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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Gaseous hydrogen — Fuelling stations —

Part 1:
General requirements

1

Thi

maintenance requirements, for the safety, and, where appropriate, for the performatice of
non
eled

Thi

applications.
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Many of the generic requirements within this document are applicable to fuelling station

hy

HoV
staf

Thi
(seq

Scope
5 document defines the minimum design, installation, commissioning, operation,~insp

-public fuelling stations that dispense gaseous hydrogen to light duty road vehicles (e
tric vehicles).

5 document is not applicable to the dispensing of cryogenic hydrogen,.or-hydrogen to me
e this document is intended to provide minimum requirementsfor fuelling stations, mar

take additional safety precautions as determined by a risKk.management methodology
bntial safety risks of specific designs and applications.

le this document is targeted for the fuelling of light duty hydrogen road vehicles, require
ance for fuelling medium and heavy duty road vehicles (e.g. buses, trucks) are also covel

ogen applications, including but not limited:to the following:
fuelling stations for motorcycles, fork:lift trucks, trams, trains, fluvial and marine applic
fuelling stations with indoor dispefsing;
residential applications to fuel land vehicles;
mobile fuelling stations; and

non-public demonstration fuelling stations.

vever, further spe¢ific requirements that can be necessary for the safe operation of su
ions are not afldressed in this document.

5 document(provides requirements for and guidance on the following elements of a fuell
Figure-t'and Figure 2):

ection and
public and
g. fuel cell

tal hydride

ufacturers
to address

ments and
red.

s for other

ations;

ch fuelling

ing station

hydrogen production/delivery system:

©IS

storage trailers;

processing technologies;
liquid hydrogen storage;
— hydrogen purification systems, as applicable;
compression:

— gaseous hydrogen compression;

02020 - All rights reserved
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— pumps and vaporizers;
— gaseous hydrogen buffer storage;
— pre-cooling device;

— gaseous hydrogen dispensing systems.

Gaseous hydrogen-fuelling station
Hydrogen supply (permanent or temporary) Hydrogen storage and process equipment
(see Clause ) T (see Clauses 7 & 8)
| (19
Hyd ing] ! Q
ydrogen generators using
fuel processing | q'l
. technologies | - Gaseous'ﬁytfrogen
Utility supp_l)_f (IS0 16110-1) \ Compressor |4 high sure buffer
(water, plectricity, : Gaseous hydrogen « orage
naturaj gas, etc.) Hydrogen generators using low pressure / OO
water electrolysis buffer/ hydride ¢
(IS0 22734-1) ! storage
| Pre-cooling device
Deliyery by |
gaseouq hydrogen |
by [
pipeline L - _ _ -7 — o = O = Dispenser
Delivefy by tube Q (including metering)
i < > |
trpiler p| Transfer panel
(compressed 1 A
hyqrogen) Vaporizer \\ ! High pressure
- N 1 gaseous hydrogen
h I\geta hycirlde 0 1 fuelling connector
yrogpn sworage \"(\ I (IS0 17268)
yftems
N !
rY 4 I "
] Liquid hydrogen storage Nef
D(?ther by truck (IS0 21009-1) N Cs%ﬁmcs Heat ! Vehicles
(Liquid hydrogen) |—| - Above ground pump > exchanger |
SO 24490)
- Below ground ' 1
RS :
a  May ing¢lude a buffer vessel (or accumglétor) for dampening or adjusting flow of compressor suction iplet.
Figuge 1 — Example of @gt)al elements that a fuelling station consists of, including
\% hydrogen supply

—= \ :
— = Hydrogen trailer
— T
—

Hydrogen
production unit

Figure 2 — Image of an example hydrogen fuelling station
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2 Normative references

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

[SO 13850, Safety of machinery — Emergency stop function — Principles for design
ISO 14687, Hydrogen fuel — Product specification

ISO 15649, Petroleum and natural gas industries — Piping

[SO[17268, Gaseous hydrogen land vehicle refuelling connection devices
[SO[19880-8, Gaseous hydrogen — Fuelling stations — Part 8: Hydrogen quality control

[SO[21013-1, Cryogenic vessels — Pressure-relief accessories for cryogenic service y— Part 1] Reclosable
presgsure-relief valves

[SO|21013-2, Cryogenic vessels — Pressure-relief accessories for cryogenic service — Part 2: Nof-reclosable
presgsure-relief devices

[S0|21013-3, Cryogenic vessels — Pressure-relief accessories for cryggenic service — Part 3:|Sizing and
cappcity determination

[SO|22734, Hydrogen generators using water electrolysis
ISOJIEC 80079 (all parts), Explosive atmospheres
IEC|60079 (all parts), Explosive atmospheres
[EC|60204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General rquirements
IEC|60529, Degrees of protection provided by enclosures (IP Code)
IEC|62282-3-100, Fuel cell technologjes~Stationary fuel cell power systems. Safety
EN [13445-5, Unfired pressure vessels. Inspection and testing

SAH J2600: 2015-08, Compressed Hydrogen Surface Vehicle Fuelling Connection Devices

3 |Terms and definitions
For|the purposes/of this document, the following terms and definitions apply.
[SO|and [EC\naintain terminological databases for use in standardization at the following addresses:

— [ISOOnline browsing platform: available at https://www.iso.org/obp

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

3.1
acceptance criteria
<risk or harm > acceptable level of risk or harm (3.34), locally defined as:

— atolerable risk value; or
— aspecified harm level; or

— requirements in a prescriptive document

© IS0 2020 - All rights reserved 3
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3.2
accessory

device with an operational function

3.3
bleed
<venting>

3.4

intentional expiration of a fluid from a fluid system

basic process control system

BPCS

system wh
systems a
equipment
functions ¥

chresponds to input signals from the process, its associated equipment, other programm
\d/or an operator and generates output signals causing the process and its as$dciz
to operate in the desired manner but which does not perform any safety-instrumer
vith a claimed SIL (3.73) = 1

[SOURCE: [EC 61511-1:2004, 3.2.3]

3.5

breakawa
device on {
limit is exd
with the fu

3.6

buffer sto
pressure V
between a
the compr
fuelling

3.7
building
structure,
occupancy;

3.8
canopy
roof, overh

3.9
compress¢
CHSS
hydrogen s

3.10

componer
maximum
at a specifi

ly device

he fuelling hose (3.27) that disconnects the hose from the dispenser (3.13) when a ten
eeded and blocks the flow of hydrogen from the dispenser, e;g:if the vehicle moves a
elling hose connected to the vehicle

rage vessels

essels designed for the purpose of storing compressed hydrogen, which can be locd
hydrogen generator and a compressor for an even‘flow of gas to the compressor or betw
bssor and dispensing system (3.17) for accumulation of pressurized gas supply for veh

lisually enclosed by walls and a roef, constructed to provide support or shelter for inten|

ead shelter, or hood which affords a degree of weather protection

ed hydrogen-storage system

torage oh-board vehicle, as defined in the GTR#13

hble
ted
ted

bion
vay

ted
een
icle

ded

tpressure rating

ed temperature

pressure at wnich 1t 1S permissible to operate a component as speciried by the manulfacturer

Note 1 to entry: Components designed with a maximum allowable pressure per the European PED represent the

component

pressure rating by the manufacturer that as indicated by the value of “PS”.

Note 2 to entry: This is sometimes referred to as the maximum allowable working pressure (3.45) for the

component,

for example for vessels.

Note 3 to entry: In addition to the specification of the maximum temperature, the manufacturer can define an
allowable minimum temperature or temperature range expected for service. For additional thermal conditions
and risks potentially experiences during fires (3.23), see 5.3.6.4.

© IS0 2020 - All rights reserved
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Note 4 to entry: Pressures up to 10 % above the rating can occur during fault management by PSV. See E.3
regarding limited cycle testing to 110 % of the rating as part of verification testing to demonstrate capability of
the component.

Note 5 to entry: See Annex E for discussion of pressure terminology and its application to dispensing systems
(3.17) and fuelling stations (3.29) in general.

3.11

control system
system which responds to input signals from the process and/or from an operator and generates output
signals causing the process to operate in the desired manner

Not

3.1

e 1 to entry: Also see safety-instrumented system (SIS) (3.72) and basic process control system (BP(

A

connector

maft
per

Not
Not

a)

b)

9

3.1
dis

ching parts (such as male and female parts) that can be put together to foym.a "connect
Mmits the transfer of fluids, electric power, or control signals

b 1 to entry: Fittings (3.24) are a type of connector used in piping systems.
e 2 to entry: Examples of connectors commonly used in hydrogen systems-are as follows:

The fuelling nozzle (3.53) “connector” mates with the receptacle f3.64) “connector” on the veh
the connection for transfer of compressed hydrogen between the)dispenser (3.13) and the vehicl
in ISO 17268 for this specific application;

The hose assemblies have connectors on each end that*alow coupling to the hoses and conng
piping system, e.g. hose breakaway device (3.5) or fuelling nozzle;

Control systems (3.11) often use electrical connectors to allow rapid and secure assembly or repl|

B
penser

equfipment in the dispensing system. (3:17), including the dispenser cabinet(s) (3.14) ar

stru

Not
tem|

Not
disg

3.1/
dis

pro
anc

3.1
dis

[cture, that is physically locatedin:the fuelling area

e 1 to entry: The hydrogen dispenser typically includes, as a minimum, the fuelling assembly (3.2
perature and pressure instrimentation, filters, and the user interface to conduct vehicle fuelling

e 2 to entry: The manufacturer of the hydrogen dispenser can elect to include additional equip
enser, including the pessibility of all equipment in the dispensing system.

&
benser cabinet

Lective housing (3.40) that encloses process piping and can also enclose measurement, ¢
llary dispénser (3.13) equipment

D

'S) (3.4).

ion" which

icle to form
b, as defined

ction to the

acement.

ld support

b), required

ment in the

ontrol and

hennser fuel nressure

pressure of the hydrogen gas supplied to the vehicle by the station

Note 1 to entry: See Annex E for discussion of pressure terminology and its application to dispensing systems (3.17).

3.16
dispenser fuel temperature
temperature of the hydrogen gas supplied to the vehicle by the station

3.17

dispensing system
system downstream of the hydrogen supply system comprising all equipment necessary to carry out
the vehicle fuelling operation, through which the compressed hydrogen is supplied to the vehicle

© IS0 2020 - All rights reserved
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3.18

enclosure

structure, protective housing (3.40), container, machine cabinet, etc. which encloses or partially
encloses equipment of a station that may have access for maintenance but is not intended to be occupied

Note 1 to entry: The use of an enclosure could be to protect equipment from the environment, provide noise
attenuation, or provide safety (3.69) to the areas surrounding the equipment.

Note 2 to entry: A canopy (3.8) without walls is not regarded as an enclosure in this context.

3.19
explosion
ignition and rapid combustion that causes an over-pressure

Note 1 to enftry: A rapid deflagration and/or a detonation are explosions.

Note 2 to enftry: Slow deflagrations or jet flames do not create an over-pressure and are therefpre not consid¢red
to be explogions.

3.20
explosive gas atmosphere
mixture with air, under atmospheric conditions, of flammable substances in‘the form of gas or vappur,
which, aftdr ignition, permits self-sustaining flame propagation

Note 1 to erftry: Although a mixture which has a concentration above the-upper flammable limit (UFL) is ndt an
explosive g4s atmosphere, it can readily become so and, generally for area‘classification purposes, it is advispble
to consider |t as an explosive gas atmosphere.

[SOURCE: I[EC 60079-10-1:2015, 3.2]

3.21
factory acgeptance testing
FAT
tests perfgrmed in the factory on fuelling station (3.29) equipment or systems to verify functionglity
and/or inflegrity prior to shipment to thelsite, (or an appropriate alternative type acceptdnce
methodology)

3.22

fallback

back-up cdntrol strategy, for example in the fuelling protocol when the anticipated precooling of
hydrogen fo within a specified range of temperatures is not achieved, however fuelling is ablg¢ to

continue, typically at a différent fuelling rate

3.23
fire
non-premiked combustion process of a solid, liquid pool, or a jet plume of flammable substance

Note 1 to entry; A fire is the combustion of a solid or liquid of a process first of pyrolysis or evaporation |to a
combustiblé-gas—where—a—renpremixed—eombustionprecess—ensues—Alse—a—nenpremixed—eombustien—of a
flammable plume (jet fire) is also covered by this definition as is combustion of metals and of hydrogen released
by a metal hydride. A fire as defined here does not create an over-pressure therefore is not an explosion (3.19),
nor is it a deflagration or a detonation which are premixed combustion phenomena.

3.24

fitting

part or design feature on a component used to join (i.e. connect) any pressure retaining components in
the system

3.25

forecourt

surfaced area where vehicle dispensing operations are conducted including the fuelling pad (3.28) and
any area underneath a canopy (3.8)
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3.26

fuelling assembly

part of the dispenser (3.13) providing the interface between the hydrogen fuelling station
the vehicle - an assembly consisting of a hose breakaway device (3.5), a hose(s), a nozzle
connections between these components

(3.29) and
(3.53) and

Note 1 to entry: The fuelling assembly can include, or not, a nozzle vent line (with hose breakaway device and

hose) depending on the type of nozzle, and communications, if used.

3.27
fuelling hose

flexfible conduit used for dispensing gaseous hydrogen to vehicles through a fuelling nozzle.[

3.28
fuelling pad
arep with special construction requirements adjacent to the hydrogen dispensers (3.1
customers park their vehicles during fuelling

3.2p
hydrogen fuelling station
fue]ling station

facility for the dispensing of compressed hydrogen vehicle fueloften referred to as 3
refyelling station (HRS) or hydrogen filling station, including<he supply of hydrogen, and
conjpression, storage, and dispensing systems (3.17)

B.53)

| 3), where

hydrogen
| hydrogen

rogen only

<hydrogen fuelling station or dispenser> ‘being part of an existing, or new build, conventiopnal fuelling

[SOURCE: ISO/IEC Guide 51:2014, 3.1, modified — The word "physical" has been added.]

3.35
harmonised standard

the fuelling

d guard, etc.

European standard developed by a recognised European Standards Organization (CEN, CENELEC, or

ETSI), in line with a European Directive

3.36
hazard
potential source of harm (3.34)

[SOURCE: ISO/IEC Guide 51: 2014, 3.2]
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3.37
hazard distance

distance from the hazard (3.36) to a determined physical effect value that can lead to a range of harm

(3.34) to people, equipment or environment

Note 1 to entry: It can be used as an input to quantitative risk assessment (3.66) to, for example, estimate the
of injury or fatality to people (e.g. via probit functions).

Note 2 to entry: Hazards include, for example, physical, thermal, or pressure effects that can cause harm and
be determined by physical or numerical modelling, experience, or by a regulation.

3.38

risk

can

hazardous area

classified prea

<explosive|gas atmospheres> area in which an explosive gas atmosphere (3.20) is or may,beléxpe(
to be presgnt, in quantities such as to require special precautions for the construction, installation
use of equipment

Note 1 to er]try: The interior of many items of process equipment are commonly considered-as a hazardous
even though a flammable atmosphere may not normally be present to account for the/possibility of air ente

ted
and

hrea
ring

the equipmg¢nt. Where specific controls such as inerting are used the interior of process equipment may not jeed

to be classiffied as a hazardous area.

[SOURCE: IEC 60079-10-1:2015, 3.3.1, modified — The alternative preférred term "classified area”
been added.]

3.39

hose assembly

assembly which includes the hose and end connections, ingluding any necessary fittings (3.24), b
restrictors| and appropriate markings.

3.40
housing
guard (3.3B) or enclosure (3.18) for operating parts, control mechanisms, or other components,
need not be¢ accessible during normal operation

3.41
hydrogen purifier
equipment|to remove undesired constituents from the hydrogen

Note 1 to enftry: Hydrogen purifiers can comprise purification vessels, dryers, filters and separators.

3.42
hydrogen service level
HSL
pressure lgvel in MPa used to characterize the hydrogen service of the dispensing system (3.17) b4
on the NWP (3:51) of the vehicle.

has

nd

[}

that

sed

Note 1 to entry: The numerical value of HSL also matches the numbper alter the “H 1n the pressure class (3.58)

(see Table 1).

Note 2 to entry: See Annex E for application of pressure terminology to hydrogen dispensing systems
vehicles.

3.43

incident

any unplanned event that resulted in injury or ill health of people, or damage or loss to property, pl
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.

and

ant,
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3.44

lower flammable limit

LFL

concentration of flammable gas, vapour or mist in air below which an explosive gas atmosphere (3.20)
will not be formed

[SOURCE: IEC 60079-10-1:2015, 3.6.12]

3.45

maximum allowable working pressure

MAWP

maximum pressure permissible in a system at the temperature specified for the pressure

Not¢ 1 to entry: The maximum allowable working pressure can also be defined as the design ptessure, the
mayimum allowable operating pressure, the maximum permissible working pressure, or the médximujm allowable
pregsure for the rating of pressure vessels and equipment manufactured in accordance-with national pressure
vesgel codes.

Notg¢ 2 to entry: See Annex E for discussion of pressure terminology and its application to dispen§ing systems
(3.117) and fuelling stations (3.29) in general.

3.46
makimum fuelling pressure
MFP
maximum pressure expected during a normal (fault-free) vebicle fuelling

Note 1 to entry: Per the GTR#13, the maximum fuelling pressure is 125 % NWP (3.51) (see Annex D).
Note 2 to entry: Also referred to as Maximum Fill Pressutre.

Notg¢ 3 to entry: See Annex E for discussion of pressure terminology and its application to dispen§ing systems
(3.1F) and fuelling stations (3.29) in general.

3.4Y
makimum operating pressure
MO‘E

highest pressure that is expected for a component or system during normal operation including
anticipated transients

Noteg 1 to entry: In the caseof the dispensing system (3.17), the MOP is equivalent to the maximum fuelling pressure
(3.46) of the vehicle.

Notg¢ 2 to entry: Se€ Annex E for discussion of pressure terminology and its application to dispensfng systems
and|fuelling stations<(3.29) in general.

3.48
mitigation

conjbination of the measures incorporated at the design stage and the measures requlired to be
imphmw@JMhaﬁaﬁmmﬂmdﬁpmm&ﬁMm&mﬂd&M&a&piraﬁon and

maintenance of the fuelling station (3.29) to reduce the probability (3.60) or severity of an incident (3.43)

3.49

mobile storage

multiple-element gas container (3.50) or liquid hydrogen tank fixture mounted on a vehicle or trailer
and used for the transportation of hydrogen to hydrogen fuelling stations (3.29)
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3.50

multiple-element gas container

MEGC

multimodal assembly of cylinders, tubes or bundles of cylinders which are interconnected by a manifold
and assembled within a framework, including service equipment and structural equipment necessary
for the transport of gases

Note 1 to entry: This definition is taken from the UN Model Regulations. ADR[Z9] uses a different definition.
[SOURCE: ISO 10286:2015, 2.2.1, 210]

3.51
nominal working pressure

NWP

pressure of a vehicle CHSS (3.9) at 100 % SOC (3.78) at a gas temperature of 15 ¢C

Note 1 to enftry: See GTR#13 clause 1I-3.37, on page 54.
Note 2 to enftry: For road vehicles, this is typically 35 MPa or 70 MPa.

Note 3 to eptry: See Annex E for discussion of pressure terminology and the corréspondence between velicle
terminology and dispensing systems (3.17).

Note 4 to enftry: Also known as “settled pressure” in ISO 10286.

3.52
non-publi¢ fuelling station
fuelling stafion (3.29) that does not sell or dispense gaseous hydrogen to the general public

EXAMPLE Private or municipal vehicle fleet operation.

3.53

nozzle
device conhected to a fuel dispensing system (3:1Z), which permits the quick connect and disconnegt of
fuel supplyl to the vehicle storage system

[SOURCE: ISO 17268:2012, 3.8]

3.54

outdoors
location odtside of any building,(3.7) or structure, or location under a roof, weather shelter, or carjopy
(3.8) provided this area is not\énclosed on more than two sides

3.55

plinth
raised arep on thesforecourt (3.25), supporting and protecting the dispensers (3.13) and associgted
equipment

3.56
positive isolation
complete separation of one part of the plant or equipment from other parts of the system

Note 1 to entry: Positive isolation can be provided to equipment or piping items for maintenance purposes using
various arrangements depending on following factors, as piping rating, equipment in shutdown or equipment
under service.

Note 2 to entry: Physical disconnection, for example, spool removal, or use of a blind or a spade are typical ways
to provide positive isolation.

Note 3 to entry: Alternatively, proved isolation (3.61) can be deemed acceptable based on risk assessment (3.66).

Note 4 to entry: Further information can be found in HSG253.
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3.57
pre-cooling
process of cooling hydrogen fuel temperature prior to dispensing

3.58

pressure class

non-dimensional rating of components designed to dispense hydrogen to road vehicles at the required
pressure and temperature

Note 1 to entry: The numbers following ‘H’ in the pressure class are numerically the same as HSL (3.42), but
the HSL identifies only the level of the dispensing service whereas the pressure class designation shows the

comfponent are fully capable of meeting the pressure and temperature requirements for dispensing
the Indicated service level.

Notg¢ 2 to entry: See Annex E for discussion of pressure terminology and its application te dispen
(3.1F) and fuelling stations (3.29) in general.

Notg 3 to entry: Additional examples of pressure class come from ISO 15649; e.g. "600*"3000" or "6

safdty (3.69) device that releases gases or liquids above a specified pressure value in cases of
or abnormal conditions

Not
re-d
desil

e 1 to entry: PRDs can be activated by pressure or another parameter, such as temperature, and g
losing devices (such as valves) or non-re-closing devicesi{siich as rupture disks and fusible plug
gnations for these specific types of PRDs are as follows

Pressure safety valve (PSV) — pressure activatedvalve that opens at specified set point to prot
from rupture and re-closes when the pressure’falls below the set point. Requirements for P
dispensing systems (3.17) can be found in 8.2:2.3. PSVs protecting the dispensing system can rg
the MOP (3.47).

Thermally-activated pressure relief.dévice (TPRD) — a PRD that opens at a specified temperatui
a system from rupture and remains open.

e 2 to entry: See Annex E for discussion of pressure terminology and its application to pressure p
Hispensing system and fuelling stations (3.29) in general.

D
bability

ydrogen at

fing systems

00"

cemergency

an be either
s). Common

bct a system
RVs used in
close above

e to protect

rotection of

Ly, system,

3.3) points

Note T to entry: Proved Isolation can often be use
acceptable based on risk assessment (3.66).

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

Note 3 to entry: Further information can be found in HSG253.

3.62
public fuelling station
fuelling station (3.29) that sells gaseous hydrogen to the general public

© IS0 2020 - All rights reserved
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3.63

qualified personnel

personnel with knowledge or abilities, gained through training and/or experience as measured against
established requirements, standards or tests, that enable the individual to perform a required function

[SOURCE: ISO 10417:2004, 3.13, modified — The word "characteristics" has been replaced with
"knowledge".]

3.64
receptacle
device connected to a vehicle storage system which receives the nozzle (3.53)

Note 1 to er]try: This can also be referred to as a fuelling inlet or gas filling port in other documents.
[SOURCE: IISO 17268:2012, 3.11]

3.65
risk
combinatiqn of the probability (3.60) of occurrence of harm (3.34) and the severity of that hqrm;
encompasging both the uncertainty about and severity of the harm

[SOURCE: ISO/IEC Guide 51:2014, 3.9, modified — The part “encompassing:both the uncertainty aljout
and severity of the harm” has been added; Note 1 to entry has been removed.]

3.66
risk assesfment

determination of quantitative or qualitative value of risk related:to a specific situation and a recognised
threat (als¢ called hazard (3.36))

Note 1 to enmtry: Based on national requirements, a review ofia risk analysis or a safety (3.69) concept by third
party is sonjetimes required.

3.67
risk level
assessed njagnitude of the risk

3.68
safeguardjing
instruments or final elements related to safety-instrumented system, SIS (3.72), or pressure relief deyice,
PRD (3.59)

Note 1 to enftry: Safeguarding-can be instrumental safeguarding or mechanical safeguarding.

3.69
safety
freedom frpm unaceeptable risk

[SOURCE: ISOAIEC Guide 51:2014, 3.14]

3.70

safety distance

separation distance

safe distance

setback distance

distance to acceptable risk level (3.67) or minimum risk-informed distance between a hazard (3.36)
source and a target (human, equipment or environment), which will mitigate the effect of a likely
foreseeable incident (3.43) and prevent a minor incident escalating into a larger incident

Note 1 to entry: Safety distances could be splitinto Restriction distances, Clearance distances, Installation layout
distances, Protection distances and External risk zone. See A.5.2 for further details.
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3.71

safety function

function to be implemented by a safety-instrumented system (3.72), 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
safety-instrumented system, however validation of these measures is equally important.

3.72

safety-instrumented system

SIS

insfrumented system used to implement one or more safety-instrumented functions

Note 1 to entry: A safety-instrumented system is composed of any combination of sensors, logic.solvers, and final
elements.

Not¢ 2 to entry: A separate safety-instrumented system (SIS), typically with a greatenreliability than the more
basic process control system (BPCS) (3.4), can be required, according to the manufactiier’s risk assessnent (3.66),
to respond solely to safety critical alarms. Further information is provided by IEC/61508 and IEC 61311.

3.78
safety integrity level
SIL
disqrete level (one out of a possible four), corresponding to a~tange of safety integrity values, where
safgty integrity level 4 has the highest level of safety integrityyand safety integrity level 1 haq the lowest

Note 1 to entry: The target failure measures (see IEC 61508-4)\for the four safety integrity levels are|specified in
IECp1508-1:2010, Tables 2 and 3.

Notg¢ 2 to entry: Safety integrity levels are used for_specifying the safety integrity requirements ¢f the safety
fundtions (3.71) to be allocated to the E/E/PE safetyrelated systems (3.74).

Note¢ 3 to entry: A safety integrity level (SIL) isciot a property of a system, subsystem, element or corrronent. The
coryject interpretation of the phrase “SIL n'safety-related system” (where n is 1, 2, 3 or 4) is that the system is
poténtially capable of supporting safety functions with a safety integrity level up to n.

Notg 4 to entry: See 8.2.
[SOPRCE: IEC 61508-4:2010,8.5.8, modified — Note 4 to entry has been added.]

3.74
safety-related system
des|gnated systemthat both implements the required safety functions (3.71) necessary to|achieve or
maintain a safeéstate for the EUC and is intended to achieve, on its own or with other E/EfPE safety-
reldted systems; other technology safety-related systems or external risk reduction fagilities, the
necpssary.safety integrity for the required safety functions

Not¢ 17te entry: The term refers to those systems, designated as safety-related systems, that are[intended to
achieve) together with the external risk reduction facilities (IEC 61508-5:2010, 3.4.3), the nedessary risk
reduction in order to meet the required tolerable risk (IEC 61508-5:2010, 3.1.6 and Annex A).

Note 2 to entry: The safety-related systems are designed to prevent the EUC from going into a dangerous state
by taking appropriate action on receipt of commands. The failure of a safety-related system would be included
in the events leading to the determined hazard (3.36) or hazards. Although there can be other systems having
safety functions, it is the safety-related systems that have been designated to achieve, in their own right, the
required tolerable risk. Safety-related systems can broadly be divided into safety-related control systems (3.11)
and safety-related protection systems, and have two modes of operation (IEC 61508-5:2010, 3.5.12).

Note 3 to entry: Safety-related systems are potentially an integral part of the EUC control system or interface with
the EUC by sensors and/or actuators. That s, the required safety integrity level (3.73) is achieved by implementing
the safety functions in the EUC control system (and possibly by additional separate and independent systems as
well) or the safety functions can be implemented by separate and independent systems dedicated to safety.
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Note 4 to entry: A safety-related system is designed:

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

b) to mitigate the effects of the hazardous event, thereby reducing the risk by reducing the consequences;

c) toachieve a combination of a) and b).

3.75

site acceptance testing

SAT

tests performed after installation of the fuelling station (3.29) at the site to verify functionality and/or

integrity

3.76

skid

process syftem contained within a frame that allows the process system to be easily transported and

installed fqr operation

3.77

standardg development organization

SDO

industry- dr sector-based standards organizations that develop and publish industry specific standdrds

Note 1 to emtry: In some cases, international industry-based SDOs may have direct liaisons with internatipnal

standards drganizations. SDOs are differentiated from standards setting organizations (SSOs) in that SDOs nay

be accreditgd to develop standards using open and transparent progesses.

Note 2 to entry: In the European Union, only standards created*by CEN, CENELEC, and ETSI are recognize(d as

European sfandards, and member states are required to notify the European Commission and each other about

all the drafft technical regulations. These rules were laid“down in Directive 2015/1535/EU with the go4l of

providing tfansparency and control with regard to teclihical regulations.

3.78

state of chiarge

SocC

density (orlmass) ratio of hydrogen in-the compressed hydrogen storage system (CHSS) (3.9) between|the

actual CHSP condition and the capacity at NWP (3.51) when the system is equilibrated at 15 °C

Note 1 to ¢ntry: SOC is expressed-as a percentage and is computed based on the gas density accordinig to

formula belpw.

Note 2 to eptry: The accuraey of the NIST formula has been quantified to be to within 0,01 % from 255 K to

1 000 K with pressureste-120 MPa at the publishing of this document.

Note 3 to enftry: (%).can be calculated as follows:

p_lxl

P2
where
P1

P

is the density of hydrogen under the specific gas conditions;

is the density of hydrogen at the nominal working pressure at a gas temperature of 15 °C.

The hydrogen densities at the two major nominal working pressures are:

— density of H, at 35 MPa and 15 °C = 24,0 g/1

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

14
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Note 4 to entry: The p; function for hydrogen is available from the National Institute of Standards and Technology
(NIST) at https://nvlpubs.nist.gov/nistpubs/jres/113/6/V113.N06.A05.pdf.

3.79

target pressure
dispenser (3.13) fuel pressure that the hydrogen fuelling protocol targets for the end of fuelling

Note 1 to entry: Further guidance on pressure terminology is included in Annex E.

3.80

vaporizer

d H el el b= 1 el . - 1 o | - 1. el o | 1l o o | e
ev LG, ULLITT UdIT 4 LAdIIR, tIIdUTTLTIVES Ty Ul UgCTIH I a TTYUIU TUT I d1HIU dUUS SUITICUITIIL TITAU LU

liquid to a gaseous state

3.81

makimum developed pressure
maximum accumulated pressure
highest pressure expected during fault management by the dispensing system(3.17)

Note 1 to entry: Per the GTR, the maximum developed pressure is 1,50 x NWP,See Annex D.

Note¢ 2 to entry: The estimate of maximum developed pressure is basedcon-a “worst case” assump

ronvert the

tions — the

highlest possible setpoint for the pressure protection and maximum alléwable values for setpoint afcuracy and

“lift]’ to open the PSV for full relieving.

4 |Abbreviated terms

AiCHE American Institute of Chemical Enginegets

ALARP as low as reasonably practicable

API American Petroleum Institute

APRR average pressure ramp rate

CABF conformity assessment bodies forum

CENELEC French: Comité Européen de Normalisation Electrotechnique (European Conjmittee for
Electrotechnical Standardization)

CFI computational fluid dynamics

CGA Compressed Gas Association

DDT deflagration to detonation transition

E/H/BE* electrical/electronic/programmable electronic

ERP emergency response plan

ESReDA  European Safety, Reliability and Data Association

ETSI European Telecommunications Standards Institute

EUC equipment under control

FCEV fuel cell electric vehicle

FEMA failure modes and effects analysis

H35 indication for 35 MPa NWP hydrogen fuelling as defined in ISO 17268
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H70
HAZOP
HSG
IrDA
LFL

MEGC

indication for 70 MPa NWP hydrogen fuelling as defined in ISO 17268
hazard and operability study

health and safety guidance

Infrared Data Association

lower flammability limit

multiple element gas containers

OREDA
P&I
P&ID
PELV
PFP
PLC
PPE
PSV
QRA
RoHS
SAE
SELV
SIF
TPRD

5 Risk]

5.1 Hyd

The hydrog
properties

offshore and onshore reliability data
piping and instrumentation

piping and instrumentation diagram
protective extra-low voltage

passive fire protection
programmable logic controller
personal protective equipment
pressure safety valve

quantitative risk assessment
restriction of hazardous substances
Society of Automotive Engineers
safety extra-low voltage
safety-instrumented functioh

temperature-activated\pressure relief device

management

rogen fuelling station safety recommendations

aridithe environment to an acceptable level.

ren fuelling station installation should be sited to minimise risk to users, operating person

The following elements of a hydrogen fuelling station shall be considered potential hazard sources:

— on-site hydrogen production unit as applicable;

— hydrogen delivery system, including mobile storage and remote fill points as applicable;

— compressors;

— storage;

— piping

connections (non-welded);

— dispensers.

16
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The hydrogen fuelling station shall include measures to reduce the risk of harm from fires, deflagrations,
detonations and blast waves to an acceptable level.

Example mitigation strategies are covered in greater detail in the 5.3 and 5.4.

Hazards on the fuelling station unrelated to hydrogen fires shall also be addressed (if applicable). An
example list can be found in 5.5.

5.2

Risk

assessment is the overall process of risk identification, risk analysis, risk evaluation, and risk

gation. Use of risk assessment may allow station owners and designers to flexibly define station-

mit
spe
ort
sele

Ari
wit
and
tha
(sed

It i9

Risk assessment

Cific mitigations that achieve an equal or better level of risk to those of prescriptive recomy
b relax existing prescriptive mitigation measures as long as the total system risk fémain
cted tolerability threshold (risk acceptance criteria).

sk assessment shall be performed for the hydrogen fuelling station exceptwhen the stati

h prescriptive regulations that address relevant risks. See standards suchyas ISO 31000,
or ISO 12100 for guidance in conducting risk assessment. The risk assessment should d¢
the mitigation measures employed are appropriate to achieve thedesired level of risk of
Clause 11).

recommended that the risk assessment carried out for th€ hydrogen fuelling station

quantitative or semi-quantitative. Further recommendations)fer semi-quantitative or quant

ass

NO1
whd

NOT
is gi

NOT

If a
cov

5.3

5.3

Thd
des

Sev
(e.g

essment of hydrogen fuelling stations can be found in Annex A.

E1 Recommendations for the method, degree of detail, and source of information used in the
n carried out specifically for a hydrogen fuelling station are included in A.1.

E2  Anexample of a quantitative risk assessurent toolkit to facilitate the performance of a spe
ven in A.2.
E3  AnnexB includes the recommendations generated from an example fuelling process risk 3

quantitative risk assessment (QRA) is used, non-hydrogen hazards, as defined in 5|
ered.

Mitigation measures to improve system safety

1 General

risk assessment should demonstrate that the mitigation measures are appropriate to
red reduction of the probability and/or consequences of each scenario.

hendations
E below the

bns comply
IEC 31010,
monstrate
the station

should be
itative risk

assessment

cific station

ssessment.

5, shall be

ichieve the

bral mitigation features affect the probability and/or impact of multiple aspects of

con

, use‘of enclosures can reduce the probability of ignition, but it could potentially irjcrease the
sequence of deflagrations); when credit is taken for a mitigation, the entire analysis shpuld be re-

t'{e analysis

run

to ensure that total risk is sufficiently low.

