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BRITISH STANDARD

Foreword

Publishing information

This British Standard is published by BSI Standards Limited, under licence from
The British Standards Institution, and came into effect on 31 July 2014. It was
prepared by Technical Committee, PTI/15, Natural Gas and Gas Analysis. A list of
organizations represented on this committee can be obtained on request to its
secretary.

Relationship with other publications

The methods of calculation in this British Standard require a value of the atomic
index for carbon of each component comprising the gas mixture, together with
the relevant molar property of the gas mixture. All of these values are either
obtained from or calculated according to BS EN ISO 6976.

The method of calculation in this British Standard is applicable to any gas
mixture for which BS EN ISO 6976 is applicable.
Use of this document

It has been assumed in the preparation of this British Standard that the
execution of its provisions will be entrusted to appropriately qualified and
experienced people, for whose use it has been produced.

Presentational conventions

The provisions of this standard are presented in roman (i.e. upright) type. Its
methods are expressed as a set of instructions, a description, or in sentences in
which the principal auxiliary verb is “shall”.

Commentary, explanation and general informative material is presented in
smaller italic type, and does not constitute a normative element.
Contractual and legal considerations

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from legal
obligations.
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1 Scope

This British Standard gives methods for the calculation of the carbon dioxide
emission factor of natural gases, natural gas substitutes and other combustible
gaseous fuels, when the composition of the gas by mole fraction is known. The
method provides for the calculation of the carbon dioxide emission factor at the
commonly used reference conditions of temperature and pressure and on the
four common quantity bases:

e mole;

e mass;

e volume (at the reference conditions of temperature and pressure); and
e energy (gross or net).

Annex A provides example calculations for carbon dioxide emission factors on all
the above bases and their uncertainties.

This standard requires use of complete compositional data in the form of mole
fractions that, by definition, sum to unity. If this is not so then the raw mole
fraction data is to be normalized and the normalized mole fractions and their
uncertainties recalculated. Guidance on such data processing is provided in

BS EN ISO 6974-1 and BS EN ISO 6974-2.

If the compositional data are incomplete, i.e. not all components have been
determined, then it is for the user to establish the significance of the error
caused by their omission and subsequent normalization.

NOTE One way to establish the significance of any omission is to determine how
carbon dioxide emission factor changes when the mole fraction of an undetermined
component is estimated to be unity minus the sum of all raw mole fractions.

2 Normative references

The following referenced documents are indispensable for the application of
this document. The latest edition of the referenced document applies.

BS EN ISO 6974-1, Natural gas — Determination of composition and associated
uncertainty by gas chromatography — Part 1: General guidelines and calculation
of composition

BS EN ISO 6974-2, Natural gas — Determination of composition and associated
uncertainty by gas chromatography — Part 2: Uncertainty calculations

BS EN ISO 6976, Natural Gas — Calculation of calorific values, density, relative
density and Wobbe index from composition

3 Terms, definitions and units

For the purposes of this British Standard, the following terms, definitions and
units apply.

3.1 Terms and definitions

3.1.1 carbon dioxide emission factor
mass of carbon dioxide that is produced from complete combustion with oxygen
of a specified quantity of gas

3.1.2 coverage factor
numerical factor used as a multiplier of the combined standard uncertainty in
order to obtain an expanded uncertainty
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NOTE A coverage factor, k, is typically in the range 2 to 3.

3.1.3 gross calorific value
amount of heat that would be released by the complete combustion with
oxygen of a specified quantity of gas, in such a way that the pressure p, at
which the reaction takes place remains constant, and all the products of
combustion are returned to the same specified temperature ¢, as that of the
reactants, all of these products being in the gaseous state except for water,
which is condensed to the liquid state at ¢,

NOTE Where the quantity of gas is specified on a molar basis, the calorific value is
designated as (H)s(t,,p,); on a mass basis the calorific value is designated as
(Hm)s(t,,p,). Where the quantity of gas is specified on a volumetric basis, the
calorific value is designated as (Hv)(t, p,/t, p,), where t, and p, are the gas volume
(metering) reference conditions.

