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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried ou

t 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 collaborat

es closely

with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the dlfferent approval criteria needed for the dlfferent types

of ISO documen :
ISO/IEC Directives, Part 2 (see www.lso.org/dlrectlves).

ISO draw$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of ahy clai
rights in fespect thereof. As of the date of publication of this document, ISO had not ¥eceived no
patent(s) which may be required to implement this document. However, implemefiters are caut

this may hot represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the convenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and ex
related tp conformity assessment, as well as information about ISO's adherence to the Wo

les of the

use of (a)
d patent
ice of (a)

ijoned that

ailable at

does not

pressions
1d Trade
rord.html.

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew
This docyment was prepared by Technical Committee ISO/TC 197, Hydrogen technologies.
Alist of all parts in the ISO 19885 series can be found@n the ISO website.

Any feedback or questions on this document shéuld be directed to the user’s national standard
complete [listing of these bodies can be found atwww.iso.org/members.html.

s body. A
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Introduction

This document is intended to identify and describe requirements for the design and development of hydrogen
dispenser fuelling protocols and address issues with current protocols with regard to their acceptance and
thoroughness of verification as well as the safe implementation in dispenser systems.

This document is intended to coordinate with the ISO 19880 series with regard to road vehicles and, at the
same time, address a more general need with the regard to fuelling a far broader range of vehicles. This
document can help to address technical details of the fuelling process and will allow ISO 19880-1 to be
streamlined and focus on basic requirements of the fuelling station.

This document is expected to be the first partin a series dealing with fuelling protocols for a broad range of
vehicle agplications.

Additionglly, the requirements for the development process in this document are robust arld can be
considergd for extension to other container-fuelling applications in the future.

© IS0 2024 - All rights reserved
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International Standard ISO 19885-1:2024(en)

Gaseous hydrogen — Fuelling protocols for hydrogen-fuelled
vehicles —

Part 1:
Design and development process for fuelling protocols

1 Scope

This docyment addresses the design and development of fuelling protocols for compressed hydrogen gas
dispensinﬁlto vehicles with compressed hydrogen storage of fuel.

The document does not address dispensing of compressed hydrogen gas to véhicles with hydride-based
hydrogen|storage systems as well as the dispensing of liquefied or cryo-compressed hydrogen.

This docyment is intended to be used for a wide range of applicationstincluding, but not limited to, the
following

— light,|medium, and heavy-duty road vehicles,
— motof bicycles and tricycles, carts, and trailers,
— off-rdad vehicles,

— fork-lfift and other industrial trucks,

— rail lgcomotives and powered cars,

— airplgnes and drones, and

— marifime ships, boats, and barges,

This docyment applies to a wide spectrum of development situations ranging from companies deyeloping a
fuelling pfotocol for their specifieproducts or applications to standards development organizations (SDOs)
developinfg a consensus-based'fuelling protocol for a broad segment of the industrial or commercial market.
Additionglly, combinations‘between the two extremes are possible, where, for example, compapies start
design and development-as‘a way of defining a proposal for new work by an SDO to complete deyelopment
and publigh the document as a consensus-based standard (including technical justification for comjpliance to
this document).

the fuellihg=protoca e proper
implementation and safe use of the fuellmg protocols in dlspensmg systems for the targeted application.

In addition to addressing the design and development of fuelling protocols for general applications, Annex A
provides specific requirements and information relative to fuelling protocols for road vehicles at public
fuelling stations based on 1SO 19880-1.

2 Normative references

The following documents are referred to in the text in such a way that some or all 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.

© IS0 2024 - All rights reserved
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[SO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles for design

[SO 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

ISO 17268, Gaseous hydrogen land vehicle refuelling connection devices, 2020

[SO 19880 (all parts), Gaseous hydrogen — Fuelling stations

[SO 19881, Gaseous hydrogen — Land vehicle fuel containers

ISO/SAE 21434, Road vehicles — Cybersecurity engineering

[SO 26262, Road vehicles — Functional safety

IEC 60204
[EC 6150¢
IEC 61511

IEC 6206
electronid

3 Tern
For the pt
ISO and II

— ISO Online browsing platform: available at https://wwwzso.org/obp

— IECE

31
basic prag
BPCS

system which responds to input signals from the process, its associated equipment, other progi

systems g
to operatg

Note 1 to 4
[SOURCE:

3.2
compres
CHSS
system d
container

-1, Safety of machinery - Electrical equipment of machines - Part 1: General requirements
, Functional safety of electrical/electronic/programmable electronic safety-related systéms
, Functional safety — Safety instrumented systems for the process industry sectof;

|, Safety of machinery - Functional safety of safety-related electrical, electronic, and prog
control systems

ns and definitions

.C maintain terminology databases for use in standardization at the following addresses

ectropedia: available at https://www.electropedia.org/

cess control system

nd/or an operator and generatesoutput signals causing the process and its associated ¢
e in the desired manner

ntry: a BPCS does not perform any safety-instrumented functions with a claimed SIL = 1.

IEC 61511:2004, 3(2:3]

sed hydrogen storage system

bsigned-t0 store compressed hydrogen fuel for a hydrogen-fuelled road vehicle, comp
container attachments (if any), and all primary closure devices required to isolate t

rammable

Irposes of this document, the terms and definitions given in SO 19880-1 and the following apply.

rammable
quipment

osed of a
he stored

hydrogen

ftem the remainder of the fuel system and the environment

Note 1 to entry: The above definition is specific to hydrogen road vehicles where the CHSS has one (and only one)
container with dedicated primary closures devices. See A.3.

Note 2 to entry: Hydrogen road vehicles typically have more than one CHSS. See vehicle fuel system (3.27).

Note 3 to entry: The CHSS can also include actuators, sensors, and electronics as deemed necessary by the vehicle
manufacturer.

[SOURCE: ECE/TRANS/180/Add.13/Amend.1 UN GTR No. 13, UN Global Technical Regulation on Hydrogen
and Fuel Cell Vehicles: 2023, 3.6]

© IS0 2024 - All rights reserved
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3.3

container

pressure-bearing component on the road vehicle within the hydrogen storage system that stores the
primary volume of hydrogen fuel in a single chamber or in multiple permanently interconnected chambers

Note 1 to entry: Cylinders and conformable containers are types of containers for road vehicles. See A.3.

[SOURCE: ECE/TRANS/180/Add.13/Amend.1 UN GTR No. 13, UN Global Technical Regulation on Hydrogen
and Fuel Cell Vehicles: 2023, 3.8]

3.4

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

3.5

data
design chlaracteristics and limits, process measurements (such as temperature, pressfire, and flow), and
associatefl calculated parameters of the interconnected dispensing system and vehicle fuel syst¢gm during
the fuelling process

Note 1 to pntry: Calculated parameters can be based on, for example, interpolatiens-of data tables such jas fuelling
tables for ¢ontainers as well as formulas or equations involving other data.

3.51
dynamic|data
data (3.5] such as temperature and pressure measurements, and associated calculated parameteis that are
expected fto change value with time during the fuelling process

3.5.2
static data
data (3.5]) such as design characteristics and limits amnd associated calculated parameters that are expected
to remain| constant with time during the fuelling process

3.6
dispensefr
equipmer]t in the dispensing system, ineliding the dispenser cabinet(s) and support structute, that is
physicallyf located in the fuelling area

Note 1 to gntry: The hydrogen dispenser typically includes the fuelling assembly, required temperature and pressure
instrumenftation, filters, and the userinterface to conduct vehicle fuelling.

Note 2 to [entry: The manufacturer of the hydrogen dispenser can include additional equipment in the|dispenser,
including 41l equipment incthe-dispensing system.

3.7
dispensing system
system dpwnstyeam of the hydrogen supply system comprising all equipment necessary to carfy out the
vehicle furelling operation, through which the compressed hydrogen is supplied to the vehicle

3.8

fuelling envelope

required design space for the fuelling protocol that captures extreme combinations of hydrogen fuelling and
storage systems on vehicles to be fuelled, the ambient and operating conditions of the vehicle during operation
and dispensing, and the capabilities and limitations of the vehicle fuel system and dispensing systems

© IS0 2024 - All rights reserved
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fuelling protocol
technical descriptions, instructions, or constructs that define how the dispensing of compressed gaseous

hydrogen

to storage systems on vehicles is to be conducted

Note 1 to entry: The fuelling protocol serves as the basis for defining control strategies and algorithms for
implementation in the BPCS (3.1) hardware and software of the dispensing control system

Note 2 to entry: Fuelling protocols can range from simple descriptions that can be performed in hardware to complex
programmable control functions using prescribed values, tables, and/or reduced-order models as well as conventional
process controls such as feedforward-feedback and predictor-corrector control functions.

3.10

fuelling s
hydrogen
hydrogen
HRS

facility fa
hydrogen

3.11

tation
fuelling station
refuelling station

r the dispensing of compressed hydrogen vehicle fuel, including the supply of hydr
compression, storage, and dispensing systems

hydrogen service level

HSL
pressure

evel in MPa used to characterize the hydrogen service of the dispensing system based on]

of the vehlicle

Note 1 to

entry: See ISO 19880-1:2020, Annex E for application of préssure terminology to hydrogen

systems aind vehicles.

bgen, and

the NWP

Hispensing

maximum
essure for
Hes.

lispensing
i indicated

hagement

lication to
otherwise

3.12

maximuin allowable working pressure

MAWP

maximun} pressure permissible in a system at the temperature specified

Note 1 to gntry: The maximum allowable working\pressure can also be defined as the design pressure, the|
allowable pperating pressure, the maximum permissible working pressure, or the maximum allowable p
the rating pf pressure vessels and equipment manufactured in accordance with national pressure vessel co
Note 2 to entry: See [SO 19880-1:2020, Afinex E for discussion of pressure terminology and its application to

systems anpd fuelling stations in general.Pressures are understood to be gauge unless otherwise specificall
in this docpiment.