5.3.2 Mitigations which reduce the potential for the formation of a flammable mixture

5.3.

2.1 General

Hydrogen fuelling stations shall be designed and operated such that, where an intentional or
unintentional release of flammable gas occurs during normal operation, the formation of a flammable
mixture is prevented, minimised, detected, or controlled. Further detailed information is available
from the IEC 60079 series.

Examples on how to reduce the potential for the formation of a flammable mixture can be found in
Annex B.

© IS0 2020 - All rights reserved 17


https://standardsiso.com/api/?name=90985b918fedfb84205b0d7c2bfe007b

ISO 19880-1:2020(E)

5.3.2.2 Safety and emergency shut-off systems

In order to minimise the magnitude of an unintentional release, or to minimise the duration of the
flammable mixtures, isolation valves that can shut-off the hydrogen supply from the hydrogen storage
to other areas of the hydrogen fuelling station shall be installed (see 11.2).

The position to which automatic valves in hydrogen lines move in the event of power or pneumatic
pressure loss should be defined by risk assessment and implemented accordingly.

5.3.2.3 Pressure relief devices for gaseous hydrogen systems

When reqtired, the pressurized gaseous hydrogen systems and equipment shall be protected-f

over-press
Over-press
The MAWE

A PRD can
the non-re
(see 7.2.2).
layout of th

The equipn
in the desig

NOTE I

ire e.g. by use of one or more PRD(s), or by other appropriate means.
ure protection shall be set at, or below, the MAWP of the pressure system that it is protect
of the system shall not be greater than the lowest component pressure rating in the syst

be of the resealable type, such as spring-loaded pressure actuated safety.valves (PSVs), g
bealable pressure actuated safety device (PSD) type, such as rupture disks and diaphra
The risk associated with non-reclosing types of PRDs should be cotisidered in the design
e station (see 7.8).

nent should be protected against excessive pressure at all times. Consideration should be g
n of the installation to facilitate the periodic testing and maintenance of the PRDs (see 15,

N 764-7 provides guidance on the isolation of relieving safety systems.
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udden and catastrophic failure of vessels or piping systems doesn't need to be considered in
en protection against.such failures has already been contemplated in the vessel and piping desig
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Vhen this is not practical, see 7.4 for guidance on classifying hazardous areas and controlling ignition
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Enclosureg

should be designed so as to minimise high points (or locally high points) where hydrg

gen

can accumulate.

Flows from vents and safety relief equipment shall be piped to an appropriate location. See 5.4.2 for
further information.

5.3.4 Mitigation for the formation of a flammable mixture under a canopy

The formation of hazardous atmospheres resulting from anticipated hydrogen leaks or releases under
canopies should be minimised when practical.

NOTE
ignition sou

18

rces within the hazardous area.

When this is not practical, see 10.2 for guidance on classifying hazardous areas and controlling
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Area classification determined as per 10.2.2 and the protection recommendations for equipment in
hazardous areas may be adjusted taking into account the availability 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.

Where the hazardous area above a dispenser or other hydrogen installation reaches up to a canopy, the
canopy shall be designed to prevent the accumulation of hydrogen in pockets or between the canopy

ceiling and roof, unless other means of protection have been taken.

Canopies should be designed so as to minimise high points where hydrogen can accumulate.

5.3

5.3

Med
Anr

5.3

Equ
stol
con|
fred

In 4

5 Mitigations which reduce the potential for ignition

5.1 General

sures can be taken to reduce the potential for ignition. See 7.4, 7.11 and A@.2 for require
ex B for examples.

5.2 Areas subject to restriction of activity

ipment or areas of the hydrogen fuelling station in whiclh/flammable materials are
ed shall be designed, operated, and maintained so thatjany releases of flammable m3
sequently the extent of potentially flammable atmospheres, are kept to a minimum wit
[uency, duration, and quantity, whether in normal operation or otherwise.

situation in which there may be an explosive gasiatmosphere, the following steps shall b

minimise the likelihood of an explosive gasratmosphere occurring around the existing
ignition;

minimise the likelihood of potentiaksources of ignition being present.

5 may be achieved through the control of ignition sources in the potentially explosive at
he restriction of activities within defined distances, referred to as “restriction distanc

implementation of a hazardous area, as classified according to IEC 60079-10-1, in whic
mechanical equipmentsheuld be appropriately classified (see 7.4 and 7.4.2).

As where restrictienis/on ignition sources should be implemented are applicable fron
bntial releases of-hydrogen and/or other flammable fluids, or from the exhaust of passiv

NOTE

ilation of enclosures around equipment containing flammable fluids. In some cases, th
the potential release source where activities should be restricted (restriction dist

ments, and

handled or
terial, and
L regard to

e taken:

sources of

mospheres
es”, and by
h electrical

I points of
e or active
b distances
ances) are
restriction

d aware of

allow access to dispensers without any restrictions.

Restriction of activity does not apply to the dispenser area, for which specific risk assessment can

All portable equipment which can generate an ignition source when brought into the restricted
access area (i.e. portable lamps, flashlights, communication devices) should comply with the safety
recommendations for use in hazardous areas.

Requirements for grounding and bonding to prevent electric shock and electrostatic discharge are
provided in 10.1.3 or 10.2.3 as applicable.
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5.3.6 Mi
fuelling in

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

5.3.6.1 General

Alist of po

ssible mitigations is provided in Annex B.

5.3.6.2 Flame or fire detection systems

Where identified by the hydrogen fuelllng station risk assessment, direct or indirect means of detection
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equipment]
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ction equipment is used, this shall be set up in such a way that its functionality canbe eg

pver-pressure protection of enclosures and buildings containing hydtfogen systems

the need for over-pressure protection. The risk assessment shall consider potential
their frequency, extent of formation of flammable mixtures within the enclosure v

Fom pressurized systems or the ignition of flammable mixtures, including the effect of
paking phenomenon.

pired by the risk assessment, enclosure desigh shall address either withstanding or ven
ire events as defined in 7.11.6.

uch analysis can necessitate the use of\CED, for further guidance, see NFPA 68, and for examplg
be A4.2.

s required for over-pressure protection, then the risk assessment needs to be extende

ure venting shall be provided in exterior walls or the roof, and may consist of any one or
n of the following:

fastened hatch-covers;

fastened, 'outward-opening, swinging doors and/or suitable pressure relief window
r walls;

fastenned walls or roofs;

essment shall be conducted on enclosures and buildings containing hydrogen systemgp

ing

sily

and buildings containing hydrogen systems or other flammable_systems shall comply

to
eak
vith

on of ventilation, possibility of ignition, and the resultant over-pressure due to either high

the

[ing
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the necessary area of vent-gpenings in exterior walls or the roof of the enclosure or building.

any

in
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walls

continu
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ously open vents in the exterior walls or roof of the enclosure.

Where applicable, snow loads should be considered.

The consequences of explosion relief e.g. over-pressure and possibly flying projectiles outside the
opening shall be considered by risk assessment.

5.3.6.4 Emergency release of gas from hydrogen storage vessels under fire conditions

If hydrogen storage vessels are exposed to fire conditions (from inside or outside the storage area or
compartment) that could lead to rupture, the station risk assessment should consider the need for
thermally or pressure activated (non-reclosing) and/or manually activated valves to safely vent all the

20
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content of the hydrogen storage (see 7.8). Where such a valve needs manual activation, this should be
possible from an appropriate location.

5.3.7 Mitigation of the effect of an external fire/events on the fuelling station installation

5.3.7.1 General

Measures should be taken to minimise the effect of events that have potential to take place in the
vicinity of the fuelling station. A list of example measures can be found in Annex B.

5.3/7.2 Layout

The layout of a hydrogen fuelling station shall reduce to an acceptable level the likelthood|of damage
or ihjury from activities carried out on the fuelling station, or external to the fuelling station property.

Thif may include hazards from fires of stored fuel or other combustibles, including buildings, pn or in the
vicinity to the fuelling station, damage from impact of moving equipment/vehicles, or environmental
hazprds such as falling trees.

The general layout of installations for the storage, processing, and delivery of hydrogen sHould allow
unlindered access and exit for the fuelling station operator, maifitenance personnel, suppliers, and
emgrgency services as appropriate.

Att¢ntion shall be paid to:

— |good overview of the installation for the operating staff both from the operating uilding (if
applicable) and from the hydrogen delivery installations;

— |clear arrangement of access roads, exits and;site surfacing with a view to collision hazaids;
— |accessibility to the installation in case of fighting any fire;

— |evacuation facilities in case of incidents.

Installations should be kept free of vegetation debris and other flammable materials.

No flammable liquids shall be"able to accumulate under the hydrogen storage vessels.

5.3|7.3 Fire barrier recommendations

A fire barrier may beTused as a mitigation option to reduce safety distances. A list of possiblelmitigation
megsures can befound in Annex B.

If a ffire barrier'is used as a mitigation option, it shall be made of appropriately fire-resistant{materials.

NOTE There are no appropriate ISO testing documents that cover this topic for hydrogen [combustion
(flames). IS0 22899-1 and ISO 834-1 include guidance on how to measure the fire resistance, however, [SO 22899-1
wasHderivedfor-highly-sootyand-thushighlyradiative-hydrocarbonrecombustion—Hydregenreombustion does not
produce soot and thus are weakly radiating compared to hydrocarbon combustion. Hence, the testing defined
in ISO 22899-1 can over predict the heat load, thus represent a very conservative test, resulting in an overly
designed barrier.

Consideration should be taken for the overpressure effects generated around the barrier by an
unignited or ignited release. Walls intended as mitigation against fires or 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 (see 5.3.7.6).
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5.3.7.4 Mitigating against vehicular impact

Hydrogen storage and dispensers should not be located in a direct line of traffic, e.g. entrance or exit
to station, or should be suitably protected against vehicular impact. The fuelling station operator shall
assess impact hazards in the fuelling station risk assessment, and vehicular impact protection should
be appropriate for the anticipated type and speed of vehicles in the vicinity of the hydrogen equipment.

NOTE1  Further guidance on the protection of dispensers from vehicle traffic is included in Annex G.
NOTE 2  Plinths of adequate height and bollards of sufficient strength strategically placed are techniques
typically used.

The statiorl design shall minimise the need for vehicle manoeuvres in order to reduce to an accept

level the ri
movement

If deemed

Kk of an unsafe situation arising through, for example, the need for vehicle reversing:Veh
on the station should be clearly identified by means of signs and markings.

appropriate or necessary by risk assessment, vehicular impact protegtion should

supplemenited by the dispensing system control protection defined in 8.2.2.8 thdt detects phys

hble
icle

be
ical

disturbange of the dispenser, for example by vehicle collision.

Procedural] measures or vehicular impact protection should be considered ta-protect delivery vehifcles
as approprjate.

5.3.7.5 Hirefighting systems

The locatipn and quantity of firefighting equipment shall be_determined based on the size of|the
hydrogen fuelling station and in consultation with the local fire authorities.

Where water is required for firefighting, this shall be available in adequate volume and pressurg for
fire protection (firefighting and cooling of fire affected-equipment) as determined in consultation With
the local fife authorities.

For firefighting purposes, suitable fire-extinguishing appliances shall be placed in readiness in|the

vicinity of

Hydrogen

hydrogen
the point ¢
consumed.
lead to a fl
a hydroger

hazardous areas. Details are to be:co*ordinated with the local fire authorities.

fires should never be extinguished while allowing a release to persist. The escaping

hould be shut off where possible. Where the source of hydrogen cannot be isolated f
f the leak, hydrogen fires-should be allowed to burn until the hydrogen fuel is comple]
Extinguishing a hydrogen fire before the hydrogen fuel is completely consumed c
hmmable mixture./The firefighting equipment should only be used to prevent the sprea
| fire, e.g. for cogling surrounding equipment or for cooling down the hydrogen storag

avoid ruptfire of the vessels. " Water from the firefighting system should not be directed at or introdu

into a hydr
any accum

5.3.7.6 E

ogen systemwent stack. After a fire, the hydrogen system vent stack(s) should be draine
1lated water and inspected for damage prior to release for use.

mergency principles and operations

fom
tely
uld
d of
e to
ced
d of

Suitable roadways or other means of access for emergency equipment, such as fire departn
apparatus shall be provided.

1ent

The installation shall be designed so that authorised personnel have easy access at all times and have
adequate means of escape in the case of emergency. Access to critical equipment (for example, operating
valves) shall be restricted to authorised persons. Emergency exits shall 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 shall be 0,8 m. Timber or other readily combustible materials shall not
be used for fencing.

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

Consideration shall 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
fenced areas, there shall be at least two separate outward opening points of egress, remote from each
other, that are strategically placed in relation to the hazard considered.

Full emergency procedures shall be established for each particular fuelling station in consultation with
local fire authorities.

bre critical hydrogen equipment can be exposed to fires, which may originate from no:lx-hydrogen
ted equipment, at least one of the following safety systems should be considered:

Wh
rels

a)
b)

water sprinklers or remote watering system for cooling of equipment exposedto fire (s¢e 5.3.7.5);

means for the emergency venting of hydrogen storage vessels as per 5.3.64.

5.3/8 Mitigation of risk to the high pressure hydrogen storage system of the vehicle being fuelled

Ade
Sys
and|

quate measures shall be taken to reduce the risk of subjecting-the vehicle high pressur
em to unsafe conditions, such as those outside of the operdting range defined in GTR#
Annex E).

e hydrogen
13 (see 8.2

A risk assessment shall establish the level of safeguardingteeded to address the limits outlied in 8.2.1.

5.4| Safety distances

5.4/1 General

Thd

is the distance to an acceptable risk leyel or the minimum risk-informed separation betwes

sou
ford
mit

hydrogen fuelling station layout shall incorporate adequate safety distances. The safe

Fce and an object (human, equipment, or environment) that will mitigate the effect
seeable incident and prevent.a minor incident from escalating into a larger incident (con

gation and safety measures:implemented). This includes effects from hazard sources

'y distance
n a hazard
of a likely
bidering all
beyond the

boundaries of the fuelling station.

In viarious regulations@and’industrial practices, the term "safety distance" often includes many types of
disfances, such as: protéection distances, clearance distances, installation lay-out distances, distances to
ext¢rnal risk sources; and distances within which restrictions apply (restriction distances).

i
For standard equipment and events, safety distances can be prescribed by national regulations, and/
or may be determined through quantitative risk assessment of a generic design. For any given fuelling
station, one may also conduct a quantitative risk assessment, which can be used to understand the risks
and the effects of station-specific mitigations; the result of the analysis may result in a recalculation
of the safety distance to result in station-specific safety distances. If the safety distance is too large,

additional mitigation or prevention measures should be considered and the safety distances may be re-
calculated using a quantitative analysis.

NOTE1 An-example of safety distance definitions is given in A.5.

ic events.
rough an

These safety distances are not intended to provide complete protection against catastro
Profection against such events is fundamentally provided by other requirements or
emergency response plan

NOTE 2  The benefit of conducting quantitative analysis is that it generates safety distances that are specific to
the fuelling station/site that is analysed.
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NOTE 3  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 toolkit, preferably validated for hydrogen, is recommended.
NOTE4  Examples of safety distance toolkits are given in Annex A. One such toolkit has been used to prepare

a series of example risk assessments to iteratively determine safety distances for example fuelling stations with
varied country specific inputs (see A 6)

5.4.2 Safety distances relating to hydrogen vent stack outlets

The vent ¢utlet location (height; distance to exposures) shall be such that the limits, for therjmal
radiation 3and over-pressure effects of ignited vented gas are not exceeded undercany foreseeable
venting sitpation considering unfavourable expected wind conditions. The safety distances for vented
gas from lifjuid hydrogen systems shall take into consideration the density of the gas:

The thermpl radiation and overpressure effects of ignited vented gas (immédiate or delayed ignitjon)
shall be considered for the anticipated vented gas.

Hydrogen ¢oncentration at windows, openings, air intakes and at locations where persons or personnel
may be pr¢sent should not exceed 4 % in air (100 % LFL), unless adower concentration of hydrogep in
air is required by risk assessment.

NOTE 1 alculations can be performed according to the risk asséssment toolkits detailed in A.4.

NOTE 2  Jee 7.8 for further requirements relating to hydrogen vent stacks.
5.5 Protection measures for non-hydrogenhazards

5.5.1 Geperal

In additior] to the hazards related to h{drogen supply, storage and dispensing on the fuelling station
site, other |non-hydrogen hazards shall be addressed. The risk assessment should identify measures
taken to pifotect against the specific hazards listed below, where applicable:

— working at heights (see 73:34);

— asphyxiation (see 5.5.2));

— emergency egressiroutes out of enclosures or vaults (see 5.5.3);

— electrgcution{see 10.1);

— moving machinery (see IEC 60204-1);

— anti-whip measures for hoses (see 5.5.5);
— noise (see 5.5.6).

Additional examples of non-hydrogen hazards typically encountered at fuelling stations are listed in
B.5. These hazards, as well as any other hazards unique to a particular fuelling station system or site
should be considered and addressed when appropriate.

5.5.2 Protection measures for asphyxiation hazard in an enclosure (confined space)

When an enclosure is intended to be entered and contains or is connected to a source of hydrogen or
inert gases, that compartment shall be evaluated for the potential of an oxygen deficient atmosphere
during normal or off-normal conditions.
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When the potential exists for an oxygen deficient atmosphere, procedures shall be put in place to
prevent this occurring while personnel are present in or entering into the compartment, or detection
and notification appliances shall be provided to warn personnel of an oxygen-deficient atmosphere.

Where fixed detection and notification appliances are used, notification appliances shall produce a
distinctive audible and/or visual alarm and be located outside the entrance to all locations that where
the oxygen-deficient condition could exist.

Where portable detection and notification appliances are used, a means of testing the gas composition
inside the container (main enclosure) without opening the container door should be provided. This
can be, for example, a set of external connection points to attach a gas detector sensitive to oxygen
conpentration (asphyxiation), hydrogen concentration (flammable mixtures), and, if necessary, other
congtituents likely to be present in the process. These external connection points should be routed
inside the container to locations where these constituents would be likely to be present;

Hydrogen piping and equipment shall be isolated, depressurized and made safé prior t¢ repair or
replacement of components. Vent gas and purge gas shall be exhausted @ufside of thg hydrogen
conjpartment before and after replacement or service work requiring Hydrogen depregsurization
and purge.

5.5{3 Protection measures for emergency egress from enclosed spaces
Extrior access doors should be secured against unauthorized-entry.

NOTE1 This can be done globally by securing the perimeter fence access, or locally by spcuring the
enclosure(s). Refer to IEC 60204-1, the national electrical code and/or the national occupational safety code for

Locks or latches on emergency doors shall not reduire the use of a key or a tool for the opefation from
the|egress side. Where access into enclosed spaces e.g. equipment containers or vaults (§ee 7.3.3.3)
is possible, a personnel access way with adequate space to ensure a permanent escape royte shall be
proyided. The travel distance from points.ef maintenance inside an enclosed space to an mergency
egress point should be appropriately aninimised to be consistent with risk assessment,|otherwise
multiple means of egress should be provided.

NOTE 2  Egress recommendations, are not applicable when all operation and maintenance-related work is
performed from the exterior of the‘enclosure.

5.5/4 Ingress protection measures

The potential hazards and risks due to ingress of water, dirt/dust, or people into enclosures shall be
assessed. If suclhpotential hazards or risks exist, then, according to 7.11, the enclosure [shall meet
appropriate measures of IEC 60529 to mitigate these hazards and risks. The rating shall be verified per
the[test methods in IEC 60529.

NOTE 1A\ ‘Components and equipment individually protected to the levels defined by this assessinent do not
neefl tobe enclosed, and subsequently enclosures not intended to provide weather and personnel prﬁection can
be exempt from meeting an IP rating.

NOTE 2 IEC 60529 does not directly address ice, sleet, snow, saline atmosphere, or other conditions that can be
encountered in outdoor applications. A "W" in the third character of the IP code indicates "weather conditions",
however no specific requirements are provided. IEC 60068-1 contains additional guidance on environmental
testing.

5.5.5 Protection measures for hose whip

For working pressures in excess of 4 MPa, hoses assembled shall be provided with a suitable restraining
cable, sleeve, or device, properly fitted to an anchor point on each end of the hose to restrain the hose in
the event of a hose assembly failure. Guidance is available from ISO 14113.
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Other anti-whip measures, for example, identifying failure of a hose assembly through the control
system and isolating the supply of gas (see 8.2.2.5) may be used in place of restraining devices where
appropriate.

5.5.6 Protection measures for noise

Itis presupposed that the sound pressure level and sound power level under normal operating conditions
do not exceed relevant local limitations. Events such as the opening of a relief valve, or separation of the
hose break-away device in the case of a drive-away event, etc. are not considered normal operation.

5.5.7 Prptection against exposure to extremely cold or hot temperatures

Processes within the hydrogen fuelling station may operate at extremely cold temperatures of yery|hot
temperatufes.

Liquid hydrogen storage and processing systems operate below -250 °C, and hydrogen dispensing
system prgcooling systems (including refrigerant systems, if used) typically operateiat temperatures
below -40[°C. Conversely, hot surfaces may be encountered on processing equipment (i.e., compressgors
and pumpd) or due to solar exposure.

In addition to possible exposure of workers during maintenance, the risk«to the general public in[the
dispensing area shall be assessed, particularly with fuelling assembly which is handled as parjt of
vehicle fuefling. If people come in contact with surfaces at these extremely cold temperatures, infury
may occur,[so this potential hazard shall be considered as part of the risk analysis.

NOTE §ee ISO 13732 for further guidance.

Examples ¢f countermeasures to prevent exposure to coldtemperatures are (but not limited to)|the
following:

a) protecfive coverings or insulation on piping or-components with cold surfaces;
b) fences|guards, cabinets, or enclosures on hydrogen systems operating at cold temperatures;
c) appropriate PPE (gloves, etc.) for workers;

d) signagg, as appropriate (see 13.2):
6 Hydrogen supply safety and operation

6.1 On site generation

6.1.1 Hydrogengenerators using water electrolysis

Hydrogen |generators using water electrolysis shall be installed according to the manufactuier’s
instructions and should comply with ISQ 22734 or he dncignnd in accordance with a suitable national/

regional standard(s).

6.1.2 Hydrogen generators using fuel processing technologies

Hydrogen generators using fuel processing technologies, including ancillary hydrocarbon storage
and pipework, shall be installed according to the manufacturer’s instructions and should meet the
requirements of ISO 16110-1 and references therein, or be designed in accordance with a suitable
national/regional standard(s).

Storage of hydrocarbon fuels shall be sited to minimise risk to personnel, local population and property.
Consideration should be given to the location of any potentially hazardous processes in the vicinity,
which could jeopardise the integrity of the hydrocarbon and hydrogen storage installation.
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Hydrogen delivery

6.2.1 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 is low. Gaseous hydrogen may also be delivered on site in transportable
gas storage devices containing hydrogen absorbed in a metal hydride storage system. In such cases,

ISO

Th
tub
deb

Theg foundation under a tube trailer or MEGC remaining on site should be made of reinforce
or any other suitable non-combustible material.

Ab
unl

A d¢signated temporary tube trailer or MEGC parking location shouldbe provided for carryi
trailer or MEGC exchange without interfering with fuelling operations, unless the fuelling

full
sho

The location of the transfer panel or pressure reducing:station shall be accessible only to

per

Megns to bond tube trailers and MEGCs to the same potential as the fixed storage hardwa

pro

Wh

thrpugh a vent stack to an appropriate location.
The delivery of gaseous hydrogen shall follow a pre-defined, written procedure.

NOTE Examples of gaseous/hydrogen delivery procedures are included in the document PGS35.

A ri

©IS

16111 should be used to ensure safety of the metal hydride storage system.

tubetrailergr MEGC stationingarcashowld beleveland shall supportthe frontand rear
e trailer or MEGC in a designated area or unloading bay. The area shall be kept free.of
Iris, and combustible materials.

imp stop, such as lintels, or equivalent shall indicate normal tube trailep or MEGC pos
bading bay when a driver needs to reverse into the bay.

y suspended during the tube trailer or MEGC exchange operation. Hydrogen tube trailer
11d not be stationed outside of the designated trailer unlgading bays.

50NS.

vided (see 10.2.3).

en the offloading hose(s) is disconnected, any gaseous hydrogen released shall be

the need for an-emergency shutdown system that can stop the filling process oncg

emergency procedures required during the delivery process;

théneed to preclude access to the public during deliveries;

including the'néed for interaction with air driven valves on the tube trailer as applicablg;

nds of the
vegetation,

d concrete,

tion in the

hg out tube
activity is
5 or MEGCs

authorized

re shall be

discharged

sk assessment of the-hydrogen delivery process shall be carried out (see 5.2). As a mifimum, the
risH assessment should-censider:

activated,

)’

the eed for isofation vatves atthe fittpoint;

measures taken for the prevention of over-pressurisation of the hydrogen storage;

the design of the connection points to ensure proper connection/disconnection between the

transport storage and the site storage;
detectability of leaks during the delivery process;
measures taken for the protection against hose rupture during transfer (see 5.5.5);

the need for hazardous areas in and around the delivery area (see 7.4);

control of the hydrogen flow rate, if applicable; and
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— theneed for appropriate signage during the filling process, and at the fill connection point (see 13.2).
6.2.2 Liquid hydrogen supply by tanker

6.2.2.1 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
commonly used national/regional standard.

Above ground 11qu1d hydrogen storage and related equlpment shall be located in a well Ventllated
area to mi i

The conseq

should be

Undergro
taken acco

Connectioy
located in
delivery ve

Means sha
and to prey
cryogenic t

Uninsulate
be installe
liquid air v
be conside
materials.

condensed

Surfaces I¢
temperatu

as per 7.2.3.

6.2.2.2 K

Equipment
cryogenic

specified i
[SO 21010

6.2.2.3 1

uences on overpressure in case of ignition and deflagration to detonation transitioh (D
dssessed.

nd liquid hydrogen storage and related equipment shall require additionalyieasures t
Fding to the risk assessment.

close proximity to each other and in such a way that the storage tank fill control valves
hicle controls are accessible from the delivery vehicle operator'siposition.

s to bulk storage systems and equipment controls necessary for filling purposes should be

and

| be provided to minimise exposure of personnel to piping‘operating at low temperat

emperatures.

d above asphalt surfaces or other combustible*materials in order to prevent conta

Prip pans may be installed under uninsulated piping and equipment to retain and vapo
liquid air.

cated under all uninsulated pipe*and pump connections carrying hydrogen at cryog
Fe with the possibility of air cohdensation shall be constructed of non-combustible mater

fydrogen and material compatibility at cryogenic temperatures

and components-that are to be used for handling liquid hydrogen and other gases ur
onditions shall meet the material requirements of the equipment and component standg
n 7.1.2. Guidance for material compatibility in cryogenic service is given in ISO/TR 15
br 1SO 21028-1.

iquid'hydrogen transfer area

res

rent air condensate from contacting piping, structural mémbers and surfaces not suitablg for

d piping and equipment, which operates at belowZair condensation temperature, shall|not

of

Uith such materials. For the purposes of this;document, asphalt and bitumastic paving shall
red combustible. If expansion joints are used, fillers shall also be made of non-combustible

ise

bnic
ials

der
rds
D16,

The delivery of liquid hydrogen shall follow a pre-defined procedure.

NOTE

An example of a liquid hydrogen delivery procedure is included in the document PGS35.

The liquid hydrogen transfer area shall be clearly defined.

Means to bond liquid hydrogen delivery vehicles to the same potential as the fixed storage hardware
shall be provided (see 10.2.3).

The liquid hydrogen transfer area should be designated as a "NO PARKING" area.

The connection point in the transfer area should be protected sufficiently against a vehicle crash from
either the delivery vehicle, any traffic on the fuelling station or other traffic (e.g. vehicles from roads not

part of the

28

fuelling station).
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sk assessment of the hydrogen delivery process should be carried out (see 5.2).

The risk assessment should consider:

the need for an emergency shutdown system that can stop the filling process once activated;

emergency procedures required during the delivery process;
the need to preclude access to the public during deliveries;

the need for isolation valves at the fill point;

6.2

Wh
con|
req

The
liqu

Thd
con

Thd
oth
awa

Thd
ford

NO']
and

6.2
Fles

measures taken for the prevention of over-filling or over-pressurisation of the liquig
storage;

safe connection/disconnection of the filling hose(s); and

the need for appropriate signage during the filling process, and at the fill cortniection poin

2.4 Tank foundation and supports

bre liquid hydrogen storage tanks are required to be elevated,“the tank supports sh
bustible structures, with an appropriate fire resistance according to risk assessme
1irements, capable of withstanding damage by cryogenic liquid spillage.

foundation supporting the liquid hydrogen storage tanks shall be designed to prevent
id hydrogen or any other liquid fuel under the tank.

tank foundation shall be designed to withstandthe weight of the liquid hydrogen stora
Lents and other possible loads applied by wind\snow, seismic, frost heaving, etc.

foundation on which the liquid hydrogen-storage tank is installed shall be made of conc|
er suitable non-combustible material. The risk assessment should consider the need to d
y from areas that could increase the'hazard (for example buildings, occupied areas, or s¢

tank(s) shall be secured to the foundation, with the foundation and supports able to wit
es that can be anticipated for.the location.

E National regulations;ean request that the design and implementation of the foundation |
or inspected by a third-party prior to operation.

2.5 Liquid hydrogen delivery lines
ible hosesused for liquid hydrogen delivery should comply with ISO 21012.

Liq
val
ens

id hydroegen delivery lines shall have a device, such as a non-return valve or an emergen
e, preventing backflow from the ground (bulk) storage tank in case of hose rupturg
re,that emergency isolation valves can be actuated in case of leaks in the hydrogen de

hydrogen

(see 13.2).

b1l be non-
nt or local

pooling of

be tank, its

rete or any
rect a leak
wers).

hstand the

be reviewed

'y isolating
. Means to
ivery lines

Lis i3
shatbe proviaea:

The location of safety shut off valves in liquid hydrogen service shall be such that their actuators do not
risk being blocked by accumulation of ice in case of a foreseeable hydrogen leak or release.

Means to immobilize the trailer while the fuelling hose(s) is connected shall be provided.

6.2.

2.6 Piping, fittings, valves, regulator for cryogenic service

Valves used for cryogenic service is should comply with ISO 21011.
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6.2.2.7 Pressure relief devices

Liquid hydrogen systems and equipment shall be protected from over-pressure e.g. by use of one or
more PRD(s), or by other appropriate means (see 7.2).

PSVs shall meet the requirements of ISO 21013-1 or an equivalent national/regional standard.

Non re-closing safety devices shall meet the requirements of ISO 21013-2 or an equivalent national/
regional standard.

Sizing and capacity determination of liquid hydrogen system PRDs shall meet the requirements of

ISO 21013
standard.

Pressurer
expansion

Pressure 1
and freeze

2 1 | H o | adel dos- 1L - 1 b= | | 1 Ll
O Ul DT UTSIgGHTU I dAULLUTUAIILT WILID d T1dUUIIdI/TTSIUIIAdD StdllUudl'U, SUtll d5 4a T1dl'1IIUII

he different behaviour of gaseous and liquid phases shall be taken in consideration.

blief devices shall be provided to prevent over-pressure, including overpressure by ther
where liquid can be trapped.

sed

mal

elief devices and vent piping shall be designed or located so that moisture cannot colflect

in a manner which would interfere with proper operation of the pressure’relief device. \

piping shall meet the requirements of 6.2.2.10.

If a three-v
alternativg
adequately

The three-
which PSV

Considerat]
and testing

6.2.2.8 (

Each cryog

yay diverter valve is installed to accommodate two PSVs operating; either simultaneousl
ly, the flow area of the three-way valve shall be such that theliquid hydrogen storage tan
protected regardless of the position of the diverter valve.

way diverter valve should be provided with a position ‘indicator, if appropriate, show
is "on line".

ion should also be given in the design of the installation to facilitate the periodic inspecf

of the pressure relief devices.

ryogenic pumps

enic pump shall be provided with.avent and a pressure relief valve that will prevent o

pressurizing of the pump case under all conditions, including the maximum possible rate of cool doy

Operation
instance b}

ISO 24490

6.2.2.9 K
The vapori

The vapori
vaporizer

in presence of cavitation shall be prevented if identified as a safety relevant factor,
r an anti-cavitation system.activating automatic shutdown of the pump.

can be used as a reference for the design of cryogenic pumps.

figh pressurevaporizer
zer and its piping shall be protected with pressure relief devices.

zer should be sized for the maximum flow requirement specified for cryogenic pumps.
bystem should be designed as required despite accumulation of ice due to condensatio

ent

y Or
kis

ing

=,

on

Ver-
vI.

for

The
h of

ambient m

isture

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

— affect the dispensing process;

cause damage to pipe work and equipment downstream.

Heat used in the vaporizer shall be indirectly supplied utilising media such as air, steam, water, or water

solutions.

Means to stop flow when a low temperature downstream of the vaporizer is detected shall be installed.

30
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The vaporizer shall be anchored or secured, for example with sliding supports. Connecting piping and
supports shall be designed to provide the flexibility needed to absorb the effects of expansion and
contraction due to temperature changes.

Suitable means shall be installed on the vaporizer discharge to avoid the possibility of liquid hydrogen
from entering a gaseous hydrogen storage or other equipment not designed for liquid hydrogen
temperatures. A device should be fitted after the hydrogen vaporizer to avoid high pressure gaseous

hyd

rogen back flow into the liquid hydrogen system.

When a water bath or steam heated vaporizer is used, the maintenance schedule should include a
regular visual examination of shell and external tube surfaces for signs of damage, excessive frosting

etc.

6.2

All
refq

The
Sysf

Any defects should be reported to the supplier.

2.10 Venting from a liquid hydrogen system

Pents, including those of pressure relief devices and purge valves shall be corinected to a
rto7.8.

various vents from the liquid hydrogen system may be connected, but-connection to vents
ems shall be avoided to prevent any back-feed from other systems inte’the liquid hydrogs

Ve

piping of cryogenic hydrogen should not be insulated to allow*the maximum heat tra

atmosphere in order to reduce the probability of cold hydregen vent gas vapor cloud
confraction shall be accounted for.

Col
tan
moly

6.2

hydrogen vents from liquid hydrogen storage systems, including possibly the liqu
ker, may be connected as long as properly sized per 7.8.2 with consideration of possible
e than one source.

2.11 Purging

vent stack,

from other
n system.

nsfer from
5. Thermal

d delivery
flow from

Coldl sections (i.e. below the boiling point-of nitrogen) of liquid hydrogen installations apd transfer

hos
prid

—_—

Fo
wit
sec]
cold

6.3
The

bs should be purged with warm (i:eC above the boiling point of nitrogen) hydrogen or we
r to being purged with nitrogen(

lowing installation or repairwork, cold sections of liquid hydrogen installations should

N helium or warm hydrogen. If nitrogen is used instead of helium to remove air in
ions, the nitrogen should then be purged with helium or warm hydrogen prior to cool
hydrogen for start-up’/to prevent nitrogen solidification.