3.1.4 net calorific value
amount of heat that would be released by the complete combustion with
oxygen of a specified quantity of gas, in such a way that the pressure p, at
which the reaction takes place remains constant, and all the products of
combustion are returned to the same specified temperature ¢, as that of the
reactants, all of these products being in the gaseous state

NOTE On molar, mass and volumetric bases, the net calorific value is designated
respectively as (H)\(t,,p,), (Hm),(t,,p,) and (Hv)\(t,,p.t,p,).

3.1.5 molar volume
volume occupied by one mole of a real gas at specified conditions of pressure
and temperature

3.1.6 real gas
gas which deviates from volumetric ideality

3.2 Symbols and units

3.2.1 Quantities

A number of moles of carbon atoms in one mole of mixture, mol-’

a atomic index for carbon in the generalised component
CaHchodse

B number of moles of hydrogen atoms in one mole of mixture,
mol’

b atomic index for hydrogen in the generalised molecular species
CaHchOdse

C carbon dioxide emission factor of the mixture on a molar basis,
kg-mol’

Ce carbon dioxide emission factor of the mixture on a gross energy
basis, kg-kJ

Cy carbon dioxide emission factor of the mixture on a mass basis,
kg-kg™

Cy carbon dioxide emission factor of the mixture on a net energy
basis, kg-kJ

C, carbon dioxide emission factor of the mixture on a volume
basis, kg-m-3

C atomic index for nitrogen in the generalised component
CaHchOdSe
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d atomic index for oxygen in the generalised component
CaHchOdSe

e atomic index for sulfur in the generalised component
CaHchOdSe

k coverage factor

calorific value of the mixture on a molar basis, kJ-mol-"

Hm calorific value of the mixture on a mass basis, kJ-kg™'

Hv calorific value of the real gas mixture on a volumetric basis,
kJ-m3

h, gross calorific value of pure component i on a molar basis,
kJ-mol-!

L half standard enthalpy of vaporization of water (= /2 A, H),
kJ-mol-!

M molar mass of the mixture, kg-mol-!

m. atomic mass of carbon, kg-mol™’!

Mcos molar mass of carbon dioxide, kg-mol-

m,, atomic mass of hydrogen, kg-mol-"

m; molar mass of pure component i, kg-mol"

m,, atomic mass of nitrogen, kg-mol-’!

m, atomic mass of oxygen, kg-mol-’

ms atomic mass of sulfur, kg-mol

N number of components in mixture

JoF combustion pressure, Pa

P, metering pressure, Pa

a; element i,j of molar mass correlation coefficient matrix

R gas constant, J-mol-" K-

S mixture Z summation factor

s; Z summation factor for pure component i

t, combustion temperature, K

t, metering temperature, ° C

U expanded uncertainty = k-u

u standard uncertainty (1 standard deviation)

%4 molar volume of the mixture = ZxRxT, P,, m3mol’

X; mole fraction of component i in the mixture

Y unspecified property

V4 mixture compression factor = 1 — §?

Pij element i,j of mole fraction correlation coefficient matrix

3.2.2 Subscripts

G gross (calorific value) basis
i component identifiers

N net (calorific value) basis
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4 Calculation of the carbon dioxide emission factor

4.1 General

The starting point for the calculation of the carbon dioxide emission factor on
any of the commonly used bases is the calculation of carbon dioxide emission
factor on the molar basis, C. The carbon dioxide emission factor on the desired
basis is accomplished by dividing carbon dioxide emission factor on the molar
basis by the relevant molar property of the gas mixture. The molar property of
the gas mixture shall be calculated according to BS EN ISO 6976.

The calculation of carbon dioxide emission factors and their uncertainties, in
accordance with equations 1 to 12, requires values of pure component
properties that shall be obtained from BS EN I1SO 6976.