3.13

maximuin developed pressure

MDP

highest pyessure achieved during infrequent, short-term excursions above MAWP during fault ma
Note 1 to[entry: See 1SO 19880-1:2020, Annex E for a discussion of pressure terminology and its app
dispensing systéms and fuelling stations in general. Pressures are understood to be gauge unless

specifically irdicated in this document.

3.14

maximum fuelling pressure

MFP

maximum pressure expected during a normal (fault-free) vehicle fuelling

Note 1 to entry: Per GTR#13, the maximum fuelling pressure is 125 % NWP for road vehicles.

Note 2 to entry: See ISO 19880-1:2020, Annex E for a discussion of pressure terminology and its application to
dispensing systems and fuelling stations in general. Pressures are understood to be gauge unless otherwise
specifically indicated in this document.

© IS0 2024 - All rights reserved
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maximum operating pressure

MOP

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

Note 1 to entry: In the case of the dispensing system (3.7), the MOP is equivalent to the maximum fuelling pressure (3.14)
of the vehicle.

Note 2 to entry: See [SO 19880-1:2020, Annex E for discussion of pressure terminology and its application to dispensing
systems and fuelling stations in general. Pressures are understood to be gauge unless otherwise specifically indicated
in this document.

3.16
nominal
NWP
pressure
of 15 °C

Note 1 to 4

Note 2 to
between
specificall

Note 3 to 4

[SOURCE:
“hydroge

3.17
non-com

fuelling that is conducted without communications hetiveen the vehicle and the dispensing contro|

Note 1 to 4

3.18

non-public fuelling station

fuelling st

EXAMPLE
[SOURCE;

3.19
physics-L
represent
and the c

working pressure

vithin a hydrogen storage container(s) in the vehicle fuel system at 100 % SOC ata gas ten

ntry: For road vehicles, this is typically 35 MPa or 70 MPa.

entry: See ISO 19880-1:2020, Annex E for discussion of pressure terminology and the corre
ehicle terminology and dispensing systems. Pressures are understood to be gauge unless
 indicated in this document.

ntry: Also known as “settled pressure” in ISO 10286.

[SO 19880-1:2020, 3.51, modified to replace “CHSS” fer.road vehicles with the more ger]
1 storage container(s) in the vehicle fuel system”. |

m fuelling

ntry: Non-comm fuelling is equivalent to a €DC (3.25) of 0.

ation that does not sell or dispense gaseous hydrogen to the general public

Private or municipalvehicle fleet operation

[SO 19880-1:2020,3.52]

ased model
ation of the governing laws of nature such as the equation of state for compressed hyd
bnservation of mass, momentum and energy as applied in thermodynamics, fluid mech

heat and 1
Note 1 to 6

3.20

ass transfer equations

hperature

spondence
otherwise

eral term

| system

rogen gas
anics and

public fuelling station
fuelling station that sells gaseous hydrogen to the public

interest.

[SOURCE: ISO 19880-1:2020, 3.62, modified - the text “general public” has been changed to "public"]

3.21

risk assessment
determination of quantitative or qualitative value of risk related to a specific situation and a recognised threat

Note 1 to entry: See ISO 19880-1 for a discussion of the risk assessment process as well as examples of threats and

hazards.

© IS0 2024 - All rights reserved
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ntry: A recognized threat is also referred to as a hazard.

[SO 19880-1:2020, 3.66, modified - text from the definition moved to Note 2 to entry.]

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

Note 1 to entry: See ISO 19880-1 for a discussion of safety-instrumented systems and their application to dispensing
systems and fuelling stations in general.

[SOURCE:

[SO 19880-1:2020, 3.71, modified - Note 1 to entry has been replaced.]

3.23
standard
SDO
industry-

Noteltoe
organizati
develop st

Note 2 to
European

the draft lechnical regulations. These rules were laid down in Directive,2015/1535/EU with the goal of

transpare
[SOURCE:

3.24
state of c
socC
density (a
the capac

Note 1 to

calculation} process.

[SOURCE:
term “veh

3.25

use class
ucDC
numerica
within th

0) Nodg

s development organization

or sector-based standards organization that develops and publishes industry specific st3
htry: In some cases, international industry-based SDOs can have directliaisons with international
bns. SDOs are differentiated from standards setting organizations (SSOs) in that-SDOs may be ac
hndards using open and transparent processes.

entry: In the European Union, only standards created by CEN, CENELEC, and ETSI are rec
standards, and member states are required to notify the European(Gommission and each othe

cy and control with regard to technical regulations.

[SO 19880-1:2020, 3.77]

harge

ty at NWP when the system is equilibrated at 15 °C

entry: SOC is typically expressed as.a-percentage. See 1SO 19880-1:2020, 3.78 for details rels

[SO 19880-1:2020, 3.78, madified - replaced CHSS (3.2) for road vehicles with the mol
icle fuel system” (3.27) and-Notes 1 to 4 to entry have been removed.]
ification of data-communicated

ranking of data communicated between the vehicle and the dispensing systems based
e fuelling-protocol as supported by risk assessment for the following four levels of UCDC:

ta (315)'is communicated (e.g., non-comm fuelling (3.17));

indards

standards
Fredited to

gnized as
r about all
providing

r mass) ratio of compressed hydrogen in the vehicle fuel system between the actual conglition and

ted to the

e general

on its use

1) The

latd _communicated is not used for safety functions but is available for data colleg

tion and,

if countermeasures are provided to mitigate risks (if any) resulting from faults, can also be used to
improve the performance of the basic process control for fuelling protocol;

2) Communicated static data (3.5.2) is used for safety functions (in addition to the allowed usages for static
and dynamic data (3.5.1) defined for UCDC of 1);

3) Static and dynamic data is used for dynamic control within the protocol or safety functions.

© IS0 2024 - All rights reserved
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validation
assurance that a product, service, or system meets the needs of the customer and other identified
stakeholders

Note 1 to entry: See the definition of verification (3.28).

3.27

vehicle fuel system
assembly of components used to store or supply hydrogen fuel to a fuel cell (FC) or internal combustion
engine (ICE).

Note 1 to entry: For road vehicles, the vehicle fuel system includes all CHSSs (3.2) on the vehicle where the CHSSs are

interconnse

[SOURCE:
and Fuel

3.28

verificati
evaluatio
demonstr
imposed ¢

Note 1 to
typically c

4 Abb

BPCS
CHSS
FCEV
GTR
HSL
H35
H70
L/D
MAWP
MDP

cted in parallel.

ECE/TRANS/180/Add.13/Amend.1 UN GTR No. 13, UN Global Technical Regulatign)on
Lell Vehicles: 2023, 3.54]

on
h using subscale and full-scale tests, analyses, or a combination_of\tests and anal
ate a product, service, or system complies with regulations, requirements, specific
onditions.

entry: Verification is typically conducted as part of the developnient process whereas validatio
bnducted after the completion of development to confirm acceptability to customers and stakehd

reviations and symbols

Basic process control system

Compressed hydrogen storage system

Fuel cell electric vehicle

Global technical regulation

Hydrogen service level

Indication for 35 MPa NWP hydrogen fuelling
Indication for 70°'MPa NWP hydrogen fuelling
Length-to-Diameter ratio of a container
Maximum allowable working pressure

Maximum developed pressure

Hydrogen

yses that
htions, or

n (3.26) is
lders.

MFP
MOP
NWP
SDO
SAE
SOC

Maximum fuelling pressure

Maximum operating pressure

Nominal working pressure

Standards development organization

Society of Automotive Engineers International

State of charge

© IS0 2024 - All rights reserved
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True or False as possible values for logical variables
Temperature-activated pressure relief device

Use Classification of Communicated Data

5 General description of the fuelling protocol design and development process

This document is intended to coordinate with the ISO 19880 series with regard to road vehicles and, at the
same time, address a more general need with the regard to fuelling a far broader range of vehicles as defined
in Clause 1.

Require
defined i
fuelling p

for verifi
systems f]

The intenft is to integrate/the specific requirements of each of the four process areas into the ag
he designer’siand developer’s existing processes. The specific requirements for the foy
defineddn)Clauses 6 through 9. See also Annex B for additional information and guidang

steps of t
areas are
to addres

The requ

br fuelling hydrogen vehicles.

p
Definition of fuelling protocol requirements for dispensing

(Clause 6)

(Clause 7)

p
Fuelling protocol design and definitien ]
(Clause 8) ]

[ Development and verification:of the fuelling protocol

Validation of the fuelling protocol in the dispensing control systems
(Clause 9)

Figure 1 — Process areas with fuelling protocol-specific requirements

cing Clalises 6 through 9, respectively.

ents for the design and development of fuelling protocols are organized into four pred
Clauses 6 through 9 (see Figure 1). The requirements are based on learningsArom
otocol development activities and are intended to provide an efficient and ordeérly me
ation of fuelling protocols and validation of implementation and function in dispensing control

rements defined in each of the key process areas must be documented (and updated 1§

occur). T

ess areas
previous
hodology

propriate
r process
e relative

f changes

11s documentation Is essential to understand the requirements and IImits 10r proper use of the

fuelling protocol and to provide the technical information necessary for implementing the fuelling protocol
into the dispensing control system including countermeasures for potential process deviations and faults.

This document is intended to apply to modifications to existing fuelling protocols (which have already been
evaluated) as well as new fuelling protocols for compressed hydrogen dispensing systems.

In addition to the requirements for fuelling protocol definition and development in the main body of this
document, Annex A provides requirements and information specific to fuelling protocols for road vehicles at
public fuelling stations based on ISO 19880-1. Fuelling protocols for road vehicles at public fuelling stations
shall be in accordance with A.6 through A.9.

