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DISCLAIMER AND COPYRIGHT

The American Gas Association’s (AGA) Operations and Engineering Section provides a forum
for industry experts to bring collective knowledge together to improve the state of the art in the
areas of operating, engineering and technological aspects of producing, gathering, transporting,
storing, distributing, measuring and utilizing natural gas.

Through its publications, of which this is one, AGA provides for the exchange of information
within the gas industry and scientific, trade and governmental organizations. Each publication is
prepared or sponsored by an AGA Operations and Engineering Section technical committee.
While AGA may administer the process, neither AGA nor the technical committee independently
tests, evaluates or verifies the accuracy of any information or the soundness of any judgments
contained therein.

AGA disclaims liability for any personal injury, property or other damages of any nature
whatsoever, whether special, indirect, consequential or compensatory, directly or indirectly
resulting from the publication, use of or reliance on AGA publications. AGA makes no guaranty
or warranty as to the accuracy and completeness of any information publiche! :erein. The
information contained therein is provided on an “as is” basis and AGA makes no 1 presentations
or warranties including any expressed or implied warranty of merchantibr.ity or fitness for a
particular purpose.

In issuing and making this document available, AGA is not undertaking to render professional or
other services for or on behalf of any person or entity. Nor is AC A undertaking to perform any
duty owed by any person or entity to someone else. Anyone usi.gz this document should rely on
his or her own independent judgment or, as appropriawc. seek the advice of a competent
professional in determining the exercise of reasonable carc (n 2ay given circumstances.

AGA has no power, nor does it undertake, to policc or enforce compliance with the contents of
this document. Nor does AGA list, certify, test or inspect products, designs or installations for
compliance with this document. Any certificacon. or other statement of compliance is solely the
responsibility of the certifier or maker of the sta*exient.

AGA does not take any position with respect to the validity of any patent rights asserted in
connection with any items that are .2entioned in or are the subject of AGA publications, and
AGA disclaims liability for the infi.ngeiient of any patent resulting from the use of or reliance on
its publications. Users of these pubiications are expressly advised that determination of the
validity of any such patent rights; and the risk of infringement of such rights, is entirely their own
responsibility.

Users of this publicaticn should consult applicable federal, state and local laws and regulations.
AGA does nat, throug: its publications intend to urge action that is not in compliance with
applicable laws, and its y ablications may not be construed as doing so.

This repor. ‘s the cumulative result of years of experience of many individuals and organizations
acquainted wia1 the measurement of natural gas. However, changes to this report may become
necessarr from time to time. If changes to this report are believed appropriate by any
manu.-cturer, individual or organization, such suggested changes should be communicated to
A GA by completing the last page of this report titled, “Form for Proposal on AGA Report No.
5" and sending it to: Operations & Engineering Section, American Gas Association, 400
North Capitol Street, NW, 4" Floor, Washington, DC 20001, U.S.A.

Copyright 2009, American Gas Association, All Rights Reserved.
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FOREWORD

This report is published to foster consensus among parties conducting energy-based
measurement of natural gas.

The report addresses methods, assumptions and criteria relevant to the determination of
heating value and heat energy.

Gas property measurement has a history of continual refinement. A goal of this report i to
provide stabilizing influence through the stewardship of the Transmission Measure.men:
Committee of the American Gas Association.

This revision was triggered by technology advancement and heightened industry a‘tenuon to
gas quality issues.

This version of AGA Report No. 5 supersedes all prior versions of this Cocunint. Users of
previous editions are advised to upgrade to this edition.

Programs in Excel Spreadsheet for AGA 5 related calculations 1»c!uding heating values
both in Imperial and Sl units are provided with this regort


https://www.stdhive.com/standards/aga-xq0901-pdf/

TABLE OF CONTENTS

DISCLAIMER AND COPYRIGHT ..ottt i
ACKNOWLEDGEMENTS ...ttt ettt st ste s e ntesneeeesaeaneeneeenes v
FOREWORD ...ttt bbbttt b bbbt s e sb e b et bt et et nee e V
TABLE OF CONTENTS ..ottt ettt st sttt e e e saeste s seessaenaenneaneas Vi
1. SCOPE OF APPLICATION .. .ottt ittt sttt eeseeeneenaenne s 1
| B € <31 1<) ¢ 1 E OO OO PRSP SRRUSUPTI 1

1.2 Range Of APPLICALION ....cvievieiieiieiiicrieteere et et e steeseaesbesveebeesseesseesaessaesssessnesnsenes 1

1.2.1 Inclusion Criteria for Fuel Gas MIXIUIES...........ccoviveieininincnceee s B S

1.3 Range of Gas MixXture CONSItUCNLS .........eevvieeciieeriieeiieeiieerreeereeesireesereeeveeeseveesenas 2

1.3.1 Concentration 0f Gas CONSLITUENTS. ..........cceiriiiriirciiei e P

1.3.2 Directly Supported CONSEITUENTS.........ccerveiieieiiiiire e 0. N 2

1.3.3 Other CONSHITUBNTS.......coiiiiiiiieieee e e 3

1.3.4 Grouped CONSHITUBNTS ......eeiieiie et ee e rnesreeeneeeeeens 3

1.4 Other Composition-Dependent Gas Properties...........cocverevereieecieesiiinie it evveveeieeiens 4

1.5 Range of Contract Base Pressures and Contract Base Temperattes . ...... ...cccocueeneee. 4

1.6 Compounds in the Liquid State...........cccceevevveeeieenieennnnnns P 4

2. DEFINITIONS AND BACKGROUND ......cccocoiitiinieniesieie e e e 5
2.1 British Thermal Unit (BEU)......ccceeviiiiiiiiiiieiiieriierierre s 5