The following terms are used for expressing the subsequent equations
compactly:

where m,=a;m.+ b;m, + ¢;my + d:mg + e;mg
4.2 Calculation of the carbon dioxide emission factor on the
molar basis
The carbon dioxide emission factor on the molar basis shall be calculated from:
C= Mco2 x A (7)
43 Calculation of the carbon dioxide emission factor on the mass
basis

The carbon dioxide emission factor on the mass basis shall be calculated from:

A
Cv = Mcoz % Iy 2)
4.4 Calculation of the carbon dioxide emission factor on the
volumetric basis
The carbon dioxide emission factor on the volumetric basis shall be calculated
from:
A
Cv=mcoz x v 3)
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45 Calculation of the carbon dioxide emission factor on the
gross combustion energy basis

The carbon dioxide emission factor on the gross combustion energy basis shall
be calculated from:

. A
G = Mco2 X H 4)
4.6 Calculation of the carbon dioxide emission factor on the net
combustion energy basis

The carbon dioxide emission factor on the net combustion energy basis shall be
calculated from:

A
Cy = JE
N mcozx(H_L.B) (5)

5 Uncertainty of calculation

51 General

Application of the GUM [1] to equations 1 to 5 results in
equations 8 to 12 below for the standard uncertainty in the carbon dioxide
emission factors on each basis.

NOTE 1 Depending on the information available, correlation coefficients p; may or
may not be known.

In the absence of more specific information, the correlation coefficients p; shall
be taken to be the elements of an identity matrix. If uncertainty in the carbon
dioxide emission factor on a mass basis is required, then the correlation
coefficients g shall be calculated from:

ajaju?(mc) + bibju?(my) + ciciu?(my) + didju?(mo) + ejeju?(ms)

B u(m;)u(m) (6)

ij

where

u(m;) = \/a,-zuz(mc) +b2u2(my) + ud(my) + d?u?(mo) + e?u?(ms) (7)

NOTE 2 q; is only used for the calculation of the uncertainty in carbon dioxide
emission factor on a mass basis; it is not used for other bases.

NOTE 3 For a typical Group H gas, use of the elements of an identity matrix for q;
instead of equation (6) will overestimate the uncertainty in carbon dioxide emission
factor on a mass basis by around 1%.

5.2 Calculation of uncertainty in the carbon dioxide emission
factor on the molar basis

The uncertainty in the carbon dioxide emission factor on the molar basis shall be
calculated from:

(9S8 oz (422
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5.3 Calculation of uncertainty in the carbon dioxide emission
factor on the mass basis

The uncertainty in the carbon dioxide emission factor on the mass basis shall be
calculated from:

LS5 Shen(y o

S e
i=1 j=1 M M
U(mcoz)':N u(m) (U(mcoz))
- Xi Qico2 +
Mco2 -5 i Mco2 9)

5.4 Calculation of the uncertainty in the carbon dioxide emission
factor on the volumetric basis

The uncertainty in the carbon dioxide emission factor on the volumetric basis
shall be calculated from:

0«»y;*ﬁmﬂ+”‘*yuw4i+19*%@>

So\a z Az

IS g (A0 s

Mco2

(10)

5.5 Calculation of uncertainty in the carbon dioxide emission
factor on the gross combustion energy basis

The uncertainty in the carbon dioxide emission factor on the gross combustion
energy basis shall be calculated from:

( )2 g‘vg ( ) (Xi)/)i/(%j - %j)u(xj)
Bl e

5.6 Calculation of uncertainty in the carbon dioxide emission
factor on the net combustion energy basis

The uncertainty in the carbon dioxide emission factor on the net combustion
energy basis shall be calculated from:

h
—L-

z< . <><>

i=1
5.7 Compositional uncertainty

In certain circumstances it is appropriate to assume that the uncertainty in the
component data and ancillary data is zero. In this case the only source of
uncertainty is from composition and equations 8 to 12 above simplify to just the
first term.
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5.8 Expanded uncertainty

The expanded uncertainty U(Y) shall be calculated by multiplying the standard
uncertainty u(Y) by an appropriate coverage factor, k.