© IS0 2024 - All rights reserved
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While Annex A addresses a specific segment of the industry, designers/developers of fuelling protocols for
other hydrogen vehicles can find that Annex A provides useful examples of how to apply the general process
to other hydrogen vehicle applications.

6 Definition of fuelling protocol requirements for dispensing

6.1 Definition of basic requirements for the fuelling protocol

A clear understanding of the capabilities and limitations of the fuel systems in the vehicle and the dispensing
system is necessary before the fuelling protocol can be defined and developed. To ensure that hydrogen
dispensing is conducted safely, the basic requirements for the fuelling protocol defined below in this

subclauslj and the information derfining the ruelling envelope 1n 6.2 shall be consistent with the, ca

of the ve

Since, asd
state-of-c
normal (i

—  maxil
—  maxil

NOTE
guida

— maxi

Applicabl
listed abd
are not de

6.2 Def

6.2.1 F

Regulator

vehicle operating characteristics as"well as minimum capabilities for vehicle fuel systems. The

informati
found in 3

— ambi
the c

— allow

— minix

icle fuel system.

escribed in B.2, the objective of the fuelling protocol is to fill the vehicle fuel system to the
harge (SOC) without exceeding temperature and pressure limits of the vehicle fuel syste
e., fault-free) fuelling, the basic requirements for the fuelling protocol are asfollows:

mum state-of-charge (SOC),

mum allowable container temperature, and

hce and A.5.1 for information related to gas temperature sensors-in containers for road service.

num pressure.

ve. If applicable regulations and standards are nétavailable or any of the parameters lis
fined in the regulations or standards, then these parameters shall be determined as par

inition of the fuelling envelope

helling requirements based onvehicle regulations and standards

y requirements and standards can provide information related to expected values and

pn shall be defined whenapplicable to the targeted fuelling application (i.e. paramete
pplicable regulations and standards):

bnt temperaturedimits of the hydrogen vehicle and corresponding temperature limits sul
ntainer(s) inthe vehicle to be fuelled,

able minimtm and maximum temperatures of fuel being dispensed,

hum glowable temperature of container materials,

pabilities

maximum
m during

See 6.2.2 relative internal temperature monitoring of containers. See also B.3 and B.4 for general

e vehicle regulatory requirements and standards can define parameters for the basic reqliirements

ted above
Fof 6.2.2.

ranges of
following
rs can be

rounding

NOTE

See 6.2.2 relative internal temperature monitoring of containers. See also B.3 and B.4 foj

guidance,

and A

.5.1 for information related to gas temperature sensors in containers for road service.

— minimum and maximum allowable temperature of piping systems including devices (e.g., control valves,
check valves, and TPRDs) that close to isolate the vehicle fuel system and prevent leakage,

— the minimum and maximum allowable fuelling rate of the vehicle expressed, for example, as either mass
flow rate of fuel being dispensed or pressurization rate (or both),

— minimum allowable pressure for fuelling to be initiated,

— additional vehicle requirements, if any, for actions taken during the vehicle fuelling that need to be
addressed in the design of the protocol or as protective measures by the dispensing system,
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NOTE For example, the maximum allowable number of flow pauses (for integrity checks, for example) based
on cycle life fatigue of check valves.

maximum allowable working pressure (of hydrogen storage systems) or maximum developed pressure
expected during fault management.

Additional items shall be added when necessary.

The vehicle design and operating characteristics defined above shall be used to define requirements for the
fuelling protocol that, when combined with requirements in 6.2.2 and 6.2.3, will form the fuelling envelope
based on representative ranges of design and operating characteristics of vehicles to be fuelled at the
targeted dispensing systems. See B.2 for guidance.

6.2.2 Additional information for vehicle requirements when regulatory requirements and
standardf are not available

hed in the

As discusped in B.2, the information defined from vehicle regulations and standardsin 6.2.1 is nof normally
sufficient|to define all the necessary requirements related to the vehicle, and market surveys of th¢ industry
segment fo be served including discussions with manufacturers and stakeholders are often nedessary to

compile ipformation about hydrogen vehicles to be fuelled.

The following information shall be defined at worst-case conditions, wlen applicable to the targetdd fuelling

applicatidn, based on market surveys:

number, capacity, type(s), dimensions, and other parameters describing containers in the vehicle fyel system,

durinlg the fuelling process (such as inlet flow dynamics that can affect gas mixing and possjbly cause

heat:]:‘ansfer, thermal characteristics, and other parameters affecting thermal response of the dontainers
ther

al stratification),

locatjon, response time, and measurement tolerance of temperature sensor(s) for monitoring the internal
tempegrature of containers and the associated temperature levels and allowable durations as specified by
the manufacturer for protection of the-container against damage,

NOTE See B.2, B.3, and B.4 for guidance, and A.5.1 for information related to gas temperature |[sensors in
contajners for road service.

pressure drop characteristics-between the fuelling interface on the vehicle and the storage dontainers
durinlg the dispensing ofhydrogen,

locatjon of pressuressensors and measurement tolerances,

heat fransfer andthermal characteristics of vehicle fuelling line(s) and all associated componjents from
the fyelling interface (receptacle) that affect the temperature level and thermal response of thefhydrogen
deliv¢red te.containers during dispensing,

additjomal vehicle requirements, if any, for actions taken during the vehicle fuelling that need to be
addressed in the design of the protocol or as protective measures by the dispensing system,

initial temperature range of the container(s) and contents as a function of ambient temperature and
prior vehicle operation including, if credible, the possibility that the initial temperature of contents in
container(s) is higher than expected due to the vehicle undergoing a prior partial fill without opportunity
for the contents to cool down to the expected operating range, and

hot and cold soak initial conditions of container(s) based on stabilization at the minimum and maximum
ambient temperatures (identified above) and definition of a possible intermediate soak condition
based on stabilization of the container at a temperature between the minimum and maximum ambient
temperatures when, for example, the vehicle is parked or stored in an environmentally-controlled space
or enclosure such as a heated or cooled garage or enclosure.

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=40d60d8ad88bc443f94e4c8ce176d21e

ISO 19885-1:2024(en)

Additional information shall be added when necessary.

The vehicle design and operating characteristics defined above shall be used to define requirements for the
fuelling protocol that, when combined with requirements in 6.2.1 and 6.2.3, will form the fuelling envelope
based on representative ranges of design and operating characteristics of vehicles to be fuelled at the
targeted dispensing systems. See B.2 for guidance.

6.2.3 Requirements based on dispenser design and operating characteristics

As discussed in B.2, the capabilities and limitations of the dispensing systems that will employ the fuelling
protocol also need to be considered.

The follov
applicatig

— ambi

11nn’ IV\Fr\rmaflr\n c]‘\f)" ha r]nFlnoH 'Jf urnrc‘f case rnnr‘!flr\nc‘ urhon apnhr")}'\]n to f]r\n fargof

n, based on the design and operating conditions of the dlspensmg systems:

ent temperature range for dispensing,

d fuelling

— fuel qupply capability (i.e., pressure and flow) and capacity (total mass that can-be deliverpd during
fuellihg) based on fuelling station compression and storage,

— temperature of dispensed fuel based on precooling temperatures and capability (if precooling used) or
ambig¢nt conditions,

— initia] conditions (i.e., temperature, pressure, flow) when the dispensing of fuel is commenced|

— heat fransfer and thermal characteristics of station fuel dispensing components (i.e., fuelling lines,
brealfaway fittings, hose and nozzle) that affect the temperdture level and thermal respomse of the

hydrggen delivered during dispensing to the vehicle,
— locatjon and measurement tolerances of pressure and.temperature sensors,

— pressjure drop of equipment and piping within thedispensing systems, and

— number and pressure level of dispenser integrity checks during the dispensing process based pn vehicle

cycle

Additiondl parameters shall be added whén,deemed necessary by risk assessment.

The disp
requirem

the fuellipg envelope based on representative ranges of design and operating characteristics of ¢
be fuelled at the targeted dispensing system(s). See B.2 for guidance.

6.3 Disgpenser application considerations

Knowledg
(required
manage

— defin

life capability (defined in 6.2.1) and regulatory requirements, if any.

ents for the fuelling protdcdl that, when combined with requirements in 6.2.1 and 6.2.2,

bnsing system design and.'0Operating characteristics defined above shall be used [to define

will form
ehicles to

e of the proposed application for the dispenser can establish performance goals for thg systems
to meeticlistomer or stakeholder expectations) as well as an understanding of the physical and

entprotections available at the targeted site(s).

ition of vehicles to be fuelled and fuelling time goals,

— performance during high load (i.e., usage) conditions of the fuelling stations such as, for example, the
minimum time between refuelling of two consecutive vehicles, the amount of hydrogen available for
dispensing, or the rate of hydrogen dispensing as a function of pressure level of hydrogen storage at the

fuelli

ng station and compression capability,

— allowable change in performance of the dispensing system as a function of changes in ambient conditions,

— abilit

y to reach but not exceed 100 % SOC (or at least a satisfactory level),
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— administrative actions and restrictions of use including, for example, possible supervision of fuelling,
limitations of hours of operation, lock-outs, fencing, and security codes, and

— public or non-public fuelling station(s).

Additional parameters shall be added when necessary to define and verify the fuelling protocol.

Also, any requirements in 6.2 that are affected by the information listed above shall be updated to be
consistent with the targeted application. See B.2 for guidance.

7 Fuel

7.1 Fue{lling protocol design

A fuelling

basic req]ﬂrements in 6.1 and the fuelling envelope formed by combining 6.2.1, 6.2.2, and'6.2.3.

