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standards development and certification activities.

CSA Group standards reflect a national consensus of producers and
users — including manufacturers, consumers, retailers, unions and
professional organizations, and governmental agencies. The
standards are used widely by industry and commerce and often
adopted by municipal, provincial, and federal governments in their
regulations, particularly in the fields of health, safety, building and
construction, and the environment.

More than 10 000 members indicate their support for CSA Group’s
standards development by volunteering their time and skills to
Committee work.

CSA Group offers certification and testing services in support of and
as an extension to its standards development activities. To ensure
the integrity of its certification process, CSA Group regularly and
continually audits and inspects products that bear the CSA Group
Mark.

In addition to its head office and laboratory complex in Toronto, CSA
Group has regional branch offices in major centres across Canada
and inspection and testing agencies in fourteen countries. Since
1919, CSA Group has developed the necessary expertise to meet its
corporate mission: CSA Group is an independent service
organization whose mission is to provide an open and effective
forum for activities facilitating the exchange of goods and services
through the use of standards, certification and related services to
meet national and international needs.

For further information on CSA Group services, write to
CSA Group

178 Rexdale Boulevard

Toronto, Ontario, MOW 1R3
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the users to judge its suitability for their particular purpose.

®A trademark of the Canadian Standards Association, operating as “CSA Group”


https://www.scc.ca
https://www.scc.ca
https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

CSA Group

The Canadian Standards Association (operating as “CSA
Group”), under whose auspices this National Standard has
been produced, was chartered in 1919 and accredited by
the Standards Council of Canada to the National Standards
system in 1973. It is a not-for-profit, nonstatutory,
voluntary membership association engaged in standards
development and certification activities.

CSA Group standards reflect a national consensus of
producers and users including manufacturers, consumers,
retailers, unions and professional organizations, and
governmental agencies. The standards are used widely by
industry and commerce and often adopted by municipal,
provincial, and federal governments in their regulations,
particularly in the fields of health, safety, building and
construction, and the environment.

More than 10 000 members indicate their support for CSA
Group’s standards development by volunteering their time
and skills to Committee work.

CSA Group offers certification and testing services in
support of and as an extension to its standards
development activities. To ensure the integrity of its
certification process, CSA Group regularly and continually
audits and inspects products that bear the CSA Group
Mark.

In addition to its head office and laboratory complex in
Toronto, CSA Group has regional branch offices in major
centres across Canada and inspection and testing agencies
in fourteen countries. Since 1919, CSA Group has
developed the necessary expertise to meet its corporate
mission: CSA Group is an independent service organization
whose mission is to provide an open and effective forum
for activities facilitating the exchange of goods and services
through the use of standards, certification and related
services to meet national and international needs.

For further information on CSA Group services, write *o
CSA Group

178 Rexdale Boulevard, Toronto, Ontario, MW 1 R7
Canada

American National Standards
Institute

The American National Standards Institute (ANSI), Inc. is
the nationally recognized coordinator of voluntary
standards development in the United States through which
voluntary organizations, representing virtually every
technical discipline and every facet of trade and commerce,
organized labor and consumer interests, establish and
improve the some 10 000 national consensus standards
currently approved as American National Standards.

ANSI provides that the interests of the public may havc
appropriate participation and representation in
standardization activity, and cooperates with departmeats
and agencies of U.S. Federal, state and local governi. ents
in achieving compatibility between governm :nt ' ~des .nd
standards and the voluntary standards of inc.:try o>
commerce.

ANSI represents the interests of the Unit. d States in
international nontreaty organizationz =ik as the
International Organization for Stancardizaw on (ISO) and the
International Electrotechnical CCmmis ‘on [ cC). The
Institute maintains close ties-with . ~=lonal organizations
such as the Pacific Area St 1darc 5 Congress (PASC) and the
Pan American Standards Cor. ™ission (COPANT). As such,
ANSI coordinates the activities involved in the U.S.
participation in the e zxaups.

ANSI approval ~7star Yards is intended to verify that the
principles of ¢ renn¢ ss and due process have been followed
in theopr.val o =zcedure and that a consensus of those
directly «d n.>terially affected by the standards has been
achiZved. A''SI coordination is intended to assist the

volt atary system to ensure that national standards needs
are iae.ufied and met with a set of standards that are
without conflict or unnecessary duplication in their

re  uirements.

Responsibility of approving American standards rests with
the

American National Standards Institute, Inc.