6 Expression of results

a) The expanded uncertainty shall be rounded to two significant figures, using
the normal rules of rounding.

b) The numerical value of Y shall be rounded to the least significant Figure in
the rounded value of the expanded uncertainty U(Y).

¢) The value of the calculated quantity shall be reported in the form Y+U(Y)
(including units) and the value of coverage factor noted.
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Annex A
(informative)
A.1

A.2

BRITISH STANDARD

Example of calculation

General

This Annex gives example calculations for the carbon dioxide emission factor of
a natural gas from its compositional analysis. ISO standard reference conditions
of 15 °C combustion temperature, 15 °C metering temperature and 101.325 kPa
pressure were employed throughout.

NOTE SO standard reference conditions are taken from BS EN ISO 13443:2005.

In the calculations below, maximum precision is used for all intermediate results,
with rounding only done at the final stage for the output.

Compositional analysis

The analysis report of a natural gas sample provided the following information.

Table A.1  Example analysis report for natural gas

Component X; u(x;)

nitrogen 0.025 140 0.000 067
carbon dioxide 0.009790 0.000 046
methane 0.906 642 0.000 126
ethane 0.039650 0.000 063
propane 0.010 290 0.000 026
2-methylpropane 0.002019 0.000 036
n-butane 0.002 063 0.000014
2,2-dimethylpropane 0.001 101 0.000 020
2-methylbutane 0.001 106 0.000019
n-pentane 0.001 101 0.000019
n-hexane 0.001 098 0.000 022

A.3

Component data
Component data are displayed in Table A.2.

NOTE Component data displayed in Table A.2 are illustrative only; for application
of this standard the data given in the latest version of BS EN ISO 6976 should be
used.
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Table A.2 Component data

a; b; h, ut) |s; u(s;) m; u(m,)

mol/ mol/ kJ/mol kJ/mol g/mol g/mol

mol mol
nitrogen 0 0 0.00 | 0.00 0.01700 | 0.0010 | 28.0134 | 0.0002
carbon dioxide 1 0 0.00 | 0.00 0.07520 | 0.0020 | 44.0095 | 0.0005
methane 1 4 896.51 0.19 0.04452 | 0.0005 | 16.04246 | 0.000424
ethane 2 6 1562.14 | 0.51 0.09190 | 0.0011 | 30.06904 | 0.000827
propane 3 8 2221.10 | 0.51 0.13440 | 0.0016 | 44.09562 | 0.001232
2-methylpropane 4 10 2870.58 | 0.72 0.17220 | 0.0031 | 58.12220 | 0.001 638
n-butane 4 10 2879.76 | 0.72 0.18400 | 0.0039 | 58.12220 | 0.001 638
2,2-dimethylpropane | 5 12 3517.43 | 0.25 0.20400 | 0.0060 | 72.14878 | 0.002 044
2-methylbutane 5 12 3531.68 | 0.23 0.22510 | 0.0088 | 72.14878 | 0.002 044
n-pentane 5 12 3538.60 | 0.23 0.23610 | 0.0107 | 72.14878 | 0.002 044
n-hexane 6 14 4198.24 | 0.32 0.30010 | 0.0271 | 86.17536 | 0.002 450

A.4

Ancillary data

Ancillary data taken from BS EN I1SO 6976 are displayed in Table A.3.

NOTE 1 Ancillary data displayed in Table A.3 are illustrative only; for application of
this standard the data given in the latest version of BS EN ISO 6976 should be used.

NOTE 2 The m; and u(m,) data are displayed in Table A.3 for software validation
purposes and should be calculated directly from the appropriate atomic masses

provided in the latest version of BS EN ISO 6976.