The fuell
the desig
verificati

The desig
and dispe
meetreqy
in 7.3, and
risks whe

The desig
process if
0) using 3
fuelling p
designer ¢
assessme
and can li

The fuelli
flexibility
clear and
control sy

7.2 Communicationsdetween the vehicle and dispensing system

If commu
communi
and dispe
of UCDC1

ling protocol design and definition

protocol shall be designed that satisfactorily meets the requirements for dispensing

ng protocol can be original or a modification to an existing fuelling protocol as deter

n and validation as defined in Clauses 8 and 9, respectively.

her shall determine whether the fuelling protocol will include communications between t
nsing control system. See B.3 for guidance. If communications are used, the communicat
irements in 7.2. The assigned UCDC level in 7.2 shall be subjécted to a risk assessment as
the designer shall verify that countermeasures are provided when necessary to mitigate
n using UCDC 0 or 1.

ner shall also determine (as supported by risk assesSment in 7.3) to either terminate t}
the communication fails or continue the fuelling'without further communications (e.g., i
backup protocol. The choice of backup protogel can be different depending on which ph

an elect to return from the backup protocol to the original fuelling protocol when suppor
ht. The backup non-comm fuelling protoeol can be based on a published non-comm fuellin
mit the amount of fuel dispensed te {lower risk and thereby simplify verification as define

ng protocol design and the backup(s) as defined above shall be documented. The des
as to the form of the fuelling protocol documentation as long as the definition of the g
ultimately can be translatéd to hardware and software of the dispensing (and possibl
stem(s).

nications aré-used, the required UCDC level shall be determined based on the u
fated data\by the fuelling protocol as defined in 7.1. Only data communicated between t
nsing systems are subject to limitations on use of data as defined by UCDC. See 3.25 for
evels and B.3 for guidance.

based on

mined by

her. In either case, the defined protocol shall be subject to risk assessment in 7.3 and sybsequent

he vehicle
ions shall
described
increased

e fuelling
h UCDC of
ase of the

rocess the communication is interrupted. Eufthermore, if the communication is re-estabﬂished, the

ed by risk
b protocol
1in 8.1.

igner has
rotocol is
y vehicle)

se of the
he vehicle
definition

Data requt+

irad o avacuta tha fuolling nrotracal chall bo doafinad Slong uath TICNC 1aval Tha
et

ol
oo TXT TCTOTeTT \~ 3 S P otoCoTr SO Ot Ot TIIIC o oo vy It UG D O IOV e T i1C—5CT

level and communications system shall be supported by the risk assessment in 7.3.

ted UCDC

Designers and developers of the fuelling protocol shall adopt designs consistent with requirements of the
selected communication system for pre-fuelling communications between the vehicle-to-dispenser control
systems, conducting the fuelling process, and post-fuelling before closing the communications as supported
by risk assessment for the targeted application.

NOTE

ISO 19885-2 is under development to address communication requirements.

© IS0 2024 - All rights reserved
12


https://standardsiso.com/api/?name=40d60d8ad88bc443f94e4c8ce176d21e

ISO 19885-1:2024(en)

The following items shall be addressed for pre-fuelling, and, when appropriate based on risk assessment of
the targeted application with consideration of 6.3, the information required to support each item shall be
defined:

— Definition of the pairing process for the vehicle and dispensers;
— Method to identify the vehicle and/or vehicle fuel system to be fuelled;
— Approach to secure communications;

— Requirements to authorize the fuelling (e.g., on certifications and approvals, accident, inspection, and
maintenance reports supporting current condition of the vehicle fuel system);

. . Pl . ya rad : Vi W) - £ +
— Readjmesstoimitiate fuetting teg; temperature amd pressure of contaimer sy the veticle fuet system); and

— Procgss to negotiate fuelling protocols and their backups, if any, for the fuelling process including safety-
criticpl implications for protocols requiring UCDC level of 2 or 3. See also B.3 for guidance.

Additiongl parameters shall be added when necessary.

If the pr¢-fuelling communication process is not successfully completed, then,-when possible,| remedial
measureq shall be considered to allow the vehicle to be fuelled. If an acceptable alternative ¢annot be
defined, then the communication shall be closed without fuelling the vehicle:

The following items shall be addressed for post-fuelling before clasing communications, apd, when
appropridte, the information required to support each item shall be defined:

— Methpd to close communications;

— Repofting and logging of final pressure and temperaturg(s) of the container(s) and estimated $OC at the
end of the fuelling process;

— Repofting and logging of fault conditions, .if>;any, occurring during the fuelling prdcess and
counfermeasures.

Additiongdl parameters shall be added when ne¢essary.

Based on the above considerations the designer and developer may select an existing fuelling commjunication
approachfprotocol or defer the decision to implementors of the fuelling protocol in dispensing control
systems.

The inforjmation defined above.shall be documented and included as part of the design definitjon of the
fuelling protocol.

7.3 Risk assessment.and fault management

The designer of theyprotocol shall perform a preliminary risk assessment to identify hazards and define
countermleasures-to reduce risk to acceptable levels. The hazards shall not be limited to the possibility
of exceedfnghe safe fuelling limits but shall also include other potential hazards commonly expected in
the targeted application such as leaks, which could lead to countermeasures implemented in the fuelling
protocol as well as the identification of safety functions in the dispensing system. See B.3 and SO 19880-1
for guidance relative to the conduct of the risk assessment and examples of hazards to be addressed.

If the fuelling protocol is a modification of an existing protocol, then the modification shall be considered as
part of the risk assessment (and subsequent verification except as noted in 8.1).

In some cases, process deviations and faults can be managed by incorporating countermeasures into
the fuelling protocol to allow the fuelling process to continue with acceptable risk. Potential mitigations
identified in 6.3 can also be considered when appropriate. However, in other cases, the process will need to
be terminated and the hydrogen supplied to the dispensing system isolated.

If data is communicated between the vehicle and the dispensing system, the risk assessment shall consider
the integrity of the data. In addition to the communication system itself, the possibility of measurement
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errors, process deviations, and faults within the system that generates the data shall be considered as part
of the risk assessment. See B.3 and B.4 for examples of issues commonly experienced during the fuelling of
containers on vehicles. Acceptable countermeasures shall be defined to mitigate potential issues.

Data measured directly by the dispenser shall also be addressed as part of the risk assessment (even though
this data is not subject to limitations based on UCDC classification). The possible occurrence of measurement
inaccuracies and faults shall be considered, and acceptable countermeasures shall be defined to mitigate
potential issues.

If a backup fuelling protocol is used as part of the fault management strategy, then the backup fuelling
protocol is also subject to risk assessment (and subsequent verification except as noted in 8.1).

The risk assessment shall be documented to clearly define the required actions and constructs as well as
any faul'agnanagement countermeasures that are necessary for proper implementation of theppfotocol in

dispensinlg systems. All identified necessary safety functions shall be documented and transferfed to the
dispensinlg and possibly the vehicle system developers for implementation.

8 Deve¢lopment and verification of the fuelling protocol

8.1 Verjification of the fuelling protocol

As part of the development process, the developer shall verify that the fuélling protocol (defined in Clause 7
including|any countermeasures that are used to manage process deviations or potential faults) meets
requiremgnts (defined in Clause 6) over the entire fuelling envelope(Such that the dispensing of hydrogen to
vehicles cpn be conducted in a safe manner.

Verificatipn of the protocol shall be accomplished through a combination of analyses and tests. If thg protocol
allows alternative measures or strategies to be employed wlién a process deviation or fault is detefted, then
these poskibilities shall be explored as part of the overall verification. For example, if the fuelling grotocol is
designed [to function without communications when the communication fails, then the back-up rfon-comm
fuelling plrotocol shall also be verified except when\an existing fuelling protocol that has been greviously
verified i$ selected for back-up. Modifications, if.any, to the existing protocol shall be verified Unless the
modificatfions reduce the amount of fuel dispensed and therefore reduce the pressure level and risk.

Verificatipn testing can be conducted on‘adtual vehicle containers or representative subscale or|full-scale
test cylinglers if the cylinder captures therequired physics of the fuelling process. See B.4 for guidance.

Given the| likely large number of-design cases that need to be addressed, it is anticipated that pumerous
scenarios| will need to be evaluated by validated analytical models. The models can range frgm simple
reduced-qrder models to detailed models as long as models are sufficiently detailed to capture thg required
physics, ds deemed necessary by risk assessment, for the particular situation being posed by the use of
the fuelling protocol. Models can be empirically tuned to improve accuracy of predictions for th¢ range of
interest during the fuelling process. See B.4 for guidance.

Models shall be-validated based on test results or derived from other fully documented morg¢ complex
models. As a minimum, the models shall satisfactorily match results of verification tests conduct¢d as part
of the ovelrall, verification activity.

The entire range of the fuelling envelope developed in 6.2 shall be addressed to demonstrate that fuelling
protocol maintains the vehicle fuel system within the limits defined in 6.1. See A.5.1, B.3, and B.4 for
additional information and guidance. Worst-case combinations of vehicle fuel system and dispenser design
characteristics and limitations shall be evaluated as supported by risk assessment based on the ranges
of parameters in the fuelling envelope as defined in 6.2. Examples of parameters defined in 6.2 that are
expected to be evaluated during verification are as follows:

— The total volume of vehicle storage system,
— The number of containers in the vehicle storage system,

— Capacity and type of container(s),
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— Container design configuration such as L/D and mixing characteristics of inlet gas in the container
during fuelling,

— Precooling capability, if used, of the dispensing system and heat transfer characteristics of dispenser
lines that can affect the temperature of gas delivered to the containers in the vehicle fuel system,

— Pressure drop and associated heating of fuel being dispensed to container, and

— Fuelling rate (including the fuelling rate that generates the highest container temperature), expressed as
either mass flow rate of fuel being dispensed or pressurization rate.

All design parameters characteristics defined in 6.2.1, 6.2.2 and 6.2.3 shall be considered as supported by
risk assessment to define worst-case situations. At a minimum, the worst-case situations shall be evaluated
at the initfal and ambient conditions defined in Table T where the first four cases are based on evalfiating the
inflection| points on the boundary of the fuelling envelope illustrated in Figure B.1 and the latter'three cases
address sjtuations within the interior of the fuelling envelope.