Pipeline
interfacebetween the hydrogen pipeline and the fuelling station may include:

isolation for emergency and/or maintenance;

rm helium

be purged
cryogenic
down with

means for safe relief of pressure;

NOTE 1

means for nitrogen purging;
pressure and/or flow regulation;
metering;

filtration or deodorisation equipment.

fuelling station boundary.

The interface between the hydrogen pipeline and the fuelling station is typically located within the

The hydrogen installation shall comply with the connection conditions of the gas supply company/the
pipe network operator as applicable.
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Interconnecting piping systems between the pipeline and fuelling station shall meet ISO 15649 or local/
state piping code.

NOTE 2

See Clause 7 for further information.

7 Equipment and Components

7.1 General recommendations

7.1.1 Hydrogemmraterials

Equipment

Componen

dismounting and remounting does not damage or untighten other components. If a spegific proced

is to be apy

The ability
considered

All parts t
projection:

All compor
in position

Valves, ins
undergrou

Isolation v
maintenan
be installe
when nece
appropriat

A standard
high purit)
hydrogen
in operatid
quality me

7.1.2 M4

The mater
temperatu

s that may need to be dismounted for maintenance should be installed in such a manner

lied to avoid this, a reference to this procedure should be made by signagé:

in the design of the hydrogen installation.

hat may be contacted during normal servicing and operatiofiyshould be free from sh
or edges and projecting screw ends.

and should be replaceable during normal servicing.

nd, shall be accessible.

hlves shall be used to isolate portions ofthe piping system in emergencies and for rou
ce. Where manually operated emergengy isolation or vent valves are included, these s
l at an accessible location in the hydrogen piping so that the hydrogen flow can be shu

e), and purge with hydrogen after'maintenance shall be provided.

operating procedure shall\ensure a safe and efficient hydrogen purging of the system v
’ hydrogen after maintenance operation of all kinds and prior to use. The purpose of
urging is to remove any chemical and particulate contamination before restarting the p
n. Hydrogen gas quality analysis may be required to confirm that the dispensed hydrd
bts the expectation defined in Clause 9 before restarting dispensing operations.

terial hydrogen compatibility

als (steels, aluminium and polymers, etc.) utilized shall be compatible with hydrogen at]

shall be designed for the expected operating conditions, and specified ambient conditions.

that
ure

to carry out maintenance using positive or proved isolation (see 3¢56 and 3.61), should be

arp

ents that are routinely serviced should be accessible fax servicing and functional adjustnpent

fruments and other equipment requiring servicing shall not be buried, and when instaflled

fine
hall
off

5sary. Means to safely relieve pressiire, purge systems with inert gas for maintenance (when

vith
the
ant
gen

the
ials

for hydro

gen-service Further information on the selection of materials particularly the chaoicl
steels resistant to hydrogen embrittlement can be found in ISO/TR 15916, ISO 11114-1 and ISO 16573.

Fes’and pressures utilized. Due consideration shall be given when selecting ferrous mater

p of

ISO 11114-4 can be used to determine the test methods for selecting metallic materials resistant to
hydrogen embrittlement.

NOTE
yielding), m

anufacturing process and surface finish.

Hydrogen embrittlement is commonly addressed by material selection, conservative design (avoid

Cast iron, malleable iron and grey iron pipe and fittings should not be used due to the porosity of the

material m

aking permeation of hydrogen through the pipe and fittings a possibility.

Materials used for equipment containing liquid hydrogen shall comply with 6.2.2.2.

Vent lines, where pressurised hydrogen is not expected to be present under normal operating

conditions,

32

may use other materials not suitable for hydrogen service.
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7.1.3 Other material recommendations

It is presupposed that material selection is made in accordance with local environment requirements,
avoiding the use of the materials listed in the Directive 2011/65/EU (RoHS).

Care should be taken to prevent contact between dissimilar metals to prevent galvanic corrosion. Metal
fittings should be compatible with metal tubing materials.

7.2 Piping carrying hydrogen

7.2 t—Gemerat

Pipjng used to transport hydrogen in the fuelling station shall conform with ISO(15649, or with
a nptional/regional standard, such as a Harmonised standard, and be suitable fori/the finticipated
cycle life. See 8.3 for operating requirements of piping in dispensing systems and ‘dispenger fuelling
ass¢mblies. Piping shall be made of materials compatible with hydrogen servicéX(see 7.1.2).

When required, high pressure systems shall be protected against over{pressure by pregsure relief
deviices (PRDs) or an equivalent measure (such as an instrumental(safeguarding system with an
apiopriate SIL level) in accordance with ISO 15649 (or the selected’piping standard). Sqge Clause 5

reldtive to the identification of over-pressurization risks, 7.2.1 for\the selection of PRDs [in gaseous
hydirogen systems, and 7.8 for the design of PRD venting systems:

High pressure components shall be mounted in strict compliance with the supplier's instructions,
follpwing a well-defined assembly procedure.

High pressure piping shall be welded in accordance withVISO 15649 or with a national/regiondl standard,
such as a Harmonised standard. This includes qualification of welders, welding procedures, gtc.

Pipjng should be installed so it is not accidentally stepped on or used for leverage, and does ot present
a trjp hazard for users or service personnel

Piping that might be exposed to corresive environments (e.g. underground pipes or pipes ih trenches)
shall be protected from corrosion by suitable means.

7.2{2 Pipe fittings, valves, hoses, for gaseous hydrogen

The rating of pipe fittings, valves, and hoses in gaseous hydrogen systems of the fuelling station shall
be ¢onsistent with its @se’in the piping system (as defined in 7.2). See 8.3 for operating requirements
of dispensing systems‘and dispenser fuelling assemblies. Materials shall be compatible with hydrogen
seryice (see 7.1.2)

PSVs should meet the requirements of ISO 4126-1 or an equivalent national/regional standard.

Nor] re-clesing safety devices should meet the requirements of ISO 4126-2 or an equivalent national/
reglonahstandard.

See the following documents for guidance in qualifying components for high pressure hydrogen service:
— IS0 19880-3 for valves and hose breakaway devices;
— IS0 19880-5 for hoses.

The testing specified in the above documents may be waived when sufficient evidence exists that
the component is acceptable for service in accordance with ISO 15649 (or selected piping standard
being used).

Valve assemblies shall comply with 7.4.2.

Piping, fittings, valves, and regulators for cryogenic service shall comply with 6.2.2.6.
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7.3 Hydrogen storage recommendations

7.3.1 General

Liquid hydrogen delivery and storage system requirements are defined in 6.2.2, and gaseous hydrogen
storage requirements are defined below.

7.3.2 Gaseous hydrogen storage vessels

Storage vessels for the storage of hydrogen gas should be manufactured in accordance W1th a commonly

used natiol
hydrogen 3

If buffer st
such a way

The design
case of fire
or more of

produ
therm
inabili
— fixed f
NOTE 1

The vessel
the forces {

The layout
direct impi
risk assess

bsorbed ina metal hydride storage system.

orage vessels of different design pressures are interconnected, they shall be protecte
that vessels rated for a lower pressure cannot be over-pressurized due to any.malfuncti

of the buffer storage installation shall include appropriate means to prévent failure in
when deemed necessary by risk assessment. Suitable prevention methods may include
the following:

t venting systems, such as thermally activated pressure relief devices (TPRDs);

i1 shielding or fire barrier;

'y for a flammable liquid to pool under the vessel;

rewater protection.

omposite storage vessels can require increased protéction compared to metallic vessels.

s) shall be secured to the foundation, with*the foundation and supports able to withst]
hat can be anticipated for the location,

design of the gaseous hydrogen buffer storage vessels and piping shall consider the risk f
ngement of jet flames from potential leak points or vents onto an adjacent vessel. The sta
ment shall include mitigatien considerations about deflagration to detonation transi

and

Ffom
fion
[ion

(DDT) in the compressed hydrogen storage area.

Each group of buffer storage vessels that may be isolated with manual or automatic valves, should be
equipped with their own set of safety devices.
NOTE 2 hen hydrogends,delivered in transportable cylinders, tube trailers or MEGCs, safety relief deyjices
within the dylinder/group ofvessels are not always included.
However, when trafisportable cylinders, tube trailers or MEGCs are incorporated into a fuelling statiion,
following dppropriate risk assessment that addresses the potentially different design consideratipns,
particularly pressure cycling, any on-site compression system that may compress hydrogen into quch
a system should include a set of safety devices to protect the storage tube(s) from over- izatipn.

7.3.3 Gaseous hydrogen storage siting recommendations

7.3.3.1 Ground storage

When stored above ground, gaseous hydrogen buffer storage vessels or assemblies shall be situated in
the open air or a suitable enclosure or building (see 5.3.6.3).

The foundation for a gaseous hydrogen storage vessel shall be appropriate to accommodate the weight
of the equipment placed on it and shall be made of concrete or any other suitable non-combustible
material. Foundations for gaseous hydrogen storage vessels should be designed and constructed to
prevent frost heaving where applicable. In addition, if onsite hydro-testing is anticipated, then the
foundation shall be designed to withstand the weight of the vessel when filled with water.
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7.3.3.2 Buried underground storage
Buried hydrogen storage vessels shall be adequately protected against corrosion.
Buried process connections shall be installed in accordance with 7.2.

The design and installation of the buried hydrogen storage shall take into account requirements for
maintenance and inspection (see 14.9).

7.3.3.3 Below ground vaults

It i§ presupposed that below-ground vaults constructed on-site are designed in accordahce with a
natjonal building code. Inspections should be conducted to verify structural strength and\Ceinpliance of
thefinstallation with the approved design. Consideration should be given to soil and hydrostdtic loading
on the floors, walls and roof, anticipated seismic forces, uplifting by ground wateror’flooding, and to
loads imposed from above, such as traffic and equipment loading on the vault ro6f:

The vault walls should be higher than the gaseous hydrogen buffer storagevessels containfed therein.
There should be no openings in the vault enclosure except those necessary for access to, ingpection of,
and|filling, emptying, ventilation, and venting of the gaseous hydrogen-buffer storage vessels.

Venltilation or other measures shall be provided to prevent accumulation of leaked hydrogen gas.

Ingress of water shall be prevented, or a drainage system to mianage water ingress shall be provided. If
insflalled at grade and subject to vehicle loading, the top shalthave a metal grating or anothdr roof with
sufficient strength to carry vehicle loading.

If njanual intervention is required for safe operatiom61 in an emergency, manually operated valves or
confrols should be located above ground and accessible to authorized personnel only.

There shall be sufficient clearance between the gaseous hydrogen buffer storage vessels anld the vault
to afllow for inspection and maintenance of the vessels and their appurtenances.

Where adjacent vaults share a commaofiswall, the common wall should be liquid and vapoulr tight and
shopld be designed to withstand thejload imposed when the vault on either side of the wjll is filled
with water.

Prepsure relief devices shall-be/vented to an appropriate location as specified in 5.3.3.

At dach entry point to a vault, a warning sign indicating the procedures for proper entry info confined
spafes shall be posted. Entry points should be secured against unauthorized entry and vandalism.

7.3]3.4 Roof tep or canopy installation of gaseous hydrogen systems

7.313.4.1_<General

Wherey hydrogen generators, compressors, gaseous buffer storage vessels, piping syptems and
thelT Tefated accessories are tocated on bUllding or canopy Toofs, the instaitation shoutd meet the
recommendations of 7.3.3.4.

Equipment installed at heights should have walkways and working platforms to facilitate worker
access and be accessible for inspection and maintenance. Measures to address the hazards of working
at heights shall be taken to protect workers from falling off the roof, and to protect persons below the
equipment/elevated from falling objects.

Access to the building or canopy roof should be provided in accordance with ISO 14122.
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7.3.3.4.2 Roof structural recommendations

It is presupposed that the roof structure supporting the hydrogen equipment and vessels is constructed
in compliance with the local national building code with due consideration for the added weight of the
equipment in addition to other static and dynamic loadings.

7.3.3.4.3 Gaseous hydrogen storage mounting

Gaseous hydrogen buffer storage vessels shall be mounted according to the manufacturer’s instructions.
They should be individually supported in a cradle or similar structure or within a rack that provides
individual uessel support

The vessel mounting structure shall be securely affixed to the roof.

7.3.3.4.4 | Other hydrogen equipment mounting

Other hydrogen equipment shall be securely mounted on the gaseous hydrogen. Storage mounting
structure gr separately mounted to the roof.

7.3.3.4.5 | Fire protection

Gaseous hydrogen equipment and buffer storage vessels on the roof ofan occupied building shall npeet
the followihg recommendations to avoid escalation from a building fite:

— measujres shall be provided to avoid overpressure/rupture oftthe hydrogen storage systems in ¢ase
of fire|such as fire detection, emergency device to empty the storage, such as thermally activated
pressure relief devices (TPRDs), or a sprinkler system;

— thesupporting roof structure and columns below thehydrogen equipmentand storage footprint4rea
shall have a minimum fire-resistant rating, not léss than that required by the type of construcfion
for the building.

7.4 Hazardous areas (with potentially flammable mixtures)

7.4.1 Gelneral

Hazardous| areas shall be identified and classified according to IEC 60079-10-1 or other regionally
accepted njethodologies.

Hazardous|areas are applicable from points of potential releases of hydrogen and/or other flammable
fluids inclyding possiblf2flammable mixtures in ventilation exhausts from enclosures or building with
hydrogen gr processing-equipment.

See 5.3.2 for identifying issues associated with the potential formation of hydrogen and/or other
flammablelmixtures and approaches to minimise the hazard.

A shelter or a canopy with a flat roof surface and with the sides sufficiently open to allow free passage
of air through all parts should be considered well ventilated and may be treated as an outdoor area (i.e.
"medium" degree and "good" availability). If the canopy is within the height of the hazardous area, the
hazardous area should extend to the border of the canopy. See 5.3.4 for mitigating hazards due to the
formation of flammable mixtures under canopies.

Where enclosures are placed around hydrogen equipment to contain and/or control hazardous areas,
these should be in accordance with 5.3.6.3 and 7.11. The potential release of flammable fluids from
either the natural or active ventilation exhausts from enclosures should be considered in the risk
assessment and, if appropriate, in the classification of hazardous areas. Locations below the ventilation
exhausts from enclosures may be excluded from consideration. Means to limit the quantity of hydrogen
that could be released within the enclosure should be considered, for example, by the use of automatic
isolation valves in the hydrogen supply to the enclosure.
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The potential for flammable gases leaking from one compartment within an enclosure to another
adjacent compartment (of the enclosure) shall be considered in the risk assessment and, if appropriate,
in the in the classification of hazardous areas (see 7.11.4.)

Area classification around venting system outlets should be defined on the basis of a foreseeable
flow rate, under normal operating conditions, but also considering reasonable potential upset or fault
conditions as defined in 7.8.3, with the exception of fire conditions and voluntary, manually initiated
response to emergency conditions.

7.4.2 Equipmentin hazardous areas

The energy required to ignite a mixture of hydrogen and air is extremely small (see IEC 64)079-20-1).
Almostall electrical equipment can be an ignition source for a hydrogen/air mixture if proper|protection
is npt implemented.

See[10.2 for bonding and grounding of equipment, the selection and installation-gf electrical quipment,
and the protection of ignition flammables from static discharge.

In addition to the electrical ignition sources, mechanical equipment cansalso ignite hydrogen and other
flammable fluids. Examples of such ignition sources are as follows:

— |sparks from rotating fan blades; or
— |hot surfaces.

Meg¢hanical equipment and mechanical parts of electrical-equipment installed in hazardous|areas shall
be protected in accordance with the ISO/IEC 80079 series if such parts are not protected a¢cording to
the[requirements in the IEC 60079 series.

NOTE Asan example, itis sufficient that an explesion protected electrical fan complies with the r¢quirements
for ¢lectrical machines according to IEC 60079-0.

7.5 Hydrogen compressors

7.5]1 General

Each compressor shall be equipped with pressure relief device(s), or equivalent safety-indtrumented
systems to prevent overpressure.

All gquipment shall comply with 7.4.2.

Compressor enclosures shall comply with 5.3.2.3 and 5.3.6.3.

Theg compre$§sor and ancillary systems, where applicable, shall be consistent with use in|the piping
system deScribed in 7.2. Sufficient compensation for potential vibration or movement of the dJompressor
shopldbeprovided such that piping systems are not damaged and that leaks do not occur.

Contpressors stoutd-bedesigmed withr particutar Teference to hydrogemr service amdto mminimise the
introduction of contaminants. The ingress of air at the inlet to the compressor shall be avoided at all
times to prevent the formation of flammable mixtures.

Risks associated with installation, maintenance, and operation of compressors shall be assessed, and
countermeasures shall be defined and implemented to protect equipment and prevent potentially
hazardous events from occurring. Each compressor should be equipped with means to fully
depressurize all parts of the system for maintenance purposes.

When the risk mitigation review of a compressor system recommends the use of an inert purge, means
to purge the compressor(s) with inert gas prior to maintenance operations shall be provided, including
a written procedure, to enable effective inerting.
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7.5.2 Vibration and movement

Sufficient compensation for vibration and movement should be provided between interconnected
systems at a hydrogen fuelling station and between the hydrogen gas supply piping and the compressor
suction piping to avoid leaks caused by vibration and movement.

Any vibrations that may affect the strength of the piping, fitting and component shall not be transferred
to the piping work.

7.5.3 Co

7.5.3.1 (

Safety con|
below set
the contro
measures.

In addition to the instruments and controls normally provided for gas compressing systems,

following g

7532 1

Ingress of
flammable

For examp
system ins
consequen
before the

If there is
pressure,
measure d
1 %, the co
situations.

7.5.3.3 1

The tempe
shall be m|

and/or shutdown as appropriate at a predetermined maximum temperature.

7.5.3.4

I

ntrol and monitoring

leneral

krols shall be installed to ensure temperature and pressure levels do not exceed or
pperating levels, for instance for inlet pressure, discharge temperature and pressure, V

pecific safeguards for hydrogen should be considered.

nlet pressure

hir at the inlet to the compressor shall be avoided at all times to prevent the formation
mixture. If this condition is no longer guaranteed, the:xcompressor shall be shut down.

tigating an alarm and/or shutdown as appropriate, to avoid a vacuum in the inlet line

nlet pressure reaches atmospheric pressure.

h possibility of oxygen contaminatiod-under normal operating conditions due to a low i
measurement of the oxygen content in the hydrogen can be considered as a mitiga

ring risk assessment. For example, should the oxygen content reach a volume fractio
Elpressor can be automatically shut down. Alternative means can be taken to prevent crif

)ischarge temperature

Fature after the-final stage of compression, or the temperature after the cooler, where fit]
pnitored by temperature indicator/switch with the control system instigating an al

pischarge pressure

fall
vith

| system instigating an alarm and/or shutdown as appropriate, or appropriate altermate

the

of a

e, the inlet pressure should be monitored by apressure indicator/switch, with the conjtrol

and

L ingress of air. This pressure indicator/switch should cause the compressor to shut dgwn

hlet
fion
h of
ical

ted,
hrm

the

The presst

re-after the final stage of compression shall he monitored by an indicator/switch with

control system instigating an alarm and/or shutdown as appropriate, or initiate alternative actions,
such as recycling, at a predetermined maximum pressure which is below that of the over-pressure
protection.

7.5.3.5 Cooling water alarm

The cooling water system should be monitored by an indicator/switch, with the control system
instigating an alarm and/or shutdown as appropriate in case of low pressure, flow or high temperature.
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3.6 Purge gas/pressurisation protection of electrical equipment

Where the motor and auxiliary equipment are purged by an inert gas, or protected by pressurisation
with compressed air or an inert gas, low pressure/flow shall be indicated by an alarm, which shall be
arranged to shut down the motor and auxiliaries as required by IEC 60079-2.

7.5.

3.7 Purge gas/pressurisation protection of crankcases

Where the compressor crankcase is purged by an inert gas, or protected by pressurisation with
compressed air or an inert gas, low pressure/flow shall be indicated by an alarm, which shall be

arrqngpﬂ toshut down the COMPpressor

7.6 Instruments for gaseous hydrogen systems

Insfruments shall be rated for service in the hydrogen system. The pressure and temperatur
thefinstrument casing shall comply with the requirements of the piping system({as defined i

Insfruments dedicated for various functions on the fuelling station should be verified for the
purpose.

Insruments and gauges shall be designed and located such that, ifi the event of a leakage
and possible subsequent fire, the risk to personnel is minimised:-Examples are the use o
safgty "glass" and blowout backs on pressure gauges.

Ca
acc

Thd

sha

7.7

Thd
con

Filt
int

inets or housings containing hydrogen control equipment should be designed to p
imulation of hydrogen gas.

installation and use of instruments shall be consistent with the electrical area classif
1, when applicable, comply with applicable prdvisions of the IEC 60079 series.

Filters for gaseous hydrogen

rating of pressure-bearing housings in gaseous hydrogen systems of the fuelling stati
Kistent with its use in the piping'system (as defined in 7.2).

brs and separators shall be-sized for the maximum hydrogen gas flow and for the expected
he hydrogen gas (see Clause 9), and, where appropriate, should be provided with suffici

sunpps or collecting tanks, If possible, filters and separators should be combined in a singl

filtd
ren
whi

Clo
reg
diff}

rs should have a specified separating capacity. Where liquids and condensation produ
oval, consideration shall be given to the dew point of these liquids, relative to the temp
ch hydrogen is.cooled prior to passing through the separator, to avoid freezing and block

roing of the filter insert in the main hydrogen gas flow shall be monitored. This may
Ilar preventive maintenance, by regular operational checks, or by monitoring equi
erentidl-pressure gauges indicating a maximum value, as specified by the filter supplier.

b ratings of
n7.2).

ir intended

br rupture,
F snubbers,

revent any

cation and

bn shall be

impurities
ently large

e unit. The

Cts require
bratures to
age.

be done by
bment, e.g.

Th

o r
empty them in a safe manner. In the event of frequent opening and closing operations, the f

filters and cnpavnfnrc shall he arranged and installed in such o Way thatitic nassihblo t

separators should be fitted with quick opening and closing fittings.

open and
ilters and

Where a separator is needed for removing liquids and condensation products, a manual or an automatic
discharging device, if applicable comprising a sump, shall be provided.

The filter shall be accessible for inspection, cleaning and replacement of the filter element.
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7.8 Gaseous hydrogen vent systems

7.8.1 General

The venting of hydrogen is typical in a hydrogen fuelling station, and measures shall be taken to ensure
that hazards arising from venting are minimised.

The requirements of 7.1 and 7.2 shall be applied to pressure-bearing piping of the vent system.

The vent discharge piping system shall be designed to not rupture in the event of ignition of a flammable
hydrogen air mixture in the system.

The vent system shall be designed for the thrust of the discharging jet. The reaction of this thrugtjon
PRD nozzl¢ forces and moments shall also be addressed to ensure that the PRD is properlyrsuppor

and thatt

Vent stacks
to carry lig

Hydrogen ¥
as require
charges, st|

Hydrogen 1

Vents fron
considerat

NOTE1 K

The positign of hydrogen vent stacks shall be taken iiito account in the layout of the installation

shall be su
emergency
hazardous
and the eff]

The vent ofitlet location shall be arranged to discharge to open air, and so as not to generate a hazarc

persons, ng

lines and dther ignition sources,-air‘intakes, and building openings. The vent stack shall not disch4

where accu

Hydrogen
height of v

Flame arrdg

NOTE 2 i
hand torch.

e integrity of the high pressure piping system and the vent pipe are maintained:

shall be bonded and grounded according to 10.1.3. Vent stacks should be designed to be
htning currents without adverse effects, unless otherwise protected (see10.1.4).

rent piping and associated valves/devices/systems shall be electricallygrounded and bon
1 by IEC 60204-1 to give protection against the hazards of thendevelopment of electr
Fay electrical currents, static electricity and lightning.

Fenting systems shall be designed and sized according to Z8)2 through 7.8.4.
7.8.2

I high pressure systems may be connected as long-as properly sized per
on of possible flow from more than one source.

\'

or the venting of hydrogen from liquid hydrogen systems, see 6.2.2.10.

ch that the vent may be used for operation, maintenance and to allow depressurisatio
situations [for example, when there isva fire in the vicinity (see 5.3.6.4)] without crea

bct that this can have on the denfsity of the vented gas.

ighbouring structures, er\personnel areas, and should consider safety distances to elect

mulation of hydrogen-can occur, such as below the eaves of buildings.

lispersion and-radiated heat calculations shall be carried out to establish the location
ent stack exits-Further detail is provided in 5.4.2.

stors aré.not needed for vent systems that follow the requirements of this document.

lame arrestors are typically used on combustion systems such as a pre-mixed air fuel supply

the
ted

hble

ded

ical

vith

and
h in
[ing

conditions. Consideration shall be.given to the temperature of the hydrogen that is venlted,

for
ical
rge

and

[

0a

Flame arrestors can apply a backpressure to increase velocity at the “fire check”.

Back pressure devices used on hydrogen vent systems with gas recovery or atmosphere exclusion

systems sh

NOTE 3

ould be engineered for the specific hydrogen vent recommendations.

EIGA document 211/17 and CGA G-5.5 provide further guidance.

7.8.2 Vent outlet

Outlets may be vertical upwards, horizontal, or in any direction in between. Caps should not be used.

Vent stacks shall be designed to avoid the collection of water (ice) and organic debris which may impede
or impair the venting process.

40
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Drains and water accumulation points shall be protected from freezing to avoid blockage or breaking
of vent stack. Consideration shall be given in the fuelling station risk assessment to the prevention of
accumulation of water, including that from condensation, in the vent stack outlet (or other requirements
for protection against freezing).

Where the risk assessment deems appropriate, vent systems, particularly those with a vertical outlet,
shall be equipped with a water drain valve at the bottom of the vent stack.

Hydrogen vent systems shall be protected against the hazards caused by entering of debris, animals
and/or insects inside the vent pipes resulting in potential obstruction. Vent protectors equipped with
wire screens (for example, mud dauber fittings) may be used provided the proper mesh size is selected

to avoid flow obstruction or blockage.

For
veld
cut

The
avo
acy
det

NOT

horizontal outlets (T-vent or single outlet vent), the cut plane shall not face downwarg
city is sufficiently high for the direction of the release to be determined by the ofientg
plane.

outlet piping may be slightly inclined downwards to avoid entry of water'if measures a
d that the plume or jet will be pointing downwards, e.g. through low velocity release, d
t plane facing upwards for exit velocities that are sufficiently highfor/the direction of r¢g
ermined by the orientation of the cut plane.

E1 For vertical venting, the higher the discharge velocity the Smaller the necessary safg

aroyind the vent as the higher momentum is less effected by cross-winds to bend the flammable plum

org

NOT
the

7.8

Thd
out
rest

round.

E2  For T-venting, the smaller the discharge velocity the’smaller the safety distance recomm

3 Vent sizing

vent piping diameter should not be smaller than the diameter of any pressure-relief de
et, and large enough that it shall notjprevent the PRD from functioning properly or that
rict PRD flow.

In

Nor

der to calculate the pressure drop of the vent system, the maximum flow rate should b
e sum of all the flows in nermal operating conditions that are expected to be simultaned

r
as q:
highest flow generated by foreseeable upset or fault conditions.

mal operating conditiens to be considered include, for example:
for gaseous hydregen systems:
— venting-of the fuelling assembly after fuelling a vehicle;

— yeénting as part of purging or process control.

if the exit
tion of the

re taken to
r by use of
lease to be

ty distance
e to the side

bndations in

hxis of discharge as the lower momentum reduces the piojected footprint of the potentially flamnpable plume.

vice (PRD)
it does not

calculated
us, and the

fopliquid hydrogen supply systems:

— 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.

Foreseeable upset or fault conditions maximum flow rate should include the largest of the following
independent upset conditions, such as:

for gaseous systems:
— emergency discharge of gaseous hydrogen buffer storage;

external fire;
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— malfunction of dispensing system control valve causing pressure relief valve(s) to open.

for liquid hydrogen supply systems:
excessive rate of cool-down;

loss of vacuum;

vapour generation in the tank;

ve

ting of pnmppd ]iquid flowr

malfunction of control valves in the pressure control circuits or fuelling line causing excess

The maxin
discharge

10 % of the
valve(s), in

relief valvd.

Limitation

Back press
systems sh

wum pressure drop resulting from the sum of design flows of all vent devices thatc
nto a common vent system at the same time in the worst case scenario should not’exd
lowest set pressure of these relief valves directly at the discharge point of the affected r
order to prevent excessive back-pressure in the vent line from preventing the opening of

of noise level may need to be considered.

ure devices used on hydrogen vent systems with gas recovery.or atmosphere exclu
ould be engineered for the specific hydrogen vent recommendations.

7.8.4 Multiple relief devices

Where mu
(e.g. for tes
provide th

Acceptablé
— 3-way
changg
— captiv

Regardless
that the sy

A positive g

Considerat
the pressu

tiple pressure relief devices (PRDs) are used, any préwision made for isolating any one de

uld
eed
blief
the

bion

Vice

ting or maintenance) should ensure that the remdining PRD(s) connected to the equipnfent

e full relief capacity.
methods for isolating any one of the PRDsiti¢lude, but are not limited to:
valves;

over valves;

mechanical interlocks;

e sequential key interlogking.

of the method used to/isolate a PRD, adequate flow area of the three-way valve shall be
stem is adequatelyprotected regardless of the position of the diverter valve or mechanis

uch
m.

nd obvious identification method shall indicate ifa PRD is isolated from or active in the sys“\I:

ion should)also be given in the design of the installation to facilitate the periodic testi
re relief.devices.

In some caj

m.

of

ses) isolation valves may be used for maintenance of pressure relief devices if the isola

fion

valve can be Tocked open whenever the equipment being protected is being pressurised. Access to the
lock key should be controlled and used by qualified service personnel only, with the position of the valve
and the locking device checked periodically. In such cases, a bleed valve should be used to depressurize
the line upstream of the PRD and ensure safety during maintenance.

7.9 Pneumatics and hydraulics

Pneumatic or hydraulic systems shall be designed so that no hazard may result from pressure losses,
pressure drops.

Where applicable, all elements of the pneumatic or hydraulic systems, especially pipes and hoses,
shall be protected against harmful external effects where this is required by the fuelling station risk
assessment.
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Instrument 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
should the supply lapse. Pneumatic equipment and systems should satisfy the requirements of ISO 4414.

Hydraulic control supply from pumps and pressurized supply should be supplied through control

valves. Hydraulic equipment and systems should satisfy the requirements of ISO 4413.

7.10 Hydrogen purifier

The rating of pressu

re-bearing housings in ga
consiste i e pipi em-{a

seous hydrogen systems of the fuelling station shall be

D under all

opefrating conditions where vehicle fuelling is possible.

Theg hydrogen purifier should be designed taking into account possible cofitaminatior] from the
hydrogen supply system or process equipment.

7.1{1 Enclosures and buildings containing hydrogen equipment

7.11.1 General design

Endosures and buildings containing hydrogen systems shall be constructed of non-cpmbustible

materials.

Requirements for the fire resistivity of the floor, walls,.ceiling and any openings (doors, win

design of enclosures and buildings shall consider environmental conditions appropri
allation site. Where applicable,-for example, the possibility of heavy rain, flooding, or ;
seismic loads should be considered.

Endosures shall meet relevant portions of [EC 60529 to prevent ingress of water or d
exppsure of people to-potential hazards when the risk assessment indicates such me

appropriate. See also-lEC 60068-1 if additional environmental testing is necessary.
It if presupposed‘that buildings comply with applicable local building codes and regulations

Wh
enc

en deemed appropriate by the risk analysis in Clause 5, process vents shall be piped
osure;or building and conform to 7.8.

Hows) shall

f fire, or to
enclosure,

te for the
now, wind

rt/dust or
hsures are

butside the

NOTE Further guidance can be found in the outputs from the European project Hylndoor.

7.11.2 Maintenance access and possible occupancy

The design for maintenance access of hydrogen systems within enclosures and buildings shall consider

risks to workers performing maintenance tasks and within the vicinity (see 5.3).

[tis presupposed that buildings which are intended to be occupied during operation and /or maintenance

comply with applicable local building codes and regulations.

Windows and doors should be in exterior walls and emergency exit doors shall be located so as to be
readily accessible.
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Access panels not designed for public access shall require tooling to open or remove.

NOTE

7.11.3 Ve

Tooling can be as simple as an open-end box wrench.

ntilation of enclosures and buildings containing hydrogen equipment

Where passive or active ventilation is relied upon for preventing ignitable mixtures, the ventilation
rate should maintain a volume fraction below 25 % of the lower flammability limit (LFL), in accordance
with [EC 60079-10-1. Where continuous or primary grades of release, as defined in IEC 60079-10-1, are
anticipated, a lower volume fraction may be appropriate.

The equiprn
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with apprd

Whenever
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from fittin
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NOTE 1

Higher ventilation rates, if required to address fault management, jmay be provided continuo
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The pressu
system outllet shall be taken into account as important design criteria.
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Computati
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7.11.4 Us

1

4

nent within dilution volumes around potential leak points, as defined in IEC 60079-10-1;
for the area classification (see 7.4.2). The ventilation system and equipment shall‘¢o
priate provisions of the IEC 60079 series.

ventilation is used, the minimum ventilation rate requirements of the system shal
1 by test and/or analysis and specified. The minimum rate of ventilation necessar}
e formation of a flammable mixtures due to normal and expected releasés)(e.g. natural l¢
bs, or hydrogen permeation through non-metallic materials), shall beprovided whenever
htains hydrogen under pressure, whether the system is in operation-or not.

eakage at welded joints is not typically considered a credible release:

ent of the lower activation limit complying with the regommendations of 11.2.3.

re drop across the ventilation system and the maximum external pressure at the ventila

containing non-classified electrical equipment, not suitable for operation in a hazard
Fely on active ventilation for protectiofi_against the formation of a flammable atmosph
rged with sufficient air changes prigrito the energization of such equipment.

\ typical start-up purge is 4 or 5 volurhe changes at the maximum forced ventilation rate.

25 % of the LFL of hydregen or any other flammable gases present shall cause the shut-o
of hydrogen and otherflammable gases to the enclosure and the de-energization of electr
not suitable for hazardous areas.

shall be designed’so as to minimise hydrogen accumulation.

bnal fluid dynamic analysis, using calculation tools validated for hydrogen, physical tes
cer gasyor similar methods given in IEC 60079-10-1, may be used to design the mean|
or natuiral ventilation and the means/placement of hydrogen detection for providing
Fotection.

shall

rrply

be
y to
aks
the

1sly

system is operating) or initiated by a flammable gas.détection system, for example, upon

fion

ous
ere,

hctive ventilation or detection of flammable gas in an enclosure at the maximum volfime

ff of
ical

[ing
s of
the

e of enclosures or compartments within enclosures to control hazards areas

Enclosures and compartments within enclosures may be used to separate unclassified equipment from
areas housing hydrogen systems, see appropriate parts of the IEC 60079 series. Methods to prevent

flammable

gases from entering an adjacent area or compartment include, but are not limited to:

maintaining the adjacent non-hazardous compartment at a relative pressure higher than the area

or compartment containing the flammable gas by either pressurising the compartment to be
pressurised, ventilating compartments with hydrogen systems at negative pressure, or both to
achieve the required pressure differential;

44

sealing between areas or compartments.
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Flammable gases shall be prevented from entering adjacent compartments unless the equipment within
the adjacent compartment is suitable for the resulting area classification.