25 West 43rd Street, Fourth floor

New York, NY 10036


https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

National Standard of Canada
American National Standard

CSA/ANSI HGV 2:23

Compressed hydrogen gas vehicle
fuel containers

CSA
GRCUP"

®A trademark of the Canadic 1 Stardards Association, operating as “CSA Group”

erican Natjo~ ANDARp
o o al St, SYRouncry ngo
Q

oo

2
%

American I au.~na. Standards Institute, Inc.

Approved on May 15, 2023 by ANSI
Published in June 2023 by CSA Group
A not-for-profit private sector organization
178 Rexdale Boulevard, Toronto, Ontario, Canada M9W 1R3

To purchase standards and related publications, visit our Online Store at
www.csagroup.org/store/ or call toll-free 1-800-463-6727 or 416-747-4044.

ICS 27.075
ISBN 978-1-4883-4517-3

© 2023 Canadian Standards Association
All rights reserved. No part of this publication may be reproduced in any form whatsoever
without the prior permission of the publisher.


https://www.csagroup.org/store/
https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

Contents

Technical Committee on Hydrogen Transportation 5
Subcommittee on Fuel Containers for Compressed Hydrogen Gas Vehicles 9
Preface 12

1 Scope 14

1.1 General 14

1.2 Container type 14

1.2.1  Cylindrical containers 14
1.2.2 Conformable containers 14
1.3 Welded containers 14
1.4 Units of measurement 14
1.5 Terminology 15

2 Reference publications 15
3 Definitions 18

4 General requirements and service conditions 21

4.1 Precedence of requirements 21

4.2 Requalification of containers 21

4.3 Conformable container type identifier 21
4.4 Service conditions 21

44.1 Standard service conditions 21

4.4.2 Use of containers 21

443 Category 21

4.4.4  Service life 21

445 Periodic in-service inspections = -2

4.4.6  Conditions requiring immedi.te inspections 22

4.5 Nominal working preszuias 22
4.6 Maximum number of “iin; cycles 22
4.7 Temperature range . 23

4.7.1  Settled gas terpe.atures 23
4.7.2 Container temp.ratures 23
4.7.3 Transier.t g3s temperatures 23
4.7.4  Testten.neratures 23

4.8 Gas coiposition 23

49 E.ternal surfaces 23
4.10 Go ) permeation or leakage 23
4.0 Installation requirements 24

5 <Compliance 24
5.1 General 24
5.2 Retroactivity 24

June 2023 © 2023 Canadian Standards Association 1


https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

6 Material qualification tests and requirements 24
6.1 General 24

6.2 Material requirements 25

6.3 Metal containers and metal liners 26

6.3.1 Material properties 26

6.3.2  Impact test for steel 26

6.3.3  Tensile tests for metals 27

6.3.4  Sustained load cracking (SLC) test for aluminum 27
6.3.5  Corrosion tests for aluminum 27

6.4 Ultraviolet resistance of external coatings 27
6.5 Fibres 27

6.6 Resins 28

6.7 Nonmetallic liners (Type 4) 28

6.8 Bosses for Type 4 containers 28

7 Container design 28

7.1 Type 1 containers 28

7.2 Liners for Type 2, Type 3, and Type 4 containers 28
7.3 Stress analysis 29

7.3.1 General 29

7.3.2 Stress ratios 29

7.3.3  Modified stress ratio test 29

7.3.4  Hybrid designs 29

7.4 External loads on containers 30

8 Threaded openings 30

9 Inspection requirements 30
9.1 General 30

9.2 Inspection during qualification .22
9.3 Inspection during manufacturing =~ 3)
9.4 Duties of inspector during n'ancfacturing 31

9.4.1 Duties performed by all ii:ancfacturing inspectors 31
9.4.2  Additional duties (to Ciar.se 9.4.1) performed by third-party inspectors 31
9.5 Inspection during s2rvice~ 32