Table 1 — Initial and ambient conditions to be verified

Case num- Initial condition of the container Ambient temper-
ber Pressure Material temperature? State-of-charge ature
Cases basqd on inflection points along boundary of fuelling envelope:
1 Minimum?b Maximume Not specified Maxjmume®
2 Minimum?b Minimum¢d Not specified Maximume
3 Minimum?P Minimumd Not specified Minimum?P
4 Minimum?P Maximumf Not specified Minimum?P

Cases inside the fuelling envelope:

5 Minimum?b 20 +£10°C Not specified 20 {10 °C
6 Not specified Minimum ambiéntP 50 % SOC Mininumb
7 Not specified Maximum-ambient¢ 50 % SOC Maximum¢

a  Contaiper soaked (i.e., equilibrated) to the indicated temperature.

b Minimpm value as defined for the fuelling envelep€ in 6.2. See also B.1.

¢ Maximum value as defined for the fuelling envelope in 6.2. See also B.1.

d  Minimhm soak temperature of the container material as defined for the fuelling envelope in 6.2.
¢ Maximum soak temperature of thelcontainer material as defined for the fuelling envelope in 6.2.

f Maximum temperature of the-container material based on greater of intermediate soak as defined for the fuellijg envelope
in 6.2 or the value per note e.

If the fu¢lling protocol\uses data that is communicated from the vehicle for conduct of the fuelling
process, tthen supporting information (based on data and analyses) developed by the vehicle or |container
manufactprer as part of third-party approval and/or regulatory compliance can be considered to sypplement
or offset [i.e., replace the need for) necessary verification tests or analyses for the fuelling prot¢col when
supportetIi byrisk assessment. See B.4 for guidance.

Alternatively, when the data provided for safety functions is deemed sufficient by risk assessment to protect
the dispensing and the vehicle fuel systems (including communicated dynamic data used for safety functions
at UCDC of 3), then verification of the fuelling protocol shifts to demonstrating acceptable performance over
the fuelling envelope without exceeding CHSS container(s) limits as defined in 6.1 such that low-demand/on-
demand safety functions are not required to activate during normal (i.e., fault-free) fuellings. At a minimum,
Cases 1 and 7 shall be addressed to demonstrate acceptable fills without activating low-demand/on-demand
safety functions.

The basis and results of the verifications shall be documented as proof that the fuelling protocol meets
requirements in Clause 6. If models are used as part of the verification, then the basis for model validation
shall also be documented. Documentation originally defined in Clauses 6 or 7 shall also be updated to reflect
any adjustments or clarifications made to complete verification.
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8.2 Documentation and standardization of the fuelling protocol

After completing the verification of the fuelling protocol, documentation originally defined in Clauses 6 or
7 shall be updated to reflect any adjustments or clarifications needed to complete verification in 8.1. As a
minimum, the following shall be addressed:

— requirements (and sources) including fuelling targets and limits (from 6.1), the fuelling envelope (from
6.2), and dispenser application considerations (from 6.3);

— the design description of the fuelling protocol and backup, if used (from 7.1);

— thedefinition of datarequired to execute the fuelling protocol, the required UCDClevel of communications
between the vehicle and the dispensing control systems (from 7.2), and information that needs to be
transfferred between the vehicle and dispensing control systems as part of pre-fuelling and post-fuelling
commnunications, if used;

— summary of the risk assessment including the required actions as well as any fault maphagement
counfermeasures that are necessary for proper implementation of the protocol in-dispensing systems
(from] 7.3); and

— arep¢rtdescribing the verification process that was used and presenting the results of analyseg and tests
from 8.1 that supports the compliance to requirements defined in Clause 6 with sufficient detpil so that
manyfacturers (and stakeholders) of dispensing systems, vehicles, vehicle fuel systems and dontainers
can determine if the fuelling protocol is applicable to their systems and'can be used with accepfable risk.

Instructigns and other information shall also be provided for implementing the fuelling protogol in the
dispensing control (and possibly vehicle control) systems and for confirming proper installatjon in the
control systems. Examples of information that shall be defined.when applicable are as follows:

— maxinum allowable update intervals of data and fuelling protocol calculations;
— software checks to confirm the protocol is fully fuiictional;

— the njinimum and maximum required flow yeysus dispensing pressure required to execute the fuelling
protdcol so that dispenser flow control.valve(s) can be sized and turn-down requiremenfs can be
established (when combined with processiinformation from the fuelling station); and

— respdnse rate or time of dispenser, flow controls to changes in setting.
Additiondl information shall be added when necessary.

If the fuelling protocol is to be published by an SDO as a consensus-based standard, then the information
required py this subclause shall be included in the published standard or other published report ag evidence
of compligince to this dogument.

9 Validation.ofithe fuelling protocol in the dispenser control systems

The objedtive of this clause is to validate that the fuelling protocol can be successfully implemgnted in a
dispensinjg‘eontrol system that is representative of targeted applications using documentation defiped in 8.2.
Control systems shall comply with the requirements of IEC 60204-1 (applicable regional standards can exist).

All countermeasures to process deviations and faults including branches in logic and backup fuelling
protocols shall be included as part of the implementation of the fuelling protocol in the dispensing control
system. If communications between the vehicle and the dispensing system are used, then communications
shall also be provided for validation testing. IEC 61508 and IEC 61511 shall be used for the design and testing
of safety functions when deemed appropriate by risk assessment. IEC 62061, ISO 13849-1, and I1SO 13849-2
shall also be used for additional options to fulfil functional safety requirements when required by risk
assessment.
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A validation plan shall be developed to fully test the functionality of the fuelling protocol:

— Items defined in 8.2 shall be performed to confirm the installation of the fuelling protocol in the
dispensing (and possibly vehicle) control systems.

— The functionality of the dispensing control system shall be validated by conducting fuellings of vehicles
and/or representative test systems. All process adjustments which are part of the fuelling protocol as
well as protective functions shall be tested to confirm that the fuelling protocol is fully functional and
supports necessary countermeasures against process deviations and faults.

— If the fuelling protocol as part of pre-fuelling communications between the vehicle and the dispensing
control system negotiates the use of the fuelling protocol and backup(s), then this feature shall be
validated to ensure that unauthorized fuellings do not occur.

Tests canfbe performed, as appropriate, in the factory, test facilities, and/or at fuelling stations.

Documentation developed in 8.2 shall be updated to reflect learning from validation .activifies when
appropridte.

The initidl validation testing of the fuelling protocol as defined above shall be performed on at|least one
representfative dispensing control system, unless changes are made to the fuelling protocol that npcessitate
re-validatfion based on risk assessment.

NOTE1 |[The above only addresses validation of the fuelling protocol (and not the dispensing system).

NOTE 2 [|Validation requirements of dispensing systems are not addressed by this document as they arg expected
to be conducted as part of the design and development, fabrication and’assembly, and installation procepses of the
manufactyrer based on standard industry practices and applicable, standards and regulations for the specific
applicatio1.

In order fo continue validation of the fuelling protocolxbased on operation of dispensers in the field, a
mechanisim shall be provided for reporting safety-relatediincidents and near-misses and for taking ¢orrective
actions, when required, to update the fuelling proto¢aland associated documentation defined in 8|2.
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Annex A
(Normative)

Development requirements for fuelling protocols of road vehicles

A.1 Introduction

hydrogen| and fuel cell road Vehlcles by prov1d1ng specific information for compliance with
through 9 of this document. Subclauses A.6 through A.9 are normative and in accordance ‘with
through 9, respectively. A.2 though A.5 provide information and guidance relative to meeting the pormative
requiremgnts of this annex.

This anndx focuses on the design and development of fuelling protocols for dispensifig compressed

ocols for
Clauses 6
Clauses 6

hydrogen

gas to road vehicles compliant with GTR #13 at public fuelling stations. As such, thisannex relies ogl GTR #13

for the kely design and operating characteristics of road vehicles and the 1SO,19880 series for the
operating characteristics of dispensing systems at public fuelling stations.

esign and

stations, the annex also addresses possible exceptions when regional regulations allow the

elling of

While focps of this annex is the fuelling of road vehicles generally compliant with GTR #13 at pubi{f fuelling

vehicles that are not necessarily compliant with GTR#13 or when‘administrative controls are in
as for priyate (non-public) fuelling of fleet vehicles where the rahge of vehicles that need to be ad
less than the full range of vehicles and fuelling situations addressed in GTR #13.

This anngx is applicable to the development of new protocols or the modification of existing prg
road vehifles in accordance with this document.
A.2 Rationale for using road vehicle-specific normative references

As noted [in A.1, the ISO 19880 series is used as the source of information for the design and dev
of fuelling protocols for road vehicles and therefore included as a normative reference in Clause 2

lace such
lressed is

tocols for

elopment
This was

done as I1$0 19880-1 defines requirements for public fuelling stations, ISO 19880-21) defines reqhiirements

for dispehsers, and other documents in the series define pressure drop and flow charactej
dispensel] components which are likely to affect the information compiled in A.6.2 as well as the sq
test equigment for fuelling ptetocol validation in A.9.

[SO 17268 is added to €lausSe 2 as this standard defines fuelling nozzles and receptacles for roag
The standlard defines\flow capacities and ability to measure pressure drops of nozzles and rg
expected jon dispensérs and vehicles.

ISO 26262 andISO/SAE 21434 were also added as these documents apply to functional safety
security, fespectively, for the road vehicle(s) and test equipment for validation of the fuelling protq

istics for
lection of

| vehicles.
ceptacles

ind cyber
col.

Finally, GTR #13 is added to the Bibliography as it is normative to only the road vehicle and not the fuelling

protocol.