When multiple purged hydrogen equipment enclosures are located in one area, the exhaust of
ventilation from one hazardous area shall not be introduced into adjacent enclosure compartments
without sufficient separation to sufficiently dilute potential flammables in fresh air (see 5.3.3 and

A.5.2.3).

7.11.5 Electrical and mechanical equipment within enclosures and buildings containing
hydrogen equipment

See
and

See

7.1

Req
by 1

10.2 for bonding and grounding of equipment, the selection and installation of electrical
the protection of ignition due to static charge in hazardous areas.

7.4.2 for mechanical equipment in hazardous areas.

1.6 Over-pressure protection of enclosures and buildings containing-hydrogen equ

uirements for over-pressure withstand and/or venting of the enclosgre or building shall
isk assessment see 5.3.6.3).

If

exteérnal objects due to an explosion inside the enclosure, these-should have an over-pressurg

ap

Wh
sha
con

Wh
Thd

ope

8

8.1
The

t}'e floor, walls, and ceiling are included to reduce safety distances from the hydrogen

opriate for the scenario.

ere required by risk assessment, over-pressure vefiting addressing the issues outlined
1 be provided in exterior walls or the roof. Vent§’shall consist of any one or any com
finuously open vents or lightly fastened covers, panels, or outward swinging doors.

bre applicable, snow loads shall be consideied.
consequences of explosion relief e.gilover-pressure and possibly flying projectiles ¢

ning shall be considered by risk assessment.

Dispensing systems

General requirements

hydrogen fuelling'station shall have one or more dispensing systems for the transfer of h

hydirogen fuelled vehicles. The dispensing system shall prevent the allowable limits of tempe

pre

Thd

dispensing system shall, when necessary as determined by the dispensing system risk §

(sed

5.2)sprotect against faults of the control system that could result in a hazardous situe

ssure for thelvehicle high pressure hydrogen system from being exceeded during fuelling.

bquipment,

pment

be defined

system to
capability

| in 5.3.6.3

bination of

utside the

ydrogen to
rature and

ssessment
tion in the

dis;rensing area or potentially damage the high pressure hydrogen system of the vehicle.

The minimum requirements for the fuelling station regarding hydrogen fuelling are specified in 8.2.

The minimum requirements for the fuelling station dispensing system piping and components,
including the fuelling assembly, are specified in 8.3.

The minimum requirements for the dispensing system installation, operation, and maintenance and
inspection are specified in 8.4, 8.5 and 8.6.

NOTE

An example of a typical hydrogen dispenser is shown in C.1.
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8.2 Hydrogen vehicle fuelling
8.2.1 Dispensing system process control

8.2.1.1 General requirements for the fuelling protocol

In order to ensure that the fuelling is conducted within the fuelling protocol process limits for vehicle
compressed hydrogen storage systems (CHSS), as defined in 8.2.1.2 or 8.2.1.3 as applicable, hydrogen
dispensing systems shall either:

— use an ment

orgamzatlon (SDO) such as SAE ]2601 (see C.2 for further 1nformat10n) ]PEC -S 0003

NOTE1 Chinaisalso developing fuelling protocol standards. The initial step in this process is documented
in T/CHCA-G 0018-2018.

or

— use prptocols, that have been approved by the manufacturers of each vehicle to fuel at that stafion
using that protocol. The fuelling station operator shall take measures o, prevent the fuelling of
vehiclgs where fuelling protocols are not approved by the manufacturer(s) of the vehicles usingthe
statior.

NOTEZ Examples of countermeasures that can be employed to prevent vehicles fuelling at dispenkers
where the fuelling protocol has not been approved are provided inlAnhex F.

The statlo];remanufacturer shall ensure the nozzle and other associated dispensing system compong¢nts
for each fuelling point are appropriate for the hydrogen setvice level (HSL) (see 8.3), and the fuelling
protocol bg¢ing used.

The fuellinjg protocol shall ensure, directly or indirectly, that the maximum CHSS material temperafure
does not ejceed 85 °C throughout the fuelling.

The fuellinlg protocol shall consider the possible range of temperatures of the CHSS of the vehicle pfrior
to fuelling|as well as the full range of ambient temperatures when establishing the fuelling ratef to
ensure that the storage system on the ‘wehicle does not inadvertently experience an over-fill or oyer-
temperatufe condition.

If necessaryy, the fuelling protocolshall adjust the fuelling rate and target pressure based on measyred
ambient ar}d process conditions, such as dispensed hydrogen gas temperature and pressure, to engure
that the pfocess limits listed in 8.2.1.2 and 8.2.1.3 below are maintained for the vehicle. If these
conditions|cannot be maintained within the limits, the fuelling shall cease.

The fuelling protocohshall include a pressure integrity check prior to fuelling (see 8.2.1.6), which may
also be usdd to detérmine the pressure of hydrogen within the vehicle prior to fuelling.

The fuellingprotocol should be appropriate for the range of vehicle tank capacities that are intended to

Measures should be taken to ensure that sequential fuelling of the same vehicle does not lead to an
unsafe situation, for example using different fuelling protocols, at different fuel temperatures, or
certain fuelling protocols (see C.2).

The dispensing system may either conduct the fuelling using communications with the vehicle as part
of the fuelling process (see 8.2.1.4) or conduct the fuelling protocol without communications with the
vehicle. The fuelling protocol may have provisions for both communications and non-communications
fuelling, see C.3 for an example.
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8.2.1.2 Fuelling protocol process limits for light duty vehicle dispensing systems

Public hydrogen stations shall be designed in accordance with the requirements of this clause. As a
minimum, the station must be safe to fuel a GTR#13 compliant vehicle (see the relevant limits in
Annex D), taking into account alternative local regulations for vehicles to ascertain more stringent
requirements for the station. Stations using fuelling protocols that could potentially be unsafe for such
vehicles shall incorporate appropriate countermeasures.

NOTE1 Examples of countermeasures that can be employed to prevent vehicles fuelling at dispensers where
the fuelling protocol could be unsafe for GTR#13 vehicles are provided in Annex F.

vel

Fuetimg o TS Ot compitant witit the RH [ be addressed by TSR assessment and, if
necpssary, the fuelling process limits defined in this clause should be revised accordingly:

Duiling the fuelling process, the dispensing system shall meet the following fuelling-protoc¢l limits, or
inate the fuelling within 5 s (but not necessarily initiate an emergency shutdown per Clause 5):

— |ambient temperature between —40 °C and +50 °C;

— |dispenser fuel pressure less than the maximum operating pressure (MOP) (see Table 1);
NOTE 2  See 8.2.2.3 for over-pressure protection measures if a fault occurs.

— |dispenser fuel temperature greater than -40 °C;

— [fuel flow rate less than 60 g/s (excluding momentary<excursions during the initial fonnection
sequence - i.e. connecting the nozzle to the receptacle‘prior to the start of fuelling);

— |where communications are used, a communicated“CHSS temperature less than 85 °C;
— |amaximum of 10 pauses during fuelling where the fuel flow rate drops below 0,6 g/s.

Additionally, the dispensing system shall also terminate the fuelling within 5 s if any of thg following
evepts occur:

— |where communications are used, an abort or halt signal is received from the vehicle being fuelled;

— |any deviations from the fuelling protocol (see 8.2.1.1) arise.

As d consequence of the pressure integrity check (see 8.2.1.6), a quantity of hydrogen may be fransferred
to the vehicle prior to the start of fuelling:

— |the maximum Hydrogen mass allowed to be transferred to the vehicle during this progess should
be 200 g;

— |dispensing'systems shall not fuel a vehicle which has a pressure lower than 0,5 MPa or|a pressure
greater-than the appropriate vehicle NWP (i.e. 35 MPa or 70 MPa) after this process.

Fo

—

]|owing fuelling, the vehicle state of charge should not exceed 100 %.

The above limits shall also be considered as part of the dispensing system risk assessment (see 8.2.2.1),
with the possibility that additional countermeasures (beyond normal termination of the fuelling) may
be required to prevent these limits from being exceeded.

8.2.1.3 Fuelling protocol process limits for medium and heavy duty vehicle dispensing systems

Where hydrogen stations are designed to fuel medium and heavy duty vehicles, the requirements for
8.2.1.2 shall be met, with the following exception:

— when the dispenser has a high flow nozzle (see [SO 17268), which prevents connection to a standard
vehicle receptacle (i.e. non high flow receptacle), the maximum fuel flow rate (excluding momentary
excursions during the initial connection sequence - i.e. connecting the nozzle to the receptacle prior
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to the start of fuelling) may exceed 60 g/s where both the station and the vehicle are designed for
the higher flow rate ;

Countermeasures shall be included to prevent vehicles that are not suitable for the fuelling protocol
from being fuelled.

NOTE Examples of countermeasures that can be employed to prevent vehicles fuelling at dispensers where
the fuelling protocol is not suitable are provided in Annex F.

8.2.1.4 Vehicle to station communications

and softwgre to ensure that the fuelling is conducted within the fuelling protocol process lifiiity for

For public {1"70 vehicle fuelling, hydrogen dispensing systems shall have the communications hardware
vehicles co

pressed hydrogen storage systems as defined in 8.2.1.2 and 8.2.1.3.

This is reqjommended for H35 dispensing systems as well, as there are some applicatiens which [use
communications.

NOTE1 70 non-communications fuelling can still be used as required, for example, in the case of a faullt in
communicafions systems, or when a vehicle does not have communications systems.

The light djaity vehicle public fuelling station H70 dispensing system shall be.able to respond to an alport
signal from the vehicle and halt the fuelling process.

The need [to prevent further fuelling events following a number, “defined by risk assessment, of
consecutive shutdowns due to an abort signal from the vehicle sheuld be considered.

Fuelling with communications shall either:

— use an approved, published communications pretecol developed by a recognized standdrds
development organization (SDO) such as SAE J2799/(see C.4), or

— use a dommunications protocol that has been‘approved by the manufacturers of each vehicle to ffuel
at the flispenser using that protocol. The.fuélling station operator should take measures to preyent
the fudlling of vehicles using a communications protocol that is:

— not approved by the manufacturer(s) of the vehicles using the station; or

— in¢ompatible with the vehicle.

NOTE 2  Examples of countermeasures that can be employed to prevent vehicles fuelling at dispensers where
the communications protocoldias not been approved are provided in Annex F.

If the comimunications4ail’during fuelling, the station shall either terminate the fuelling within 5 or
the fuelling may continue without communications if allowed by the fuelling protocol.

8.2.1.5 anual control of dispensing

The user o
from the dispensing area.

OCESS

8.2.1.6 Pressure integrity check (leak check)

Control systems on fuelling stations shall be designed to verify the integrity of the fuel hose, hose
breakaway device, nozzle and connection to the vehicle before fuelling. Integrity shall be checked
while the vehicle is connected. The integrity check shall detect a significant loss of pressure, or other
indication of a leak, for example, by use of a hydrogen detection system, and shut down in the event of
detection of a leak.

The inclusion of additional high pressure integrity checks during and/or after fuelling, and/or in
between fuelling events should be used as an option until the dispensing system components have a
demonstrated history of success.
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If the pressure integrity check is not successful, the fuelling event shall be terminated. If necessary an
emergency shutdown should be executed per 8.2.2.2.

8.2.1.7 Process flow measurement

When required by the fuelling protocol to calculate mass average flow of the hydrogen being dispensed,
the flow meter shall measure the hydrogen flow over the operating range of flowrates and at the
accuracy required by the fuelling protocol, where applicable.

Process flow measurement may also be used to collaborate process measurements being used by the
fue Iing protacol See C2 for further information

Floyw meters shall comply with 7.6.

8.2]1.8 Flow control and isolation

Theg dispensing system control system shall suspend or stop the fuelling process if any of the limits
defined in 8.2.1.2 or 8.2.1.3 are exceeded.

NOTE See also 8.2.2 for safety-critical actions due to process deviations“and faults not detefted and/or
mitigated by the “normal” process control.

Requirements for separate dispensing system isolation valves axe included in 8.3.2.3.2.
8.212 Dispensing system safety devices

8.212.1 General considerations

As gliscussed in 8.2.1, a fuelling protocol shall be*selected and implemented in the dispensfing system
confrol system. The control system shall belcapable of properly fuelling the vehicle dur{ng normal
operation and process excursions.

The dispensing system control systemiincluding programmable and/or process controllers shall comply
with Clause 11.

The dispensing system controlsystem shall also be capable, at any point in time during the fuelling
profess, to detect a deviation-that could be indicative of a fault that leads to a hazardou$ condition
and| execute countermeasures that will mitigate the hazard or stop the fuelling. If determined by the
manufacturer’s risk assessment, this may necessitate an automatic emergency shutdown (sge 8.2.2.2).
See|Clause 11 for guidance in the design and maintenance of process control and safety syst¢ms.

The required reliability, or safety integrity level (SIL), of safety measures intended to| prevent a
hazprdous situation in case of a failure of the dispensing system control system hardware dqr software
with regardsvto pressure and gas temperature should be determined through risk assessment (see

Clause 5)/Faults and associated hazards should be considered as part of the risk assessment].
Wituation in

the dispensing area evaluation or potentially damage the vehicle high pressure hydrogen system by
exceeding limits defined in 8.2.1.

NOTE1 Guidance on the definition and use of safety integrity level (SIL) can be found in [EC 61508, IEC 61511,
IEC 62308, IEC 31010, ISO 13849-1 and/or ISO 12100.

NOTE2 Annex B provides guidance with regard to fault management in dispensing systems including
recommendations based on an example fuelling process risk assessment.

NOTE 3  The prevention of single faults from causing a hazardous event is equivalent to SIL 1 protection in

IEC 61508. As discussed below, higher levels of protection can be required in some cases based on the findings of
the risk assessment.
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8.2.2.2 Dispensing system emergency shutdown

The dispensing system shall operate in conjunction with an emergency shutdown function, which may
be automatically activated by the dispensing system control system or manually activated. Refer to
8.2.2.1and 11.2.

The emergency shutdown function shall be operational at all times and override all other functions and
operations in all operating modes of the dispensing system.

Activation of the emergency shutdown shall cut off the flow of hydrogen gas to the dispenser and
vehicle for the dispensing system which initiated the shutdown by closing the automatic isolation
valves defiped in 8.3 Z.3.Z.

Other emefgency shutdown functions that may need to be considered in the risk assessment.ifclad

1%

— vent aIy remaining gas in the dispensing system to an appropriate location;

— shut d¢wn the upstream compression systems where these systems compress hydrogen directly to
the digpensing system;

— removhl of power to electrical components in the vicinity of the dispenset-that are not suitablg for
classif]ed areas.

Other emergency stop functions may need to be considered to leave the.dispensing system in a safe sffate.

If the forefourt incorporates multiple dispensers, the need to.execute an emergency shutdown| for
dispensersother than the affected dispenser shall be based on¢he'risk assessment (See 11.2).

Operation pf the dispenser after the emergency shutdownds tripped shall require, as a minimum|, an
inspection|as to the cause of the shutdown and a manual.teset.

8.2.2.3 Dispensing system pressure control faults and over-pressure protection

The dispensing system control system shall-stop fuelling operation when the target pressurg¢ of
the fuellinf protocol is reached or limits~defined in 8.2.1.2 or 8.2.1.3 are exceeded. Under these
circumstances, the dispenser fuel pressure can be as high as 125 % of the hydrogen service level (HSL)
and thus represents the maximum operating pressure (MOP) for the dispensing system. For exaniple,
the dispernfser fuel pressure of a 70_MPa dispensing system can be up to 87,5 MPa under norjmal
conditions|(see Annex E).

Means shall be provided within‘the dispensing system control system to detect a failure of the presqure
control furlction or dispenser fuel pressure sensor, and, if necessary, execute an emergency shutd¢wn
per 8.2.2.2

In addition to theifault management by the dispensing system control system, dispensing system
pressure ppotection by a pressure safety valve (PSV) or equivalent measure (such as an instrumented
the
ing
in the dispensing system (see 8.3.1) as well as the vehicle high pressure hydrogen storage system (see
8.2.1.1).

In order to avoid dispensing system over-pressurization, the setpoint for the dispensing system pressure
protection shall be set no higher than 137,5 % of HSL. For example, the over-pressure protection for a
70 MPa dispensing system may be set as high as 96,25 MPa.

NOTE1 The setting of the dispensing system control fault protection slightly above 125 % of the HSL is
appropriate to avoid unwanted interaction between the normal dispensing system control functions (up to
the MOP) and the controller fault management due to sensor measurement tolerances and control variations.
Typically, up to 4 % is adequate.

NOTE 2  The setpoint for dispensing system pressure control fault protection is set below the PSVs, for
example, to avoid unnecessary activation of PSVs and preserve a separate layer of protection.
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If components in the dispensing system are rated lower than values defined in 8.3.1, then the MAWP
of the dispensing system shall be lowered accordingly per 8.3.1 and the dispensing system pressure
protection setpoint shall be lowered to protect the lowest rated component in the dispensing system.

The dispensing system pressure protection setpoints can also need to be lowered to satisfactorily
complete the risk assessment in 8.2.1.1 or meet local/state regulatory limits.

When the setpoint of the dispensing system pressure protection is lowered below 137,5 % of HSL for
any of the reasons cited above, then the target pressures and limits of the fuelling protocol and the
setpoints of the dispensing system controller fault protection can also need to be lowered to avoid

unwanted interactions between the normal control and protective functions.

Ifa
pre

delivery pressure to no higher than 137,5 % of the HSL (as defined above).

8.2

Wh
or f]
med

If p
to d
the
con
the
by {

NO1
des

8.2

Hispensing system is designed to dispense hydrogen at more than one pressure level, ther
Esure protection is required to protect dispensing system components and vehicles.for ¢

2.4 Dispensing system temperature control faults

bn ambient temperature is measured for the purpose of establishingthe vehicle pressuri
uelling target pressure, the ambient temperature sensor shall be placed such that it is ¢
lsurement of ambient temperature and not unduly influenced by.solar or other effects.

re-cooling of the dispensed hydrogen is used, the dispensing'system shall be equipped w
onfirm that the pre-cooled dispenser fuel temperatures‘correct and that the control
upper and lower temperature limits of the fuelling protecol (see 8.2.1.1). If the fuelling pr
munication of the tank temperature on the vehicle and experiences a failure of the comrj
protocol should execute a shutdown, or continue t@’a non-communications fuelling if tha
he protocol.

E
ribed in Annex C.

2.5 Shutdown in case of hose breakaway device activation

additional
ach nozzle

zation rate
n accurate

h a means
eets both
btocol uses
hunication,
is allowed

An example of a fuelling protocol response to the loss of vehicle to dispenser communications is

The disconnection of the hose breakaway device shall shut off hydrogen flow to the nozzle at or up-
strgam of the breakaway and terminate the fuelling process.

In dddition, measures shallbe taken to mitigate against the failure of the hose breakaway device to
seal, see 8.2.2.6.

8.2]2.6 Limitation of hydrogen released in case of fuelling line break

A pptentially-hazardous leak (e.g. failure of a hose breakaway device to close, hose leak, etlc.) shall be
det¢cted by the system and the volume of leaked flammable gas shall be limited. The allowaple leakage

me.and response time shall be determined by the risk analysis.

below. One

or more means may be requlred to achleve the required level of safety based on the specific system
being protected. Examples of possible means to detect the leak are:

detection of a dispenser fuel pressure that is below the level targeted by the fuelling protocol and

activation of the emergency shutdown per 8.2.2.2.

detection of low dispenser fuel pressure and activation of the emergency shutdown per 8.2.2.2.

detection of an unexplained reduction in dispenser fuel pressure and activation of
shutdown per 8.2.2.2.

emergency

detection of a higher-than-expected dispensing flow and activation of the emergency shutdown per

8.2.2.2.
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detection of a higher-than-expected dispensing flow and closure by an excess flow valve.

8.2.2.7 Process control failure

The dispensing system control system including programmable and/or process controllers shall comply
with Clause 11.

For the situation where programmable process controllers are used to control the fuelling protocol,
the possibility of a hardware or software failure that would cause the controller to “lock up” and cease
execution should be addressed.

A means s
timer, and,

8.2.2.8 K

The risk ag
seismic act
incorporat

8.3 Disp

8.3.1 Ge|

The dispen
fuelling pr
system corj
damage th
incorporat
pressure, 0

The disper
Clauses 7 3

hall be provided to detect that the controller has failed, for example, such as a watehA
if necessary, initiate an emergency shutdown per 8.2.2.2.

hysical disturbance of the dispenser

sessment conducted per 5.2 shall consider possible vehicle impact, accidents, incidents,
ivity, and if physical measures are not adequate, detection of physical disturbance shoul
ed, for example using a tilt sensor, which should initiate an emergene¢yshutdown per 8.2

ensing systems

neral design and assembly

dog

and
l be
2.2.

sing system shall be designed to perform compressedhydrogen fuelling according to a defi

e high pressure hydrogen system of the vehiclei The dispensing system shall, when neces
e the required critical safety equipment to safeguard the users and vehicles against any o
ver-temperature, over-filling and major hydrogen release situations (see 8.2).

nd 10. Additional requirements(of'the dispensing system are provided in the following s

clauses of $.3.

Exposure
counterme

8.3.2 Di

8.3.2.1 (

In order td
operating (

pf people to extremely c6ld temperatures shall be considered in the risk assessment
asures shall be provided-when necessary to prevent injury (see 5.5.7).

spensing systenrhydrogen components

feneral

achievethe MOP needed to fuel the CHSS of the hydrogen vehicle under the full rang
onditions, the recommended minimum component pressure ratings needed for the hydrg

ed

ptocol that has been selected and, when necessary;protect against faults of the dispenging
trol system that could result in a hazardous situation in the dispensing area or potentially

ry,
er-

1sing system shall meet general regpiirements for mechanical and electrical equipmeryt in

ub-

and

e of
gen

dispensing

system relative to the dispenser hydrogen service level (HSL), the pressure class (as defin

ed

in ISO 172

dispensing system pressure levels.

8], and the dispensing system MAWP are shown In Table 1. See Annex E for explanation of

If components are used that are below the pressure ratings in Table 1, then the MAWP of the dispensing
system shall be lowered accordingly to the component with the lowest pressure rating.

The dispensing system shall be protected against over-pressurization as defined in 8.2.2.3.
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Table 1 — Dispensing system pressure levels and recommended component minimum

pressure ratings

Dispensing system maximum
. Maximum operating allowable working pressure
Hydrogen service Pressure
level (HSL) class pressure - (MAWP) .
(MOP) Minimum component pressure rating
for dispensing system components
Equal to NWP of vehicle 1,25 x HSL 1,375 x HSL
being fuelled Highest pressure during | Highest permissible setpoint for dispens-
normal fuelling ing system pressure protection in 8.2.2.3
25 MPa H25 31,25 MPa 34,375 MPa
35 MPa H35 43,75 MPa 48,125 MPRa
50 MPa H50 62,5 MPa 68,75MPa
70 MPa H70 87,5 MPa 9625 MPa
NOTE These are maximum values of MOP and MAWP, and recommended minimum componentpressure ratings based on
achleving the MOP needed to fuel the CHSS of the hydrogen vehicle over the full range of gperating conditions, see 8.2.2.3.

In addition to the pressure rating, the components in the hydrogen dispensing system shou

foll

Tar
not
fail

See

wing requirements:

an ambient temperature range of -40 °C to +50 °C, unless.letal conditions permit or re
temperature limits;

material compatibility of materials normally in contagt with hydrogen;
a specified cycle life before maintenance or replacement.

bet cycle life should be 100,000 cycles for the*fuelling assembly, but, whether this targg
the cycle life should be defined and stated'so that planned maintenance activities can
ire.

Anr

Hig
only
cony

Hig
foll

Clause 7, 8.3.2, and 8.3.4 for additional requirements for components in the dispensing s
ex E for guidance in establishingverification tests for components in the dispensing syst

h pressure hydrogen dispénsing system components shall be marked with the pref
F if components are designed and verified to meet or exceed the pressure, temperatur
patibility, and service.lifé requirements as defined above.

h pressure components shall be mounted in strict compliance with the supplier's in
pwing a well-défined assembly procedure.

Thd
mo

durfng the-hydrogen flow to the vehicle.

NOTE

manufacturer shall ensure that the pressure drop between the dispenser fuel press
itoringthe vehicle pressure and the nozzle does not exceed the value defined in the fuelli

d meet the

uire other

t is met or
pre-empt a

ystem. See
em.

sure class
e, material

structions,

ure sensor
g protocol

See Annex C for an example.

8.3.

2.2 Dispensing system hydrogen piping and fittings(s)

Dispensing system piping shall comply with 7.2 and fittings shall comply with 7.2.1 using the rating
information derived from 8.3.2.
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8.3.2.3 Dispensing system valves

8.3.2.3.1

General

Dispensing system valves shall comply with 7.2.1 using the rating information derived from 8.3.2, and

7.4.2 when

NOTE

8.3.2.3.2

applicable.

Further guidance specific to valves for hydrogen service is available in ISO 19880-3.

Dispensing system hydrogen isolation valve(s)

Means to alutomatically isolate all hydrogen dispensers from the hydrogen supply shall be included.

least one a
The autom
The autom
The inclusi

Atleast on
from vehic

The manuf
provided af

amount of iydrogen that would be released in case of a loss of containment. Where required, the autom

isolation v4

It should b
place, with
operations

While the 4
control as

Means to
of the disp
appropriat

A means f{
protected |

The leak-ti

itomatic isolation valve shall be installed in the dispensing system.

htic isolation valve(s) shall be normally closed (i.e., closed when de-energised).
on of position indicators on the automatic isolation valves should be considered.

b automatic isolation valve should be located in a place not accessible’to public, and prote
e impact.

acturer’s risk assessment should consider the need for an)automatic isolation valve tq
each end of the pipe between the dispenser and the hydrogen buffer storage, dependent on

lve(s) at the dispenser should be located such that itis'protected from vehicular impact.

b assessed whether these automatic isolation valves are closed when no dispensing is tal
the exception of automated pressure integrity tests, see 8.2.1.6, or other process requ

lescribed in 8.2.1.8.

rovide positive or proved isglation of the dispensing system automatic isolation valve
bnser, see 3.56 and 3.61, forexample using manual shut-off valves, should be included wt
e for maintenance.

0 depressurise and/er purge the dispensing system should be provided and should
by a locking mechanism or permanent closure so that it is inaccessible to the public.

bhtness of thelattomatic isolation valves should be periodically checked.

Where required by risk assessment, the automatic isolation valve body should be constructed V

htic isolation valve(s) shall be closed if an emergency shutdown occurs as defined.in 8.2.2.2

At

N

ted

be
the
atic

(ing
red

utomatic isolation valves are openedto allow dispensing, these valves shall not provide flow

and
lere

be

vith

material that will,continue to function in the case of engulfment in fire, or the valve should be adequaftely

protected, for'instance using passive fire protection (PFP) boxes and/or jackets.

8.3.2.3.3

Dispensing system hydrogen flow control valves

The dispensing system isolation valves in 8.3.2.3.2 are not to be used to control dispensing of hydrogen.
A separate hydrogen flow control valve shall be used for the rate of fuelling in accordance with the

selected fu

elling protocol in 8.2.2.1.

8.3.2.4 Dispensing system filters

Filters in the dispensing system shall meet 7.7.

See 9.2 for

54

performance requirements.
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8.3.2.5 Dispensing system temperature and pressure sensors

The dispenser fuel temperature and pressure sensors measuring the delivery conditions of hydrogen
dispensed to the vehicle shall comply with 7.6 and be located upstream of, and as close as possible to,
the dispenser hose breakaway device. The piping length between the sensors and hose breakaway
device shall be no greater than that defined in the requirements of the fuelling protocol, if applicable.

The ambient temperature sensor shall be placed in an appropriate location in order to give an accurate
reading and should not be located in the direct sunlight, or influenced by other thermal sources.

The ambient and dispenser fuel temperature sensor tolerance shall be within +2 °C. The dispenser fuel
prefsure sensor tolerance shall be within I Y full scale.

Thd is detected

or1j

dispenser fuel pressure sensor placement shall insure that an accurate static pressure
heasured.

8.3{2.6 Metering

Ifre
dev|

quired for commercial sale of motor vehicle fuel, the dispensing system shall feature a flo
ice. Flow meters shall comply with 7.6.

v metering

NO']
and

E OIML R139 and NIST HB44 include recommendations for accuracy and the testing of mete|
systems within hydrogen fuelling stations.

Fing devices

8.3]2.7 Dispenser vent system

The vent system from the dispenser shall comply with-7.8.

It i§recommended that an entry point be considered to allow hydrogen sampling equipment vents, for

exa
rele
sha
und

mple, from pressure relief or purge valves,®o be connected in order to minimise the n
ase of hydrogen in the vicinity of the dispenser during sampling. Where included, this
| be rated for the lowest dispensing témperature, and capable of the highest flow rate
er fault conditions, see 7.8.3. Any limitations that affect the type of sampling equipment

bed for the
entry point
hinticipated
used shall

be dlearly indicated in the fuelling station operating and maintenance manual, see 14.8 and 14.9.

Anyf entry points to the vent system shall be appropriately blanked or capped when not in uge.

8.3]3 Dispenser housings’and cabinets

Dis
det

penser housings atid cabinets shall comply with enclosure requirements in 7.11 as applicable, as

ermined by risk-dssessment.

8.314 Dispenser fuelling assembly

Ad
ass
alsc

embly, a nozzle, and connectors between these components. The dispenser fuelling assembly may

cohtainaventinag hose (and hose brealkawav device)
=] T o4 7

spenser fuelling assembly shall consist of, as a minimum, a hose breakaway device, a fLFlling hose

Suitability of the fuelling assembly components for the specified service conditions and cycle life should
be based on 8.3.2.

The total allowable leakage and/or permeation from the dispenser fuelling assembly throughout the
specified life shall not present a hazard to people in the dispensing area. See 8.4.4.

A hose breakaway device shall be provided as part of the fuelling assembly to stop the release of high
pressure hydrogen in the event of a drive-away before the fuelling nozzle is disconnected from the
vehicle. The hose breakaway device should disconnect when subjected to a maximum force of 1 000 N
but not less than 220 N independent of the operating pressure within the device when installed as
specified by the manufacturer. This condition should be met at all operating fuelling pressures.
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The hose breakaway device shall be positioned such that when the fuelling hose is pulled along its
axis, it will release without damage to the dispenser cabinet, fuelling hose assembly, the venting hose
assembly (if used), the nozzle, or any other connections in the dispenser hose assembly. It shall be
ensured that the breakaway function is not affected by the shape and features of the dispenser, e.g. by
protruding elements on which the hose can get caught, thereby preventing the hose breakaway device
to function properly.

If the fuelling assembly includes a venting hose or electrical connection for communications or
grounding, these shall also be fitted with a breakaway device.

The hose breakaway device on the fuelling line should incorporate shut-off features that isolate the
dispenser $ide of the breakaway device, or both sides of the connection when uncoupled.

NOTE 1 $ee ISO 19880-3 for further information.

The fuelling assembly should be strong enough to withstand the loads (tensile and torsion) exerted by
the user without damage. See 8.4.5 for specific installation requirements.

The fuellinlg assembly shall provide sufficient electrical continuity such that 8.4.6.can be met, but{the
outer surfdce shall be non-conductive.

NOTE 2  Dissipative materials are considered non-conductive so there is noxconflict with also complying
with 10.2.3

The bonding resistance of the fuelling hose assembly, from end fittingto end fitting, shall be no grepter
than 100 kf.

NOTE 3  The bonding resistance of the fuelling hose assembly carrbe limited to 1 kQ for manufacturing quality
control.

Exposure ¢f people to extremely cold temperatures.shall be considered in the risk assessment and
countermepsures shall be provided when necessary-to prevent injury due to touching extremely ¢old
fuelling asgembly components or connections, se&5.5.7.

—n

The fuellirlg nozzle should prevent the entiy of air into the vehicle fuel system and fuelling stafion

equipment
A mechanigm should be provided to depressurize nozzles and vent gas to an appropriate location.
The fuellinlg nozzle shall comply-with ISO 17268 and/or SAE ]2600.

NOTE4  4ee ISO 19880-3 for further guidance on hose breakaway devices and other valves.

NOTES5  Jee ISO 198805 for further guidance on fuelling hose assemblies.
8.4 Dispenser.installation

8.4.1 Gepneral

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

8.4.2 Location and protection of dispensers

The dispenser may be a stand-alone device on the fuelling station forecourt, or may be integrated as
part of a hydrogen production/compression container unit. Physical protection shall be implemented as
necessary to protect the dispenser from vehicular impact, according to the risk assessment.

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

The structural foundation of the dispenser and the fuelling area shall be constructed of non-combustible
materials and shall be adequate to support all components including vehicles to be fuelled.
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Dispensers should be secured against unauthorized use. Outside of normal operating hours the
hydrogen supply to the dispenser should be isolated at the source, and where appropriate, at the

dispenser, see 8.3.2.3.2.

Dispensers located under a canopy shall be installed according to 5.3.4.

8.4.

3 Fuelling pad

The vehicle fuelling pad shall be made of non-combustible materials and designed to allow electrical
grounding before the nozzle is connected to the vehicle.
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fuelling pad shall have a common ground (earth connection) with the station equipment. This

use of a concrete fuelling pad, or

a material where an electrical resistance between the vehicle fuelling pad aid the dispen

does not exceed 100 M.
E If hydrogen is integrated into a multi-fuel station, other fuels can réquire more stringent §

vehicle fuelling pad should be level, except for a minimal slope to provide normal suj
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4 Hazardous area around the dispenser
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hydrogen fuelling process is a “closed system” as,there is no hydrogen vented to open air in the

ensing area. Per the design qualification procedures in the referenced standards of this §
able leakages from the dispensing system and fuelling assembly under normal operati

tity of hydrogen released in the dispensing area is also insignificant.

itionally, the probability of a potentially hazardous leak is reduced by the utilizaf
gation measures in 8.2.1.6, 8.2.2.5%and 8.2.2.6.

presence of a flammable atmosphere in the dispensing area is therefore not expected dur
ration, and the need to classify portions fuelling area should be established by risk assessi
he likelihood and extent of component failures and mitigation measures being used (see

5 Installation ofthe fuelling assembly to prevent damage in service

nozzle and hose assembly should be secured between fuelling events in such a way th|
fected fromydamage by vehicles.

fuelling*nozzle should be securely supported and protected from the accumulation
ter{efg. snow, ice or sand) that could impede operation.
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necessary to fuel vehicles at the intended location. The hose assembly should be prevented from
contacting the ground unless appropriate measures are taken to protect the hose from any damage
resulting from contact with the ground.

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

8.4.6 Electrical continuity for bonding and grounding

Electrical continuity for bonding and grounding shall be provided for the dispensing system including
the fuelling assembly, see 10.1.3 and 10.2.3.
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The total electrical resistance for bonding and grounding the fuelling assembly shall be less than 1 MQ
between the (vehicle) end of the fuelling nozzle to earth.

