in-
Fault: Dispens- for upper and lowerdelivery tem- .
> fluence hydrogen delivery .
¢r only Abso- perature below,-40C and above Fuelling Stop
o « . ». _|temperature measurement| . .
6 te hydrogen|No 85 °C. The “cooldown window” to . within 5 s
: : X under the lowest permitted| . -
elivery tem- be confirmgd during SAT (but can o with out-of-bounds.
: ¢ . |temperature (e.g.<-40°C@
erature optionally be confirmed during T40 Stations)
the FAT).
Fuelling Stop
within 5 s with
out-of-bounds.
Hydrogen _ |Compare the mar}-
elivery Manually calculate expected|Influence hydrogen deliv-| 4] calculated APR-
7 No APRR based on observed start-|ery pressure measurement|Rywiththe actudl
ressuree . . 9
onitorigG ing conditions above APRR corridor (ideal) APRR The
two valuesmust be
within+1 % (Tol-
erance value to be
evaluated)
NOTE Factory Acceptance Testing of dispensers is not fully described in this publication of ISO/TR 19880-1. It is
expected the supplier will conduct a comprehensive testing program to assure that the dispenser will meet the technical
requirements over the expected operating conditions.
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Table B.2 (continued)

TTroTrcTrreterrperoroarc-1roTT

fuelling stop monitoring;

© ISO 2016 - All rights reserved
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excess hydrogen flow monitoring;

absolute hydrogen delivery temperature monitoring;
vehicle tank starting pressure monitoring;

hydrogen delivery pressure monitoring;

hydrogen delivery temperature monitoring;

Test CHSS Possible to perform also
Function Preparation to be performed with fuelling Acceptable test
no. IrDA .
(Site Acceptance Test)
Influence hydrogen deliv-
38 No ery pressure measurement|Fuelling Stop
below APRR corridor within 5 s with out-
Hydrogen de- Manually calculate expected |Influence hydrogen delivery | of-bounds.
9 livery pressure APRR based on observed start- | pressure measurementabove|Compare the
monitoring Ves ing conditions APRR corridor: CHSS Signal manual falculat-
Influence hydrogen delivery | ed APRRlwith the
10 pressure measurement peloy |@Cttral (igleal
APRR corridor. CHSS Signal
Pt e erce ot el rueling mast e
11 8 Y No Disable precooling fallback p aborted [(also see
temperature above the allowed.temper- B.3.5)
monitoring ature corridor 0
Fault: Com- . o .
1 munications|Yes Slmula_ted Communications See B.3.3@ Fuelling[must be
. Abort Signal RN aborted
Abort Signal
Fault: CHSS . Fuellinfg Stop
13 Max tempera-|Yes S}mulated CHSS Il;DATemperature T6 be monitored within $ s with
signal above 85 °C
ture out-of-bgunds.
E?_lu; g: l;/[r?g Simulated Pressure signal onrboth Fuellinfg Stop
11 Dispenser Yes the Dispenser and the CHSSIrDA | To be monitored within § s with
P tobe simulated above125% NWP. out-of-bqunds.
Pressure
Fault: Simulated CHSS [xDA Temperature Fuellinlg Stop
115 Maximum signal which creates a SOCvehicle | To be monitored within § s with
State of Charge larger than100 % out-of-bqunds.
NOTE Factory Acceptance Testing of dispensers is not fully described in this publication of ISO/TR 198B0-1. It is
ekpected the supplier will conduct a compreliensive testing program to assure that the dispenser will meet the technical
rpquirements over the expected operatingconditions.
B|2.1.2 FAT: safety related functions
The following FAT outline originated from the Clean Energy Partnership with input from the ISO/TC
197. These FATs are designed to confirm the critical safety functions especially during fault conditions.
Several tests should,be done in advance of Site Acceptance Test through a factory acceptance tegst (FAT).
Iy} this case a réport of the Factory Acceptance should be provided with data based results copfirming
eqich item. The& objective is to simulate a condition above the limits prescribed in SAE J2601| through
nmodification'of HSTA and station signals, etc.
The following safety related functions are objects to the test:
amk;nnf tamnaratura monitoring:
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— SAE ]2799 Tests and IrDA signal monitoring;

— prec

ooling fallback (if this option is realized);

— vehicle volume determination (if this option is realized);

— top-Off APRR- and target pressure change (if this option is realized).

All functions are tested according to the below test matrix, listing all important prerequisites and
accepted test results. Tests can also be carried out during commissioning. All tests have to include

changes
paramet

— amb
— hyd
— hyd
— hydn

The prog
usug

— oper
— fail g

To test ¢
only (e. §
fuelling)

At FAT,

programjmed appropriately. In addition, there~should be confirmation that the communications

hardwar

B.3 Sil

B.3.1 (

The site
certifica
that the

— the ¢
issué
sign

0 Qppr‘ifir‘ processparameters measured hy the station r‘nnfrn]lnr(inpnf cigna]c) The require d

brs for testing the above safety related functions are:
ent temperature;

ogen mass flow;

ogen delivery pressure;

ogen delivery temperature.

ess control system (PCS -through Hardware architecture or software) of the fuelling station fis
lly divided in two parts:

ational: for all measurements, control loops required acc. toSAE;
afe: for safety related functions.

he safety related functions, control loops should bé manipulated in operational part of P(S
b. change set point of control loop or manipulate'measured values (e.g. temperature) during
This enables testing the safety related functions‘without changing the fail safe part of PLC.

there should be paperwork presented confirming that the SAE ]J2601 tables have begn

e has been tested to comply with SAE]J2799, etc.

e acceptance with a hydrogen station testing apparatus (HSTA)

foals of site acceptance

hcceptance testing ofithe dispenser should be carried using a HSTA, witnessed by a third party
ion agency as required. The goal of the site acceptance with a HSTA is to be able to confirm
uelling is testéd)to adherence to the following rules:

ommunieations system on the dispenser is able to process abort and stop fuelling commands
ed by thewehicle (HSTA) during fuelling events and can properly use the range of communicatiqn
hls from' the vehicle (SAE J2799).

— the

ppropriate table is chosen for the Dispenser “T-Rating” with the respective pressure levels,

communications option and CHSS fuelling categories.

— confirm that with a given ambient temperature and CHSS starting pressure the correct values of
APRR and target pressure from the tables are used

— that

there is proper interpolation of the ambient temperature and CHSS pressure and resulting

average pressure ramp rate and targets are in the correct range.

B.3.2 SAE ]J2601 fuelling site acceptance test (no station modification) for 70MPa

The Site

Acceptance testing should include representative tests according to the dispenser capability.

For example, if there are two pressure levels, 35 MPa or 70 MPa, but one dispenser fuel delivery
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