A.3 Information related to road vehicle-specific terms and definitions

Road vehicle-specific definitions from GTR #13 were added to Clause 3 for the purpose of designing and

developing fuelling protocols for road vehicles as defined by this annex.

1) Under preparation. Stage at the time of publication: ISO/DIS 19880-2:2023
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The road vehicle-specific definition of “container” in 3.3 was created for GTR #13 to accommodate the use
of conformable containers (that consist of bundles of tube arrays for storing hydrogen in irregular and small
spaces of vehicles) in addition to storage in compressed gas cylinders. Depending on the type of road vehicles
expected to be fuelled at the fuelling station, the possibility of fuelling vehicles with conformable containers
needs to be considered when designing and developing the fuelling protocol in A.6 through A.9. See GTR #13
for additional information and guidance.

GTR #13 also defines the compressed hydrogen storage system (CHSS) for road vehicles in 3.2 such that only
one container can be within the CHSS. The road vehicles therefore typically require more than one CHSS to
store the hydrogen needed for the vehicle fuel system of the road vehicle.

N re prd tg R CC C O XN 2 eVelor E i ing

ad vehicle

While thejrequirements for the design and development of fuelling protocols are organized.into four process
areas, thq intent is not to force designers and developers of fuelling protocols for road vehicles fo adopt a
new design and development process but rather for developers to integrate the requiréments in|Clauses 6
through 9 and the supplemental information specifically for road vehicles in Az6(through A.9 jinto their
existing developing processes.

A.5 Technical guidance relative to A.6 through A.9

A.5.1 Temperature monitoring of CHSS containers

Manufactprers of CHSS containers for road vehicles have adopted-as standard practice the installation of gas
temperatjire sensors inside the CHSS containers for hydrogen road vehicles even though the sensdrs are not
explicitlyfrequired by GTR #13 (but are allowed).

Strictly speaking, the gas temperature sensor does netdirectly measure the actual gas temperatyre. While
the sensqrs are physically located in the compressed hydrogen gas space and are heated (or gooled) by
convection with surrounding hydrogen gas in the container, the temperature measurementis also influenced
by radiatijon between the sensor and the innerlsurface of the containers and by conduction through mounts
and electyical connections. When the fuelljigis complete and the container and the stored hydrogen gas have
equilibrafed, the temperature measurement is reasonably accurate, but during transient conditions such
as the fudlling of containers, the readings represent a combination of the previously explained cpnvective,
radiative,| and conductive effects.(The situation is further complicated by gas temperature variations
commonly experienced during the fuelling process depending on the design configuration of the |container
and the flielling rates. See B.2Z, B.3, and B.4 for additional information. Nonetheless, the gas temperature
sensors sprve as a practical ethod of monitoring the internal temperature of the container, pgrticularly
when the|gas temperature sensors have been characterized and verified during verification of |container
fuellings.[See A.5.3 foranexample.

Manufactrers aré expected to account for protection of container materials as captured in Item b) in A.6.1
and Item §) 3) in A.6.2, for example, as part of establishing the temperature limits (and possibly thejallowable
durationd of €xcursions) for gas temperature monitoring. Requirements for implementation of confainer gas
temperatyiré’are defined in A.6.2 item b) 5). Verification testing as defined in A.5.3 provides anl excellent
opportunity for verification of the durability of the containers with the limits specified by the manufacturer.

The gas temperature sensors can also be used as part of the determination for average gas temperature and
state-of-charge (SOC) of the container.
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A.5.2 Examples of pre-fuelling communications at public fuelling stations

If communications between the vehicle and the dispensing control system are used, then the following
information should be considered as part of addressing items defined in 7.2 for pre-fuelling of road vehicles:

a) Approaches to identify road vehicles at public fuelling stations have not been standardized and are still
under consideration. Examples are use of:

1) globally unique identifiers of the digital communications,
2) vehicle manufacturer identification codes and vehicle description codes based on ISO 3779, and

3) manufacturer codes and descriptions of vehicle fuel systems.

b) Exaniples of certification and approvals relevant to road vehicles are that:
1) the vehicle is approved or compliant to GTR #13 or, if not GTR #13, to other standards,
2) the vehicle is legally registered,

3) imspections of the vehicle and vehicle fuel system as required by loc¢al authorities Have been
pbnducted and are up-to-date, and

(@]

4) maintenance activities as required by the manufacturer have been‘cempleted.

c¢) Confifmation that crash sensors on the vehicle, when available, have not activated or, if they Have, post-
crash{inspection of the vehicle fuel system has been conducted.and found acceptable for road gervice.

A.5.3 Uke of manufacturer data for verification of the fuelling protocol

Tests performed by the container and vehicle manufacturers to demonstrate compliance with| GTR #13
offer the [possibility to supplement or offset (i.e., replace the need for) the verification analysig and test
requiremgnts. While the pneumatic test protocol for‘CHSS containers in GTR #13 defines a minimum rate
of pressufization with compressed hydrogen gas.for the simulation of fuellings, there is flexibility for the
manufactlrer to increase the rate of pressurization to a value specified by the manufacturer and thereby
provide the opportunity to demonstrate repeated fuelling of CHSS containers at thermally-challenging
ambient dnd initial conditions without apparent damage (based on successfully completing pressujre cycling
without rupture and then demonstrating acceptable permeation and leakage).

A.5.4 Gpidance for addressing fuelling protocols for various road vehicles

GTR #13 pvaluates CHSSs for road service based on vehicles being either less than or equal to 4 [536 kg or
vehicles Qeing greater than“4-536 kg. While this approach provides a straight-forward method tp conduct
regulatorfy approval of the-vehicles, it does not provide an accurate understanding of the hydrogdn storage
capacity ¢f the vehicléfu€l systems or the allowable fuelling (or pressurization) rates for the vehicles under-
going fuelling. These\parameters are required to define the basic design and operating parameters (such as
the capadity of hydrogen storage and/or flow capability of compression equipment in the fuellipg station
protocol.

The fuellihgrecey . e i i insi le desired
flow capacity for the dlspensmg based on ISO 17268, but thls mformatlon is not suff1c1ent by itself. For
example, the values in A.6.2 b) and c) are based on the fuelling of light-duty vehicles with compressed
hydrogen storage volumes between 49,7 and 248,6 L.[¢] These light-duty vehicles use receptacles with up
to 120 g/s flow rate, but, in fact, there are larger vehicles with storage capacities greater than 248,6 L that
use receptacles that will couple with these fuelling nozzles. Fuelling a vehicle with a larger-than-expected
hydrogen storage capacity will reduce the pressurization rate and thereby increase the time required to fill
the vehicle and possibly cause unnecessary trip of the dispenser control system due to lower-than-expected
pressurization rate. Conversely, some vehicles with hydrogen storage capacities less than expected for
heavy-duty vehicles could cause controllability issues of the dispensing control systems at low fuel flows
including possibly excess cycling of check valves in fuel lines of the dispensing system or the vehicle.
Therefore, designers of fuelling protocols shall, in accordance with A.6.3, address this issue by determining
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the vehicles (or categories of vehicles) to be fuelled and fuelling time goals at the targeted application and by
then confirming that the vehicle requirements in A.6.2 items a) and b) and the dispensing characteristics in
A.6.2 item c) are consistent with fuelling the vehicles targeted for the application.

The use of communication between the vehicle and the dispensing system can help resolve some of the
variables encountered when fuelling vehicles cited above, but any decisions made as part of this process
are subject to risk assessment in A.7 to ensure that appropriate control actions of the fuelling protocol and
countermeasures of the dispensing system are in place for the targeted applications. See 6.3, 7, and B.3.

A.6 Definition of fuelling protocol requirements for dispensing fuel to road vehicles

A 6 1 B'\nin concidoerationcand roamiroamontc forthao fuoclling neata~nl
0.

Requirentents and operating conditions/limits for hydrogen and fuel cell road vehicles @re ¢
GTR #13| These requirements and operating conditions/limits provide the basis for the defir

development of fuelling protocols for a broad range of road vehicles such as in public fuelling stati¢ns.

Basic conpiderations and requirements when defining the fuelling protocol are liste@d-below.

a) Specipl circumstances can allow adjustment of the requirements and of operating conditions
defingd in the GTR #13. To ensure that hydrogen dispensing is conducted-safely, use of any ¢
shall pe based on risk assessment and ISO 19881. Examples of such citrcimstances are when:

Flexibility for such adjustments is indicated within applicable subclauses of A.6.1 item b), |
A.6.3]in accordance with 6.1, 6.2, 6.3, réspectively.

b) The fpllowing information shall betused to define basic requirements for fuelling protocols inc
with p.1:

1)

2)

3)

SO U TUC T O OOU TS T TUUIT CIMTCITC S TUT Tt Tuat I S Protocor

cpmmunications between the vehicle and the dispensing cofitrol systems have adequate
(UCDC of 2 or 3) and both parties have agreed to use a fuelling protocol involving adjus
spfety functions and limits during pre-fuelling communications as defined in 7.2,

< o

chicles at a private (non-public) fuelling station; or

=

bgional regulations allow the fuelling of véhicles that are not necessarily compliant with

Tihe CHSS shall be filled\toa maximum state-of-charge of 100 % based on the density at th
rorking pressure (NWP) of the vehicle at 15 °C.

<

Tlhe maximum temperature of the container pressure-bearing material and the internal li
shall be 85 °Ciorless during fuelling (regardless of container type).

HXCEPTION: The temperature limit may be changed when supported by the vehicle man
Ind orie-of the following conditions is met:

o8]

efined in
ition and

hnd limits

xceptions

integrity
tments to

dministrative controls or technical countermeasures are in place to prevent the fuelling ¢f vehicles
hat do not meet the requirements of the protocel such as for the fuelling of a “captive”

fleet of

GTR #13.
\.6.2, and

mpliance

£ nominal

her, if any,

ufacturer

- _Monitoring the temperature within the container ata UCDC level of 2 or 3 allows the ten

perature

limit to be increased up to the maximum temperature specified by the container manufacturer

in A.6.2 item b) 5) when supported by verification testing and risk assessment. See
A.5.3 for guidance.