8.5 Operating considerations

When necessary, dispensers should be secured against unauthorized use. Outside of normal operating
hours, the hydrogen supply to the dispenser should be isolated at the source, and where appropriate, at
the dispenser.

The use of adapters shall be prohibited, with the exception of controlled situations, such as the use of

specialized
sampling.

for hydrog
conditions

Hydrogen
be conduct]

en service as defined in Clause 7 under the anticipated pressure, temperature @nd
as per the fuelling protocol limits of 8.2, including under fault conditions.

biping systems and equipment shall comply with the requirements in 7.2. Brocedures s
ed by trained personnel (see 12.6, Annex | and Annex K).

8.6 Maintenance and inspection
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b shall address proper isolation of the system for worker safety, measures required du
nance or service activity to prevent contamination or.air ingestion into the dispen
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s free from damage. The fuelling hose shall bedfree from cuts, cracks, bulges or blist
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Hydrogen quality verification as part of the fuelling station acceptance testing, and ongoing operation,
shall be conducted in accordance with the hydrogen quality assurance plan, see ISO 19880-8.

If the fuelling station cannot meet the above quality requirement, corrective action shall 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.

Requireme

nts for hydrogen sampling are included in 12.6.

9.2 Dispensing system fuel filters

Hydrogen filters shall be included as part of the dispensing system, preferably in the dispenser, to
prevent hydrogen containing function-impairing impurities (i.e. particulates) that would affect the high
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pressure hydrogen system of FCEV, specifically the vehicle CHSS valves. See 7.7 for requirements for
filters.

There shall be a filter with a capability to prevent particulates larger than 5 um with a minimum
removal efficiency of 99 % under expected process conditions, or alternatively a 5 pm filter. The filter
shall be installed downstream of dispensing system components which could create particulates, such
as a heat exchanger, flow controller, valves etc. and be as close as possible to the hose breakaway device.
This shall filter out the particulate concentration in the hydrogen in accordance with the requirements
of Grade D in ISO 14687.

The filter located nearest to the nozzle shall be carefully selected by taking the robustness into account
(forjexample the durability limitations of powdered sintered metal filters).

NOTE ISO 4022 and ISO 12500-1 and ISO 12500-3 provide recommended methodologies\for the testing of
filtegr efficiencies.

Appropriate means to remove contaminants such as condensates or liquids shallbe installed upstream
of the dispenser unless removal of the contaminant is deemed unnecessary-ifvaccordance ith either
thelprescriptive or risk assessment requirements of ISO 19880-8.

10|Electrical

10.1 General electrical

Thip clause addresses general electrical safety for hydregen fuelling stations.

10.1.1 Components

Ind}vidual electrical components, devices or eqiiipment assemblies that have any of the chafacteristics
or gre used in any of the ways listed below should comply with the requirements of the profuct safety
stamdard(s) corresponding to that compgonent device or assembly:

— |connected to the electrical mains;

— |contain, use, or are connected to hazardous voltage;
— |perform a safety function.

NOTE Hazardous valtages are typically defined as greater than 50 VAC and 120 VDC in clean, dry conditions.
However, much lowereltages can be hazardous in other conditions. The conditions of use should bg considered

whdn determining<{thé hazardous voltage levels. See the SELV and PELV sections of IEC 6036f-4-41, and
[ECH0204-1, for more information.

ere is no\product safety standard(s) corresponding to a type of equipment, the equipnjent should
conformtelEC 60204-1.

Valyes,/ sensors, and other individual components or devices that are connected to the
assemblies should also conform to IEC 60204-1.

equipment

10.1.2 Site (interconnections to and/or between equipment assemblies)

Connections between the electrical equipment of the hydrogen fuelling stations and the electrical
mains, or connections between electrical equipment assemblies of the hydrogen fuelling stations should
also be designed, erected, installed, connected, tested, and verified in accordance with IEC 60364.

There are many sections and subsections to IEC 60364; the electrical equipment connections should
comply with all sections of [EC 60364 that apply.

NOTE In many cases the requirements of IEC 60204-1 also apply to connections between electrical
equipment assemblies of the hydrogen fuelling stations.
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10.1.3 Electrical bonding and grounding

Electrical equipment and associated frames and enclosures that can become energised under first fault
conditions shall be bonded and grounded as defined in IEC 60204-1 to prevent electric shock.

NOTE The grounding requirement per IEC 60204-1 for electric shock protection is typically less than
100 Q to earth and therefore significantly more stringent than the requirement in 10.2.3 for the prevention of
electrostatic discharge.

Effectiveness of grounding connection should be verified at an appropriate frequency that is consistent
with risk assessment.

See 10.2.3|for additional bonding and grounding requirements to prevent electrostatic discharges in
hazardous(areas.

10.1.4 Lightning protection
Lightning protection shall be provided when required.

NOTE The IEC 62305 series offers guidance on lightning protection, i.e. IEC 62305-1, and the other parfs of
IEC 62305 appropriate for the type of equipment.

In the case|lwhere vent stacks are designed to carry lightning currents, se€.7.8.1, this may be considgred
to achieve the requirement for lightning protection.

10.2 Hazardous areas (potentially flammable mixtures)

10.2.1 Gepneral

Hazardous|areas shall be defined according to 7.4.

10.2.2 Prptection requirements for electrical equipment within hazardous areas

All electridal equipment in hazardous areas shall be protected in accordance with the IEC 60079 sefies,
i.e. [EC 60079-0 and the appropriate other,part of the IEC 60079 series for the type of protection uped.
For example an intrinsically safe electrical system should comply with IEC 60079-0, IEC 60079-11, and
IEC 60079425.

All electridal equipment in hazardous areas shall be installed in accordance with the manufacturer’s
instructiors, and with IEC 60079-14, or regional equivalents.

Where ney or existing)electrical equipment is within the hazardous area surrounding hydrdgen
equipment} this shall @lso be suitable for hydrogen (for example, gas group IIC, or IIB+H,, as defined in
IEC 6007970).

NOTE This“is'particularly relevant to integrated fuelling stations when existing fuel dispensing equiprhent
is not suitaljlefor hydrogen.

All electrical equipment installed in hazardous areas shall be inspected and maintained in accordance
with the manufacturer’s instructions, and with [EC 60079-17, or regional equivalents.

All electrical equipment installed in hazardous areas shall be serviced, repaired, overhauled, and
reclaimed in accordance with the manufacturer’s instructions, and with IEC 60079-19, or regional
equivalents.

10.2.3 Protection from ignition due to accumulation of static charge

Hydrogen systems shall be equipotentially bonded and grounded to prevent build-up of electrostatic
charge.
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An exception to this requirement is made for hydrogen systems that normally carry current or are
otherwise intended to be operated at a voltage above or below ground potential which shall either meet
10.1.3 and 10.2.2 or meet an approved product standard such as IEC 62282-3-100 or ISO 22734-1 and be
installed per the manufacturer’s directions.

Electrical continuity should be ensured throughout the hydrogen systems.

The electrical resistance between metallic parts connected or in contact together should be less than
10 Q. The bonding requirement applies to, but is not limited to, the following equipment:

— conductive hydrogen tanks and vessels;

— |hydrogen piping and systems including flanges and joints; and
— |conductive enclosures or skids, frames and/or (metal) floors where hydrogen is stored dr used.

Both halves of a joint or flange connection shall be equipotentially bonded if thebe is an is¢lating seal
(forjexample, a polymer seal).

All hydrogen delivery vehicles shall be equipotentially bonded to the fixed ‘storage hardwdre prior to
flexiible hose connection.

Theg bonded hydrogen systems shall be grounded. The grounding system resistance shall be less than
1 M[il to earth from any part within the hydrogen system.

Grounding devices should either:

— |be clearly visible or be essential to the correct functioning of the fuelling station, o that any
shortcomings are quickly detected; or

— |be robust and so installed that they are notatfected by high resistive contamination, fqr example,
by corrosion products or paint.

Effdctiveness of grounding connection should be verified at an appropriate frequency that i consistent
with risk assessment.

NOTE1 The bonded and grounded hydrogen systems (as defined above) can also be connected to the bonding
or grounding in 10.1.3 but this is fiot a normative requirement.

All pther conductive parts in‘hazardous areas that are not addressed above or in 10.1.3 shallfbe bonded
to the bonding or grounding system or separately grounded to earth in accordance with IEC|60079-14.

Othler sources of stafic discharge shall be addressed, and measures shall be taken to remove them
conjpletely or reduee the probability of their occurrence.

NOTE 2  Electrostatic charges can occur when mechanical separation of similar or different|substances
takgs placétand also when a gas, containing droplets or dust particles, flow past the surface of a sol}d, e.g. valve
opehings,‘those or pipe connections. If the accumulation of electric charges is released suddenly, the resulting
elecftriespark can be sufficiently strong to ignite hydrogen.

Equipment and electrical sources that may unintentionally be in contact should have a common
grounding.

Grounding devices should:

— either be clearly visible or be essential to the correct functioning of the fuelling station, so that any
shortcomings are quickly detected;

— Dbe 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 or non-dissipative materials should be restricted in hazardous areas.
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10.3 Electromagnetic compatibility and interference (EMC)

10.3.1 General

Hydrogen fuelling stations should not emit electromagnetic noise that will interfere with other
equipment at or near their sites and should not be adversely affected by electromagnetic noise at or
near their sites.

The electrical equipment and systems of hydrogen fuelling stations should comply with the applicable
parts of the IEC 61000 series. These standards include (but are not limited to):

— IECPT|61000-3-1;
— [EC 61900-3-2;

— [EC61900-3-3;

— [EC 61900-3-4;
— [EC61900-3-5;
— IEC61900-3-11;
— [EC 61900-3-12.

10.3.2 Industrial (EMC) Environments

The electrical equipment and systems of hydrogen fuelling stations located in industrial environments
should alsq comply with these standards in the IEC 61000, series:

— IEC61900-6-2;
— IEC61900-6-4.

10.3.3 Repidential, Commercial, and Light-Industrial (EMC) Environments

The electrical equipment and systems of hydrogen fuelling stations located in residential, commer¢ial,
or light-industrial environments shopld also comply with these standards in the [EC 61000 series:

— [EC 61900-6-1;
— IEC61900-6-3.

11 Instrimentdtion and control system

11.1 General

This clause defines the minimum requirements and recommendations for the functional safety of the
control and safety system.

The hydrogen fuelling station shall be equipped with a control system that enables automated operation
of the station within the manufacturer’s specified limits. Control systems shall maintain operating
conditions within safe limits, carrying out a process shutdown as appropriate when these limits are
reached and respond to any abnormal states by automatically activating mitigating measures as part of
an emergency shutdown.

Electrical control systems, components of hydrogen fuelling stations, and devices determined by the
manufacturer to be safety related control systems, shall comply with the requirements of IEC 60204-1
or equivalent regional standards.
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The risk assessment shall determine what to do when there is a system fault on the process control or
safety system.

Where 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 shall be equipped
with an additional safety system or layer of protection. [EC 61508 and IEC 61511 can be used for
specification, design, testing, operation, and maintenance of such a safety system.

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

The configurations of process control and safety systems shall be documented (see Clause 14).

Thire shall be restrictions regarding admittance to the control and safety systems, fer ¢xample by
usimg password protection. Where specific operations require safety systems to be non‘fynctional, a
ris assessment should be executed and documented before the start of the operation.

As part of the safety system, an alarm warning system may be implemented. Inthe case of an event, the
staflion should default to a safe state without relying on the alarm warning system. The alarin warning
system should only be used to give notification as to the status of the station.

NOTE1 SeelEC 60204-1:2016, Section 9 for control circuits and control finctions and Section 10 for operator
intefface and machine-mounted control devices.

NOTE 2 IEC 60204-1 includes essential requirements for safety-rélated controls that are often| overlooked
inclpding:

— |stop categories;

— |emergency operations (Emergency stop, etc.);

— |protective interlocks;

— |control function in the event of failure - including references to:
— 1EC 62061

— SO 13849-1

— IS0 13849-2

— |protection against maloperation due to ground faults, voltage interruptions and loss of circuit céntinuity.

All elements which remain under pressure after isolation following a process control or safety system
shufdown, or from.lgss 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 setting
or gerformingmaintenance activity on the equipment unit should be included in the equipmgnt manual,
see(14.9.

11.2-Emergency shutdown functionality

11.2.1 General

The response to an emergency shutdown signal initiated automatically by the control or safety system,
or manually by the emergency stop device(s), shall be determined according to the fuelling station
risk assessment, see 5.2. The emergency shutdown function shall be so designed that, after actuation,
hazardous movements and operations of the fuelling station are stopped in an appropriate manner,
without creating additional hazards and without requiring any further intervention by any person,
and shall comply with ISO 13850 or IEC 60204-1. Where appropriate, activation of emergency isolation
valves shutting off the hydrogen supply shall be utilized.

The control or safety system performing the emergency shutdown shall override all other functions
and operations that could prevent the emergency shutdown actions. Emergency safeguarding shall
remain effective for all operating modes.
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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 dispensing system is provided in
8.2.2.2.

Control circuits shall be arranged so that, when an emergency shutdown is activated, hydrogen supply
and storage systems that are shut down or isolated as appropriate, shall remain shut down until proper
maintenance checks are performed and the system is manually reset. A manual operation shall be
required for the dispenser to resume operation.

Control angl monitoring systems that can operate safely in the hazardous situation may be left energjzed
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located indoors, devices shall also be provided outdoors, ror example, close to the point of egress.

The possibility of inadvertent or malicious activation of emergency stop devices should be considered
when locating and labelling the emergency stop device in order to avoid “false alarms” and unnecessary
emergency responses.

11.2.3 Hydrogen detection systems

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

Hydrogen detection apparatus and/or hydrogen detection systems shall have a suitable range for the

concentrat
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ion set-points used to initiate a response through the control or safety system.
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The appropriate response should be determined by the fuelling station 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 (LFL), which
instigates further mitigation measures and alerts the fuelling station operator, and other users. An
alarm set point lower than 25 % LFL may be appropriate depending on the station risk assessment,

Fur
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The
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Thd

for example, for enclosed areas with a high level of congestion;

a higher activation limit, set at a maximum value of 50 % of LFL, which instigates an
shutdown and alerts the fuelling station operator, and other users. An alarm set point

areas with a high level of congestion.

ther mitigation measures that may be appropriate to be taken upon detectionof a
osphere above the lower activation limit include, but are not limited to:

shut-off of the hydrogen supply to the equipment within the enclosurefrom an isol
outside of the container;

depressurisation of the hydrogen equipment within the enclosureto a safe location;
de-energization of electrical equipment not intended for use inflammable atmospheres;
increased ventilation.

duration of the audible and visual signals initiated.by the hydrogen detection system
ermined by the station manufacturer’s risk assessment. Where safe to do so, it is recomm

frol or safety system has been manually resetsThe audible signals may be automatically
concentration of hydrogen falls below a defined set-point, after a specified period of tin
control system is manually reset.

3 Remote system control

Fdrogen fuelling station maybe provided with the following capabilities:

remote monitoring and-data transmission;

remote operation, for instance giving permission for fuelling, or restarting the station a
remote control.eode modifications (software update, flashing etc.)

se control egde modifications capabilities can include, for example, the ability to:
modify-the control parameters remotely;

certify an upgrade to the remote monitoring system;

emergency
lower than

50 % LFL may be approprlate dependmg On the station riskK ASSessment, 1or example, Tor enclosed

flammable

htion point

should be
ended that

visual signals should remain until the alarm cotidition has been corrected and the fuelling station

reset when
he or when

fter a fault;

g)
h)

certify a parameter change;
change parameters remotely;
upload parameters;

qualify the operation;
undo/reverse all changes;

test and backup documentation.

Consideration shall be taken of possible interference of remote operation with activities that may be
occurring at the fuelling station at the same time.
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Measures shall be taken when the station may be restarted remotely, software may be updated
remotely, or control options changed remotely to ensure that the task is successfully planned, executed,
and verified. This includes consideration of the need for maintenance staff onsite.

11.4 Modifications to control system

Any hardware or software changes shall be re-validated prior to use in accordance with the station’s
management of change process, see 12.7 and 15.6. This includes, but is not limited to, setpoints and

alarm or trip settings.
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Ctions and tests shall be conducted by the hydrogen fuelling station manufacturer
pr, when appropriate, by suppliers of equipment for the fuelling station.

y, inspections and tests typically required to assess the readiness of the station are provi
for guidance.

e alternative type acceptance methodology), and accepted without the need for replica
btation is installed on-site. Where applicable, a report of the FAT shall be provided (
appropriate) to confirm compliahce with requirements. Tests performed within the

n, for example, see 1.3.2.7 of-Table [.1.

he site acceptance testing (SAT).
hctivity coversthe check of documentation as well as technical testing.

ssioning of-the hydrogen fuelling station is not complete until all inspection and test res

demonstr

Periodic safety vetesting shall be carried out as required based on risk assessment, and peri
performanicéretesting should be carried out, see 12.7 and Clause 15 for further information on retes

e compliance with requirements as defined above.

opriate, some of these tests can be performed as factory acceptance testing (FAT) (of

Fion
s of

nts,

or

ded

an
[ion
vith
FAT

ered in a type approval process with an independent third party by covering an assenpbly

actory acceptance testssare not conducted, or not acceptable, these tests shall be perforined

ults

hdic

[ing

following maintenance activities.

12.2 Pressure test

The strength and integrity of all pressure bearing parts, including joints and connections, that convey a
fluid shall be pressure tested using either hydraulic or pneumatic means.

If a pneumatic test is used, air, nitrogen, helium, or non-flammable hydrogen mix, is recommended.

NOTE I

tis good practice to only apply paint after hydrostatic testing of components (not before).

The test procedure shall be based on a recognized standard such as ISO 15649 or EN 13445-5. No
permanent deformation or mechanical failure shall be allowed.
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Pressure relief valves and other pressure sensitive instruments may be removed for the test and
lines capped.

Components or assemblies that have already passed required pressure tests according to local/state
requirements do not need to be re-tested. Connection points of such components or subsystems of the
fuelling station shall be pressure tested as necessary, see 7.2.

The pressure test(s) may be carried out either prior to delivery to the site, or on the site where the fuelling
station is to be installed, however pressure testing prior to delivery to the site is recommended where
possible, to minimise contamination from test fluids during on-site pressure testing. Hydraulic pressure
test(s), when required, should be carried out on subsystems prior to delivery to the site where the fuelling
statlion is to be installed, where it is easier to manage the removal of contamination than v(tith on-site
testling, in order to minimise the efforts needed to remove contamination from test fluids‘used.

Sonpe types of in-field connections that do not involve welding may not require pressure tefting when
insflallation is performed by qualified personnel.

If ap on-site pressure test on systems or connections is not required, then (aSa“minimum) aJeak test in
accprdance with 12.3 shall be conducted to confirm basic system integrity and leak tightnesgs.

Medns of pressure indication suitable for the test pressure, where required, shall be installed before
thetest. Precautions shall be taken to prevent excessive pressure inthe system during the t¢st.

Following any hydraulic test of a pneumatic system, the system or equipment shall be dfained and
thoroughly dried out and visually examined.

High pressure hydrogen gas is much more hydroscopi€e than dry nitrogen and is the mo$t effective
clegning agent for hydrogen piping and storage. Purging the fuelling station componentq with high
quality hydrogen after replacement or atmospheric contamination of hydrogen presgure rated
conjponents is recommended in accordance with;€lause 9.

12.3 Leak test

A lpak test shall be conducted enhydrogen and other pressurised fluid subsystems, on the
intdrconnections and on the whole system. The leak test should be conducted in conjunctipn with, or
follpw, the pressure test. The leak-test shall verify that the system leakage is acceptable as p¢r design of
the[manufacturer.

The leak test shall be carried out to at least 85 % of the MAWP.
NOTE1  Testing to85,% is to avoid opening pressure relief valves installed on the system.

Depending on the-complexity, the leak test may be executed by splitting the system into Jubsystems
(e.gl by closingValves) for the leak testing.

NOTE 2, UFor further guidance, see Annex H.

It if reeommended that subsequent leak checks be carried out at the relevant operating temperatures
when the system operation has been confirmed, and prior to opening the fuelling station.

12.4 Electrical testing

Electrical verification testing in accordance with IEC 60204-1:2016, Section 18 shall be performed on
the hydrogen fuelling station.

This testing shall include functional tests which are safety related mitigation measures (see Clause 5).

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
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devices, circuits, or systems may be required to eliminate paths other than the one under test (ex.
“sneak circuits”).

Additionally the following tests can need to be carried out at the site, depending on what has already
been performed as part of factory acceptance testing, or according to the station manufacturer’s risk

assessment, or due to regulatory requirements:

ground/bond test which would need to be performed on site);

insulation resistance tests;

verification of conditions for protection by automatic disconnection of supply (typically a final

voltag

protec

Where a p

P tests;
tion against residual voltages;

ortion of the fuelling station and its associated equipment is changed or\modified,

portion sheuld be re-verified and retested, as appropriate (see IEC 60204-1:2016, 181);

Particular
equipment

attention shall be given to the possible adverse effects that retesting can have on
(for example overstressing of insulation, disconnection, or reconngction of devices).

12.5 Fuelling safety and performance functional testing

12.5.1 Ge|

Testing sh
requireme
validation
process.

Elements ¢
correct ins|

Hydrogen
test appars

neral

hll verify that the hydrogen fuelling station meets*the manufacturer’s specification,
ts in Clause 8, and the requirements of the fugélling protocol using an approved prot
standard such as CSA HGV 4.3, or using thesguidance in Annex C to develop an appr

ritical for safety, as determined by risk-assessment, and in Clause 8, shall be reviewed
tallation and, where appropriate, tested for correct functionality.

Fuelling safety targets shall be verified at station commissioning using a hydrogen sta
tus (HSTA) or equivalent egtipment which can perform the necessary testing. For exam

where mulltiple dispensers are installed allowing simultaneous fuelling, simultaneous fuelling tes

may also b

NOTE 4
for stations

The onsitg

P necessary.

Annex | offers examples of hydrogen station test apparatus that could be used for acceptance tes
that utilise the SAE{2601 fuelling protocol.

specificatipns for the SAT.

SAT and H
dispenser

AT capability shall include a data acquisition system and ability to test the vehiclg
fommunications systems.

that

the

the
bcol
val

for

fion
ple,
[ing

ting

tests shall¢have representative hardware that conforms with station manufactgrer

-to-

If a test fails, the reason for failure shall be identified, reviewed by a qualified person, fixed and re-

tested unti

l it passes. All changes made shall be documented and affected systems re-tested.

12.5.2 Fuelling protocol test

The fuelling protocol shall be tested to confirm that the dispensing system is adhering to the safety
related process requirements of an approved fuelling protocol as defined in 8.2. If a standard fuelling
protocol is utilized, then a protocol validation standard corresponding to the protocol standard shall be
used for this testing, see Annex C.

As a minimum, fuelling protocol safety testing shall be carried out on site according to one of the
options given in 12.5.4.
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Testing capability shall include a data acquisition system and ability to test the vehicle-to-dispenser
communications system. This assumes that access to pressure and temperature signals of the
dispensing system or data from the station owner, operator, or manufacturer, as applicable, during
testing will be given for the station acceptance testing.

NOTE CSA HGV 4.3 is a comprehensive fuelling protocol validation standard for use with stations
implementing and SAE ]J2601 standard protocol. Alternatively, Annex C offers guidance and examples of the
acceptance testing appropriate for stations that utilise an SAE J2601 standard fuelling protocol.

Where other fuelling protocols or different versions of SAE J2601 are used, corresponding acceptance
tests should be used.

12.5.3 Test procedure

Stations shall be validated by testing to ensure that they meet the following requirements:

1. |The station correctly implements the fuelling protocol being used.

2. |The station terminates the fuelling within 5 s if the process limits for the fuelling protocpl, as listed
in Clause 8, are exceeded.

3. |The station correctly implements the communications protocoland terminates the fuelling within
5 s upon receiving an abort signal, or, if an incorrect signal’is sent to the station, the station
terminates the fuelling or reverts to a non-communicationsfuelling as per Clause 8.

NOTE Refer to Annex C for an example of a test procedure towerify SAE J2601.

12.5.4 Site acceptance testing options

12.5.4.1 General

The following clauses provide two options:for site acceptance testing of the fuelling protqgcol, one of

whilch, as appropriate, shall be carried gut before the station is opened.

12.5.4.2 SAT overview — Option 1

Table 2 defines the first optionfor a set of minimum site acceptance tests.

Table 2 — Option 1 for minimum site acceptance testing
Reference
in Table C.2
Test name Preparation to be Test information Acceptable test f{,r example
performed here SAE
J2601: 2016
is used

AmbichtfaeHins Verification-ofambient+Sensers-show-raluereasenr—Fest 3

pressure and temper- and fuelling tempera- |able to state of the station;

ature sensor calibra- ture sensor and fuel- |calibration certificates OK

tion accuracy table ling pressure readings,

review of calibration

Fault: CHSS starting |CHSS with starting |Connectthe CHSSto |Main fuelling is not allowed |Test8

pressure pressure of >70 MPa |the station and initiate |to start

ready to be fuelled |fuelling. Station shall

(attempted)? recognize full CHSS
and not start main
part of fuelling

a  Testing that the dispensing system doesn’t fuel a vehicle with a start pressure below 0,5 MPa is a test that can be

simulated or carried out as part of FAT and doesn’t need repeating at the station.
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Table 2 (continued)

Reference
in Table C.2
Test name Preparation to be Test information Acceptable test for example
performed where SAE
J2601: 2016
is used
Communications Simulated commu- |Confirm that the Station switches to non-com |Test 16
break nications and then |fuelling switches to fuelling or stops fuelling
abreakin commu- |non-communications
TTcattons Signat, &.g- [fueting
by manipulating of
signal loop
Fault: comrpunica- Simulated commu- |To be monitored even |Fuelling stop within 5 s with }Test 18
tions abort|signal nications abort sig- |with non-communi- out-of-bounds
nal, e.g. by manipu- |cations fuelling (if
lating of signal loop |applicable)
Non-commpinications | Two different start- | Two tests per hy- Fuelling performed to‘a Test 36
fuelling valfidation ing conditions drogen service level pressure representative of
for each pr¢ssure where applicable the final pressure anticipat-
level (H70 &nd, if ed during afuelling, +2 MPa,
applicable, [H35) withoutéxceeding the fuel-
ling pfotocol process limits
asdefined in 8.2
Communications Two different start- | Two tests per hy- Fuelling performed to an Test 37
fuelling valfidation ing conditions, one |drogen service level SOC or pressure represent-
of which is below where applicable ative of that anticipated
2 MPa starting during a fuelling, without
pressure exceeding the fuelling proto-
col process limits as defined
in 8.2 with no abort signal
received from the vehicle
NOTE From a performance
perspective, a minimum
SOC of 95 % is desirable,
see 12.5.5.
Pre-cooling Capacity [NOTE Recommendations for testing of the pre-cooling capacity, for in- Test 34
(PC) Test. stance fop-back-to-back fuelling are included in 12.5.5.
a  Testing [that the dispensing'system doesn’t fuel a vehicle with a start pressure below 0,5 MPa is a test that cap be
simulated o1f carried out as paftyof FAT and doesn’t need repeating at the station.
12.5.4.3 SAT Overview — Option 2
Table 3 deffines the second option for a set of minimum site acceptance tests.
NOTE Rurther detail necessaky for pnrfnvming the tests helow can be foundin ”yQ”T_F 0003

Table 3 — Option 2 for minimum site acceptance testing

Test # Test item Initial End Main check point
pressure pressure
1 |Communication verification — — This test should be done at first. Check
test that a hydrogen station terminates fuel-
ling by an abort signal.
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Test # Test item Initial End Main check point
pressure pressure

2 |Fuelling with communications: Under Under 82 MPa |Check that the selected target pressure
fuelling performance test with 10 MPa and APRR target and the control of APRR
a selected APRR and fuel delivery temperature and the

station pressure and the SOC at the end
of fuelling are appropriate with the se-
lected communication map.

3 Accuracy test of tank volume — — Check that the measured results have an
estimation accuracy of 15 % against thelfuel tank

volume of the HSTA.

4  |Fuelling with non-communi- Under Under 82 MPa |Check that the selected target|pressure
cations: fuelling performance 10 MPa and APRR target and'the contgol of APRR
test with a selected APRR and fuel delivery téemperature|and the

station pressupe'at the end of fuelling are
appropriate with the selected jnon-com-
municatiens map.

b | Test for switching from com- — — Checkthat the target pressurd is
munications to non-communi- switched to a target pressure hinder fuel-
cations fuelling lingwith non-communications upon the

Shutdown of communications,

b |Fuelling performance test with About To be halted “|Check the control of maximun) APRR and

a high APRR 10 MPa about 60\MPa |the maximum peak of mass flgw at the

. . . to protect the |middle pressure range. Test td be done
(by manipulation of ambient

yessel from |more than 2x.
temperature to a lower value oY tempera-
or over-riding the APRR cal- ture Caution: The vessel temperatyre shall
culation) be monitored during this test fo avoid
overheating.

( |Fuelling performance test with About Under 82 MPa | Check the control of minimum| APRR and

alow APRR 30-MPa the control of mass flow at the high pres-
. . . sure range. Test to be done mdre than 2x.
(by manipulation of ambient
temperature to a higher valtie
or over-riding the APRR%cal*
culation)

8  |Fallback fuelling pexformance About Under 82 MPa |To be carried out where fallbdck is
test 30 MPa available:

Check that the selected target|pressure

and APRR target and the contfol of APRR
and fuel delivery temperature|are appro-
priate after switching to fallbgck fuelling.

) | Top-off fuelling performance Under Under 82 MPa |Check that the selected target|pressure
test 3 MPa and APRR target and the contgol of APRR

and fuel delivery temperature|are appro-
priate after switching to top-off fuelling.

12.5.5 Additional performance considerations for fuelling

As part of the process of commissioning a station, in addition to the factory and site acceptance testing,
the station fuelling and cooling capacity related to back-to-back fuelling should be evaluated by analysis
or test relative to the station specification. This could test:

— the minimum vehicle SOC, or equivalent, achieved by the station at the end of fuelling;
— the cooling capacity of the station; and

— the optional fallback fuelling, where applicable.
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If applicable, manufacturers should prove their "rated” back-to-back fuelling capability. As a minimum,
two test fuelling of 2 CHSS (including 1 within the largest category for the station) with an initial
pressure of 5 MPa are recommended. The station should pass the back to back fuelling, switch to fall
back or abort the fuelling.

The payment system should also be validated with actual fuelling transactions before commissioning.

12.6 Hydrogen quality testing

Hydrogen quality shall be assured in accordance with the hydrogen quality assurance plan, defined in

ISO 19880
hydrogen i

Gas phase

siteinade
station hyq
and purgec

Sampling g
as defined

mpurity threshold limits, as per Clause 9.

mpurities in the dispensed hydrogen may be captured with a sampling adapter arfd tak

Irogen storage banks should be taken to confirm that all storage banks haye)been cle
| properly.

quipment used shall be evaluated by risk analysis and shall be suitable for hydrogen ser
in Clause 7, under the process conditions defined in Clause 8, unlesS-@ther safety precaut

have been [taken. Piping systems and other equipment comprising the hydregen sampling appar:
shall comply with the requirements in 7.2.

Where sanpipling equipment uses the dispenser vent line for purging\or relief venting, this shall b
accordance¢ with 8.3.2.7.

NOTE For further guidance on hydrogen quality test apparatus that connects to the dispenser nozzle
Annex K.

12.7 Statjon inspection and tests following modifications

Following any service, maintenance or repair work having an impact on the safety or hydrogen qua
of the fuelling station, the fuelling station:g@perator shall assess the need for inspection and

functional ftesting, as defined in Clause 12(above, to be performed after this modification. These t
should be included as part of appropriate operating and maintenance procedures.

13 Operation

13.1 General

Warning signs, operational instructions, nameplates, markings, and identification plates should b

sufficient d

Fuelling st
clauses of |
for warnin

13.2 War

urability to withstand the physical environment involved, including the effects of weath

htion\eéquipment assembly markings and warning signs should comply with the applic

en off
Hicated sample vessel for laboratory analysis. A representative sample from multiple fuejtng

Q to ensure. r‘nmp“anr‘n with the rnqnirﬁmnnfc of Grade D in ISO 14687 for fuel cell grade

ed

Vice
ons
itus

e in

see

lity
any
ests

e of
br

hble
bnts

S0-7010, ISO 3864 (all parts), ISO 17398 and IEC 60417. See 13.2 for additional requirem¢

— la o ¢ - 1
5 2lgllS dllU 1.0 TUOI TYUUIPHITIIUIIAT KIITES.

ning signs

Warning signs shall be placed to identify hazards identified in the risk assessment of 5.2, for example

including (

flamm

electri

72

but not limited to) the following types of hazards:
able fluids;

hazardous areas, where flammable mixtures may form;

pressurized fluids;

cal hazards;
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— contents from drain valves,
— hotor cold surfaces;
— mechanical hazards.

Where applicable, hazardous area signage and the following warning signs should be placed at
approaches to the fuelling station site:

— “Compressed hydrogen”;

— “No cmnking open flames or other ignition sources”:

— |“Authorized access only”.
Warning signs should be clearly displayed and visible at all times, particularly at aceess points.
For|liquid hydrogen installations, warning signs should indicate:
— |LIQUID HYDROGEN;

— |FLAMMABLE LIQUID;

— |NO SMOKING;

— |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;

— |NO SMOKING;

— |NO SOURCES OF IGNTTION (NAKED FLAME);

— |AUTHORIZED PERSONS ONLY.

Simfilar, additiohal signage should be displayed during deliveries of gaseous or liquid hydrogen as
appropriate,

Thg maximum filling pressure and the filling capacity, as appropriate, of the storage systgm shall be
ind]cated at the fill point.

For dispensing points, warning signs should be located within 3 m of the fuelling point, and should
indicate:

— NO SMOKING;
— POWER OFF AND IMMOBILISE VEHICLE DURING FUELLING;
— FLAMMABLE GAS.

13.3 Dispenser operational instructions

Instructions for use of the hydrogen fuelling station dispenser by the general public shall be included
on or in the vicinity of each dispenser. The dispenser fuel (i.e. hydrogen) and pressure class, see Table 1,
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shall be clearly indicated. Dispenser operation instructions for dispensing hydrogen into a vehicle may
be displayed as markings or as an electronic display at the dispenser.

These instructions shall include prohibitions against:

the use of adapters (e.g. 35 MPa vehicle fuelling from 70 MPa nozzle, or alternative fuel nozzles);

— the fuelling of cylinder systems (whether in a vehicle or not) that are incompatible with the fuelling

protoc

Sampling of hyd
of under-siges

assessmen

13.4 Fun

Control de
and durab
may be as
should be g

Fuelling as|

Requireme
assessmen
public, sho

NOTE 4

13.5 Mar

Where app|licable, equipment should bear a data plate or combination of adjacent labels located so 4

be easily r¢

Where an |

ol employed at the station, see 8.2.

rogen at the nozzle for quality purposes requires the use of adapters and the fuel

F and procedure. See 8.5, Clause 9 and Annex K for further details.

rtional identification

Vices, visual indicators, and displays (particularly those related to safety),should be cle
y marked with regard to their functions either on or adjacent to the item. Such mark
horeed between the fuelling station operator and the supplier of the-equipment. Prefere
iven to the use of standard symbols given in IEC 60417 and ISO 7000.

sembly components should be appropriately marked for identification (e.g. using a P&I tz

nts for the marking of piping and tubing to identify content should be determined by
L. As a minimum, it is recommended that the pipes accessible to the public, or visible by
11d be marked.

