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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 published therein. The 
information contained therein is provided on an “as is” basis and AGA makes no representations 
or warranties including any expressed or implied warranty of merchantability 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 AGA undertaking to perform any 
duty owed by any person or entity to someone else. Anyone using this document should rely on 
his or her own independent judgment or, as appropriate, seek the advice of a competent 
professional in determining the exercise of reasonable care in any given circumstances.  

AGA has no power, nor does it undertake, to police 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 certification or other statement of compliance is solely the 
responsibility of the certifier or maker of the statement. 

AGA does not take any position with respect to the validity of any patent rights asserted in 
connection with any items that are mentioned in or are the subject of AGA publications, and 
AGA disclaims liability for the infringement of any patent resulting from the use of or reliance on 
its publications. Users of these publications 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 publication should consult applicable federal, state and local laws and regulations.  
AGA does not, through its publications intend to urge action that is not in compliance with 
applicable laws, and its publications may not be construed as doing so. 

This report is the cumulative result of years of experience of many individuals and organizations 
acquainted with the measurement of natural gas. However, changes to this report may become 
necessary from time to time. If changes to this report are believed appropriate by any 
manufacturer, individual or organization, such suggested changes should be communicated to 
AGA 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, 4th Floor, Washington, DC 20001, U.S.A. 
 
Copyright 2009, American Gas Association, All Rights Reserved. 

  

Full document details: AGA Report 5 2009

http://www.avadocuments.com/doc/aga-report-5-2009
http://www.avadocuments.com/doc/aga-report-5-2009


P
ro

vi
de

d 
by

 : 
w

w
w

.s
pi

c.
ir 

   
 

iv 
 

ACKNOWLEDGEMENTS 

AGA Report No. 5, Natural Gas Energy Measurement, was revised by a Task Group of the 
American Gas Association’s Transmission Measurement Committee under the joint chairmanship 
of Warren Peterson with TransCanada Pipelines Limited and James Witte with El Paso 
Corporation with substantial contributions from Eric Lemmon with the National Institute of 
Standards and Technology.  
 
Individuals who made considerable contributions to the revision of this document are: 

 
Kenneth Starling, Starling Associates, Inc. 

Paul LaNasa, CPL & Associates 
Paul Kizer, Formerly with ABB, Inc. 

 
Other individuals who also contributed to the revision of the document are: 

 
Stephen Hall, TransCanada Pipelines Limited 

Thanh Phan, Spectra Energy Corp. 
Joe Bronner, Pacific Gas and Electric Company 
Hank Poellnitz, Southern Natural Gas Company 

Eric Kelner, Formerly with Southwest Research Institute 
Ed Bowles, Southwest Research Institute 

Mark Maxwell, Instromet, Inc. 
Frank Brown, Consultant 

 

 
AGA acknowledges the contributions of the above individuals and thanks them for their time and 
effort in getting this document revised. 
 
 
 
Christina Sames       Ali Quraishi, Staff Executive 
Vice President        Engineering Services Director 
Operations and Engineering     Operations and Engineering 
            
 
  

Full document details: AGA Report 5 2009

http://www.avadocuments.com/doc/aga-report-5-2009
http://www.avadocuments.com/doc/aga-report-5-2009


P
ro

vi
de

d 
by

 : 
w

w
w

.s
pi

c.
ir 

   
 

v 
 

 
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 is to 
provide stabilizing influence through the stewardship of the Transmission Measurement 
Committee of the American Gas Association. 
 
This revision was triggered by technology advancement and heightened industry attention to 
gas quality issues. 
 
This version of AGA Report No. 5 supersedes all prior versions of this document. Users of 
previous editions are advised to upgrade to this edition. 
 
Programs in Excel Spreadsheet for AGA 5 related calculations including heating values 
both in Imperial and SI units are provided with this report. 
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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. 
• air/fuel mixtures must be capable of ignition followed by self-sustaining, 

exothermic combustion reactions. 
• hydrocarbon combustion reactions must reach stoichiometric completion, 

resulting in product water and carbon dioxide. 
• 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: 

• combustion characteristics such as flame geometry and air/fuel ratio 
• determination of emissions or the products of incomplete combustion 
• natural Gas Interchangeability indices, other than Wobbe Number, Methane   

Number (MN) and Motor Octane Number (MON) 
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1.3  Range of Gas Mixture Constituents 

1.3.1 Concentration of Gas Constituents 
The maximum proportion or concentration of constituents within a mixture is limited 
only by the criteria given in section 1.2.1. 