A.5.1 and

— Administrative controls or regional regulations allow higher temperature limits to be used by
“captive” fleets that can limit the range of the container types and designs of vehicles to be

fuelled (when supported by risk assessment).

The fuelling protocol shall limit the hydrogen pressure dispensed to no more than 125 % of the HSL.
This pressure limit may be lowered in regions where local regulations allow vehicles or dispenser
equipment with lower pressure capability. The pressure may also be lowered when supported by

risk assessment.
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A.6.2 Definition of the fuelling envelope for road vehicles

The information used to develop the requirements for fuelling envelope shall be based on the designs and
operating characteristics of the road vehicles to be fuelled and the dispensing system targeted to conduct
the fuelling. See A.5.4 for guidance.

The information listed within in items a, b and c below shall be used to define requirements for the fuelling
protocol in accordance with 6.2.1, 6.2.2, and 6.2.3, respectively.

a) The following information based on GTR #13 shall be used to comply with 6.2.1 for road vehicles:

1y
2)
3)

4)

5)
6)

b) Whil¢ GTR #13 provided the above requirements for hydrogen road vehicles, additional in
relatgd to the vehicles to be fuelled is necessary. Thé following shall be used to comply with 6.

1)

2)

3)

The ambient temperature range for vehicle operation and fuelling is between -40 °C and +

50 °C.

1spensing rfuel temperature at the vehicle shall be greater than -4U ~CL.

D

Tlhe minimum allowable temperature of container material is -40 °C. See A.6.2 item b),5) 1
gas temperature monitoring within the CHSS container(s) and A.5.1 for guidance,
T

he minimum and maximum temperature of piping systems including devices-{e.g., conti
check valves, and TPRDs) that close to isolate the vehicle fuel system and prevent leakagg
ajnd + 85 °C, respectively, during normal operation.

Tlhe minimum allowable pressure to initiate the fuelling process is. 0;5 MPa.
Fpult management shall limit the pressure to 150 % of the HSL.
OTE This pressure is the worst-case MDP based on a relief valve’set to protect the dispenser sy

AWP of 138 % HSL. Additional layers of protection within the dispensing control system are reco
e [SO 19880-1.

wn .z Z

Tlhe maximum allowable dispenser flow rate (excluding momentary excursions during

shall be based on the worst-case coupling of a vehicle receptacle as defined in ISO 172
diispenser nozzle.

HXCEPTIONS:

—+ The maximum allowable dispenser flow rate is communicated from the vehicle
communicated value tonsiders maximum allowable pressurization rate of the CHSS
as the pressuredsop of the nozzle/receptacle coupling.

-+ Administrafive controls justify use of higher dispenser flow rates with acceptable ri
targeted @application.

—

h addition.to ISO 17268, nozzle/receptacle standards such as SAE J2600 should also be cl
worsticase couplings when available in the region of use.

elative to

ol valves,
is-40°C

stem at its
mmended.

formation
.2:

he initial

cpnnection sequence of the dispenser fuelling assembly to the vehicle prior to the start of fuelling)

68 to the

and the

s) as well

sk for the

ecked for

non-comim

NOTE The above requirement supports setting the maximum allowable dispenser flow rate for

fuellings of light-duty vehicles to no higher than 60 g/s unless administrative controls justify use of higher

dispenser flow rates with acceptable risk for the targeted application. See A.5.4 for guidance.

The type of containers in the vehicle CHSSs is not limited, and any vehicle can have more than one

type of container.

EXCEPTION: Administrative controls are in place to address the fuelling of “captive” fleet vehicles

with specific types of containers at a private (non-public) fuelling station.

The pressure drop through the dispenser nozzle when coupled to the vehicle receptacle shall

be determined based on the worst-case combination of nozzles (that are specified for

use with

the fuelling protocol) and mating vehicle receptacles for the targeted fuelling application. The
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pressure drop of interconnecting piping system between the receptacle on the vehicle and the CHSS
container(s) shall also be included.

NOTE For example, SAE J2601 assumes the total pressure drop does not exceed 20 MPa from the nozzle/
receptacle interface at a mass flow 1,5 times the average mass flow required to fuel the vehicle fuel system
in 3 minutes for F60 nozzle/receptacle combinations when the CHSS pressure is 10 MPa and fuel delivery
temperature is -15 °C.

Heat transfer and thermal characteristics of vehicle fuelling line(s) from the fuelling interface (at
the receptacle) shall be estimated such that the temperature level and thermal response of the
hydrogen delivered to the CHSS container(s) during dispensing can be determined. The fuelling
lines and components shall be assumed to be initially heat soaked to worst-case temperature when
performing this determination. See SAE J2601 for guidance and examples.

(ontainer manufacturers have adopted the installation of gas temperature sensors| in CHSS
cpntainers in order to monitor the internal temperature of the container. See A.5.1 for'guiflance.

=

Vhen gas temperature sensors are installed, the temperature levels specified’by the marjufacturer
shall not be exceeded to protect the container materials.

el

the specified temperature limit is above 85 °C, then the temperature level for thermal protection
hall be limited to 85 °C unless a higher temperature level is allowed (by éxception) in A.6.1 jtem b) 2).

wn

Tihe initial temperature of CHSS container materials for fuelling can'vary by +15 °C arounfl ambient
temperature due to daily changes in temperature, solar heating of containers inside the vehicle,
ajnd/or cooling of the container during vehicle operation.

- This variation is clipped (i.e., limited) on the extremeé.low and high temperatures in AJ6.2 item a
)1) above to the value of the limits.

—3

pp-offs following recent fuellings of the vehicle‘can result in the initial temperature of{the CHSS
bntainer range being higher than +15 °C above ambient if risk assessment indicates| that this
tuation needs to be addressed.

2o

Also, storage of the vehicle in a heated garage can cause the initial temperature of the |container
npaterials to be limited to +15 °C for.dambient temperatures below +15 °C.

Tlhe number of CHSS containers in'light-duty vehicles can vary from one to six. See A.5.4 and SAE
2601 for guidance.

—

Tlhe number and size of CHSS containers for heavy-duty vehicles have not been fully established yet
but will likely over-lap the light-duty range and extend to higher values.

he total capacityof CHSSs in vehicle fuel system of light-duty vehicles is expected to range from
2 to 6,0 kg of hydrogen for 35 MPa (NWP) storage systems and from 2,0 to 10 kg of hydrogen for
0 MPa (NWP) storage systems.[6] See A.5.4 for guidance.

he expected capacity of CHSSs in vehicle fuel system of heavy-duty vehicles will be largef than the
hnge for light-duty vehicles but has not yet been defined. See SAE ]J2601-5 for guidance.

i B eger

Desigmarmdoperating characteristics of thetargeteddispensimg systenTatso reed—tobeconsidered
when establishing requirements for the fuelling protocol. The following dispenser design and operating
characteristics shall be used to meet 6.2.3 for fuelling road vehicles:

1

2)

The ambient temperature range for dispensing shall be within the capability of the vehicle per A.6.2
item a) 1) above but can be narrower in certain regions or applications.

Dispensing systems shall not fuel a vehicle which has a pressure lower than 0,5 MPa or greater than
the HSL (i.e., 35 MPa or 70 MPa) prior to initiating fuelling.

© IS0 2024 - All rights reserved
23


https://standardsiso.com/api/?name=40d60d8ad88bc443f94e4c8ce176d21e

3)

4)

5)

6)

7)

A.6.3 Djspenser application considerations

The designer shall identify considerationsiand goals based on 6.3, particularly when the ite
definitior| of requirements in A.6.1 and A.6:2 or the risk assessment in A.7. See A.5.4.

A.7 Fuelling protocol design-and definition

The fuellng protocol and risk“assessment for the specific road vehicle application shall conf]
Clause 7 ysing the requireiments and considerations defined in Clause A.6. The risk assessment shj
with ISO 19880-1. See At54 for guidance.

a significint deeision for the fuelling of road vehicles. See 7.1 and 7.2. The designer shall decid
communifatipns-are necessary and incorporate the result into the definition of the fuelling prot
supporte11 by, risk assessment.

ISO 19885-1:2024(en)

Prior to initiating the fuelling of the vehicle, a pressure integrity check shall be conducted. As a

consequence of this check, a quantity of hydrogen may be transferred to the vehicle pr
start of fuelling.

ior to the

— The hydrogen mass allowed to be transferred to a light-duty vehicle during this check shall be

no more than 200 g.

— The allowable amount of hydrogen to be transferred during this check for heavy-duty vehicles

is likely to be greater than 200 g (when defined).

Additional integrity checks (beyond the initial integrity check in A.6.2 item c) 3) may be conducted
during the fuelling process, but a maximum of 10 pauses is allowed to prevent “chatter” and

excessive wear of check valves in the dispensing and vehicle fuel systems.

- For light duty, a pause occurs when the flow rate drops below 0,6 g/s.

- The flow rate at which a pause occurs for heavy-duty has not been defined yet. See SA
for guidance.

[ispenser can precool the hydrogen before dispensing to decrease thecdispensing tim
maximum temperature in the container, but the temperature of hydrogen shall not be less th

Tlhe pressure drop between the dispenser pressure measurement logcation and the vehic
interface (i.e., the receptacle) shall be estimated. See SAE J2601 fox. guidance and example
[0 19880-3 and ISO 19880-5 for information related to bréakaways (and valves) and
hjose assemblies, respectively, and ISO 17268 information related to nozzle/receptacles.
H

eakaway fittings, hose and nozzle) that are downstream of the measurement of the
fliel temperature shall be estimated such that thestémperature level and thermal respo

drogen delivered to the vehicle during dispensing can be calculated. See SAE ]J2601 for
and examples.