10 Manufacture 30

10.1 General 32

10.2 Metal cOnwiners and metal liners 32

10.3 Noninete'lic liners 32

10.4 Compo.ite containers with metallic liners 32
10.5 Cumposite containers with nonmetallic liners 33
10.6 Brezing 33

160.7 Weiding 33

1L 8 End closing by forming 33

10.9 Mounting and protection 33

10.10 Batch definitions and requirements 33
10.11  Design qualification tests 34

June 2023 © 2023 Canadian Standards Association 2


https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

CSA/ANSI HGV 2:23

Compressed hydrogen gas vehicle fuel containers

11 Production tests and examinations

11.1 General 34
11.2 Hydrostatic test 35
11.3 Leak test 35

12 Batchtests 36

12.1 General 36

12.2 Batch material tests 36
12.3 Coated containers 36

12.4 Burst test 36

12.4.1 Batch burst test 36

12.4.2 Periodic burst test 37

12.5 Cycle test 37

12.5.1 Batch cycletest 37

12.5.2 Periodic pressure cycling test

13 Rejected containers and liners 38

13.1 Physical test 38
13.2 Leak test 38

13.3 Hydrostatic test 38
13.4 Cycle test 38

13.5 Burst test 38

14 Pressure relief devices 39

15 Records of manufacture 39

34

37

16 Markings, dispatch and manufacturer’s inst-uctions 39

16.1 Markings 39

16.1.1 General 39

16.1.2 Marking information 39

16.2 Dispatch 40

16.3 Manufacturer’s instructicn 40

17 Quality assurance 40
17.1 General 40
17.2

18 Design qualinuation tests 41

Independent tispe ~tion (Option 2)

41

18.1 Generar . 41

18.2 Test re xuirements 41

18.3 Chtegory A: Design qualification tests 43
18.3.1 /o trequirements 43

1€.2.2  Amoient cycling test 43

12.3.07 Environmental test 44

18.5.4 Extreme temperature cycling test 46
13.3.5 Bursttest 46

18.3.6 Flaw tolerance test 46

18.3.7 Droptest 47

18.3.8 Bonfiretest 48

June 2023 © 2023 Canadian Standards Association 3


https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

18.3.9 High temperature static pressure test 52
18.3.10 Penetration test 52

18.3.11 Permeation test 52

18.3.12 Bosstorque test 53

18.3.13 Hydrogen gas cycling test 53

18.3.14 Leak before break test 53

18.3.15 Supplemental creep test 54

18.4 Change of design 54

18.5 Category B: Design qualification tests 58
18.5.1 General test requirements 58

18.5.2 Ambient cycling test 58

18.5.3 Bursttest 58

18.5.4 Container test for performance durability 58
18.5.5 High strain rate impact test 60

18.5.6 Permeation test 60

18.5.7 Container test for expected on-road performance 60
18.5.8 Bonfire test 60

18.6 Mechanical tests 61

18.6.1 General 61

18.6.2 Container set-up and preparation 61
18.6.3 Vibration test 61

18.6.4 Mechanical shock test 62

18.6.5 System leakage test 64

18.6.6 Acceptance criteria 64

18.7 Quialification test results 65

Annex A (informative) — Visual inspection 67

Annex B (informative) — Non-destructive exar:ination® 68

Annex C (informative) — Records of manufactn= = 70

Annex D (informative) — Validation tests fo: durability of CT2 conformable container shells 77
Annex E (normative) — Design appro :al -+ 5pecific Canadian requirements 79

Annex F (informative) — Procedure tor requalifying all-steel hydrogen vehicle storage containers 86

June 2023 © 2023 Canadian Standards Association 4


https://www.stdhive.com/standards/csa-ansi-hgv-223-pdf/

CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

Technical Committee on Hydrogen
Transportation

J. Hamilton

C. Hayes

A. l. Murra

K. Beauliua

M. Blieske

R. S. Bommenahalli

R. Boyd

J. P. Cohen

M. Conrad

W. L. Cook

R. Early

June 2023

California Fuel Cell Partnership,
West Sacramento, California, USA
Category: User Interest

Swagelok Company,
Solon, Ohio, USA
Category: Producer Interest

Abraham Murra Consulting,
Santa Margarita, California, USA
Category: Gas Supplier

Transport Canada,
Ottawa, Ontario, Canada

LIFTE H2 Inc.,
Boston, Massachusetts, USA

Nikola Corporation,
Phoenix, Arizona, USA

Boyd Hydrogen LLC,
Spring Lake Heights, New Jersey, USA
Category: General Interest

Air Products and Chemicals Inc.,
Allentown, Pennsylvania, USA
Category: Gas Supplier

Ford Motor Company,
Dearborn, Michigan, USA

Plug Power,
Newport Beach, California, USA
Category: Gas Supplier

Compressed Gas Association Inc.,
Chantilly, Virginia, USA

© 2023 Canadian Standards Association

Chair

Vice-Chair

Vice-Chair

Non-voting

Non-voting

Non-voting

Alternate

Non-voting



CSA/ANSI HGV 2:23

Compressed hydrogen gas vehicle fuel containers

J. E. Eihusen

E. Girouard

B. R. Gordon

A. Harris

K. Harris

P. Horacek

J. F. Jordan

S. Katz

S. Mathison

C. McWhinney

G. Meadows

B. Mezher

June 2023

Hexagon Lincoln Inc., Non-voting
Lincoln, Nebraska, USA

Emcara Gas Development Inc.,
Guelph, Ontario, Canada
Category: Producer Interest

Ivys Energy Solutions Inc.,
Somerville, Massachusetts, USA
Category: Producer Interest