1.3.2 Directly Supported Constituents 
The gas mixture constituents directly supported by this report are:  

• Methane 

• Ethane 

• Propane 

• Isobutane (iC4) and Normal Butane (nC5) 

• Isopentane (iC5) and Normal Pentane (nC5) 

• Normal Hexane (nC6) 

• Normal Heptane (nC7) 

• Normal Octane (nC8) 

• Normal Nonane (nC9) 

• Normal Decane (nC10) 

• Hydrogen (H2) 

• Hydrogen Sulfide (H2S) 

• Oxygen (O2) 

• Water (H2O) 

• Carbon Dioxide (CO2) 

• Carbon Monoxide (CO) 

• Nitrogen (N2) 

• Helium (He) 

• Argon (Ar) 

• 2,2-Dimethyl Propane 

• 2-Methyl Pentane 

• 3-Methyl Pentane 

• 2,2-Dimethyl Butane 

• 2,3-Dimethyl Butane 

• Ethylene 

• Propylene 

• Methyl Alcohol 
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1.3.3 Other Constituents 
The methods of this report may also be applicable to other potential gas constituents if 
the following parameters are available: 

• compound molar mass 

• enthalpy of formation at 25 °C (77 °F) 

• second virial coefficient or summation factor at the temperature of interest 

• stoichiometric coefficients 

• calculation parameters for ideal gas heat capacity 

1.3.4 Grouped Constituents 
In the context of energy measurement, it is possible to characterize some compounds as 
constituents of a group rather than as individual constituent. A group of compounds may 
be thought of as a ‘pseudo-compound’ whose properties are inferred from those of its members. 
 
For example, the ‘pseudo-compound’ C6+ represents the sum of all hydrocarbons whose 
carbon number is 6 and higher. Typically, C6+ represents pre-determined proportions of 
nC6, nC7 and nC8. A number of ‘default’ proportions are widely used but none are mandated. 
 
The following two examples illustrate the sensitivity of heating value to assumed 
proportions within C6+. 
 
The ‘Amarillo’ example gas listed in AGA Report No. 8 (2nd edition) includes 0.0393 
mole percent of normal C6. The calculated gross heating value of the mixture is 1034.8 
Btu per cubic foot at 14.73 psia and 60 °F. For comparison, assume the mixture contains 
C6+ with 60/30/10 proportions. Upon recalculation, the heating value is higher by 
0.015% (1035.0 Btu per cubic foot). In this scenario, heating value is relatively 
insensitive to the assumed composition of C6+. 
 
Consider a contrasting example, where a natural gas mixture consists of: 

• 84 mole percent methane 

• 5.0 mole percent nitrogen 

• 6.0 mole percent ethane 

• 3.0 mole percent propane 

• 1.0 mole percent normal butane 

• 0.5 mole percent normal pentane 

• 0.5 mole percent normal hexane 

The calculated gross heating value of this mixture is 1112.1 Btu per cubic foot at 14.73 
psia and 60 °F. Assume the hexane fraction is, instead, C6+ with 60/30/10 proportions. 
The re-calculated heating value is higher by 0.17% (1114.0 Btu per cubic foot). The 
influence of the C6+ breakdown in this example is notably larger than that of the first 
example. 
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1.4 Other Composition-Dependent Gas Properties 

Several types of measurement-related calculations rely on gas composition, including 
hydrocarbon dew point, density, sound speed and heat capacity. Some of these calculations 
are more sensitive than others to error in gas composition measurement. For instance, 
calculations of hydrocarbon dew point tend to be very sensitive to the concentration of 
heavier hydrocarbons. 
 
Do not assume that the heating value measurement uncertainty will be representative of the 
uncertainty for other properties. 

1.5 Range of Contract Base Pressures and Contract Base Temperatures 

The methods in this report are suitable for the following conditions: 
 

Pressure: P < 16 psia P < 112 kPa 
Temperature: 32 °F < T < 77 °F 0 °C < T < 25 °C 

 
The methods of this report address the influence of pressure, temperature and compressibility 
on gas density. 
 
Over the range of contract base conditions given in this report, gas enthalpy is compensated 
for the influence of temperature. For reasons given in section 3.9, enthalpy is not 
compensated for pressure. 

