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PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein contained. Moreover,
it should not be assumed that every acceptable commodity grade, test or safety procedure or method, precaution,
equipment or device is contained within, or that abnormal or unusual circumstances may not warrant or suggest
further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection with such review, any such comments or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our website, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this
document by government agencies and others, this document is purely voluntary and not binding unless adopted
by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available
via the Internet at our website at www.cganet.com. For more information contact CGA at Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.

Work Item 22-019
Hydrogen Technology Committee

NOTE—Technical changes from the previous edition are underlined.
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AMERICAN NATIONAL STANDARD

Approval of an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria for approval have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement
has been reached by directly and materially affected interests. Substantial agreement means much more than a
simple majority, but not necessarily unanimity. Consensus requires that all views and objections be considered,
and that a concerted effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect preclude
anyone, whether he has approved the standards or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstances give an
interpretation of any American National Standard. Moreover, no person shall have the right or authority to issue
an interpretation of an American National Standard in the name of the American National Standards Institute.
Requests for interpretations should be addressed to the secretariat or sponsor whose name appears on the title
page of this standard.

CAUTION NOTICE: The American National Standard may be revised or withdrawn at any time. The procedures
of the American National Standards Institute require that action be taken to periodically reaffirm, revise, or with-
draw this standard. Purchasers of American National Standards may receive current information on all standards
by calling or writing the American National Standards Institute, 1180 Avenue of the Americas, 10th Floor, New
York, NY 10036.

Approved as an American National Standard on July 18, 2024.



PAGE iv COMPRESSED GAS ASSOCIATION, INC. ANSI/CGA G-5—2024

Contents Page
S 101 (oo [N o3 o] PO OO PO OO PPROPPPPP 1
S T o o 1 USSR 1
3 DEFINILIONS. ... bbbt e e et e e e e e e b e e e ee s 1
I €= o= = T [ o] g 0 =1 T o USSR 1
4.1 Physical and chemical properties of gaseous hydrogen ... 1
4.2  Physical and chemical properties of liquid hydrogen..............coooiiiiiiiii e 2
4.3 PhySiOlOGICal EffECES ....iiii it a et rr e e e e e e e annnee 2
I /= 1o T = Tox (1[4 Y OSSPSR 4
4.5 COMMEICIAl USES......eeiiiiiiie ittt ee ettt e ettt e e e ettt e e e b b et e e et ee e e e an bt e e e aabbe e e e aabee e e s anbeeeesaneeeeannneeeann 6
E GRS T Yo U ] 1 P PP P PP TOUPOPRN 8
5 Hydrogen containers—storage and transportation............ccuuuiiieii it 8
5.1 REGUIALIONS. ...t e e s e e e e s b e e e s e e e e s s e e e ar e e e e e nneeeeane 8
5.2 Compressed gas storage and transportation ..............eeveeeeiiiiiiiiiee e 8
5.3  Cryogenic liquid hydrogen storage and transportation ...........cc.ccoeuiiiiiieniienieeiec e 12
5.4 Other types Of STOrAQgE .....ciii i i e e e e s e e e e e e s s et r e e e e e eanaaeeaaeeaaan 13
(SR 3 13T [T i) (o] =T [ T O PO S TP TP OPPROPPPRPR 13
L 200 B o T o o] =1 g ot SRS 13
6.2  General storage iNformMation ...........ooiuiiiiiii e e 13
(ORI Y £ 1 V7N o] 0] (=Yoo o= o - PSS 14
8.4 SBCUIEY ettt h e L b et E e h bt st e bt ea e e s n e e nn e e nane e 14
7 Handling and using gaseous hydrogen CYIINAEIS..........oooiuiiiiiiie e e e e s ennrraee e e e 15
7.1 General handling iNFOrMEAtION ........ccuiiiiiiii e 15
7.2 MOVING CYIINAEIS ...ttt e et e et e e e s s e bbb e e e e e e e e s s ab bbb e e e e e e e nnnneeeeeeeean 16
AR T @3/ 10 To [=T S 1= SRR 16
A S O3 [T o L= oo o1 (=T o | SRS 17
7.5  Disposition of @mMpPty CYINAErS ........coiiiiiiiii e e e e s e sreeaeeeens 17
7.6 Handling 1€aking CYIINAErS...........u i e e e e e e e e e e s s aanneeeeeeeeas 18
8 GaSEOUS NYArOgEN SYSTEMIS ......eiiiii ittt e e e e ettt e e e e s st e e e e e e e e s s s bbb e eeeeeeesaansbbeeeeaeesannnnneeeeaeeanan 18
8.1 Piping and manifold SYSTEMS ... ... i neee s 18
8.2  SPECIfiCationS ......coooeeieee 18
9 Handling and use precautions for liquid hydrogen ..............ooo e 18
S T {1 A= [o [OOSR O PP PP OUPPPPPPPN 19
S O o =13 =Y £ SRR 19
9.3  Filling and refilling CONTAINETS ........coiiiiiiiee e e s e e e e s s sanaeeeeeeeeans 19
S ] 11 o] o] g T J= Ta T J=1 (o] - To = USRS 20
TO  REFEBIEICES ...ttt e et a1 a et e e o bt e e o b et e e ae bt e e et e e e e e an e e e e anreeeeaae 20
B Vo Lo [T E= TN T o] 4 ' =1 (o] o OSSR 22
Tables
Table 1—Physical constants of gaseous (normal) hydrogen ............ccueviiiiiiiiiiiiiee e 3
Table 2—Physical constants of liquid hYdrogeN ..........cocuiiiiiiiiiiii s 4
Figures
Figure 1—Typical steam methane reforming sSChematiC............coooiiiiiiiiiiii e 5
Figure 2—Estimating the volume of hydrogen in a cylinder with a volumetric capacity of 2685 in®.................... 17
Appendices
Appendix A—Commonly used terms related to hydrogen (Informative) ............ceeeeeeeiiiiiiiiiiee e 23