Air Liquide,
Redwood City, California, USA
Category: Gas Supplier

John Cockerill, Non-voting
Erie, Pennsylvania, USA

Powertech Labs Inc.,
Surrey, British Columbia, Canada
Category: General Interest

Hexagon Agility,
Cook, Minnesota, USA
Category: User Interest

S. Katz and Associates Inc.,
North Vancouver, British Columbia, Canada
Category: General Interest

FirstElement Fuel Inc.,
Irvine, California, USA
Category: Gas Supplier

Millennium Reign Energy LLC,
Dayton, Ohio, USA
Category: Producer Interest

Westport Fuel Systems Canada Inc., Non-voting
Cambridge, Ontario, Canada

Luxfer Canada Ltd., Non-voting
Calgary, Alberta, Canada

© 2023 Canadian Standards Association 6



CSA/ANSI HGV 2:23

Compressed hydrogen gas vehicle fuel containers

N. L. Newhouse

D. Patel

K. Quackenbush

S. Quong

A. Ryan

A. Sadiku

G. Stottler

A. Tchouvelev

M. Tuttle

M. Veenstra

C. Webster

S. Wheaton

June 2023

Hexagon Lincoln Inc.,
Lincoln, Nebraska, USA
Category: Producer Interest

ANGI Energy Systems,
Janesville, Wisconsin, USA
Category: Producer Interest

Fuel Cell & Hydrogen Energy Association,
Washington, District of Columbia, USA
Category: General Interest

Quong & Associates Inc.,
San Francisco, California, USA
Category: General Interest

Toyota Motor Engineering & Manufacturing North
America,
Gardena, California, USA

Energy and Transportation Division — Environment
and Climate Change Canada (ECCC),
Ottawa, Ontario, Canada

Stottler Development LLC,
Honeoye Falls, New York, USA
Category: General Interest

A.V. Tchouvelev & Associates Inc.,
Mississauga, Ontario, Canada
Category: General Interest

Hexagon Purus,
Westminster, Maryland, USA

Ford Motor Company,
Dearborn, Michigan, USA
Category: User Interest

TesTneT Canada Inc.,
Langley, B.C., Canada
Category: General Interest

Choshu Industry Corporation of America Inc.,
Calgary, Alberta, Canada
Category: Producer Interest