2.2 CalOTIC..ccueieiiieieetteiee et ey <+ +ceeeeeeneeneenaneeetesteseennes 5

2.3 COMDUSHON . ..ceutitieiieieeiieiesieeieieseeeie e eeeeesiees seteueees Dt eateaesteeneestesseenee st eneeneesneeneas 5

2.4 Combustion Reference TemMpPerature ............coceeiit e ivvieiienieeneesee e sve e eeeeeeeeees 7

2.5 Contract Base CONAItIONS .........covieiiiieiiiieeseeeis e eiee et eereeeieeeeveeeveeesereeeveeeseneas 8

2.6 DeKathermi.......cooiiiiiiiiiiiiee e e et 8

g D 7 € - T U US 8

2.8 Higher Heating Value (HHV), also known as Gross Heating Value (GHV)............... 8

2.9 TdEal GAS ..ot e ettt sttt 8

2.10 Motor Octane Number (MON) . ..0i oiiiiiiiieiieeecee et sre b esreesseeraenees 9

2.11 Methane NUmber (IMIN) .. ittt ere e eba e e s e enseensaensees 9

2.12 Natural Gas Energy IMeas "leNLENE .......cceevuierieeiierieeieete et esieesieeseeente e eeeeeeeeeas 9

2.13 Lower Heating Valuc (L1V), also known as Net Heating Value (NHV) ................... 9

214 REALGAS .ot 00 ettt bttt h ettt es 9

2.15 Relative Densi'y ~.0d Specific Gravity........cocceeciereerienienienieeie e esieesiee e 10

2.16 Sensible Heut ..o e e 10

2 R A 4TS o s o B USRS 10

2,18 WaateT  DEW POINL...c.eiitiiiieiiitieieite ettt ettt ettt ettt b e et e e eb et e st e ebeenaeseeennens 10

2.19 Water-Sa urated and Partially Water-Saturated Gases ........cccceeeeveeeieeeiieenveesreeenne, 10

2.20 'wohbe Number (WN), also known as Wobbe Index (WI)......oooveevveviievienienienenenee, 11

3. BAS!S FOR CUSTODY TRANSFER .....ocoi ittt 12
3.1 Specification Of ENETZY .....cceeiuiiiiiiiieiieciece ettt 12

3.2 Specification of Heating Value..........cccovieiiiiiiiiiiii ittt 12

23 Higher (Gross) Versus Lower (Net) Heating Value ..........ccocevevvveieeciieciieneeieeeen, 12

3.+ Dry Versus Saturated Heating Value........ccccooceiviiiiiiiiiniiniecc e, 12

3.5 Energy Derived from Volumetric Measurements...........c.cceeveerveeerreeerveesveesnneeennnns 13

3.6 Energy Derived from Mass MEaSurements. .........c.ecvveerreerreesreesresnesvennenseessesssesssens 13

3.7 Sampling and Off-line ANalysiS.........cccverierieriieniienieeieeeeeesee e sre e ere e eeees 13

3.8 Compressibility FACOT.......cccuiiiiiiiiiiieciie ettt et 13

IR % 1141 F:1 | o) OSSPSR 14

3.10 Accounting for the Presence of Water..........cccvevierieiieiiieeeeeeereese e 14

vi


https://www.stdhive.com/standards/aga-xq0901-pdf/

4. UNCERTAINTY Lottt e 16

4.1 ACCEPLANCE CIILETIA. .. eecuveeieeriereesieesteesetesteesteeseesseessaesseessseanseenseeseessaesseesssessenssenns 16

5. HEATING VALUE DETERMINATION METHODS .......ccccooiiiiiieieeeee e 17
5.1 Heating Value from Gas COmMPOSItION........ccueicvirrrierreerreereeriiesresresreeneeseesseessesssees 17