1.6 Compounds in the Liquid State 

For certain gas industry transactions, a theoretical gas heating value may be associated with 
compounds measured in their liquid state. Note that gas-state heating value is not the same as 
liquid-state heating value, due to the enthalpy of vaporization and the effects of gas 
compressibility. For gas measurement applications associated with condensates, NGL or 
LNG, the heating value of such quantities shall be stated in terms of their heating value in the 
gas state and not in terms of their heating value in the liquid state. Correspondingly, heating 
value may be reported on a mass basis or an ideal gas volume basis. 
 
A potential for error also arises from gas/liquid volume conversions, due to the difference 
between real gas and ideal gas behaviour. To avoid potential error, perform gas/liquid 
conversions based on mass rather than volume. If volume-based conversions are required,  
consult applicable industry standards, such as GPA 8173.
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2. Definitions and Background 

2.1 British Thermal Unit (Btu) 

The International Table Btu, or BtuIT, is a unit of energy defined in terms of the International 
Table calorie and the SI unit of energy, the joule (J). For the purpose of custody transfer 
measurement, 1 BtuIT = 1055.05585262 J. A rounded version (1055.056) may be acceptable.  
 
The BtuIT is defined in terms of its relationship to the joule and the kilogram. 
 

1 BtuIT per pound mass = 2326 kJ/kg (exact) 
1 pound mass = 0.45359237 kg (exact) 
1 BtuIT = 2326 x 0.45359237 = 1055.05585262 J 

   
The International Table Btu was adopted in the 1977 revision of ASTM D 1826-77 “Test 
Method for Calorific Value of Natural Gas Ranges by Continuous recording 
Calorimeter”[14], and referenced in subsequent AGA publications. 
 
Prior to the publication of AGA Engineering Technical Note M-92-2-1[13], the version of the 
Btu supported by the AGA Transmission Measurement Committee was the Btu(58.5-59.5). 
Traditionally, the Btu was defined in terms of the heat energy required to raise the 
temperature of a pound of water from 58.5 °F to 59.5 °F. The temperature specification was 
required because the heat capacity of water varies with temperature. A potential bias exists 
between parties whose Btu is defined differently (for example, Btu(58.5-59.5) versus Btu(60-61)). 

2.2 Calorie 

A calorie is a unit of measurement of energy. In most fields, the calorie has been replaced by 
the joule, the SI derived unit of energy. One calorie is approximately the heat energy required 
to raise the temperature of 1 gram of water by 1 degree Celsius. Five variations of the calorie 
exist, due to differences in their associated reference temperatures. The two variants 
associated with natural gas properties are the International Table calorie (1 calIT = 4.1868 J) 
and the thermo-chemical calorie (1 cal(th) = 4.184 J). 

2.3 Combustion 

Combustion is a rapid sequence of chemical reactions between fuel and oxidant, accompanied 
by heat and light. During combustion of natural gas, hydrocarbon compounds react with 
oxygen to yield carbon dioxide and water. The ratio of oxygen molecules to fuel molecules is 
proportional to the carbon number or the number of carbon atoms in the fuel molecule. The 
higher the carbon number, the greater number of oxygen molecules required to complete the 
reaction.  
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The quantitative relationship between reactants and products in chemical reactions is called 
stoichiometry. The stoichiometric equation for balancing oxidation reactions involving 
hydrocarbons is: 
 

( ) ( ) ( ) OHnnCOOnHC nn 22222 444264 ++⇒+++ + energy (1) 
 

Where: 
n = number of carbon atoms in the hydrocarbon molecule 

CnH(2n+2) = hydrocarbon molecule 

O2 = oxygen molecule 

CO2 = carbon dioxide molecule 

H2O = water molecule 
 
Balanced equations for several hydrocarbons are given in the Table A.7.1. 
        
Other combustible compounds may also be present in the gas mixture. The respective 
oxidation reaction equations for H2S, H2 and CO are given by: 
 

OHSOOSH 2222 2232 +⇒+  + energy (2) 

OHOH 222 22 ⇒+  + energy (3) 

22 22 COOCO ⇒+  + energy (4) 
 
Some compounds that may be found in natural gas, such as nitrogen, carbon dioxide, oxygen, 
helium and argon are called ‘spectators’ to combustion because they do not oxidize and act 
only as diluents in a fuel gas composition. 
 
There is a special case when water vapor is present in the fuel. While not a participant in 
combustion, water contributes energy if it is condensed from vapor to liquid in the exhaust stream. 
 
If insufficient oxygen is available for reaction with fuel, incomplete combustion may yield 
compounds such as CO.  
 