Appendix B—Additional information for considerations on ullage (Informative) ..........c.cccooiiniininiciecen 27



ANSI/CGA G-5—2024 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction
This publication is one of a series written by the Compressed Gas Association, Inc. (CGA) to provide information

on the production, transportation, handling, and storage of compressed gases, cryogenic liquids, and related
products.

2 Scope

This publication provides information on the physical and chemical properties of hydrogen and proper handling
and use. It is intended to provide background information for personnel involved in the manufacture, distribution,
and use of hydrogen. Additional technical information can be obtained from hydrogen gas manufacturers.

Appendix A provides definitions for commonly used terms related to hydrogen.

3 Definitions
For the purpose of this publication, the following definitions apply.
31 Publication terminology

311 Shall
Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific recom-
mendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.

313 May
Indicates that the procedure is optional.

314 Will
Is used only to indicate the future, not a degree of requirement.

3.1.5 Can
Indicates a possibility or ability.

4 General Information

41 Physical and chemical properties of gaseous hydrogen

Gaseous hydrogen is a colorless, odorless, tasteless, flammable, nontoxic gas. It is the lightest of all gases,
having a specific gravity of 0.0696. The hydrogen content of atmospheric air at sea level is 0.5 ppm.

Gaseous hydrogen has two isomers (forms): ortho-hydrogen, in which the two atomic nuclei spin in the same
direction and para-hydrogen, in which the two atomic nuclei spin in opposite directions. There are no differences
in the chemical properties of the two forms of gaseous hydrogen, but there are slight differences in their physical
properties. Gaseous hydrogen is a mixture of 75% ortho-hydrogen and 25% para-hydrogen at room temperature.
Gaseous hydrogen is also called normal hydrogen.

Gaseous hydrogen is a flammable gas that burns with an almost invisible bluish flame. The flame is so pale in
daylight that a person can feel heat or even be burned by hydrogen that was accidentally ignited without ever
having seen a flame.

The flammability limits of gaseous hydrogen in air at atmospheric pressure are approximately 4% to 75%, and
the minimum autoignition temperature is 1050 °F (566 °C). The flammability limits of gaseous hydrogen in oxygen
range from approximately 4% to 95%, and the minimum autoignition temperature is 1074 °F (579 °C). When
handling gaseous hydrogen, personnel shall observe all the precautions necessary for the safe handling of a
flammable gas. The minimum ignition energy of gaseous hydrogen is 0.02 mJ, which is an order of magnitude