ASME A13.1 documents one scheme for the identificatief’of piping systems.

king of equipment (data plate)

bad when the equipment is in a normally installed position.

[EC or ISO product safety standard-exists for the equipment it should be marked in accord4

ling
risk

hrly
ngs
nce

g).

risk
the

s to

nce

with that sfandard.
Where an |EC or ISO product safety,standard does not exist for the equipment, the data plate/lab¢l(s)
should include the following information, as applicable:
a) manufpcturer's name, trademark, and location;
b) the mddel numberortype;
c) serial number;
d) date of cofistruction;
e) component or assembly process ratings
i. pressure rating, in MPa;
ii. temperature rating, in °C;
f) utility connections;
i. electrical:
— electrical input range, in volts;
— currentrating, in amperes;
— frequency in hertz and number of phases;
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ii. fuel:

— type;

— quality;

— pressure range;

iii. rated nominal thermal input;
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g)

h)

Equ
the
13.

All
refe
emg

13.

Fue)
ope

Nev

environmental ratings:

i.  IPrating;

ii. ambient temperature range;

iii. if applicable, the area classification rating;
hydrogen output

iv. pressure range, in MPa;

v. temperature range of output hydrogen, in °C;
vi. flow rate (consumption);

main document number (see [EC 62023).

6 Reference designations

ipment designed to be used in hazardous areas should be marked as required by [EC 6(079-0 and
appropriate parts of the IEC 60079 series forthe type(s) of protection used.

bnclosures, assemblies, control devices, and components should be plainly identified with the same

rgency response.

7 Training

rations of the fueling station as applicable.

em

A

rence designation as shown in.the technical documentation for example on equipment rgquired for

[ling station operators, maintenance personnel, and fuelling attendants shall be trained in the

U employees~shall be trained in emergency response plan (ERP) procedures at the start of their
loyment>All operations personnel should be re-trained in the ERP procedures at least onfe per year.

ersonnel training manual shall be provided and readily available at the fuelling ftation for
congultation by personnel.

NOTE

13.

8 Emergency response plan

This requirement does not apply to public users of a commercial fuelling station.

The fuelling station should have an ERP prepared in accordance with ISO 14001. This document shall
be readily available to operations personnel.

Emergency instructions shall be posted at the fuelling station in locations that are highly visible. As a
minimum, instructions should be provided at the compressor, at each dispenser, and in the operator or
attendants office as applicable.
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13.9 Emergency contact information

In order to facilitate control of an emergency, a sign with the following emergency contact information
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,

ner

before conj

missioning the installation.

14 Technical documentation

14.1 Gen

The infornj
equipment
instruction

The inforn;
maintenan

The infornj
the relevar
devices of {

NOTE ]
documentat

14.2 Info

The infornj
critical dod

bral

ation necessary for installation, operation, and maintenance of the Hydrogen fuelling sta
shall be supplied in the appropriate forms, for example, drawings,-diagrams, charts, tal
S.

ation shall be in an appropriate language(s) for the anticipated installation, operation,
ce personnel.

ation provided may vary with the complexity of the*equipment. For very simple equipm
t information may be contained in one document; provided that the document shows all
he equipment and enables the connections to the utilities to be made.

'he technical documentation provided with_itéms of electrical equipment can form part of]
ion of the hydrogen fuelling station equipment.

rmation to be provided

umentation that shall be made available to the operator.

Cal file shall include the following minimum documentation:
htions of conformity/manufacturer’s declarations;

1(s);

Cal specifications;

bly-and layout drawings;

fion
les,

and

ent,
the

the

ation provided with the hydtogen fuelling station equipment shall include a technical file of

et HStST

schematics and technical diagrams;

calibration certificates.

setpoints for alarms and trips, for example in a variable table;

cause and effect matrix, including a description of safety loops and critical equipment;

HAZOP or underlying risk assessment;

a description (including interconnection diagrams) of the safeguards, interlocking functions, and

interlocking of guards against hazards (safeguarding memorandum), particularly for equipment
operating in a coordinated manner;

The techni
a) declar
b) manu3d
c) techni
d) assem
e) comp
f)
g)
h)
i)
j)
k)
76
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a description of the safeguarding and of the means provided where it is necessary to suspend the

safeguarding (for example for setting or maintenance).

The manufacturer and/or integrator should assemble the documentation for the hydrogen fuelling
station components, subsystems, assembly compliances, intended installation environment, and
maintenance and service requirements into the technical file.

This technical file should be kept after the hydrogen fuelling station is decommissioned, disassembled,
and disposed of.

Changes to the documentation shall be made in accordance to a management of change process, see 15.1.

Cor]lplementary documents that should be provided as part of the technical file include:

a clear, comprehensive description of the equipment, installation and mounting, andthe
to the electrical supply(ies) and other utilities;

electrical supply(ies) and other utility requirements;

information on the physical environment (for example lighting, vibration, a
contaminants) where appropriate;

overview (block) diagram(s) where appropriate;

circuit diagram(s);

information (as applicable) on:

i. programming, as necessary for use of the equipment;
ii. sequence of operation(s);

iii. frequency of inspection;

iv. frequency and method of functional testing;

v. guidance on the adjustment; maintenance, and repair, particularly of the protect
and circuits;

vi. recommended spafeparts list; and
vii. list of tools supplied.
control diagrams’supplied by the component manufacturer;

instructions-on the procedures for securing the hydrogen fuelling station for safe ms
(see als0 14.9);

information on handling, transportation, and storage;

connection

mospheric

ve devices

intenance;

information regarding load currents, peak starting currents, and permitted voltage drops, as

applicable;

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;

emergency contact information;

any relevant information, as applicable, that would be needed for the operator to
hydrogen quality plan, as specified in ISO 19880-8, for the equipment supplied.
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14.3 Recommendations applicable to all documentation

Unless otherwise agreed between manufacturer and fuelling station owner or operator:

a)

IEC 61082 series;

b)
‘)

d) partslis

For referer]

e) where
of the
belong

for sin
numbs

f)

g) all dog
docum

14.4 Inst

14.4.1 Ge|

The instal
up the hyd
necessary

The recom
should be

Imended position, type, and cross-seétional areas of the supply cables to be installed on

reference designations should be in accordance with relevant parts of the IEC 61346 series;

instructions or manuals should be in accordance with [EC/IEEE 82079-1;

the documentation for the electrical system should be in accordance with relevant parts of the

cing of the different documents, the supplier should select one of the following methods:

the documentation consists of a small number of documents (for example less'than 5) ¢
Hocuments should carry as a cross-reference the document numbers of all othér documg
ing to the hydrogen fuelling station equipment; or

rs and titles in a drawing or document list; or

uments of a certain level (see IEC 62023) of the document structure should be listed, v
ent numbers and titles, in a parts list belonging to the samedevel.

hllation documents

neral

ation documents shall give all informationcitecessary for the preliminary work of set
rogen fuelling station equipment (including commissioning). In complex cases, it majy
fo refer to the assembly drawings for details.

[learly indicated. The data necessary for choosing the type, characteristics, rated curre

and setting
of the mac

Where necgssary, the size, purpese;and location of any ducts in the foundation that are to be provi
by the fuelling station operatat-should be detailed.

The size,

associated|equipment that'are to be provided by the fuelling station operator should be detailed.

Where ne

the hydrogen fuelling station equipment.

NOTE 1

ine should be stated (seedE€'60204-1:2016, 7.2.2 on supply conductors).

pe, and purpose of ducts, cable trays, or cable supports between the machine and

ach
bnts

ble level main documents only (see IEC 62023), all documents should be listed with docunfent

vith

[ing
[ be

site
nts,

of the overcurrent protective device(s) for the supply conductors to the electrical equipnpent

ded

the

ssary, the’ diagram should indicate where space is required for the removal or servicinlg of

xamples of installation diagrams can be found in IEC 61082-4.

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 shoul
NOTE 2
The install
a)
b)

78

d indicate the modifications or interconnections required for the use of each supply.

Examples of interconnection diagrams/tables can be found in IEC 61082-3.

ation documentation should also include guidelines on:

equipment unpacking;

location and design of the foundation;
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‘)
d)
e)
f)
g)
h)
i)

i)
The

watler required for operation of the hydrogen fuelling station.

14.
Thd

The

ens
esp

The installation documentation for hydrogen fuelling station components and assemblies u

ven
5.3]

a)
b)

A

14.

The installation dociimentation shall provide guidelines for the proper venting of gases and
insflallation of the'vent lines. The installation documentation should indicate that relieved gz
be yented to asafe area (see 5.4.2).

The ability—for vent stacks to carry lightning currents shall be documented in the man

doc

ISO 19880-1:2020(E)

installation and interconnection;

ventilation recommendations;

protection from weather hazards;

recommended height in relation to the base flood elevation;
altitude;

security enclosure;

acceptable distances from exposures; and
protection from vehicular impact.

installation documentation should define the services and utilities, for example drains

1.2 Installation documentation for hazardous areas

ire compliance with IEC 60079-0 and with any otheryparts of IEC 60079 used for prof
pcially IEC 60079-14.

filation as a means to protect against the.décumulation of ignitable mixtures in accor
2 should also include recommendations for:

source of ventilation air;
location of exhaust;

ducting (when used).

1.3 Venting documeéntation

umentation pack.

and waste

hydrogen fuelling station installation documentation shall indicate the area classification (zone)
and| extent of any hazardous areas, see 5.3.5.2.

installation documentation should also include specific\instructions for the proper installation
of Hydrogen fuelling station equipment that is designed te be installed in hazardous areas

in order to
ection; see

sing active
lance with

the proper
ises should

facturers'

14.4.4 Seismic documentation

The seismic rating and related installation information, where applicable, shall be included in the
installation documentation.

14.4.5 Handling and lifting documentation

Instructions on how to safely handle and lift hydrogen fuelling station assemblies shall be provided.

Lifting point to facilitate lifting by crane, forklift or other means as may be appropriate for the size and

wei

©IS

ght of the hydrogen fuelling station assembly should be provided and identified.
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14.5 Overview diagrams and function diagrams

Where it is necessary to facilitate the understanding of the principles of operation, an overview
diagram shall be provided. An overview diagram symbolically represents the hydrogen fuelling station
equipment together with its functional interrelationships without necessarily showing all of the

interconnections.
NOTE1 Examples of overview diagrams can be found in the IEC 61082 series.

Function diagrams may be provided as either part of, or in addition to, the overview diagram.

NOTE 2

= 3 — : 1 1 £ I IO a0 o
AdIIPICS OI'TUIICLIOIT UldgT dalIllsS CdIl DT TOUIIU I TEG 01U O 4= 4.

14.6 Circpit diagrams

A circuit dfiagram shall be provided. This diagram shall show the electrical circuits omthe hydrd
fuelling stdtion and its associated electrical equipment. Any graphical symbol not shgwn in [EC 60617
should be deparately shown and described on the diagrams or supporting documents, The symbols pnd
identification of components and devices should be consistent throughout all-documents and on|the
hydrogen fuelling station.

gen

led.
Fam

Where apy
That diagr
should con

ropriate, a diagram showing the terminals for interface connections should be provi
hm may be used in conjunction with the circuit diagram(s)‘for simplification. The diag
fain a reference to the detailed circuit diagram of each unit.shown.

Switch symbols should be shown on the electromechanical diagrams with all supplies turned off
example electricity, air, water, lubricant) and with the maching and its electrical equipment ready f
normal start.

(for
pr a

Conductors$ should be identified in accordance with IE€60204-1:2016, 13.2.

I as
and
the

Circuits sh
maintenan
component
diagrams g

ould be shown in such a way as to facilitate the understanding of their function as we
ce and fault location. Characteristies-relating to the function of the control devices
s which are not evident from their symbolic representation should be included on
djacent to the symbol or refereneed to a footnote.

14.7 Flow (P&ID) diagrams

A flow dia
station ang

pram shall be provided. This diagram shall show the fluid piping on the hydrogen fuelfing
its associated instfuments, valves, and equipment.

ISO 1062811 provides further guidance. Any graphical symbol not shown in ISO 10628-2 or ISO 14617

should be s

eparately shown and described on the diagrams or supporting documents. The symbols

identificat
hydrogen

on of cemponents and devices should be consistent throughout all documents and on
elling'station.

and
the

Where apprepriate, a diagram showing the interface connections shall be provided. That diag

"am

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.

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.

On P&IDs, safety critical elements should be marked accordingly.
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14.8 Fuelling station operating manual

The technical documentation shall contain an operating manual detailing proper procedures for set-
up and use of the hydrogen fuelling station equipment. Particular attention shall be given to the safety
measures provided.

The operating manual shall indicate the hazards related to the use of the fuelling station.

The operating manual shall also include a description and explanation of all warnings and markings on

the

hydrogen fuelling station especially those relating to hazardous areas.

Th

14.
Wh

teclnical documentation shall contain maintenance and service manuals detailing proper |

for
req

Thi
dow
iner
sha

The
and|

The
the
IEC
IEC

Red
Wh
pro

Wh
pro
req

If t

operating manuat strattbemmade avaitabte tothreoperator:

0 Maintenance and service manuals

ere the fuelling station operator is anticipated to carry out any maintenante or ser

adjustment, servicing, preventive inspection, replacement of consumables and repait
1irements for lock-out and tag-out procedures where applicable.

5 manual should contain clearly defined, legible, and complete, instructions for starti
m, and servicing the hydrogen fuelling station. Procedurescfor depressurization,

1 be included in the service manual where applicable.

station manufacturer or integrator shall recommend a safety concept for the recurring
testing of the vessels. This concept should work without the need for people entering th

maintenance instructions should also include specific instructions for the proper mait
hydrogen fuelling station designed to be installed in hazardous areas to ensure comp
60079-0 and with any other parts of the TEC 60079 series used for protection in accor
60079-17.

ommendations on maintenance, and service intervals and records should be part of th
bre methods for the verification-of proper operation are provided (for example softw
brams), the use of those metheds should be detailed.

ere the operation of the,equipment can be programmed, detailed information on 1
bramming, equipment, required, program verification, and additional safety procedu
1ired) should be previded.

traj
ori

vicing, the
brocedures
, including

, shutting

prfrging and
ting, and isolation (for instance positive or proved isolation where necessary, see 3.5¢ and 3.61)

inspection
p vessel.

tenance of
iance with
Hance with

at manual.
hre testing

nethods of
Fes (where

¢ and data

he hydrogen fuelling station is provided with the capability for remote monitoring
ismission, rerote operation, or remote control code modifications, see 11.3, the station m
tegrator-should supply the instructions and procedures for the operator to be able to

nufacturer
onitor the

staflion remeotely, receive data from the station, and/or to permit fuelling from an unattended station.

14.

i

al is not required to be provided to the fuelling sta

10 Parts list

on operator
gen fuelling

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
documentation) required for preventive or corrective maintenance including those that are
recommended to be carried in stock by the fuelling station operator.
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15 Inspection and maintenance

15.1 Inspection and maintenance program

The fuellin

g station shall have a documented inspection and maintenance program in place.

Fuelling station operators should determine a maintenance schedule that considers the particular
fuelling station design, environmental conditions, fuelling loads, operating hours, frequency of use, and
other factors impacting equipment use and wear.

The maintenance schedule should include safe maintenance intervals based on an]]ing sta

Fion

experience

Maintenan

The checkljist of Table 4 offers guidance on hydrogen fuelling station periodic inspectionahd testing

Repair or ¢
as applical
manageme

NOTE N
systems.

and inspection requirements.

ce of each piece of equipment should follow the manufacturer's instructions.

irect replacement of fuelling station components should require verificatien and valida
ple per 12.7. Modifications and repairs should be carried out under appropriate cha
nt and control systems.

ee 1SO 9001, ISO 14001, OSHAS 18001 and OSHAS 18002 for guidaiice on management of chg

Where hy

isolation, see 3.56 and 3.61, shall be used as appropriate according to maintenance procedures anc
risk assesspment.

The fuellin|

Componen
prior to ins

rogen equipment is to be operated during maintenance activities, positive or pro

station maintenance record should be available-for inspection as necessary.

Ls shall be shipped and stored in a manner’according to the manufacturer’s instruct
tallation. Where applicable, the manufacturer’s shelf-lives shall be adhered to.

[ion
nge

nge
ved

| /or

ons

82
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Table 4 — Minimum periodic hydrogen fuelling station inspection and test checklist

according to the risk assessment.

Requirement Reference to Pass/ Link to other
No. Content/Requirement q IS0 19880-1 . standards/
value Fail
(clause) Remarks
. . Per local authority
Work permit (to assess risk and 5.3.5.2, 15.5 (grinding/
safety measures required) .
welding)
Good housekeeping
Maintenance log up to date
— sensor calibration
— leakage test
— PRD within calibration date
— Hose within date
Dispensed hydrogen quality test ISO 14687, 12.6.9 ISO 14687 and
report Grade D == ISO 1p880-8
. . . Per applicable 12.5.3 (1)
Dispensing system fuelling protocol standard 82 SAE|[]2601
. . e Per applicable 12.5.3(2)
Dispensing system fuelling limit test standard 8.7 SAE|[]2601
. . - Per applicable 12.5.3 (3) SAE] 2799 and SAE
Vehicle to dispenser communications standard 82 ] 2601
Yerlfy emergency and safety func- 100 % 5.3, 12.5, 14.8
tions
Verify emergency communications Test communica-
y gency 100'% 13.8 tions with emergen-

cy responders

15.2 Maintenance and testing frequency of gas detection

The

gas detection system shall besmaintained in accordance with the service requirements of the

manufacturer. The service frequency shall be once per year as a minimum, or more often if Jo specified
by fhe manufacturer.

Maintenance shall be perfermed by trained persons.

The following periodic\maintenance actions shall be performed as a minimum:

— |each gas deteector shall be calibrated with a certified gas mixture;

— |the entire/system shall be checked for the desired settings;

— |anveverall function test shall be performed including the associated actions (see 11.2);

— anoperation testshalit be performed:

Special attention shall be given to detectors that are in an environment where pollution is influencing
the operation, or detectors that are exposed to substances which reduce the lifetime of the detector.

All maintenance operations shall be recorded in a fuelling station log.

15.3 Maintenance and inspection frequency of filters

Filters for particulates and other possible fuel contaminants and operating debris (e.g. seal,
gasket, desiccant materials) shall be inspected and replaced at a regular interval, according to the
manufacturer’s specifications. The pressure drop across dispensing system filters shall not exceed that

required by the fuelling protocol, see 8.3.2.
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15.4 Maintenance of pressure relief devices

Pressure safety equipment shall be inspected and either repaired or replaced at a regular interval,
according to the manufacturer’s specifications.

During maintenance, isolation of pressure relieving safety accessories 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. A typical
arrangement is shown in Figure 3.

XYx.

Key

1 isolatinlg valves

2 pressule source

3 pressuie vessel(s)
4  safety alve(s)

NOTE This figure is reproduced from EN 764+7: 2002.
Figure 3 — Illustration of one method of simultaneous isolation

Prior to isglation the continued'\need to protect against external sources of overpressure such as splar
radiation and fire should be-addressed.

15.5 Hot work

Maintenanfe operations requiring the generation of an ignition source within the restriction distances

while the installation is in operation or pressurized with hydrogen should only be performed in ¢ase
of service Eecessity and the atmosphere in the work area should be continuously analysed usi;rg a
portable, transportabie or, if applicable, fiXed, hydrogen detector. welding and grinding should be done

with the utmost care. Hydrogen pipes and equipment should be protected from welding and grinding
sparks by suitable protection devices such as welding/fire blankets. Such maintenance operations
should be covered by a risk assessment, with specific attention to explosion and fire risks, in which all
the measures necessary for ensuring safety are pre-defined.

15.6 Modifications to the hydrogen fuelling station and associated equipment

All modifications shall be assessed for impact on process safety and follow a management of change
process.
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Annex A
(informative)

Safety methodologies and risk assessment

Thegrequirements for permitting (as applicable) and/or the justification for the safe designlof
fuelling station differ from country to country. In some countries/regions, specific'hydrog

stat

conj

Altg
A3
stat

A.2

A2

Thd
stat

iy

2)

3)

A2

ISO
exa

prehensive list of examples is included in A.2.

rnatively, the justification for the safe design of a station can utilise/the process of risk a
to A.6 provide guidance on quantitative or semi-quantitative risk @ssessment for hydrog
ions in the specific context of informing site specific considerations to be taken.

Regional specific permitting guidance
.1 Example of existing guidance

following are regional specific permitting guides giving guidance on safety for hydrog
ions, typically using prescriptive methods;

Californian GO-Biz Hydrogen Permitting Station Guidebook:

http://business.ca.gov/Programs/Permits/HydrogenStationPermitting.aspx
NOW Approval Guidelines for Hydrogen Refuelling Stations:
http://www.h2-genehmigung.de/Index/Index?lang=1

NREL: Regulations,cGodes, and Standards (RCS) Template for California Hydrogen
Stations

http://www.Hydfogen.energy.gov/permitting/stations_related.cfm

.2 Example safety distances from each country/region

maintenance portal URN (https://standards.iso.org/iso/19880/-1/ed-1/en) includes
hples of safety distances collected by ISO/TC 197, through country representative mem

h hydrogen
en fuelling

ion regulations, codes or guidance documents exist, typically detailing prescriptive requirements
or lecommendations to be followed in the design, installation or operation of a)fuelling stat

ion. A non-

ssessment.
en fuelling

en fuelling

Pispensing

a table of
ers during

the

preparatiom of 1SO7/TS-19880=1, whithrconveysastatusof coumntry specificsafety distar

ces at that

the time of publication of the ISO/TS 19880-1 (2016). It demonstrates the wide range of results that can
be found for similar equipment in similar environments around the world.

This table was not an inclusive list of values internationally and is not meant to be a recommendation
for these applications.
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A.3 Methodology for semi-quantitative and quantitative risk assessment for
assessing hydrogen installation safety

A.3.1 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

distances and/or simplified station layout.

If QRA is
focuses on
effects. Th

Developing
— natursg
behavi
equipn

install

target
hazard

A semi-qud
qualitative
risks with
according

for their efffectiveness. This is achieved throughi-a predefined scoring system that allows one to m

perceived 1
quantitatiy
available r

It helps ach

first, t
fromt

second
reduct]

and whetherthéy merit their costs.

For perfor

sed, this subclause provides recommendations for performing that analysis. This anal
hazards involved with the release and ignition of hydrogen mixtures and related phy4
s does not cover non-hydrogen hazards associated with the fuelling station, see 5.5

an approach to protect against harm should consider the following factors:
of the hazards (e.g., thermal, pressure, potential for asphyxiation, etc.);

our of hydrogen under the design and operating conditions;

hent design and operating conditions;

htion design and location, including protection measures;

b (e.g., person, property, equipment) which are bejng-protected from effects of poter
.

ntitative risk assessment provides an intermediaty level between the textual evaluation
risk assessment and the numerical evaluatipir'of quantitative risk assessment, by evalua
a score. Semi-quantitative risk assessment provides a structured way to rank r
to their probability, severity, or both«(criticality), and for ranking risk reduction act

isk into a category, where there,is:alogical and explicit hierarchy between categories. Sq
e risk assessment is generally used where one is attempting to optimize the allocatio
bsources to minimise the impact of a group of risks.

ieve this in two ways:

he risks can be placed-onto a sort of map so that the most important risks can be separd
he less important;

, by comparing the total score for one or a series of risks before and after any proposed
ion meagsures, one can get a feel for how relatively effective the mitigation strategies

ning.a semi-quantitative risk assessment, a full mathematical model is not always nee

ySis

ical

tial

s of
[ing
sks
ons
p a
mi-
h of

ted

risk
are

led.

It could so

d of

etimes offer the ndvqnfqu of hping able to evaluate a ]qrgpr number of different kin

risk issues in a limited time. Nonetheless, all forms of risk assessment require the greatest possible
collection and evaluation of data available on the risk issue.

A.3.2 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 section. 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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The process for risk-informing mitigations includes the following steps, as displayed in Figure A.1:

Target determination- Define the targets being protected, and as necessary, the hazard sources.
Table A.2 provides many examples of targets.

Analysis scoping - Select appropriate risk type for each target and establish tolerability criteria
(e.g., acceptable/unacceptable risk level) for each target.

System description - Document the system and installation being analysed, including mitigations to
be credited in the analysis and which events they mitigate (see 5.1).

Cause analysis - Identify and model the hazard scenarios and quantify the probability of each
scenario in the model for each source and target.

Consequence analysis - Identify the physical effects for each scenario, and quantify the impact of
those effects on the targets.

Risk assessment - Integrate the cause and consequence models into ah assessment Jf the total
risk; Perform sensitivity studies and changing modelling assumptions to identify qppropriate
combination of mitigation elements to maintain risk level within the-tolerability region.

Risk-informed mitigations - Increase or reduce mitigations to@chieve risk level within tolerability
region (including consideration of uncertainty).
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NOTE 1
NOTE 2
NOTE 3

NOTE 4

88

<
<
<

Target determination

Define targets for each type of
safety distance

v

Analysis Scope

Select risk metrics, and
tolerability criteria

Consequence

C Overpressure >

v

System Description <

Document the system and site in
etail, including mitigations to be
credited in the analysis

v

Release sizes

Define release sizes to be
analyzed

v

Release frequencies
falculate the frequency of releases
for each release size, taking into
ccount system design and release
mitigations

v

Release characteristics

v

Flame radiation
Calculate heat flux or extent
of flammable region at each

target location

v

Flame contact
Calculate size of flame or
extent of flammable region

v

Thermal harm
Calculate probability of loss
from thermal effects
(radiative, convective)

\ 4

Oveppressure
Calculateythe overpressure
and duration for each target

!

Overpressure harm

Calculate probability of loss
from overpressure effects

v

Calculate the parameters of the
release for each size

v

Scenario probability
(alculate the probability of jet fires,

aking into account system design
and ignition mitigations

O\

_Adjust mitigations/aiid repeat calculation

deflagrations, and detonations, —_———p|

Harm total

Calculate total expected harm/loss for all scenarios and all targets

b

Total risk

Calculate total risk using total harm and scenario probability (if

applicable)

v

Risk-informed mitigations

Compare total risk to analysis criteria

oricave rectangle denotes an analysis step.

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

Rectangle denotes a calculation step.

Diamond denotes branching.

Figure A.1 — Example of a risk-informed approach to safety distances
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A.3.3 Analysis scoping

A.3.3.1 Target determination

Each characterisation of safety distance in Table A.1 affects one or more classes of target. Table A.3
provides many examples of targets for each type of safety distance. It is presupposed that types of
safety distance are defined according to national requirements/guidance, with appropriate targets and
hazards sources defined for each type of safety distance. Table A.2 provides examples of sources for the

different types of safety distance.

A3

A3

Thd
Thd
flan

the

A3

Haz

har
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dirg

Thy

dist
The

acc

das 4
an 4

A3
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fue
fue

For

risk criteria are:
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3.2 Hazards

3.2.1 General

primary hazards related to the use of hydrogen are the release and subsequentignition o

be hazards should be modelled for all sources and all targets.

3.2.2 Hazard distance

n condition (ranging from “no harm” to “max harm”) to:people, equipment, or environm

calculation of hazard distances is deterministic-based on a predetermined scenario (fg
pk flow rate considered as most likely scenario~or in some cases the worst-case scena
ins that hazard distances do not consider theprobability of a hazardous event occurring
ct use of hazard distances may lead to resfriction of activities over large areas.

s, for practical applications, hazard distances should be used as an input to risk infor
ances that employ both deterministic and/or probabilistic components of the QRA mg
probabilistic method should not underplay or underestimate the potential hazards, by
bunt most scenarios, including those with a low probability of a hazardous event occurt
vailable means of protection;‘detection, and isolation to generate safety distances correg
cceptable risk level.

3.3 Risk and harm criteria and tolerability limit selection
x and harm criteria are established through close interactions with stakeholders, which 1

ling should be equal to or less than the risk posed by similar activities, which could inclu
ling, occupational accidents, general accident rates within the population, etc.

two main hazards are thermal effects (e.g. conduction or radiation fronChydrogen flar
he gases) and blast effects (overpressure and impulse) from deflagratiens’and detonatid

ard distance is a distance from the (source of) hazard te(aydetermined (by physical or
modlelling, or by a regulation) physical effect value (normally, thermal or pressure) that m3

F hydrogen.
hes or post
ns. Both of

numerical
y lead to a
bnt.

r example,
i0). Which
Hence, the

med safety
thodology.
t take into
ing as well
ponding to

hay include

hiled surveys: of existing risk benchmarks. A best practice is to ensure that risk fron} hydrogen

e gasoline

pepsonnel risk, including workers and/or members of the general public, four widely u

ed fatality

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 curves representing the expected frequency at which N or more people will be exposed to a
fatal hazard (cumulative distribution function). Such curves may be used to express societal risk

criteria.
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Other criteria may be used, such as:

— average number of hydrogen releases per system-year;

— average number of jet fires per system-year;

— average number of deflagrations/detonations per system-year.

Consequence-based harm or damage criteria may be used, such as:

heat flux level;

therm
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flame
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there will
should be g

A334 S
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built and
independe

The docuni
relationsh

h] dose;
emperature;
ength;
verpressure;
ncentration;
bmperature.

b criteria should be specified. These may be specified in tetuns of single values, accepta
Histributions, use of ALARP (as low as reasonably practieable), option comparison, etc.

complexity and uncertainties involved in predicting)performance in engineered syste
plways be a level of subjectivity attached to anyrisk assessment result. This uncerta
onsidered when selecting risk and harm criteria‘and tolerability limits.

ystem description

is should contain documentation of the installation and operational environments
hs-operated). Documentation should' contain sufficient detail to allow replication by
ht expert.

entation should define andsidentify the system, and components, their functions, and t
s and interfaces. Block-diagrams, P&IDs, and other figures should be included to facili

understanfing of the boundarjes“ef the system, components of the system, and functions of &

component
expected
the system

The scope
operation
operation

in each operationat environment. Installation characteristics should be described, inclug
se conditions and\ldyout diagrams. Expected operating parameters/states of hydroge
should be doctimented.

pf work should capture and define the work activities and intended applications. If mult

:ll environments are contained in one analysis, the work activities should be defined for ¢

| enyvirenment.
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A3.35 C

A.3.3.5.1

1 N
dUsST dildlysSIS

General

The goal of cause analysis is to provide insight into the causes of hazardous exposures and the likelihood
of those causes. This involves creating models that describe the scenarios that occur after a release of
hydrogen, and quantifying these models using probability information.
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A.3.3.5.2 Exposure scenarios
At a minimum, exposure scenarios should contain the following elements:

— Release of hydrogen. Release sizes that are to be modelled should be defined based on national
requirements or guidance.

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

— Jetfires, deflagrations/detonations.

Roqt causes of releases should be identified qualitatively. Use of root cause information in qugntification
is optional. Root causes should include:

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

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

Scenario 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
Evept Sequences Diagrams, or fault expressjons can be manually specified. Root causes may pe given as
a ligt, or documented graphically, e.g. in Fault Trees, or through fault expressions.

A.313.5.3 Data for scenario quantification

Datp used should be of sufficient quality to support decision making. Sources of data|should be
documented in the analysiss

Anglysts should use published, hydrogen-specific data if it is available.

Nonj-published, hydrogen-specific data, such as proprietary company-specific data, may be uged. If such
data are used, itispresupposed that the data are documented and made available to the [regulatory
body or desigriated reviewer if requested. The designated reviewer should give extra scrutinly on inputs
that lower probabilities below commonly used data sources.

In ljeuofthydrogen-specific data, commonly accepted, published data sources (for examp|e; OREDA,
ESReDA, AiCHE API 521 or Sandia Laboratories H2 data) from similar industries and applications
should be used.

A.3.3.6 Consequence analysis

A.3.3.6.1 General

This involves determining the physical effects of the scenarios, as well as the target response to those
physical effects.
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A.3.3.6.2 Physical effects of the accidents

The physical effects of hydrogen fires which should be modelled for a target are 1) thermal effects and
2) pressure effects. The primary physical effects relevant to ignited hydrogen releases are fire effects
(for example; impinging flames, high temperature, heat flux) and explosions.

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

Modelling of these required physical effects requires modelling several physical processes: release, jet
flames, and deflagrations and detonations.

The physigs

, anges
expected ip the

fuelling installation or specific equipment.
A.3.3.6.3 |Hydrogen release characteristics

The first step in characterizing consequences is to characterize the release of hydrogémand the exfent
of the flatnmable envelope. Thermodynamic parameters of releases from highépressure hydrdgen
systems can be estimated using notional nozzle models. The selected model should'be validated for|use
in high-pregssure hydrogen systems within the parameter ranges expected in thefuelling installatiop or
specific eqpipment. The selected model should be specified in the analysis documentation.

A.3.3.6.4 |Ignition sources

The sourced of ignition for an installation or the process itself should be examined. A non-comprehengive
list of exalples is as follows:

— lightnilng;

— static ¢lectricity (including clothing);

— mechapical sparks (for example; moving parts;-tools not suitable for explosive atmospheres);
— naked|flames;

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

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

— exposdd live cables.

A.3.3.6.5 |Jet flame behaviour

Releases from high-préessure hydrogen systems that are ignited immediately produce momenfum
driven jet flames."Awalidated hydrogen model should be used to predict the characteristics of g jet
flame necdssaryoto meet the goals of the analysis. The selected characteristic(s) should be specified
in the anallysis documentation. Characteristics relevant to the goals of the analysis may include flame
length, flame-wdth he he Hien vhich-these—eh erist e H be
specified in the analysis.

Here—6 o b Aw Ot W Come a arcHrated oae

A.3.3.6.6 Deflagration and detonation behaviour

Releases from hydrogen systems which are not immediately ignited may accumulate and result in a
flash fires or explosions.

Thermal and overpressure effects created from hydrogen deflagration or detonation can 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
hydrogen). Flash fires result in thermal effects with very small overpressure.
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When the cloud is important and ignition near the central stoichiometric region, the overpressure
effects (and associated impulse) produced could be more important.

The turbulence in the hydrogen release, and/or the presence of objects, and/or release in a confined
space can potentially result in an increase of the overpressure generated.

Blast effects may be modelled using validated software code based on computational fluids dynamics
(CFD), empirical or phenomenological methods.

NOTE An example can be found in NORSOK Z013, Annex G.

A.3{3.7 Harm models

A harm or damage model or criteria is used to translate the physical effects into the harm'toja person, a
conjponent, or structure. This should be done through use of either a model or criteria; including single
criteria, deterministic models, probability models, probit functions. The selectedefiteria or model may
conje from reference to establish scientific information or national standard.(The selectefl model or
criteria should be specified in the analysis documentation.