Table A.3  Ancillary data

Property Units Y u(y)

half standard enthalpy of vaporization of water kJ-mol’ 22.215500 0 | 0.002
molar mass of CO, g-mol’ 44.009500 0 | 0.0005
gas constant J-mol-1-K-" 8.314 462 1 | 0.000 007 5
metering temperature K 288.150 000 0 | —
metering pressure kPa 101.325 0000 | -

atomic mass of C g-mol’ 12.010700 0 | 0.0004
atomic mass of H g-mol" 1.007 940 0 | 0.000035
atomic mass of N g-mol" 14.006 700 0 | 0.0001
atomic mass of O g-mol" 15.999400 0 | 0.000 15
atomic mass of S g-mol’ 32.065 000 0 | 0.0025

A5

Correlation matrix of molar mass

As calculated using equation 6, the elements g; of the molar mass correlation
coefficient matrix are given in Table A.4.
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Table A.4 Correlation matrix of molar mass

J

N, CoO, | CH, |GCHy | GHy | i-CHs | n-CHy | neo-CH,q | i-CHyo | n-CoHyo | N-CeHys

N, 1.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
co, 0.0000 | 1.0000 | 0.7551 | 0.7738 | 0.7791 | 0.7815 | 0.7815 | 0.7829 07829 | 0.7829 | 0.7838
CH, 0.0000 | 0.7551 | 1.0000 | 0.9968 | 0.9942 | 0.9927 | 0.9927 | 0.9916 0.9916 | 0.9916 | 0.9909
C,H, 0.0000 | 0.7738 | 0.9968 | 1.0000 | 0.9996 | 0.9991 | 0.9991 | 0.9988 0.9988 | 0.9988 | 0.9985
I CH, 0.0000 | 0.7791 | 0.9942 | 0.9996 | 1.0000 | 0.9999 | 0.9999 | 0.9998 0.9998 | 0.9998 | 0.999
i-C,Hg 0.0000 | 0.7815 | 0.9927 | 0.9991 | 0.9999 | 1.0000 | 1.0000 | 1.0000 1.0000 | 1.0000 | 0.9999
n-C,H, 0.0000 | 0.7815 | 0.9927 | 0.9991 | 0.9999 | 1.0000 | 1.0000 | 1.0000 1.0000 | 1.0000 | 0.9999
neo-C.H,,| 0.0000 | 0.7829 | 0.9916 | 0.9988 | 0.9998 | 1.0000 | 1.0000 | 1.0000 1.0000 | 1.0000 | 1.0000
i-C;H,, 0.0000 | 0.7829 | 0.9916 | 0.9988 | 0.9998 | 1.0000 | 1.0000 | 1.0000 1.0000 | 1.0000 | 1.0000
n-C.H,, | 0.0000 | 0.7829 | 0.9916 | 0.9988 | 0.9998 | 1.0000 | 1.0000 | 1.0000 1.0000 | 1.0000 | 1.0000
n-C,H,, | 0.0000 | 0.7838 | 0.9909 | 0.9985 | 0.9996 | 0.9999 | 0.9999 | 1.0000 1.0000 | 1.0000 | 1.0000

A.6 Carbon dioxide emission factors and their uncertainties

The results of applying the equations in Clause 5, with correlation coefficients p;
taken to be the elements of an identity matrix, are reported in Table A.5.

Table A.5 Carbon dioxide emission factors and their uncertainties, excluding mole fraction correlation

Property, Y Units Y u(y) uty)
carbon dioxide emission factor on a molar basis g-mol’ 46.917 00 | 0.015 0.029
carbon dioxide emission factor on a mass basis g-g™ 2.621 57 | 0.000 35 | 0.000 70
carbon dioxide emission factor on a volume basis g-m3 1 988.860 00 | 0.63 1.25

carbon dioxide emission factor on a gross
combustion energy basis

carbon dioxide emission factor on a net combustion
energy basis

g-MJ! 50.933 00 | 0.010 0.020

g-MJ! 56.436 00 | 0.012 0.025

Expanded uncertainty has been calculated by multiplying the standard
uncertainty by a coverage factor of k = 2.

