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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Both international and intra-national custody transfer of natural gas usually require precise
determination of both the quantity and the quality of the gas to be traded. This document specifies
methods for the calculation of key properties that describe gas quality, namely gross and net calorific
value, density, relative density, and gross and net Wobbe index. The methods provide the means
of calculating these properties and their uncertainties for any natural gas, natural gas substitute or
similar combustible gaseous fuel of known composition at commonly used reference conditions.

Values of the various properties calculated in accordance with this document will, in general, differ
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small amounts from those calculated using the second (1995) edition of this docum
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Natural gas — Calculation of calorific values, density,
relative density and Wobbe indices from composition

1 Scope

This document specifies methods for the calculation of gross calorific value, net calorific value, density,

relatiye-dens
and ofther combus
methgds specified provide the means of calculating the properties of the gas mixture
used reference conditions.

Mole
chron

fractions by definition sum to unity. Guidance on the achievementCof* this req
hatographic analysis is available in ISO 6974-1 and ISO 6974-2.

The mpethods of calculation require values for various physical properties-ef the pure comp
valuep, together with associated uncertainties, are provided in tableg-and their sources ar

Methgds are given for estimating the standard uncertainties of Calculated properties.

The rethods of calculation of the values of properties on‘either a molar, mass or volu
appli¢able to any natural gas, natural gas substitute or othier combustible fuel that is norm
except that for properties on the volume basis the méthod is restricted to mixtures fi

compfession factor at reference conditions is greater than 0,9.

Examjple calculations are given in Annex D for the-fecommended methods of calculation.
NOTE|1
synonfymous with “gross”; likewise, “inferior” and “lower” are synonymous with “net”. The term “
is synonymous with “calorific value”; “mass density” and “specific density” are synonymous W
“specific gravity” is synonymous with “relative density”; “Wobbe number” is synonymous with “
“compressibility factor” is synonymeus with “compression factor”. The dimensionless quantity mo
is nunperically equal to the molar mass in kg'kmol-1.

NOTE

applic
than (

2 There are no expligit limits of composition to which the methods described in this
hble. However, the réstriction of volume-basis calculations to mixtures with a compression
,9 at reference conditions sets implicit limits on composition.

NOTE
analyj
of wa
prope
effect

3  Because“the mole fraction of any water present is not normally available from chry
is, it is comifion practice to calculate the physical properties on a dry gas basis and to allow
er vapolvin a separate procedure. However, if the mole fraction of water vapour is kn
rty cdleulations can be carried out completely in accordance with the procedures describg
5 of water vapour on calorific value, whether the latter is directly measured or calculated, ar

s substitutes
known. The
ht commonly

uirement by

bnents; these
b identified.

me basis are
ally gaseous,
br which the

The qualifiers “superior”, “higher”, “upper” and “total” are, for the purposes of this document,

heating value”
ith “density”;
IWobbe index”;
ecular weight

document are
factor greater

omatographic
for the effects
own then the
d herein. The
e discussed in

1S0/TR 29922

NOTE 4
normal isomer of the same carbon number.

NOTE 5

For aliphatic hydrocarbons of carbon number 7 or above, any isomer present is included with the

If the user’s requirement includes the replacement of, for example, a C6+ or C7+ grouping of

analytically unresolved components by a single pseudo-component, then it is the user’s own task to set the mole

fraction composition, and hence properties, of this pseudo-component so as to be fit for purpose in

the particular

application. Any so-called “spectator water” and “non-combustible hydrogen sulfide” are treated as pseudo-

components by setting the appropriate enthalpy of combustion values to zero.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

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

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

ISO 14912:2003, Gas analysis — Conversion of gas mixture composition data

3 Terms pnd definitions

For the purppses of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at thefolowing addres

IEC Elec

ropedia: available at http://www.electropedia.org/

ISO Onli WWW.iso.or

he browsing platform: available at http:

3.1

gross calorific value

amount of he
of gas, in suc
products of ¢
of these prod

Note 1 to entr]