A.3|3.8 Risk calculation

Somie forms of risk assessment calculate risk for multiple individual scenarios and some use one
caldulation of risk for multiple scenarios.

When the total risk for the system is required, this shouldbe calculated by combining the repults of the
scemnario (cause) analysis and the consequence analysis into the total.

Risk is expressed as follows:

R:Zn (fn*cn)

whgre
R is summed risk over all niselected scenarios;
f, is the frequency of scénario n;
Cp is the consequencefor scenario n.

Risk may be calculated’s¢parately for each type of consequence (e.g., harm, loss).

In alll cases, a combination of risk analysis and consequence-only analysis may be used. For|example, a
reghlatory body«an ask for a consequence-only analysis for additional specific scenarios and can ask
for f total rigsk\analysis to include additional scenarios.

A.313.9¢ Risk-informed mitigations

Theestimmated Tisk tevel shoutd be compared to the risk acceptarnce criterta.

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.

If the estimated risk level is below the acceptance criteria, the mitigations or safety distance may be
reduced.

Analysts should consider and discuss 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.
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A4 Qua

ntitative risk assessment toolkits

A.4.1 General

Toolkits may be used to facilitate implementation of the methodology.

An approved toolkit should:

relevant to quantifying the probability of progression various hazard scenarios;

contain the latest available data and models (ideally, validated for hydrogen infrastructure use)

contai
releva
of thog

calculd

fatalities) relevant to decision making for safety, codes, and standards;

facilitd

furthe

A.4.2 Exj

HyRAM: A
infrastruct

SAFETI: S
Netherlang

NOTE j
programme
discharge p
based large

Phast/Pha
design and
far-field di
toxic effect

FLACS: A
including a

KFX-Exsim

including an explosion module.

NET-Tools:

N the latest avallable data and models (1deally, validated for hydrogen infrastructure
nt to prediction of behaviour of hydrogen releases and ignition events, and the consequie
e events;

te the representative observable quantities (e.g., physical parameters, damages, numbsg
te relative risk comparison, sensitivity analysis, and treatment of uncertainty;

Fmore, itallows modification of these defaults to reflect differentsystems and new knowle

amples of toolkits/software tools

toolkit for integrated deterministic and probabilistic risk assessment for hydro
ure.

AFETI-NL is the software tool used for quantitative risk assessment calculations in
sb.

or calculation of safety distances used_for hydrogen fuelling stations in the Netherlands,
SAFETI-NL NL v6.5.4 was used, with some changes (proposed by DNV GL) with regard to|
hrameters used by the programme. The approach used to calculate the safety distances was fur]
y on that described in EIGA 75/07/E (2007), section 9.

bt Risk: A process hazard analysis software tool, available from DNV GL, for all stage]

operation, which examines the progress of a potential incident from the initial releas
spersion analysis including modelling of pool spreading and evaporation, and flammable
S.

[FD tool used for“ventilation, gas dispersion and explosion simulations in safety analy]
fire module;

: A CFD<tool used for ventilation, gas dispersion and fire simulations in safety analy

European e-Laboratory of Hydrogen Safety for online calculation of hazard distanceg

ItheS

se)

r of

provide default models, values and assumptions, and provide transparéngy about those defaylts;

ge.

gen

the

the
the
ther

S of
e to
and

ses,

Sis,

for

unignited

eleases, jet Iires, blast wave and TIireball after nydrogen storage tank rupture in a

deflagration mitigation techniques, etc.

1)

fire,

Further detail is available from http://content.publicatiereeksgevaarlijkestoffen.nl/documents/PGS35 /PGS

35_WG_2015_032_PGS35_Definitief%20Achtergronddocument.pdf.
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A.5 Safety distances definition

A.5.1 General

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

— restriction distances;

— clearance distances;

— |Installation layout distances;
— |protection distances;

— |external risk zone.

A.5l2 Types of safety distances

A.5/2.1 Restriction distances

The restriction distance is the minimum distance from hydrogen equipment or the area arqund where
cerfain activities are restricted or subject to special precautidus (e.g., no open ignition squrces, like
flames, hot works, electrical sparking, use of sparking tools,smoking, etc.).

NOTE This is addressed in 5.3.5.2. The remaining types ef.safety distances mitigate foreseen and unforeseen
events other than those arising from activities restricted durinhg normal operations.

A.5/2.2 Clearance distances

The clearance distance is the minimum distance between the fuelling station equipmeht and the
vulherable targets within the fuelling station site boundary. Here, the hydrogen installation is regarded
to be the source, while the surroundingpeople/objects are considered to be the targets.

staflion, and other facilities within the fuelling station like gasoline storage, gasoline dispgnsing, and

Exa{"nples of targets that may be exposed include personnel of the fuelling station, users of the fuelling
deljvery facilities. Additionallexamples are listed in Table A.3.

A.5|2.3 Installation layeut distances

The installation lay-out distance is the minimum distance between the various equipnjent of the
hydirogen installation required to prevent escalation to other equipment in case of ah incident.
Installation Jayout distances may be different combinations of hydrogen equipment.

hydirogen'venting. Additional targets are listed in Table A.3.

Ex:anle of'source-target pairs are dispenser and bulk storage; liquid or gaseous hydrogen dtorage and

A.5.2.4 Protection distances

The protection distance is to prevent damage to the hydrogen installation equipment from external
hazards (e.g., fires) not accounted for in the installation layout distances.

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

The protection distance prevents off-site and non-hydrogen-related events from escalating to the
hydrogen equipment. Protection distances may be different for specific elements of the fuelling station
equipment.

© IS0 2020 - All rights reserved 95


https://standardsiso.com/api/?name=90985b918fedfb84205b0d7c2bfe007b

ISO 19880-1:2020(E)

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 A.2. Example targets are
any equipment of the hydrogen fuelling station, including equipment listed in Table A.3.

A.5.2.5 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).

Example off-site targets include members of the public residing or working near the fuelling staffion;
additional fargets are listed in Table A.3.

A.5.3 Examples of safety distances

Table A.1 — Summary of types of safety distances

Characterization

of safety distance Purpose Source Target(s)

Restri¢tion Minimise risk in areas adjacent
distances to hydrogen equipment

Any open area adjacenf to

Fuelling station equipment hydrogen equipment

Protect persons and objects
within the fuelling station from Equipment aid objects |Persons and other facilifies
hazards associated with the within fuélling station | within the fuelling statjon
fuelling station

Clearance distance

Installatjon lay- Prevent escalation of events Fuelling station equipment | Fuelling station equipmlent
out distance within fuelling installation & quip § quip
. . Protect the fuelling station Qff-site facilities and on-
Protectipn dis- ) : . . .
[ from damage due to any exters (Dsite things (except for the |Fuelling station equipmlent
tange : : :
nal hazards fuelling station equipment)
Mitigate off-site risksfrem Surrounding people
External nfisk zone | hazards associated with’'the |Fuelling station equipment| property outside of the
Fuelling station fuelling station
Table A.2 — Example sources for each type of safety distances
Safety distance Example sources?
Clearance distance Equipment of the fuelling station
AND — Dispenser;
Installatior} lay-outdistance | —  Compressor;

AND — Liquid hydrogen storage;

External rigkzone

— Gaseous hydrogen storage.

a2 The information in this table is provided to facilitate identification hazard sources that could be included in the model.
It is not required to establish safety distances for any of the sources in the table. It is also permissible to establish safety
distances for sources not listed in this table.
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Table A.2 (continued)

Safety distance

Example sources?

Protection distance

Off-site or on-site:

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

— Buildings of combustible materials.

On-site:

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

Off-site:

— Vehicles on nearby roads;

— Specific types of industrial buildings.

a  |The information in this table is provided to facilitate identification hazard sources that could.be included jn the model.
It i not required to establish safety distances for any of the sources in the table. It is also permissible to estpblish safety
distlances for sources not listed in this table.

Table A.3 — Example targets for each type of safety distance

Safety distance

Example targets?

Clehrance distance

Persons:

— Workers in the fuelling statien'(1t party);
— Users of the fuelling station(21d party);

— Public and users of gther facilities within the fuelling station (3t4 party).
Other facilities withinthe fuelling station:

— Building such as convenience stores, carwash;
— Gasoline'storage;

— Gasoline dispensing facilities;

— «FKuel delivery areas;

— Building openings, air intakes.

Installation lay-out distance
AND

Prdtection distance

Equipment of the fuelling station:

— Dispenser;
— Compressor;
— Liquid hydrogen storage;

— Gaseous hydrogen storage;

Yant ctacl ayitc
v-&

T eXTtoT

a2 The information is this table is provided to simplify target selection. It is not required to establish safety distances for
any of the targets in the table. It is also permissible to establish safety distances for targets not listed in this table.
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Table A.3 (continued)

Safety distance

Example targets?

External ris

Persons:
Public (3'd party);

k zone

Places of public assembly.
Property:

Lot lines;

D Jezs

1 drl I\IALS,

Houses;

Public buildings such as schools, hospitals;

High voltage lines.

a

The infd
any of the ta

rmation is this table is provided to simplify target selection. It is not required to establishSafety distance
rgets in the table. It is also permissible to establish safety distances for targets not listed in this table.

for

A.6 Exal

A.6.1 Ge

Safety dist
regional ay
these diffe
this annex
detailed an

This annex
comparing
only mode

mples of safety distances derived from risk assessment

neral

ances are one of several station features designed.to ensure safety. Design choices

d local regulations can change the safety featuresof the system. To make it possible to t
rences into account when calculating safety distances, a common approach is propose
If needed this approach can be used towardstlocal or national authorities for assessing
d appropriate manner the safety distances«t¢'be applied.

can be used either for designing the station in order to improve the safety distances oj
the safety distances using different'method: quantitative risk assessment or consequel
ling.

The example described in this annex illustrates how to perform an analysis to prepare a coun

specific sa
allows twd
and consed

fety distances. The appraach follows the methodology established Clause 5. The appra

uence-only modelling.)Both methods are demonstrated herein.

The example system is an-outdoor, publicly-accessible, compressed gaseous hydrogen station.

hydrogen s
system is

system pre
in a climat

98

chown in Figure A.2. The station dispenses 700 bar hydrogen, with maximum expe
ssure 0of 975 bar in the compressor. The station operates 24 hours per day, 365 days per y
e with.average temperature and pressure 15 °C and 1 atm (101,325 kPa).

and
ake
1 in
in a

for
1ce-

kry-
ach

methods for analysing safety of a hydrogen fuelling station: quantitative risk assessnpent

The

upply is via tube trailer, with on-site compression and dispensing. The layout of the example

ted
rear
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Figure A.2 — Layout of'the example hydrogen fuelling station

example station is comprised ofimultiple modules. Module 0 is a trailer and module 1 is a
net. The main body of the station includes up to 5 modules: module 2 is low pressu
ogen storage; module 3,-sta compressor units; module 4 is a high-pressure hydrog
ule 5 is the high-pressure-storage; and module 6 is a precooling unit. Module 7 is the dis

station configuration-options are considered in this example. For option 1, the compress

ogen trailer (module 0) stays on site and is used as the main hydrogen source for th
ling station. Id this case, the low pressure storage tank (module 2) is not part of the s
on 2, the compressed gaseous trailer will only be on site temporarily for unloadingin alo
age tank-(module 2). In that case the low pressure storage tank will be considered as
ion. Expected operating parameters of the modules are presented in Table A.4.

connection
e gaseous
bn cabinet;
penser.

ed gaseous
e hydrogen
tation. For
W pressure
part of the
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Table A.4 — Expected operating parameters of the example station

Ambient temper- Larsest
S ature external to -arg Pipe wall
ystem pressure . pipe outer -
system (minimum diameter thickness
range)
Module 0  |[Up to 25 MPa -18 °C to +40 °C 10 mm (Not
considered)
Module 1 Up to 25 MPa -18 °C to +40 °C 10 mm (Not
considered)
MOdl"lC 2 Up +to25MPa 182 Cto—+40-2€C 9,525 T 1,587 Srmm
Modile 3 Operating pressure: 70 MPa -18 °C to +40 °C 9,525 mm |1,587 5 mm
Range: 3 MPa to 97,5 MPa
Module 4 Operating pressure: 70 MPa -18 °C to +40 °C 9,525mm |1,587.5,mm
Range: 3 MPa to 97,5 MPa
Modyle 5 Operating pressure: 70 MPa -18 °C to +40 °C 9,525 mm N1;587 5 mm
Range: 3 MPa to 97,5 MPa
Modyle 6 Operating pressure: 70 MPa -18 °C to +40 °C 9,525 mm |1,587 5 mm
Range: 3 MPa to 97,5 MPa
Module 7 Operating pressure: 70 MPa -18°C to +40 °C 9,525mm |[1,587 5mm
Range: 3 MPa to 97,5 MPa

distances
the calcul

A.6.2 defilIs a list of standard case scenarios to be considered for assessing the corresponding safety

corresponding to several kinds of safety distances defined in Clause 5). Then we illustfate
ion of station-specific safety distances using-Several approaches and acceptance criterig.

The examylle calculations are performed in the HyRAM software, which is available for free download

at http://hyram.sandia.gov. Calculations were performed in HyRAM version 1.0.2.766.

NOTE The example uses HyRAM tool. Other'tools such as SAFETI and PhastRisk are equally suited for|this
kind of QRA|, see A.4.2.

A.6.2 Description of scenariosfor calculation of safety distances

In this example, illustrations of{calculation are provided for multiple scenarios, including two external

risk zones| scenarios and one clearance distance scenario. Local authorities can define additi

nal

scenarios. [Similar calculations could be applied to define installation layout distances, restricfion
distances, and protectign distances.

In most cpses, seteral calculation options are demonstrated, corresponding to both calculation
approaches, and_different station designs and local restrictions, modelling choices, and acceptdnce

criteria. The 6urrent example does not consider hazards related to accumulation of hydroge
confined spaces.

lllin

Four standard cases are defined below in Table A.5. They are illustrated on the lot layout in Figure A.3.

Table A.5 — List of example cases for safety distances

2

considered together)

Case(s) Type of safety distance Source Target
Standard Case |External risk zone Module 0 & 1 (Trailer & One person (a member of the public)
1 connection cabinet) standing at the lot line.
Standard Case |External risk zone Station (Modules 2, 3, 4, 5, 6 |One person (member of the public)

standing at the lot line.

Standard Case
3

Clearance distance

Station (Modules 2, 3,4, 5, 6
considered together)

One person (station user) standing

at the dispenser

100
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These cases described in Table A.5 are illustrating two types of safety distances. Other kind of safety
distances (defined in A.5) can be calculated by similar approach with different harm criterion or risk
criteria or models.

A
2
B
1 4 3
E
D
I

Key

A |building/shop

B [trailer module 0

C |panel module 1

D |station modules2,3,4,5&6
E [|dispenser

F [lotline

Figure A.3 — Illustration of the safety distances in the example cases

A.6.3 Analyses performed

A.6{3.1 Risk and harm acceptance criteria used within.

Risk acceptangecriteria and harm acceptance criteria may come from various published squrces. The
follpwing criteria are used in this analysis:

— |AIR <te~6 for vulnerable external populations and 1e> for less vulnerable (Dutch sourde)

— LAIR < '),nn—S for mnmbnrc ofthe pub]ir (TTcnd in NEPA 7)

— AIR < 1,0e* for facility users and workers
— Thermal flux:
— 1,26 kW/m? (in API 521 KHK committee document)
— 1,577 kW/m? (used in NFPA 2; Originally found in SFPE guide)

— 1,6 kW/m?2 (“irreversible effects” threshold for continuous exposure, meaning more than 60 s
from API 521)

— 3,0 kW/m2 (“irreversible effects threshold for...how long exposure?” from API 521)
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— 5,0 kW/m? (threshold effects on windows)
— 8,0 kW/m? (potential domino effects threshold)

A.6.3.2 Default parameters used in all cases

The models, data, and default values for Table A.6 are explained in more detail in the HyRAM technical
reference manual \cite{HyRAMtechreport}. Additional information about the underlying scientific basis
of the models and data can be found in the original sources which are cited in the HyRAM technical
reference manual.

Table A.6 — HyRAM model and input parameters used in these analyses

HyRAM
P

Model or Input
hrameter

Value

Comments

Flame Radiation Model

Ekoto/Houf (curved flame)

Notional N

zzle

Yuceil/Otugen

Radiative s

burce model

Multiple radiation sources, integrated

Deflagratign Model

CFD
With user input: P_s = [0,0,0,0,0] and
Impulse =[0,0,0,0,0]

Since this station is outdoors and th¢re
is no confinement of the hydrogen, s¢
therefore-no overpressure generate
by fires.

Thermal Probit Tsao

Thermal Efposure 60s
Overpressyre Probit Lung Eisenberg
componenth,allsizeg) | Pefaultvalues
Ignition Prebabilities Default values

System Parfameters - Vehicles

One or more input$én this tab should
be set to 0.

This HyRAM feature is not intended to
be used in this analysis. All inputs on
this should be set to 0.

Gas releasdangle 0 degrees
Jet flame angle 0 degre€s
Leak height from floor (y0) Im
Relative humidity 0,89

Y radiative

heat flux points

(m) All are setto 1 m.

(Vertical)

Z radiativeheat flux9oints In physics mode all are set to 0 m.

(m) (Flame centerline). In QRA mode Z=X-
(Perpendiculaxto’flame) =location distribution parameter A.

Location dji

stribution type

Deterministic

A.6.3.3 to A.6.3.5 describe some illustrative examples of scenario and case description.

Examples are not inclusive of all possible cases.

A6.3.3 C

ase 1 analysis

As mentioned previously, different methods can be used to assess the safety distances.

Below in Table A.7 are described the details of the different approaches. These approaches are country
or region specific.
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Case 1A and Case 1B use a QRA-informed approach for finding this safety distance. Cases 1C to 1E use
a consequence-only approach to find this safety distance. Case 1F does not calculate a distance for this
scenario. The key differences between the cases are highlighted in grey.

The consequence-only cases differ from the QRA cases in two important ways. First, the QRA cases
allow the region to include consideration of the system design, safety features, and release frequency
(from each part in the system) in the calculation of distance. Secondly, the QRA approach considers the
full spectrum of possible release sizes: the calculation includes consequences from all possible release
sizes. These consequences are weighed based on the frequency of that leak size. In the consequence-
only approaches, there is no credit for the system design; the release size is chosen (this is different

fro

the QRA approach where all release sizes are considered and weighted by the freque

cy of those

rele
the

ases based on system reliability data) and selected based on local requirements. Inm
selected release sizes are much smaller than the largest possible release. In some.1eg

hst regions
ons this is

spefified as arequired diameter (e.g., 0,2 mm, 1 mm) or a required fraction of the pipé diamdter (1 % or
10 % of a pipe OD, ID, or flow area).

Casg 1A considers the consequence from all possible release sizes (including,the maximum possible
reldase of 10 mm) and also considers the likelihood of those releases from each compofent in the
system. Region A uses the published risk acceptance criteria of AIR < 1,0e75.

Casg 1B differs from Case 1A with one main difference: Region B requires a flow orifice orj module 0;
thig orifice restricts the flow area in this system down to an effective diameter of 3 mm. Rejgion B also
usep a different risk acceptance criteria of AIR < 2,0e75.

Casp 1C uses the conservative 1,26 kW/m?2 harm acceptance*criteria and requires analysis[of a 100 %
reldase (corresponding to a full bore rupture) from the largest pipe in the system. Cage 1D uses
the[same harm criteria but only requires analysis ofZa release of 1 % of pipe diameter and requires
conpideration of the maximum allowable pressure*(25 % more than the intended operating pressure).
Reglion E uses a higher harm acceptance criteria-af 3,0 kW/m?2 and requires modelling a rel¢ase size of
10 % of pipe flow area.

In (Jase 1F, the safety distance is 0 m, because Region F does not assess this safety distance scenario in
thefr regional requirements due to otherregional requirements designed to mitigate the risk ffom Case 1.
Table A.7 — Case 1 HyRAM analysis results

Case 1A Case 1B Case 1C Case 1D Case 1E Case 1F
[alculation QRA QRA Conse- Conse- Conse-
approach quence-only | quence-only | quence-only
N
ficceptance @%{ <2,0e5 AIR<1,0e’5 | 1,26 kW/m? |<1,26 kW/m?| <3,0 kW/m2
criterion
Pipe maximum{" .
. Region F
flow diamee? 3 mm (flow rate does not
(¢ither¢he ID | 10 mm (ID from . N/A. System design is not considered in .
: equivalent of a consider
o1 efféctive ID module 0) : consequence-only approaches.
3 mm pipe) the case 1
based on flow :
scenario.
restriction)
Release diame- Lellliieres llanle s Maximum 10 % of flow
. from 0,1 mm - | from 0,03 mm - 1 mm
ter considered (10 mm hole) area (3 mm)
10 mm] 3 mm]
Internal tem- 15°C 15°C 15°C 15°C 15°C
perature
Internal 250 bar 250 bar 250 bar 312,5 bar 250 bar
pressure (25 MPa) (25 MPa) (25 MPa) (31,25 MPa) (25 MPa)
External tem- o 15°C 15°C 15°C 15°C
15°C
perature
External 1 atm 1 atm 1 atm 1 atm 1 atm
pressure (101,325 kPa) (101,325 kPa) |(101,325kPa)|(101,325kPa)| (101,325 kPa)
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Table A.7 (continued)
Case 1A Case 1B Case 1C | Case 1D Case 1E Case 1F
0 compressors, 0|0 compressors, 0
cylinders, cylinders,
23 valves, 23 valves,
System configu- | 3 instruments, | 3 instruments, L . .
ration (sources 2 filters, 2 filters, N/ A'Csoyr::n:lgszgg_gs n;)t C::;éﬁ:ed n
of releases) 0 flanges, 0 flanges, q yapp '
48 (non-welded) | 48 (non-welded)
joints, 1 hose, joints, 1 hose,

TOmT pipes T pipes

Credit for pddi- (19
tional mitiga- (19
tions (e.g., gas or N *
flame defec-
tion) or other 0,0 0,0
documerjted
considerations
(e.g., directlion of

N/A. System design is not considered in
consequence-only approaches

releas¢)
Number df ex- 1 1 N/A. Exposed populationgds'not considered
posed perfsons in consequence-obdy approaches.
Person’s exposed N/A. Exposed population is not considered
: 8760 8760 ;

hours in 1|year in consequénce-only approaches.

[llustratiive

example of 11,5m 1m 40 4,0m 8,5m Not

calculated fafety
distange

applicable

A.6.3.4 (ase 2 analysis

In Table A.B, Case 2A and Case 2B use a QRA=informed approach for finding this safety distance. Cgses
2C to 2D uge a consequence-only approach to'find this safety distance. The key differences between|the
cases are hlighlighted in grey.

As stated blefore, the consequence-pnly cases differ from the QRA cases in two important ways. First)the
QRA cases|allow the region to inclirde consideration of the system design, safety features, and relgase
frequency [(from each part in‘the system) in the calculation of distance. Secondly, the QRA apprdach
considers the full spectrum-of possible release sizes: the calculation includes consequences from all
possible release sizes. Thiese consequences are weighed based on the frequency of that leak size. In|the
consequenge-only approaches, there is no credit for the system design; the release size is chosen (this is
different fjom the QRA approach where all release sizes are considered and weighted by the frequgncy
of those releasesbased on system reliability data) and selected based on local requirements. In most
regions the selected release sizes are much smaller than the largest possible release. In some regjons
this is spedified as a required diameter (e.g., 0,2 mm, 1 mm) or a required fraction of the pipe diamgter
(1 % or 10 % of a pipe OD, 1D, or tlow areaJ.

Case 2A case considers the consequence from all possible release sizes (including the maximum possible
release of 0,312 5 in) and also considers the likelihood of those releases from each component in the
system. Region A uses the published risk acceptance criteria of AIR < 1,0e5.

Case 2B is very similar to Case 2A, but more parts are included in the Case 2B system configuration. This
is because Region B regulations prohibit an on-site trailer: instead, stations in Region B are assumed to
have on-site storage (represented by Module 2 in this example).

Region C uses a harm acceptance criteria of 3,0 kW/m? and requires modelling a release size of 10 %
of pipe flow area. Region D uses the conservative 1,26 kW/m?2 harm acceptance criteria. Both Region C
and Region D require modelling of a 1 mm hole in the system.
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Case 2A Case 2B Case 2C Case 2D Case 2E
Calculation QRA QRA Conse- Conse- Conse-
approach quence-only quence-only quence-only
Acceptance AIR < 1,0e-5 AIR < 1,0e5 <3,0 W/m? <1,26 kW/m? | <1,26 kW/m?
criterion

Pipe maximum
flow diameter
(either the ID or ef-
fe

H 1.1 <
IVC 1D UdSTU Ull

0,312 51in (ID
from modules 3-5)

0,312 5in (ID
from modules 3-5)

N/A. System design is not considered in conse-
quence-only approaches.

Exfternal pressure

(101,325 kPa)

(101,325 kPa)

(104,325 kPa)

flpw restriction)
"4
. [All releases from | [All releases from )
R¢ 12’23‘;316”‘;:?” 0,003 125 in - 0,003 125 in - 1 mm 1 mm ,\f]/ 1 mm
0,312 5 in] 0,312 5 in] A’
Infernal tempera- o 15°C 15°C 150C 15°C
15°C
ture
Infernal pressure | 700 bar (70 MPa) | 700 bar (70 MPa) (77%01\/?;;) (77%01\/?;;) (;%ONIIJS;)
Ejternal temper- 15°C 15°C 15°C 15°C 15°C
ature
1 atm 1 atm f.atm 1 atm 1 atm

(101,325 kPa)

(10[L,325 kPa)

2 compressors,

2 compressors,

40 cylinders, 48 cylinders,
20 valves, 32 valves,\‘g\
Shstem configu- 8 instruments, 12 instruments,
rakion (sourcegs of 0 filters, 0 filters, N/A. System design is not considered|in conse-
releases) 0 flanges, 24 0 flahges, quence-only approaches.
(non-welded) 44 ﬁ@'l-welded)
joints, joints,
0 hoses, \\ 0 hoses,
20 m pipes C) 30 m pipes.
(redit for addi-
tignal mitigations Hegion E
(e §ét%istiz;§l§;ne 0,9 09 N/A. System design is not con- a(ﬂ gisgi‘?
other documented (reduction by (reduction by sidered in consequence-only be 1 educed by
0, 0,
donsiderations 90.%/0of frequency) |90 % of frequency) approaches 50 % if barrier
(etg., direction of wdlls added
release)
N/A. Exposed
. population is
Number of ex- N/A'. Exposgd population is not not fonsidered
aSedpersons 1 1 considered in consequence-only il conse-
H approaches.
ftrence-only
approaches.
N/A. Exposed
L lation is
) N/A. Exposed population is not popuiat
P}?gizz ?ne;(pc;said 8760 8760 considered in consequence-only notirclocr;s;llgg_red
y approaches.
quence-only
approaches.
[llustrative exam-
ples of calculated 1m 2,5m 4,5m 55m 2,75 m
safety distance
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A.6.3.5 Case 3 analysis

In Table A.9 Case 3A, Region A uses a higher AIR criterion of 1 x 10-* because the exposed person is a
user of the station. Similarly, Case 3C and Case 3D use higher harm criteria.

Table A.9 — Case 3 HyRAM analysis results

Case 3A Case 3B Case 3C Case 3D
Calculation approach QRA Conseq. only Consegq. only
Acceptance criterion AIR<1x 104 <5,0 W/m? <3,0 kW/m?
Pipe mayimum flow
diameter (either the ID 0,312 5 in (ID from N/A. System design is not congideted
or effectiv¢ ID based on modules 3-5) in consequence-only approaches|
flow reptriction)
/
Release djameter con- [Aélggge?;essiggm 10 % of ID (bQ 1 mm
sidered 0312 5 i Region B does not (0,031 25 in) O)%)
’ in] consider the case 3 LN
Internal temperature 15°C scenario. 15°C 15°C
Internal pressure 700 bar (70 MPa) 700 bar (70-MPa) | 700 bar (70 MPa)
External §emperature 15°C 15°C 15°C
1 atm 1 atm
Externall pressure 1 atm (101,325 kPa) (401,325 kPa) (101,325 kP4
2 compressors,
40 cylinders,
20 valves,
System cqdnfiguration 8 1n()s';;"11:$§nts, N/A. System design is not considered
(sources pfreleases) 0 flanges, in consequence-only approaches
24 (non-welded) joints,
0 hoses,
20 m pipes R
Credit foy additional
mitigatiops (e.g., gas
or flame|detection) 00 N/A. System design is not considered
or other documented . in consequence-only approacheq
considerftions (e.g.,
directior] of release)
Number pf exposed 1 N/A. Exposed population is not cons$id-
persons ered in consequence-only approacles.
Person’s eposed hours 8760 N/A. Exposed population is not cons$id-
in 1 year ered in consequence-only approacles.
[llustratiye examples
of calculpted'safety 0,5m 0Om 3m 4m
disfanoe
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Annex B
(informative)

Further guidance on risk management

General
=enera:

Thi
infq
pos

One
con|
aga
cha
tos
iso

Thd
of s

B.2
The

The

5 annex is to be used as a narrative to the Clause 5 and is intended to give valuable
rmation, examples and list of items that are recommended to consider. Also, in some ing
Kible solution space is listed.

major aim of risk assessment is to provide a description of the hazard s¢enarios, their
Kequences and uncertainties (taken in part or in whole), for use in decision’'making (e.g.,
nst a defined risk acceptance criteria). The generated information/can be used to mak
hges to the design and siting of the hydrogen fuelling station withCthe aim to reduce the
hrrounding people, assets and the environment to a level tolerable to the society in which
berating.

risk assessment can further be used to show to the authorities that an equivalent (or h
hfety can be reached with arrangements that deviate from the ones e.g. found in prescrip

Hydrogen fuelling station safety recomimendations for 5.1
following general mitigation strategies shotild be considered:
minimization of the potential for the formation of a flammable mixture;

minimization of the potential for'ighition (from both piloted and spontaneous ignition s

mitigation of the impact te‘the fuelling station installation from an external fire;
reduction of the physical effects of the explosion generated by potential leaks or release
minimisationef confinement of hydrogen systems;

maximisatien of natural ventilation;

safety~distances.

foHowing three stages of safety assurance should be considered:

additional
tances, the

causes and
omparison
e educated
risk posed
the station

gher) level
tive

purces);

mitigation of the effects of flammable gas releases originating from the fuelling station ipstallation;

©IS

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 operato
— designing the user-machine-interfaces in a straight forward manner;

— emphasizing training of personnel, managing competence of personnel;

— implement Management of Change processes;
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— establishing preventative maintenance.

mitigation strategies by combination of the following:
application of state-of-the-art technology;
barriers and layers of protection;

safety measures;

safety distances.

struct

B.3 Risk assessment guidance for 5.2

Qualitative
ilhigh", llm(
level of risl
Semi-quan

qualitative
consequen

Quantitatiy
probabiliti
risk is expt

B.4 Guig

B.4.1 Ge

The follow

B.4.2 Mi
in5.3.1

Where pos
ventilation
an enclosu

The follow

equipn
inhere

ired and effective emergency response (contingency planning).

assessment defines consequence, probability, and level of risk by magnitude levels suc
dium”, and “low”, may combine consequence and probability, and evaluates the resul
x against qualitative criteria.

fitative methods use detailed models and data for either consequénce or probability,

Ce modelling and assumes the probability of a scenario is 1,0.

e analysis uses detailed models and data to estindate for consequences and t
bs, and produces values of the level of risk using bothprobability and consequence. Leve
essed in specific units defined when developing the context.

lance for 5.3

neral

ng subsections provide guidance for'addressing risks in various parts of 5.3.

Kible, it may be prefetable to locate hydrogen process equipment in the open air, with nat
to dissipate any leaked hydrogen. Alternatively, the hydrogen equipment may be locate
Fe to permit deteCtion of leaks and instigate forced ventilation to prevent accumulation.

ng mitigatiens may reduce the frequency or probability of a release:

hent designs which minimise the number of connections, are leak-free by design or
htly safe equipment design;

figations which reduce the potential for the formation of a flammable mixture

1 as
ant

and

treatment for the other. One example is a consequence-only ahalysis which uses detafiled

heir
] of

iral
d in

use

contr

regula

? . L.
ofoperatmgpressuretopreventover-pressurrsatron;

in-process leak detection such as the ability for isolated systems to hold pressure;

r inspections and maintenance.

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

ventilation (e.g. passive or active ventilation);

present, particularly in enclosed spaces (see 11.2.3);

perma

108

nent inert atmosphere (for instance, in small electrical equipment enclosures).

hydrogen detectors to provide detection and automatic shutdown/isolation if flammable mixtures
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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 flammable gas;

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.

B.
en

An

B.4
The

B.4

Thd
inst

! 1ST Of examplies on now to preven € 1ormation ol riammabpie mixtures

losures for 5.3.2

bn-comprehensive list of example prevention methods is as follows:
passive ventilation;

active ventilation;

flammable gas detection system (see 11.2.3);

integrity testing (rate of pressure loss measurement) of isolatéd piping sections;

other means of leak detection, such as ultrasonic gas detection.

.4 Mitigations to reduce the probability of ignition in 5.3.4
following mitigations may reduce the probability of ignition:
restriction of activities;

area classification;

design by construction of components or equipment;

electrical measures (e.g., greunding and bonding);

equipment enclosures;

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

.5 Mitigations-to reduce the effects of flammable mixtures in 5.3.5

following\imitigations may reduce the effects of flammable mixtures originating

allation:

flame or fire detection;

in

within the

equipment enclosures;
access control measures (e.g., fences, walls, equipment enclosures);
safety distances such as minimum distance between storages (see 5.4);

explosion relief protection (see for example; API 521).
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B.4.6 Mitigations against external fire or event in 5.3.6

B.4.6.1 General

These measures may include the following:

safety distances, see 5.4;

lightning protection;

fire barriers;

vehicl¢ impact protection;

protec

access

protec

tion against spillage of flammable fluids from other sources;
control measures;

tion against external events.

B.4.6.2 FHire barrier recommendations for 5.3.6.2

A non-com
is as follow]s:

prehensive list of examples of safety distances which could be reduced by use of a fire bar

building of combustible material;

flammhble liquids above ground;

stock of combustible material;

flammpble gas storage above ground;

jet flathes following ignition of hydrogen réleases from the fuelling station;

overpressure following delayed ignition of hydrogen releases from the fuelling station;

pool fi

Fes following ignition of hydraulic oil releases.

B.5 Examples of non-hydrogen hazards for 5.5

Examples

1) Mecha

2)

110

a)
b)
‘)
d)
e)
f)

sh

re

f non-hydrogen-hdzards that should be considered as part of 5.5 are included below.
hical hazards'due to:
bpe (sharp surfaces);

afive location (trip/crash hazard);

rier

mass and stability (potential energy of elements which may move under the effect of gravity);

mass and velocity (kinetic energy of elements in controlled or uncontrolled motion);

inadequacy of mechanical strength (inadequate specification of material or geometry);

fluids under pressure (over-pressurization, ejection of fluids under pressure, vacuum).