A.7 Carbon dioxide emission factors and their uncertainties,
including mole fraction correlation

If the composition given in A.2 is raw data, i.e. unnormalized, then the standard
uncertainties in mole fractions need to be processed to give uncertainties in
normalized mole fractions. This is illustrated in Table A.6.
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Table A.6 Standard uncertainties of normalized mole fractions and elements of the mole fraction
correlation coefficient matrix

u(xi) pij

N, 0.000065 | 1 -0.030 -0.529 -0.062 | -0.033 | -0.017 | -0.014 | -0.011 | -0.011 | -0.011 | -0.011
Cco, 0.000046 | -0.030 | 1 -0.363 -0.040 | -0.022 | -0.010 | -0.009 | -0.007 | -0.006 | -0.006 | -0.007
CH, 0.000109 | -0.529 | -0.363 1 -0.473 | -0.175 | -0.293 | -0.101 | -0.160 | -0.152 | -0.152 | -0.178
C,Hq 0.000061 | -0.062 | -0.040 -0.473 1 -0.035 | -0.026 | -0.016 | -0.016 | -0.015 | -0.015 | -0.017
C,Hq 0.000026 | -0.033 | -0.022 -0.175 -0.035 | 1 -0.015 | -0.008 | -0.009 | -0.008 | -0.008 | -0.009
i-C,Hg 0.000036 | -0.017 | -0.010 -0.293 -0.026 | -0.015 | 1 -0.006 | -0.003 | -0.003 | -0.003 | -0.003
n-C,Hg 0.000014 | -0.014 | -0.009 -0.101 -0.016 | -0.008 | -0.006 | 1 -0.003 | -0.003 | -0.003 | -0.004
neo-C;H,,| 0.000020 | -0.011 | -0.007 -0.160 -0.016 | -0.009 | -0.003 | -0.003 | 1 -0.002 | -0.002 | -0.002
i-CsH 0.000019 | -0.011 | -0.006 -0.152 -0.015 | -0.008 | -0.003 | -0.003 | -0.002 | 1 -0.002 | -0.002
n-C.H,, 0.000019 | -0.011 | -0.006 -0.152 -0.015 | -0.008 | -0.003 | -0.003 | -0.002 | -0.002 | 1 -0.002
n-C,H,, 0.000022 | -0.011 | -0.007 -0.178 -0.017 | -0.009 | -0.003 | -0.004 | -0.002 | -0.002 | -0.002 | 1

The results of applying the equations in Clause 5, with correlation coefficients p;
taken as given in Table A.6, are reported in Table A.7.

Table A.7 Carbon dioxide emission factors and their uncertainties, including mole fraction correlation

Property, Y Units Y u(y) u(y)
carbon dioxide emission factor on a molar basis g-mol’ 46.917 00 | 0.010 0.020
carbon dioxide emission factor on a mass basis gq’ 2.621 57 | 0.000 35 0.000 70
carbon dioxide emission factor on a volume basis g-m3 1 988.860 00 | 0.44 0.88
carbon d.IOXIde emission factor on a gross g-MJ 50933 00 | 0.010 0.020
combustion energy basis

carbon dioxide emission factor on a net combustion g-MJ 56.436 00 | 0.012 0.025

energy basis

A.8 Composition uncertainty only

Where it has been agreed that the uncertainty in the component data and
ancillary data can be considered zero, the only source of uncertainty is from the
composition (see 5.7).

The results for no mole fraction correlation and for correlation from
normalization are illustrated in Table A.8.

Table A.8 Standard uncertainties of carbon dioxide emission factors — compositional uncertainty only

Property, Y Units | u(Y) u(y)

no with
correlation | correlation

carbon dioxide emission factor on a molar basis g-mol' | 0.015 0.010
carbon dioxide emission factor on a mass basis g-g™ 0.000 35 0.000 35
carbon dioxide emission factor on a volume basis g-m3 0.62 0.43
carbon dioxide emission factor on a gross combustion energy basis | g-MJ' | 0.0033 0.0033
carbon dioxide emission factor on a net combustion energy basis g-MJ' | 0.0034 0.0034
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