In the following example equation for the oxidation of methane, the reaction is exothermic.  
 

OHCOOCH 2224 22 +⇒+  (5)
    

That is, the enthalpy of formation for the CH4 molecules prior to reaction is greater than the 
enthalpies of formation for CO2 and H2O yielded by the reaction. Enthalpies are often stated 
on a molar basis, in units of kilojoules per mole. 
 
The energy available from combustion is directly related, then, to the enthalpies of formation 
and the stoichiometric coefficients given in tables A.5.1 and A.6.1 
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The molar ideal gross heating value of the ith constituent at the reference condition Th and Ph 
is given by the following relation: 

( ) ( )∑
=

−=
NC

k
hh

o
kkihh

o
i PTHFSCPTHN

1
, ,,  

(6)

Where: 
),( hh

o
i PTHN = molar ideal gas gross heating value of the ith constituent at Th , Ph 

kiSC ,  = stoichiometric coefficient of constituent k for combustion of ith
constituent 

),( hh
o

k PTHF = molar ideal gas enthalpy of formation of constituent k at Th, 
P

hT  = reference temperature for heating value 

hP  = reference pressure for heating value 
 
The molar ideal gross heating value of a dry gas mixture is related to the composition of the 
mixture by the following relation: 
 

( ) ( )hh
o
i

NC

i
ihh

o PTHNxPTHN ,,
1
∑
=

=  
(7)

Where: 
),( hh

o PTHN = molar ideal gas gross heating value of the gas mixture at Th, Ph

),( hh
o
i PTHN = molar ideal gas gross heating value of the ith constituent at Th, Ph 

xi = mole fraction of ith constituent in gas mixture 

NC = number of combustible constituents in gas mixture 
 
Natural gas heating value is commonly expressed on a volume basis. The volumetric heating 
value is obtained by multiplying molar heating value by molar density. 
 

( ) ( ) ( )hhhh
o

hh PTPTHNPTHV ,,, ρ=  (8) 
Where: 

),( hh PTHV  
= volumetric gas gross heating value of the gas mixture at Th, Ph 

),( hh
o PTHN = molar ideal gas gross heating value of the gas mixture at Th, Ph 

( )hh PT ,ρ  
= molar gas density at Th, Ph 

 
Expressed in terms of compressibility, volumetric heating value is the ideal gas volumetric 
heating value divided by the compressibility factor Z, at reference conditions. 
   

( ) ( )
( )hhmix

hh
hh PTZ

PTHV
PTHV

,
,

,
0

=  
(9) 

    

2.4 Combustion Reference Temperature 

This is the temperature of fuel gas in the combustion apparatus. For the purpose of this 
document, it is assumed that the combustion reference temperature equals the contract base 
temperature. 
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2.5 Contract Base Conditions 

Arbitrarily defined pressure and temperature conditions are used for quantifying gas volume 
or volumetric heating value. This is industry’s approach for quantifying products whose 
properties vary with operating conditions. Contract base conditions vary somewhat across 
industry, which may require users to implement mathematical conversions. 
 
When energy is reported as the product of volume and volumetric heating value, it is 
imperative that the base conditions for both parameters be identical. 

2.6 Dekatherm 

A dekatherm is a unit of energy,   
1 dekatherm = 10 therms = 1,000,000 BtuIT (10) 

2.7 Dry Gas 

For the purpose of this report, a dry gas is one whose constituent water vapor is less than 112 
mg/m3 or 7 lbs mass (lbm) per million standard cubic feet. For energy calculations involving 
dry natural gas, the concentration of water is less than 0.01 mole percent and therefore 
assumed to be zero. 

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

The heat energy generated by complete stoichiometric combustion of a defined quantity of 
reactants, where the products of combustion are returned to the temperature of the reactants 
and the water produced by combustion is condensed to the liquid state. Water vapor 
accompanying unburned fuel is assumed to have condensed in the exhaust gas stream. Water 
vapor accompanying combustion air is not considered. 