Electrical hazards due to:

a)
b)

Cco

ntact of persons with live parts (direct contact);

contact of persons with parts that have become live under faulty conditions (indirect contact);
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8)

ISO 19880-1:2020(E)

c) approach to live parts under high voltage;

d) electrostatic phenomena;

e) electromagnetic phenomena;

f) heat/chemical effects from short circuits, overloads;
g) projection of molten particles.

Thermal hazards due to:

a) contact of persons with surfaces at extreme high and low temperatures;
b) release of high temperature fluids;

c¢) thermal fatigue;

d) equipment over temperature causing unsafe operation.

Hazards generated by materials and substances:

a) hazards from release, venting, contact with, or inhalation “of, harmful fluids, g3
fumes, and dusts;

b) fire or explosion hazard due to leak of flammable fluids;
c) fire or explosion hazard due to internal build-up.of flammable mixture;

d) hazardous situations caused by material deté€rioration (for example, corrosion) or ac
(for example, fouling);

e) asphyxiation;

f) reactive materials (pyrophoric).

Hazards generated by malfunctioss:

a) unsafe operation due to-failures or inadequacy of software or control logic;

b) unsafe operation due€ to failures of control circuit or protective/safety components;
c) unsafe operation due to power outage.

Hazards generated by neglecting ergonomic principles:

a) hazards due to inadequate design, location or identification of manual controls;

b) , hazards due to inadequate design or location of visual display units and warning sig

ses, mists,

fumulation

ns;

c)-/ noise.

Hazards generated by erroneous human intervention:

a) hazards due to deviation from correct operating;

b) hazards due to errors of manufacturing/fitting/installation;
c) hazards due to errors of maintenance;

d) vandalism.

Environmental hazards:

a) unsafe operation in extreme hot/cold environments;
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112

rain, flooding;
wind;
earthquake;
external fire;
smoke;

snow, ice load;

attack by vermin;
pdllution;

air pollution;
witer pollution;

so|l pollution.
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Annex C
(informative)

Hydrogen dispensing and examples of fuelling and

communications protocols, and corresponding verification testing

General description of dispensing

Figlire C.1 describes an example of the key components of the fuelling stationndispens
including the fuel cell electric vehicle high pressure hydrogen system, comprising,-amongst
recg¢ptacle and compressed hydrogen storage systems (CHSS) with sensors asiwell as pres
deviice(s). The CHSS has a thermally activated pressure relief device(s) to protect against ov
due|to a fire. On the station side, there is an automated dispensing system control system (e
a PILC) for performing the fuelling (using an acceptable fuelling protocol)yas well as fault de
mamnagement procedures. The station also has an over pressure protection device such as

smit the measured temperature and pressure*of the compressed hydrogen storage sys|
icle to the hydrogen dispenser. The dispensing system control system may use this d|
frol system to manage the fuelling process.
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Cooling block * CHSS Temperature and Pressure Sensors -

" Compressed Hydrogen
Storage System (CHSS)

Figure C.1 — Example of the key components of the fuelling station dispensing system and the

vehicle high pressure hydrogen system
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C.2 Description of SAE J2601

SAE J2601 defines the protocol and process limits for hydrogen fuelling of light duty vehicles which
meet the requirements of the GTR#13.

The fuelling protocols in SAE J2601 are based on a set of boundary and initial conditions which reflect
CHSSs of current light duty vehicles and associated fuel delivery components in the vehicle and fuelling
station that affect the fuelling. For example, SAE J2601:2014 and SAE J2601:2016 cover light-duty
vehicles with CHSS volumes from 50 litres to 250 litres. Assumptions regarding the initial temperature
of the CHSS are also established and incorporated into the SAE J2601 fuelling protocols.

SAE J2601
defined in |

SAE J2601
ramp rate,
throughou
the formu

allow for fyelling with communications or without communications. For fuelling.with communicati

SAE J2601

SAE J2601
annex is b
scope are

dispensing
revisions 4
dispensing
]2601 whid

revisions aft the Standard level.

NOTE A
8.2.1.1 deal

Future publications of SAE ]J2601 are also-'expected to include methodologies to detect a poter

error in py
In addition
over the fi
process co
confidence

For hydrog
SAE ]2601-
larger stor

C.3 Use

is fully compliant with the general requirements of 8.2.1.1 and with the process diinits
B.2.1.2.

defines fuelling protocols based on either a look-up table approach utilizing a fixédpresg
or a formula-based approach utilizing a dynamic pressure ramp rate continugusly calculz
f the fuelling. The table-based protocol provides a fixed end-of-fill pressureitarget, whel
a-based protocol calculates the end-of-fill pressure target continuously: Both proto

ure
ted
eas
cols
b1,
is used in conjunction with SAE J2799.

is an approved and published document. The description anddnformation provided in this
hsed on the 2016 revision to SAE J2601. Periodically, technical updates and expansionfs in
made through the ANSI-approved document revision proecess. It is recommended that|the
system hardware and software remain current with regard to revisions, particularly when
ffect specific applications of that dispensing system as it may effect overall safety of|the
process. This situation is specifically noteworthywith regard to the 2010 version of FAE
h was published as a Technical Information Report (TIR) and superseded twice by apprgved

\ significant limitation of the SAE TIR ]J2601:°2010 is that it does not address the requiremernt of
ng with safety of consecutive fuelling, unléss further mitigation measures are taken.

tial
col.

essure, temperature, or mass flow measurements that are being used by fuelling prota
to the use redundant or collaborative measurements of process parameters, mass bala

hge capacities of these types of vehicles.

ofvehicle-to-station communications

The use of

about the CHSS being fuelled, which the dispensing system would not otherwise know, such as the CHSS
nominal working pressure (e.g. H70, H35), the CHSS volume, the CHSS gas pressure, and the CHSS gas
temperature. It also provides a fuelling command signal, which informs the dispensing system if it is “ok
to fuel” or if the fuelling should be aborted. Although these data provide an additional layer of safety,
they are not used for primary control of the fuelling process, as a reliability requirement has not been
established for the vehicle data measurements and for the communication link. In SAE ]J2601, the data
communicated to the station may be used for secondary confirmation of the CHSS nominal working
pressure, for determining the CHSS volume, and for determining when to end the fuelling based on a
target SOC of 95 % to 100 %. The data communicated does not influence the pressure ramp rate the
dispensing system utilizes - the pressure ramp rate is the same for communications fuelling and for
non-communications fuelling for a given CHSS volume.
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C.4 Description of SAE J2799

SAE ]2799 fulfils the functionality defined in 8.2.1.4. SAE ]J2799 specifies the communication hardware
and software requirements for fuelling hydrogen surface vehicles (HSV). SAE J2799 is intended to be
used in conjunction with SAE J2601 and with SAE ]J2600.

SAE J2799 utilizes one-way communication and provides error-checking that can identify faults with the
data transfer. If a sufficient error in communication is detected, or if communication is lost, the dispensing
system control either switches to the non-com fuelling protocol or stop fuelling as defined in 8.2.

SAE J2799 is an approved and published document. The description and information provided in this

ma

sys
effe
pro

C.5

C.5

It is
and
the
bot

stapdard, such as CSA HGV 4.3, HYSUT-G 0003 or the@CEP hydrogen fuelling validation tes

sho

Validation of the fuelling protocol is intended tefest that the dispensing system is:

a)
b)

c)

amj]ex is based on the 2014 revision to J2799. Periodically, technical updates and expansions.i

e through the ANSI-approved document revision process. It is recommended that the
em hardware and software remain current with regard to revisions, particulanlywhe
ct specific applications of that dispensing system as it may effect overall safety of the
Cess.

Validation of the fuelling protocol and vehicle-to-station communicaf

1 General

vehicle-to-station communications, as outlined in 12.5¢/This validation can be conduct
. For validation of fuelling stations employing SAEJ2601 and SAE ]J2799, an approved

11d be used.

applying the control parameters correctly;

responding to process limit violations correctly;

process limits and achieying an acceptable ending SOC in the CHSS.

h scope are
dispensing
h revisions
dispensing

rions

important that the fuelling station be validated that it is-Cérrectly applying the fuelling protocol

bd through

use of factory acceptance testing, through the use ofisite acceptance testing, or a compination of

validation
L protocol”,

able to meet a certain level\of fuelling performance (i.e. completing fuelling without| exceeding

Validation of the vehicleste-station communications is intended to test that the dispensing system:

a)
b)
‘)
d)

receives and interprets the communicated data correctly;
responds carkéctly to data values which are outside the allowed bounds;
responds correctly to bad data packets;

responds properly to data which should terminate the fuelling:

C.5

— an aport command;
— CHSS gas temperature equal to or greater than 85 C;

— CHSS SOC =100 %.

.2 Acceptance criteria of testing (as per SAE J2601:2016)

Table C.1 below lists the acceptance criteria for the fuelling at a hydrogen station along with the
reference clauses in SAE ]2601:2016.
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Table C.1 — Global acceptance criteria for all hydrogen fuelling testing to SAE J2601 (both SAT

and FAT)

Criteria

Fuelling limits

SAE J2601:2016
Clause reference

Ambient temperature of operation

Ambient temperature sensor

~40°C < T, < +50 °C

6.2.2

Vehicle tank starting pressure monitoring <0,5 MPa <P, < NWP 6.3.1
Maximum flow rate Flow rate <60 g/s 6.4.2
Dispensing[SyStenT fiow Sensor

Fuel delivefy temperature =40 °C < Tgyq 6.2.3
Dispenser fluel temperature sensor

Vehicle CH$S gas temperature =40 °C < Tyepicle < 85 °C 6.2.4
Maximum mass of hydrogen allowed during  |Total H, mass prior to start of fuelling  |6.43

in the allowed range of 49,7 litres.to
248,6 litres.

If CHSS volume is measured, SAE J2601:
2016 requires a measurément accuracy
of +15 %.

start-up <200 g (measured at HSTA, flow meter,
etc)
CHSS capadity CHSS volume determined to be with= Table-based protdcol

- Section 8.2

MC formula protofol
- Section 9.2

Fuel delive
by dispens

'y start-up requirement (measured
b1 fuel temperature sensor)

Table-based frotocol:

Tfuel < Tfuel category max Within 3_0 s from
the start of the main fuelling time

MC formula protocol:

Ttye Shall always be 2-40 °C, and after
a total of 30 seconds of mass flow have
elapsed, MATj; shall be <-17,5 °C.

Table-based Protdcol
- Section 8.1.2.1

MC formula protofol
- Section 9.1.2.1

Fuel delive

(measured
sensor)

'y temperature tolerance

by dispenser fuel temperature

Table-based protocol:

T:fuel category min < Tfugl < Tfuel category max
(if not met, fallback is allowed)

MC formula protocol:

Tfuel shall always be 2-40 °C, and after
a total of 30 seconds of mass flow have
elapsed, MATj; shall be <-17,5 °C.

Table-based protdcol
- Section 8.1.2.2

MC formula protofol
- Section 9.1.2.1

a2 Inafaul

k condition; it is permissible to have up to 115 % SOC only with communications.
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Table C.1 (continued)

Criteria

Fuelling limits

SAE J2601:2014
Clause Reference

Table-based protocol only and for communica-
tions fuelling only:

Fallback test (where option exists)

Communication fills only
Follow the fallback procedure

Stations shall not use the fallback
procedure to switch to a colder fuel

delivery temperature (and faster
APRR)

ln(‘lllf‘]ln(}' Q‘I\I]f!‘hll’\()' h:\f‘l(

8.10

to the orlglnal APRR if the statlon
returns to the initial fuel delivery
temperature category.

The fallback procedure can only he
used once during a fuelling and, the
station shall terminate the faelling
(as soon as possible but'‘within
five seconds) if the fuel )delivery
temperature exceeds a fallback fuel
delivery temperaturéupper limit.

Uppber station pressure tolerances Table-based protocok Table-bas¢d protocol
(mgasured by dispenser fuel pressure sensor) | Pgiaion < Po + (ARRRY 1ge0) - Section $.3.2
(ruelling) + APupper MC formula protocol
where AP, 5= 7,0 MPa - Section 9.3.2
MC formulaprotocol:
Pstatlon = Pllmlt _high where
llmlt hg ramp + APtol _high’
where APy pion = Pa
Lower station pressure tolerances Table-based protocol. Table-bas¢d protocol
(mgasured by dispenser fuel pressure selsor) |Pgi,on 2 P + Max [((APRR ;e - Section $.3.2
truelling) ~ APiower), 0], where MC formula protocol
lower = 2,5 MPa - Section 9.3.2

(A 5 second allowance is given for the
station pressure to get back above the
lower pressure tolerance after an in-

tended non-fuelling event)
MC formula protocol:
Pstation z Plimit_low
limit_low = Max [Pinitial'

ramp APtol_low]' where
AP = 2,5 MPa

(A 5 second allowance is given for the

where

tol_low

station pressure to get back above the
lower pressure tolerance after an in-
tended non-fuelling event)

Cycle control

(ensure software has a counter for uninten-
tional fuel stopping events)

Fuel flow stoppage (below 0,6 g/s) may
not happen more than 10 times during a
fuelling event

Table-based protocol
- Section 8.4

MC formula protocol
- Section 9.4

a

In a fault condition, it is permissible to have up to 115 % SOC only with communications.
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Table C.1 (continued)

Communication end of fuelling Table-based protocol: Table-based protocol
- Section 8.9.6

MC formula protocol
- Section 9.9.5

Fuelling stops when
P = Ptarget'
100 % < SOC

MC formula protocol:

station and/or

.a
vehicle

Fuelling stops when

(p orpP 1= Minimum (P
station veniclers target_

comm’ Plimit_comm
Non-commfinication end of fuelling Table-based protocol: Table-based protdgcol
_p - Section 8.8.2

Fuelling stops when P,

station = target MC f i I
) ormula protofo
MC formula protocol: _ séétion 9.8.2
Fuelling stops when Py, ion = Prarget.
non_comm
Maximum pressure P ehicle S 125 % NWP 6.3.3
(measured py dispenser fuel pressure sensor or
communicdted vehicle pressure, MP, from IrDA)
Maximum yehicle state of charge under com- |SOC, ;e < 100 % (measuf'ed at HSTA or |6.4.1
munications fuelling in vehicle CHSS)

a2 Inafaulf condition, it is permissible to have up to 115 % SOC only with{cemmunications.

C.5.3 FAT and SAT specification

C.5.3.1 FAT description

The FAT of|dispensing systems is expected to belcarried out before the fuelling station is commissioned
in order tp prove the functionality of thessafety and performance systems of the fuelling stafion
according [to SAE ]J2601. This could take-place in a simulated environment to evaluate that|the
dispensing system applies the protocol correctly under a wide range of conditions, and that it respgnds
properly to out-of-bounds conditions (upset conditions) which cannot be replicated in the field. This
should include simulated softwaré testing and hardware-in-the-loop testing, or can optionally include
hydrogen fuelling with a hydrdgen station testing apparatus (HSTA). The hardware and softwar of
the station|should be specified’and should not be changed between the FAT and SAT tests. In addiffion,
the manuffcturer should provide minimum installation specifications to ensure that the station will
perform thle same duringthe FAT and SAT tests.

NOTE IIn a matufe'production situation, if the design and manufacturing processing have been establighed
and are under configuration management control, then the necessary type and frequency of tests can be adjupted
as supported byproduction quality plan to ensure the performance consistency of each unit produced.

The factor aecepianeetostsaremainbe locnsad on tho milnipm colalbu tacte ac daceribad tn tha 0
The station owner/operator should provide the necessary data from the dispensing system in order to
properly evaluate the tests.

C.5.3.2 SAT description

The site acceptance testing should include representative tests according to the dispensing system
capability. For example, if there are two pressure levels, 35 MPa and 70 MPa, but one dispensing
system fuel delivery temperature category, such as T40, tests should be conducted to evaluate that
the dispensing system fuels according to SAE J2601 and responds properly to process limit violations.
In addition the performance of fuelling with (if available) and without communications should be
evaluated. Testing should evaluate the ability of the dispensing system to fuel compressed hydrogen
storage system (CHSS) of the different capacity categories (2 kg to 4 kg, 4 kg to 7 kg, 7 kg to 10 kg)
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according to the dispensing system capability. All fuelling stations should be tested at each dispenser
and each nozzle connection (e.g. H35 and H70), see 12.5.5.

It is assumed that the necessary dispensing system data (or access it) will be provided from the station
owner/operator and the HSTA. The data should be recorded, from the start of connection to end of
fuelling, at a minimum rate of 1 Hz. The minimum station data required depends on the protocol
utilized.

Table-based protocol minimum data requirement:

— Time

— | The station measured ambient temperature (T,,,;,)

— |Dispenser outlet H2 temperature (Tf,;) - two values if dual measurements used
— |Dispenser outlet pressure (Pgation)

— |Accumulated mass flow and Ty, ¢1ave OF Truelaveroll (f Truelave ©F Truelaveron @V€ used)
— |An indication of where the main fuelling time begins and ends

— |An indication of intended non-fuelling time

— |An indication of where Top-off begins

— |An indication of where Fallback begins (if utilized)

— |Measured pressure (MP), measured temperature (MT) and fuelling command (FC) fron] IR data
MC[Formula protocol minimum data requirements

— |Time

— [The station measured ambient temperature (T,,,)
— |Dispenser outlet H2 temperature/T,;) used for MAT - two values if dual measurements used
— |Dispenser outlet H2 temperature (Tf,) used for h,,, - two values if dual measurementqused
— |Dispenser outlet pressure (Pg;,ti0n)

— [Accumulated masslow (m)

— [Control pressure offset value (AP ¢¢0t)

— |An indication of where the main fuelling time begins and ends
— |Andndication of intended non-fuelling time

— liads RR (£ iable-in SAEJ2601)

— Indicator comm fill (flag variable in SAE ]J2601)

Plimit_high and Plimit_low
— P P

target_non_commnv ° target_comm’ Plimit_comm

— Measured pressure (MP), measured temperature (MT) and fuelling command (FC) from IR data

There should be site acceptance testing of the fuelling function with the HSTA or equivalent, as per
Clause 12. The goal is to test the fuelling functionality with no station modification in order to confirm
the fuelling parameters are within fuelling limits under normal operation. Pass/Fail criteria to be based
on the dispensing system staying within, or responding properly to, the limits defined in Table C.2
below. Discretion is allowed in meeting performance-related criteria listed (i.e. the dispensing system'’s
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ability to complete a fuelling while staying within the fuelling limits) when the deviation is due to a
recognized and accepted limitation of a particular filing station design or application. If applicable, at
least one test should be done for each different CHSS size category.

The dispensing system should be tested to validate that fuelling rate is dependent upon ambient
temperature. While it is not possible to control the ambient environment at a fuelling station, tests
should be conducted as close as possible to the high and low ambient temperatures for a given day.

The SAT should be done for each dispenser at the station for multiple CHSS volume categories (e.g. 2 kg
to 4 kg, 4 kg to 7 kg, and 7 kg to 10 kg).
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C.6 Test descriptions and checklists — Additional fuelling tolerances
The following are additional fuelling tolerances based on experiences in the field to date.

Storage bank switches can be difficult to detect with a test device. Thus, perceived failures to stay
within the pressure corridor can be incorrect. SAE ]J2601 includes an allowance of 5 seconds for the
station pressure to rise above the lower limit of the pressure corridor after an intended non-fuelling
event (such as bank switching). The station should account for its tolerances in applying this fuelling
protocol. Tolerances should be applied to ensure that the pressure ramp rate and ending pressure
remain within their specified boundaries or limits. An acceptable tolerance for non-communications
fuellings to stop at the target pressure is +2 MPa.
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Annex D
(informative)

Reference fuelling limits of hydrogen and fuel cell vehic

les

A complete set of hydrogen limits and extreme validation testing for the vehicle high pressure hydrogen

Sys

One
req

NOTI

Ided
the

The
conj

following items describe key parameters that effect the dispénsing of fuel to a veh
pliant with GTR#13:

The minimum number of full pressure hydraulic qualification test cycles for hydrog
systems is set at 5 500 based on leakage, but storage systems are qualified to at least 22
based on the more severe failure (rupture). See GTR paragraph 57 on page 17 and parag
pages 17 and 18.

temperature (-40 °C to +85 °C) at the completion of the high temperature cycles (G
7.4.4.3.5).

NOTE 2
protocol. The liner temperature has:beén demonstrated to be lower than the gas temperature
fills” using fuelling protocols such_as SAE J2601 that are based on bulk gas temperature mg
(see SAE 2011-01-1342). This provides margin to manage measurement errors and the transi
conditions during fuelling.

pressure and thergfore the dispensing system maximum operating pressure (MOP), seq
See GTR#13 clause1-D-1-33, on page 12.

Assurance gf-capability to sustain multiple occurrences of over-pressurization over t
of the vehiele due to fuelling station failure is provided by the CHSS requirement to d¢
absenceof leak in 10 exposures to 150 % NWP fuelling, followed by long-term leak-free p
subsequent fuelling/de-fuelling. See GTR#13 paragraph 61-(f)-(i) on page 13.

tem-can-befoundinthe GCTR#13-inadditionte-other regquirementsforthe vehicle:

considerable element of this that influences requirements for the fuelling protodol are the
1lirements of the CHSS.
E1 SeeFigure 1inthe GTR to see the scope of a typical compressed hydrogen stérage system| (CHSS).
11y, the hydrogen dispensing is to be conducted such that pressure of the CHSS equals the NWP when
tank has settled (stabilized) to 15C. At this condition, the CHSS is at 100 % state of chargg (SOC).

fcle that is

en storage
000 cycles
raph 58 on

The CHSS component complies with the externalleakage test at the appropriate maximum material

TR section

Compressed hydrogen storage system materials are qualified to 85°C in the GTR dufrability test

during “fast
asurements
ent thermal

The maximum pressure-at the end of “fault free” fuelling is 125 % of NWP (the maximyim fuelling

e Annex E).

he lifetime
monstrate
arking and

NOTE3 150 % NWP is equivalent to the maximum developed pressure (MDP) of 1,5 x HSL as used in
Annex E.
NOTE4  Per Annex E, the MDP of 150 % of HSL is consistent with dispensing system pressure protection

setto 137,5 % of HSL.

In addition to the simulation of vehicle fuelling under both normal and “worst case” fault conditions as
described above, the test protocols in GTR#13 address all requirements expected during road service
including extreme conditions and use as well as the possibility of vehicle crash so that the vehicle can be
verified and certified for road service. These verification tests and requirements, however, are unique
to road service and not necessarily consistent with requirements for vessels and components that are
permanently in installed in pressurized systems as application and risks are entirely different.
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Annex E
(informative)

Pressure level application to design verification requirements
for hydrogen dispensing systems and compressed hydrogen
storage systems

E.1 Explanation of pressure terminology

Figure E.1|shows the relationship between the pressure terminology used for hydregen vehicles in
GTR#13 arld the terminology adopted for hydrogen dispensing systems.

Compressed Hydrogen Storage Hydrogen Hydrogen Dispensing System Designed
System (CHSS) on Vehicle Service Level to Fill Vehicles to Maximum Fuelling Pressure
Maximum [Developed Pressure (MDP) 1,5 x HSL Maximum Developed Pressure (MDP)
Container Proof Test QYT _ » 7777777777777 7'\_V_Vz_7;s_t_c;1- .
Highest Plessure Level Individual | PSV Accu acy
Used in Pfessure Cycle Component . and Full Lfft
Tests fpr Containers 1375 x HSL Dispensing-System MAWP| /7esure Ratings ‘
PSV Setpoint l 5 igf;;“ w

Nominal [Working Pressure (NWP) Highest Expected Pressure
per the Fueling Protocol

(10Q % Fill Settled to 15C)

Figure H.1 — Comparisom of pressure design parameters for dispensing systems designed fo
fuel vehicles to maximum fuelling pressure

The key parameterfor hydrogen vehicles is the nominal working pressure (NWP) of the high presqure
hydrogen dystem.

3 H « ” . « » s
In Ordel' t asiard oo o1 batiazaan tha “‘NIAID” of +ba bodeagan abiiola el 1\7‘/\7]’) datha Too o ese

AVUIU LUIIITUOIVUITI Urlvvoeull LIIc INvyYVvil Ul LIIC ll)’ \= 9y US\'II \AZ 334 4™ VV l\.ll A 111 LIIC J(.Al.lul
hydrogen pressure code, the Hydrogen Service Level (HSL) is used for dispensing systems. As depicted
in Figure E.1, the HSL of the dispensing system is equal to NWP of the vehicle.

Maximum operating pressure (MOP) is equal to maximum fuelling pressure of the hydrogen vehicle as
it is the highest expected pressure during normal (no fault) operation including over-shoots, if any. For
dispensing system control systems, the target pressure (including any overshoots that are expected to
typically occur) and limits defined in 8.2.1 for the protocol should be addressed at or below the MOP.

Typically, following standard engineering practice, the design pressure of components is set at
least 10 % above the MOP in order to create opportunity to exercise additional fault management
by the dispensing system control system and provide margin to prevent inadvertent operation by
the mechanically-independent pressure protection (PSVs) to open and reclose. The MAWP for the
dispensing system is ideally therefore 1,375 x HSL.
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Even if all the components in the dispensing system are rated above 1,375 x HSL, the dispensing system
pressure protection should not be set any higher than 137,5 % of HSL as this is limit needed to ensure
that the MDP does not exceed 1,5 x HSL for the hydrogen vehicle being fuelled. See Annex D.

All dispensing system components in the hydrogen system need to be designed and rated at or above
137,5 % of HSL for the dispensing system to have a MAWP of 137,5 % of HSL. If any components in the
dispensing system are rated below 137,5 % of HSL , then the dispensing system MAWP is lowered to
at least the lowest component rating (see 8.2.2.3). Per most piping codes used globally, the pressure
protection for the dispensing system (whether provided on the hydrogen supply in the hydrogen
compressed storage system or the dispensing system) needs to be set at or below the dispensing system
MA ' ' j i i d all other
conjponents within the dispensing system.

Prepsurized systems are protected by PSVs or equivalent SIL-rated pressure protection. The PSVs for
the|dispensing system are no higher than the dispensing system MAWP (as deternmined abqve) so that
the [lowest-rated component is protected.

Thg maximum developed pressure is the highest expected to occur during fault management] It is based
highest possible setpoint of the PSV and “worst case” values for setpoint-tolerance and valve]lift.

E.2Z Guidance for defining verification tests of dispensing system components
Figlire E.2 depicts the type of verification tests to be considered when establishing qualifidation tests
conjponents for the dispensing system.

Hydrogen
Verification Test Service Level Verification Test Descripti

=]
=
%]

Based,on Specific Component ‘ Conduct after Service Life
Or Higher Aging and Proof Test

(Destructive Test Used Only for Qualification/Type Tesbiny) (> 33 x HSL)
- )

X Conduct as Production Quality Test
Or Higher

Pressure Test 2,1 x HSL and after Service Life Aging|

(Non-destructive Test)

___ Maximum Developgd Pressure (MDF) LSxHSL .
At Least 10 Cyclgs to
Component Pressure Rating 1,375 x HSL Simulate Worst{case Fault
""""""""""""""""""""""""""""""""""""""""""""""""""""""" Management
Maximum Operating Pressure (MOP) 1,25 x HSL

Life-time Cycle Testing to
Maximum Fuelling Pressure

Aging Tests to Simulate Service Life
as Part of Qualification/Type Tests

Figure E.2 — Guidance for verification of dispensing system components
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Components submitted for verification testing should be representative of production. Quality checks
including leak tests and pressure tests should be performed (and passed). The following tests should be
considered as part of the verification testing:

1y

2)

3)

4)

The brunt of the aging test should be spent simulating the pressure cycling over normal operation to
atleast 125 % of HSL. The number of cycles should meet or exceed the manufacturer’s specification
and should consider extremes in both ambient and hydrogen dispensing temperatures. In order to
ensure that the verification tests consider compatibility of materials with compressed hydrogen,
the cycling should be performed with compressed hydrogen.

Aging tests should also consider fault management by cycling the components at least 10 times to
MDP (150 % of HSL).

ing aging tests, the total discharge of hydrogen (leakage plus permeation) (should be
ined for acceptability and then the components should be (hydraulically or pneuraticglly)
pressure tested to 210 % of HSL. No physical deformation should occur and the compgnents shquld

mechapical strength against rupture following the aging tests. The test_level should consjder
cific component and target application but should be conducted to at least 330 % of
HSL. If the ultimate strength or burst pressure is less than 300 % of"MOP (375 % of HSL), then
it is recommended that a detailed design of the dispensing systemvcomponent be conducted With
consideration of hydrogen material compatibility and cycle fatigne.

Since the |key design parameter of stationary pressurized .équipment is the component ratfing,
verification tests should be referenced to the component (as @pposed to the HSL as done for dedic3ted

dispensing system components). See Figure E.3 for an illustration of this translation.

Finally, sinfe the dispensing system duty is a highly speeific application, verification of components that
can be usedl generally in hydrogen systems should consider more aggressive verification test conditjons
to cover situations that can typically addressed by-the pressurized piping codes. See E.3 for guidahce.
It is acceptpble, however, that components (sughras fuelling nozzles, hose breakaway devices for drfive-
away protgction, and dispensing system flow~meters) with specialized functions within the dispen$ing

system that are unlikely to be used in otherhydrogen systems use E.2.
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Dispensing system
Verification Test Component Pressure Ratings Verification Test Descriptions

Based on Specific Component Conduct after Service Life
Or Higher

Ultimate Strength or Burst Test __and Application  OrHigher | - Aging and Proof Test
(Destructive Test Used Only for Qualification/Type Testing) [2 2’4 x Rating)
or Hiah Conduct as Production Quality Test
Pressure Test 1,5 x Rating rHigher and After Service Life Aging

(Non-destructive Test)

Maximum Developed Pressure (MDP) 1,1 x Rating

Component Pressure Rating 1 x Rating At Least 10 Cycle§ to

> 1,375 x Hydrogen Service Level (HSL)

Simulate Worst-dpse Fault
Management

Maximum Operating Pressure (MOP) 0,9 x Rating

Life-timeLycle Testing to
Maximum\Fuelling Pressure

Aging Tests to Simulate Service Life
as Part of Qualification/Type Tests

Figure E.3 — Guidance for verification of dispensing system components relative to component
pressure rating

E.3 Generalization of verification test requirements for hydrogen service

Valyes and perhaps hoses within the dispensing system are likely to be generally thropghout the
fue(il‘ing station and not restticted to the dispensing system. Since the operating conditiohs in other
hydrogen systems could be_more aggressive than captured for the dispensing system in| E.2, these
conjponents should be verified to the more aggressive conditions that could occur in thefe systems
within the component.fatings (as indicated by the pressure class).

Verjfication of components to the more aggressive conditions will simplify development, re[duce spare
parts inventoryrand help prevent replacement errors during maintenance.

The following guidance should therefore be used to verification tests for generalize usage of chomponents
such astvalves (other than hose breakaway devices) and hoses in hydrogen systems:

1) Normmatcyctingimtheaging testsshoutd beperformed upto the component rating:
2) Cycling to simulate “worst case” fault management should be to 110 % of the component rating.
3) The pressure test should be performed to 150 % of the component rating.

4) The ultimate or burst test level should consider the specific component and target application but
typically 3 - 10 times the component rating (with 240 % of PS as a minimum).

If the ultimate strength or burst pressure is less than 300 % of the minimum required component
pressure rating (equivalent to the system MAWP), then it is recommended that a detailed design of the
dispensing system component be conducted with consideration of hydrogen material compatibility and
cycle fatigue.
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The above guidance is depicted in Figure E.4. This guidance may be
for specific components in hydrogen systems. The information ca

used to define general requirements
n also be used to better understand

the expected duty cycles and operating requirements for components in hydrogen service which can

be used per 7.2.1 to waive testing when sufficient evidence exists
service in accordance with ISO 15649 (or selected piping standard
Dispensing system
Verification Test Component Pressure Ratings

Based on Specific Component

that the component is acceptable for
being used).

Verification Test Descriptions

Conduct after Service Life

Ultimate Strength or Burst Test and Application Or Higher | aging and Proof Test
(Destructfve Test Used Only for Qualification/Type Testing) (Typically 2 3-10 x Rating)
Or Hiah Conduct as Production Quality Test,
Pressure Test 1,5 x Rating THIGRET \and After Service Life Aging

(Non-destructive Test)

Maximum Developed Pressure (MDP) 1,1 x Rating
Component Pressure Rating 1 x Rating At Least 10 Cycles to
> 1,375 x Hydrogen Service Level (HSL) i;;nnu;;?;nlz/:ft'mse Fault

Life-time Cycle
Maximum Fuelli

Figurd E.4 — Guidance for verification of,components for general applications relative to

component pressure rating

Testing to
ng Pressure

Aging Tests to Simulate Service Life
as Part of Qualification/Type Tests

136

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=90985b918fedfb84205b0d7c2bfe007b

F1

ISO 19880-1:2020(E)

Annex F
(informative)

Countermeasures for unsuitable hydrogen fuelling protocols

General
Fenera:

Thd
ord
veh

Sys

Hur
tha

F.2

Belpw are some “Lock Out” countermeasure examples for fuelling hydrogen vehicles:

following are examples of countermeasures for hydrogen fuelling stations that-can
br to avoid damage to vehicles using the station, for example, the overheating of light'dut
icles (CHSS) from non-standard protocols, etc., or damage to the vehicle high pressur¢
em due to unsuitable flow rates.

han factors should be taken into account when defining countermeasunes-against fuellin
deviate from recognised standards.

“Lock Out” countermeasure examples

Software authorisation (e.g., pin access to use dispenser) or hardware authorization (e.
key), or by limiting public access to the dispenser (e.g. fence) and only allowing the use of]

be used in
y hydrogen
e hydrogen

b protocols

b, lock and
the station

by trained personnel. Human factors should be\taken into account when defining authorisation/

countermeasures that that can be traded amaong users;

Forklift fuelling: For forklift fuelling using communications (such as wired communig
a captive fleet of vehicles, the disperising system should default to a conservative f
recognized SDO in the event that a-road certified FCEV presents at the dispenser or
when the fork lift communicatiens signal is not available. For non-communicatior
dispensers there should be a physical lockout to ensure that a FCEV cannot fuel or a ca
fuelling should be done aceerding to SDOs;

Heavy duty fuelling: Fokfiielling dedicated to a 35 MPa heavy duty vehicle station without

ations) for
lling by a

SLEIf)p fuelling

s fork lift
nservative

precooling,

which may have flow rates up to 120 g/s (or more), an ISO 17268 high flow nozzle H35HF lockout

should be used to-eliminate the possibility of a light duty vehicle (with safety limits of 6
the same nozzle;

g/s) using

Sequentialfuelling of a vehicle: If the station operator determines there may be a potential risk of

an unsafecondition, such as overheating the CHSS due to fuelling at, for example, an H7
subsequent to fuelling at an H35 dispenser, the station operator should take appropriate
such ‘as software or hardware authorisation requirements for access to the H35 di

dispenser
measures,
spenser in

addition to training;

Communication: A unique identifier on the communications signal can be used to va

communications protocol. For SAE ]2799, the protocol identifier (ID= SAE ]J2799) can
identify the communications protocol.
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