© 2023 Canadian Standards Association

Alternate

Non-voting

Non-voting



CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

L. Yang Toyota Motor Engineering & Manufacturing North
America,

Gardena, California, USA
Category: User Interest

. Monner CSA Group, Project Manager
Calgary, Alberta, Canada

June 2023 © 2023 Canadian Standards Association 8



CSA/ANSI HGV 2:23

Compressed hydrogen gas vehicle fuel containers

Subcommittee on Fuel Containers for
Compressed Hydrogen Gas Vehicles

N. L. Newhouse

K. Bowker

R. Boyd

M. E. Cashatt

S. Clark

W. Collins

M. Conrad

J. Coursen

R. Denny

J. E. Eihusen

L. Gambone

M. Gilio

E. Girouard

June 2023

Hexagon Lincoln Inc., Chair
Lincoln, Nebraska, USA

U.S. Department of Transportation (USDOT),
Washington, DC, USA

Boyd Hydrogen LLC,
Spring Lake Heights, New Jersey, USA

MclLaren Engineering,
Livonia, Michigan, USA

Powertech Labs Inc.,
Surrey, British Columbia, Canada

WPCSOL LLC,
East Windsor, Connecticut, USA

Ford Motor Company,
Dearborn, Michigan, USA

Luxfer Gas Controls,
Pomona, California, USA

Uttam Composites,
Garden Grove, California, USA

Hexagon Lincoln Inc.,
Lincoln, Nebraska, USA

Nikola Motor,
Phoenix, Arizona, USA

A-1 Alternative Fuel Systems,
Fresno, California, USA

Emcara Gas Development Inc.,
Guelph, Ontario, Canada

© 2023 Canadian Standards Association 9



CSA/ANSI HGV 2:23

Compressed hydrogen gas vehicle fuel containers

A. Grab

M. Gust

J. Hamilton

C. Hayes

P. Horacek

J. F. Jordan

S. Katz

C. Kondogiani

P. Lam

D. Linster

S. Mathison

B. Mezher

A. Pierorazio

M. Pirraglia

S. Quong

June 2023

Nikola Motor Company,
Phoenix, Arizona, USA

Quantum Fuel Systems LLC,
Lake Forest, California, USA

California Fuel Cell Partnership,
West Sacramento, California, USA

Swagelok Company,
Solon, Ohio, USA

Powertech Labs Inc.,
Surrey, British Columbia, Canada

Hexagon Agility,
Cook, Minnesota, USA

S. Katz and Associates Inc.,

North Vancouver, British Columbia, Canada

Noble Gas Systems,
Royal Oak, Michigan, USA

Quantum Fuel Systems LLC,
Irvine, California, USA

Audi AG,
Ingolstadt, Germany

FirstElement Fuel Inc.,
Irvine, California, USA

Luxfer Canada Ltd.,
Calgary, Alberta, Canada

Jensen Hughes,
Toronto, Ontario, Canada

HYGEN Group,
Mississauga, Ontario, Canada

Quong & Associates Inc.,
San Francisco, California, USA

© 2023 Canadian Standards Association

10



CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

B. Ravinel cellcentric GmbH & Co. KG,
Kirchheim unter Teck, Germany

S. Rivalta Winkelmann Flowform Technology — Fuel Systems,
Thousand Oaks, California, USA

M. S. Sekura TUV SUD Product Service GmbH,
Garching, Germany

M. Trudgeon Luxfer Inc.,
Riverside, California, USA

M. Tuttle Hexagon Purus,
Westminster, Maryland, USA

M. Veenstra Ford Motor Company,
Dearborn, Michigan, USA

C. Webster TesTneT Canada Inc.,
Langley, B.C., Canada

D. Wenger Wenger Engineering GmbH,
Ulm, Germany

E. Wolff-Klammer UL Solutions,
Northbrook, Illinois, USA

L. Yang Toyota Motor Engineering & Manufacturing North
America,
Gardena, California, USA

T. Yoder National Aeronautics and Space Administration
(NASA),
Las Cruces, New Mexico, USA

A. Zuniga Luxfer Gas Cylinders,
Riverside, California, USA

l. Monner CSA Group, Project Manager
Calgary, Alberta, Canada

June 2023 © 2023 Canadian Standards Association 11



CSA/ANSI HGV 2:23 Compressed hydrogen gas vehicle fuel containers

Preface

This is the third edition of CSA/ANSI HGV 2, Compressed hydrogen gas vehicle fuel containers. It
supersedes the previous editions published in 2021 and 2014.

The major changes to this edition include the following:
a) incorporation of requirements from CSA B51, Part 2; and
b) harmonization and clarification of test requirements.

This Standard is considered suitable for use for conformity assessment within the stated scope of the
Standard.

CSA Group acknowledges that the development of this Standard was made possible, in part, by the
financial support of Natural Resources Canada.

This Standard was prepared by the Subcommittee on Fuel Containers for Compressed Hydrogen Gas
Vehicles, under the jurisdiction of the Technical Committee on Hydrogen Transportation and the
Transportation Strategic Steering Committee, and has been formally approved by the Technical
Committee.

This Standard has been developed in compliance with Standards Council of Canada requirements for
National Standards of Canada. It has been published as a National Standard of Canada by CSA Group.

This Standard has been approved by the American National Standards Institute (ANSI) as an American
National Standard.

Interpretations: The Transportation Strategic Steering Committee has provided the following direction
for the interpretation of Standards under its jurisdiction: “The literal text shall be used in judging
compliance of products with the safety requirements of this Standard. When the literal text cannot be
applied to the product, such as for new materials or construction, and when a relevant CSA committee
interpretation has not already been published, CSA Group’s procedures for interpretation shall be
followed to determine the intended safety principle.”

Notes:

1) Use of the singular does not exclude the plural (and vice versa) when the sense allows.

2) Although the intended primary application of this Standard is stated in its Scope, it is important to note that it
remains the responsibility of the users of the Standard to judge its suitability for their particular purpose.

3)  This Standard was developed by consensus, which is defined by CSA Policy governing standardization — Code
of good practice for standardization as “substantial agreement. Consensus implies much more than a simple
majority, but not necessarily unanimity”. It is consistent with this definition that a member may be included in
the Technical Committee list and yet not be in full agreement with all clauses of this Standard.

4) To submit a request for interpretation of this Standard, please send the following information to
inquiries@csagroup.org and include “Request for interpretation” in the subject line:

a) define the problem, making reference to the specific clause, and, where appropriate, include an
illustrative sketch;

b)  provide an explanation of circumstances surrounding the actual field condition; and

c)  where possible, phrase the request in such a way that a specific “yes” or “no” answer will address the
issue.

Committee interpretations are processed in accordance with the CSA Directives and guidelines governing

standardization and are available on the Current Standards Activities page at

standardsactivities.csagroup.org.
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