2.9 Ideal Gas 

An ideal gas is one that observes the Ideal Gas Law equation, 
 

PV = nRT (11) 
    

Where: 
 

P  =   gas pressure 
V  =   gas volume 
n  =   the number of moles of substance 
R  =   the molar gas constant 
T  =   thermodynamic temperature 

 
Gas measurement calculations address the fact that all gases depart, at least somewhat, from 
the ideal gas law. See also Real Gas, Section 2.14. 
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2.10  Motor Octane Number (MON) 

Motor Octane Number is a numerical rating of the resistance of a motor fuel to knock, scaled 
for compatibility with gasoline octane ratings. One of the methods for estimating MON for 
natural gas mixtures is used by the California Air Resources Board (CARB). The equation for 
the CARB method, as documented in SAE paper 922359 [19], is: 
 

32

17.2055.17304.50814.406 ⎟
⎠
⎞

⎜
⎝
⎛×+⎟

⎠
⎞

⎜
⎝
⎛×−×+−=

C
H

C
H

C
HMON (12) 

 
 

Where:  
H/C is the ratio of hydrogen atoms to carbon atoms in the reactive hydrocarbons present in 
the fuel mixture, excluding the carbon atoms in CO2 that may be present.  
 
This equation is used when H/C > 2.5 and the sum of the non-hydrocarbon constituents is less 
than 5 mole percent. 
 
Another method for estimating MON is the Linear Coefficient Relation: 
 

1 2 3 4 2 2
137.78 29.948 18.193 167.062 181.233 26.994MON X X X X X XC C C C CO N= × + × − × − × + × + ×  (13)

2.11 Methane Number (MN) 

Methane Number is a numerical rating of the resistance of a natural gas motor fuel to knock. 
Methane Number is related approximately to MON by the following equation: 
 

1.119624.1 −×= MONMN  (14)

2.12 Natural Gas Energy Measurement 

Measurement of natural gas quantities defined in terms of potential to release energy when 
combusted. 

2.13 Lower Heating Value (LHV), also known as Net Heating Value (NHV) 

The heat energy generated by complete stoichiometric combustion of a defined quantity of 
reactants, where the products of combustion are returned to the temperature of the reactants 
and water produced by combustion remains in the gaseous state. 

2.14  Real Gas 

A real gas is one whose behaviour departs from the Ideal Gas Law. Compressibility factor (Z) 
is a parameter commonly used to symbolize this departure. For calculations involving real 
gas, the resulting equation is PV = nRTZ. 
 
Where: 

P  =  pressure 
V  =  volume 
n  =  number of moles of substance 
R  =  molar gas constant 
T  =  thermodynamic temperature 
Z  =  compressibility factor 
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For the purpose of this report, pressure changes are recognized for gas density but ignored for 
enthalpy departure. Heating values derived from this report are, in the strictest sense: 
 

Heating Value = Ideal Gas Molar Heating Value x Real Gas Molar Density (15)

2.15 Relative Density and Specific Gravity 

Relative density is the ratio between the density of natural gas at a defined pressure and 
temperature, and the density of dry air at the same pressure and temperature. 
 
Custody transfer applications rely on real gas characteristics. Ideal gas relative density can be 
estimated from the respective molar masses of gas and air, but should not be used for custody 
calculations. Real gas relative density is the term used to refer to the correction for 
compressibility effects on gases and air. See Appendix A, Calculating Natural Gas Density 
and the Compressibility of Air, for additional details and related equations. 
 
Specific Gravity is a term similar in meaning to Relative Density. Due to historical reasons, 
specific gravity is implicitly referenced to 14.73 psia and 60 °F. 

2.16 Sensible Heat 

Sensible heat is potential energy in the form of thermal energy. The magnitude of sensible 
heat of a thermal body is a product of the body’s mass, its specific heat capacity and its 
temperature above a reference temperature. 

2.17 Therm 

A therm is a unit of energy equal to 100,000 BtuIT. 

2.18 Water Dew Point 

Upon reduction in the sensible heat of a quantity of gas, the dew point is the temperature at 
which constituent water vapor begins condensing to the liquid state. The relationship between 
dew point and molar concentration has been observed and correlated experimentally. The 
saturability of water in natural gas varies with pressure, temperature and interaction between 
other constituents, notably CO2 and H2S. 

2.19 Water-Saturated and Partially Water-Saturated Gases 

A water-saturated gas is a gas mixture whose water vapor fraction is in equilibrium with its 
liquid fraction. 
 
The water vapor fraction of a saturated ideal gas mixture is proportional to the ratio of its 
partial pressure to overall mixture pressure. The partial pressure of the water fraction is equal 
to the vapor pressure of water at the temperature of interest.  
 
For the purpose of this report, a partially water-saturated gas is one whose constituent water 
vapor is between 7 lbs mass per million standard cubic feet (112 mg/m3) and saturation. For 
partially or fully water-saturated natural gases, heating value calculations include 
compensation for the concentration of water. 
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