5.1.1 General REQUITEMENTS .......ciiiiriiieiiiieieese sttt 17

5.1.2 Gas Chromatography ......cc.ceoieeeieieeeee sttt st sre e see e 17

5.1.3 MaSS SPECIFOMELIY ....eveeiiie ettt ettt e et e et e snbe e e aeeennneeas 17

5.2 Heating Value MeasuremeNt..........cccveruierrerveireereereereesseesieesseesssessnesssesssesssesssesssens 17

5.2.1 General REQUITEMENTS .......ciuiitiriiieiieieieese sttt 17

5.2.2 CalOFIMELET ...t 17

5.2.3 FUEH/AIN TIIFALION ..c.ocviiiiiiciicee e 18

5.3 Heating Value from Inferential (Correlative) Methods ..........ccceeevvevivenieeneeneennenee. 8

6. REFERENCES....... ..ottt ettt st st se e tesne e e e ste e e seeeneenaenneenead 19
APPENDIX A ettt r ettt te et et eteenae et eneen] A-Z
Pre-Calculated Tables of Ideal Gas Gross Heating Value (Volumetric Basis)..... «....... \-2
Pre-Calculated Tables of Ideal Gas Gross Heating Value (Mass Basis)..........ccccccecieee. A-4
Example Calculation of Volumetric Heating Value (Imperial units)............... ccveeenennns A-6
Example Calculation of Volumetric Heating Value (SI Units)................ D , VPSR A-8
Standard Enthalpies of FOrmation............cceecvevievieniieciieiieieeeesee e W N A-10
Stoichiometric Coefficients..........cceoeeveerierieniinieeeeieeeeeee NP, O AU A-11
Balanced Combustion Reaction Equations for Common Hydroca bon. ...........cueneeee. A-12

Ideal Gas Molar Heating Values at 298.15 K ......cooieriiviinis it et A-12
Enthalpy of Vaporization of Water .........cccccevviiiiieiiiiiiiiihd e A-13
Enthalpy AdJUStMEnt.........cc.eiiiiiiiiiiicieeciee et 0 e eies vt e eiveeetaeesereesareeeeeveesareeas A-13
Equation Constants for the Ideal Gas Heat Capacity Ccrrel tion .......ccvevveeveereervenennnn, A-15
Calculation of Summations Factors ...................... . U A-16
Equation Constants for 2™ Virial COeffiCIents ...t u..eeeeceeeeeeeeeeeeee oo A-18
Summation Factors at Common Reference Tenpe atureS........coovveeeeneeveeeeeeeeeeieeeeeeen. A-19
IMOLAT IMIASSES ...nveueenteeiteie ettt ettt ettt et sttt b e ettt b et st et e st sbe et e ebeesteteeneenees A-21

Table of H/C (Hydrogen to Carbon) Ra:ios .c.....cecuieiieiieniiiiieicce e A-22
Example Process for Supporting Ada tiar al Compounds...........cceeceerveevieevieenieeneenenenens A-23
Calculating Natural Gas RelativzDenz 'ty and the Compressibility of Air.........c........... A-26
Estimation of Water Conte.it frova Iew Point Measurements............cceeeeveeeeveeeneeennnen. A-28

Dew Point Temperature Vorsu: Water Content in Natural Gas.........ccceeveveeeeieeenveeennenn. A-29
APPENDIX B85 ettt bbb bbbt bt B-1
FORM FOR PROPOSAI:> DN AGA REPORT NO. 5, MARCH 2009 .........cccccevvriverennn B-1

vii


https://www.stdhive.com/standards/aga-xq0901-pdf/



https://www.stdhive.com/standards/aga-xq0901-pdf/

1. Scope of Application

1.1 General

This report applies specifically to energy-based custody transfer measurement of natural gas.
It may or may not be suitable to other applications, as determined by the user.

Heating value measurement is used in tandem with volume flow or mass flow measurement,
the use of which is guided by other reports and industry standards. This report is not intended
to supersede, extend or duplicate the content of flow measurement documents.

For ease of use, this report supports two approaches to estimating heating value from
composition: simplified ‘table look-up’ or full calculation. The approaches are functionally
equivalent because the look-up tables were produced with the calculation methods.

The tables A.1.1 and A.1.2 provide pre-calculated heating values of common gas constituents
for a range of common reference conditions. The detailed methods and data elsewhere in this
report are primarily for traceability.

Report No. 5 differs in scope from other documents concerning energy measurement. In
addition to technical data and formulas, this report recommends performance criteria.

The physical property data reproduced in this report were drawn from widely-accepted
industry sources, including NIST[1] and CODATA[12]. Results obtained using this report
will agree closely with results from methods sharing its lineage.

In keeping with gas industry practice, this report supports both SI and Imperial units of
measure.

1.2  Range Of Application

This report is focussed on methods for predicting the heat energy resulting from complete
combustion of commercially acceptable natural gas.

1.2.1 Inclusion Criteria for Fuel Gas Mixtures

This report is valid only for fuel gas mixtures meeting the following criteria:

the fuel must be in the gas phase at the specified reference conditions.

e air/fuel mixtures must be capable of ignition followed by self-sustaining,
exothermic combustion reactions.

e hydrocarbon combustion reactions must reach stoichiometric completion,
resulting in product water and carbon dioxide.

e trace products of combustion, such as NOx and CO, are negligible in the context
of heat production

Not in the scope of this report are:

e combustion characteristics such as flame geometry and air/fuel ratio
e determination of emissions or the products of incomplete combustion

e natural Gas Interchangeability indices, other than Wobbe Number, Methane
Number (MN) and Motor Octane Number (MON)