EJ2601-5

e and the
an-40 °C.

e fuelling
5. See also
dispenser

eat transfer and thermal characteristics of station fuekdispensing components (i.e., fuelling lines,

lispensed
hse of the
guidance

ms affect

prm with
11 comply

whether
col when

The decidion to utilize communications between the vehicle and the dispensing control syste"{ remains

A.8 Development and verification of the fuelling protocol
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The communications, if used, shall comply with 7.2. See A.5.2 for examples of authentication of the vehicle
when required by risk assessment for hydrogen dispensing at public fuelling stations.

Development and verification of the fuelling protocol in Clause 8 can be conducted by companies and/or
SDOs as described in Clause 5.

The developer shall verify that the fuelling protocol defined in Clause 7 and A.7 meets the requirements
defined in Clause 6 and A.6. If the protocol allows alternative measures or strategies to be employed when
a process deviation or fault is detected, then these possibilities shall be explored as part of the overall
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verification. For example, if the fuelling protocol is designed to function without communications in the
event that the communications between the vehicle and dispenser fail, then the back-up non-comm fuelling
protocol shall also be verified.

Verification of the protocol shall be accomplished through a combination of analyses and tests as defined in
8.1. See also B.3 for guidance.

Developers choosing not to use communications (UCDC of 0) or limiting communications for only data
transfer, will face an extensive verification activity as defined in 8.1 unless the developer chooses to use
a fuelling protocol such as SAE J2601 which has already been verified and extensively validated in field
service. This alternative is particularly attractive when the non-comm fuelling protocol is required only
as a back-up if the communication fails. Additionally, the developer can choose to lower SOC of the CHSS to

further minimize risks in non-comm fnﬂ]]ing situations

The use of communications between the vehicle and the dispensing control system as defined\in/7.R remains
an attracfive alternative to reduce risk and possibly reduce verification requirements. See 81 for donditions
and alterpative approaches to reduce verification requirements from a safety standpoint:.

After comjpletion of verification of the fuelling protocol, results of tests and analyses-shall be dofumented
ed as part of the documentation defined in 8.2. Instructions and ,other informatign for the
implemerjtation and check-out of the fuelling protocol in the dispensing control system (and pofssibly the

The objedtive of this clause is to validate that the fuelling protocel can be successfully impleménted in a
inig control system that is representative of targeted«applications using documentation dlefined in
8.2. The Hardware and software of the dispensing control system shall comply with the ISO 19880 series.

All countermeasures to process deviations and faults\including branches in logic and backup fuelling
protocols|shall be included as part of the implementation of the fuelling protocol in the dispensing control
system (When used). IEC 61508 and IEC 61511 shall'be used for the design and testing of safety|functions
when deemed appropriate by risk assessment. [EC'62061, ISO 13849-1, and I1SO 13849-2 shall also|be used.

If commuhications between the vehicle and'the dispensing system are used, then communications|shall also
be provided for validation testing. The conttol system and communications on the vehicle for UCDL levels of
2 and 3 shall comply with appropriate requirements in ISO/SAE 21434 and ISO 26262.

The validtion plan and testing atejas defined in Clause 9. Acceptance tests in ISO 19880-1 and IS() 19880-2
shall be included as part of the ‘validation of the fuelling protocol. See also CSA HGV 4.3 for additional
guidance/| If the fuelling protocol requires the sharing of information between the vehicle and dispensing
system aq part of pre-fuelling communications in 7.2 and agreement by both parties before condycting the
fuelling process, then this'feature shall be validated to ensure that unauthorized fuellings do not gccur.

The initidl validation testing of the fuelling protocol as defined above shall be performed on at|least one
representfative dispensing control system, unless changes are made to the fuelling protocol that npcessitate
re-validafionbased on risk assessment.

NOTE 1 Irneapove only addresses valldation ortne ruelling protocol (and not tne dispensing systelnj.

NOTE 2  Validation of dispensing systems for public fuelling stations of road vehicles is expected to be conducted as
defined in ISO 19880-1 and ISO 19880-2.

In order to continue validation of the fuelling protocol based on operation of dispensers in the field, a
mechanism shall be provided for reporting safety-related incidents and near-misses and for taking corrective
actions, when required, to update the fuelling protocol and associated documentation defined in 8.2.
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Annex B
(Informative)

Information and Guidance for Clauses 6 Through 9

B.1 Introduction

As notedrﬁmmmmmmwwre design
and development of fuelling protocols. The requirements are organized into four process areas‘flefined in

Clauses 6

The inten
the defini
In fact, as|
developer

verified a'rld that the generated documentation is sufficient for the proper implementation and s
i

the fuell

The purp
to condud

B.2 Inf

through 9 (as well as A.6 through A.9 for road vehicles).

L of organizing the requirements into four process areas is to enhance understanding anc
Fion of a new and unique design and development process on the developers of;the fuelling
noted in the Clause 1, the requirements defined in this document are intenided to be intg
s into their existing design and development processes to ensure that the fuelling proto

g protocols in dispensing systems for the targeted application.

bse of B.2 through B.5 of this annex is to provide more detailedinformation and guidanc
ting the process and meeting the requirements defined in{Clauses 6 through 9.

A clear u
system is

necessary before the fuelling protocol can-be defined and developed.

Requirem
reports a

applicatidn.

The procgss starts by identifying thetbasic requirements for the fuelling protocol based on key
and limitgtions of the fuelling precess. Specifically, with the regard to the fuelling of hydrogen ve
objective pf the fuelling protocel,as'defined in 6.1 is to fill the hydrogen storage containers in the v

system d
— 1009
— maxi
— maxi

Since the

ents can be based on applicable regulations and standards, manufacturer discussions,
d data, research of relevant applieations, and estimates based on knowledge of the

ring normal (fault<fre€) fuelling without exceeding:
b state-of-charge (SOC),
mum temperature of the container materials, or

mum fuelling pressure or maximum operating pressure (MOP).

not force
protocol.
grated by
fol is fully
pfe use of

e relative

prmation and guidance for the definition 6ffuelling protocol requiremgents for
dispenTng (in Clause 6)

derstanding of capabilities and limitationscof the fuel systems in the vehicle and the dispensing

published
potential

pbjectives
nicles, the
bhicle fuel

hicle fuel

pressure of the fuel being dispensed can be used to limit the container pressure in ve

systems, the challenge of the fuelling protocol is to primarily fuel the vehicle fuel system without over-filling

(above 10

0 % SOC) or over-heating the container materials (above maximum temperature limits).

Fuelling is further complicated when the range of capabilities and operating characteristics of both
hydrogen vehicles and dispensing systems are considered. The gathering of information and the formation
of requirements and specifications for operating conditions and limits into a fuelling envelope for design
and development of the fuelling protocol is defined in 6.2 based on likely sources of the information:

a) Fuelling requirements based on vehicle regulations and standards in 6.2.1

Requirements and specifications for vehicle fuel systems can be used to define minimum capabilities
and operating conditions and limits for the fuelling protocol. Product standards are also sources of
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information for commercially available vehicles. For example, ISO 19881 provides general design
requirements for containers in several types of land vehicles covered by this document.

b) Requirements to be addressed by the fuelling protocol when necessary information is not available in
regulations and standards in 6.2.2

While regulatory requirements and product standards (in 6.2.1) can provide basic information relative
to the design and operation of vehicle fuel systems, additional information is often necessary over the
targeted range of the hydrogen vehicles to complete definition of requirements for the fuelling protocol
from a vehicle standpoint. To determine this information, estimates based on market surveys of the
industry segment to be served (including discussions with manufacturers and stakeholders) can be
needed to complete the compilation of necessary information of hydrogen vehicles to be fuelled.

c¢) Requjrements based on dispenser design and operating characteristics in 6.2.3

The dapabilities and limitations of the dispensing systems that will employ the fuelling’protocol also
need fto be considered when designing the fuelling protocol. Additionally, local and regional regulations,

coded, or standards can impose certain requirements that the fuelling protocol fieeds to adflress and
accorhmodate.

These inifial conditions, boundary conditions, and operating conditions, capabilities, and limitations are
then synthesized into a fuelling envelope that captures worst-case combinations of vehicle, disp¢nser, and
environmlental situations that can be expected during dispensing. See FigureB.1 for a simplified ilJustration
of the respiltant fuelling envelope.

Additional considerations Ranges of parameters tobeaddressed

Vehicle Limitations ——— — Operating and dispensing limits

— Fill rates and /or pressurization rate

Vehicle Assumptions —— — Number, sizejand type of container(s)

— Differences-in fuel injection geometry to container(s) and affect on
gas mixifg and thermal distribution within containers.

— Initial.conditions of container and contents

— Pressure losses during fill within vehicle

Dispensing Assumptions ——» -+ Maximum dispenser flow
= Range of ambient and subcooling temperatures during dispensing
— Pressure losses in dispenser as well as vehicle fill lines

A
|
|
|
|
|
|
|
|
1
|
|
|
: — Process control capabilities and requirements
1

. s
A Ambjent
I temperature

o A
A A |
¢ ®

Injtial container temperature |
(Heafing/cooling relative to ambient due to

: ol Lias 3 : ]
envirommrentarconarrronsanaprror-operaton

including fuellings)
Figure B.1 — Illustration of the fuelling envelope

Understanding the targeted application can also influence the definition of the fuelling protocol.
Expectations of customer and stakeholders can be defined and then used to ensure that requirements
defined for the fuelling envelope in 6.2 are consistent with expectations. Information related to the physical
and administrative actions at the fuelling station can also influence the assessment of risks during design
and development in Clauses 7 and 8.
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