(Hc)g(t1,p1); 0
specified on 3
gas volume (nf

3.2

net calorifid
amount of he
of gas, in sud
the products
all of these p

Note 1 to en|
(Hon(tnp1),

at that would be released by the complete combustion with oxygen of a specified qu
1 a way that the pressure, p1, at which the reaction takes place remains constant, and

ombustion are returned to the same specified temperature, t1, as that of the reactar
ucts being in the gaseous state except for water, which is condensed to the liquid stat

y: Where the quantity of gas is specifiedion a molar basis, the gross calorific value is design4
n a mass basis, the gross calorific value-is designated as (Hm)¢(t1,p1). Where the quantity of
volume basis, the gross calorific valie is designated as (Hv)g(t1,p1;t2,p2), where tz and p; 4
etering) reference conditions (see Figure 1).

value
at that would be released by the complete combustion with oxygen of a specified qu

of combustion are returned to the same specified temperature, t1, as that of the reac
roducts being in the gaseous state

kry: On_midlar, mass and volume bases, the net calorific value is designated respectiv
Hm)n(P1p1) and (HV)n(E1,p1;t2,p2).

3.3

hntity
a1l the
ts, all
e atitq

ted as

gas is
re the

hntity

h a way that the“préssure, p1, at which the reaction takes place remains constant, and all

tants,

ely as

density

mass of a gas sample divided by its volume at specified conditions of pressure and temperature

3.4

relative density
density of a gas divided by the density of dry air of reference composition at the same specified
conditions of pressure and temperature

Note 1 to entry: The term ideal relative density applies when both gas and air are considered as gases that obey
the ideal gas law (3.8). The term real relative density applies when both gas and air are considered as real fluids
(3.9). For the fixed reference composition of dry air, see ISO/TR 29922.

© ISO 2016 - All rights reserved
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gross Wobbe index
volume-basis gross calorific value, at specified reference conditions, divided by the square root of the
relative density at the same specified metering reference conditions

Note 1 to entry: In common usage, and in the absence of any other qualifier, the term Wobbe index is taken to

mean

3.6

the quantity that is here identified as gross Wobbe index.

net Wobbe index
volume-basis net calorific value, at specified reference conditions, divided by the square root of the
relative density at the same specified metering reference conditions

syste

Note

3.7
enthualr:py of transformation
amo

t of heat release that accompanies the change in condition (transformatien) of a
m from one (initial) condition to another (final) condition

| to entry: A positive heat release is represented by thermodynamic convention as a num

negative increment of enthalpy.

Note 7

—t

QD

t

ot

wn —-

3.8

ideal
gas th

Note

p

where

Vo

39

[¢’]

%]

[¢’]

[¢’]

1

to entry: In the context of this document, the following can be identified:

hthalpy of combustion: the initial condition is that of an unburited stoichiometric mixture of
lhe final condition is that of the products of combustion at the same pressure and temperatur

andard enthalpy of vaporization: the initial conditionisthat ofa substance in the liquid stat|
nd the final condition is that of the same substance:in.the hypothetical state of the ideal g3

¢mperature;

hthalpy (or enthalpic) difference: the initial condition is that of a gas or gas mixture at temp
lhe final condition is that of the same gas or gasimixture at the same pressure but at a different te

hthalpy (or enthalpic) correction (residual enthalpy): the initial condition is that of a gas
the hypothetical state of an ideal gas.and the final condition is that of the same gas or gas
hme pressure and temperature in.the’state of the real gas.

gas
at obeys the ideal ga§ law
1 to entry: The ideal-gas law can be expressed as

Vo=R-T

substance or

erically equal

reactants and

h«
’

e atsaturation
1s at the same

brature T1 and
imperature Tp;

r gas mixture
nixture at the

is the absolute pressure;

is the thermodynamic temperature;
is the volume occupied by one mole of ideal gas (ideal molar volume);

is the gas constant in coherent units.

real gas
gas that deviates from volumetric ideality

Note 1 to entry: No real gas obeys the ideal gas law. Deviations from volumetric ideality can be written in terms
of the equation of state

p

© ISO

-V=Z(pT)-R-T
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where

%4

is the volume occupied by one mole of the real gas (real molar volume);

Z(p,T) is a variable, often close to unity, and is known as the compression factor (3.10).

3.10

compression factor
actual (real) volume of a given amount of gas at a specified pressure and temperature divided by its

volume unde

3.11

r the same conditions as calculated from the ideal gas law

combustion|reference conditions

specified te

3.12
metering re
specified ter
determined

Note 1 to entr
reference con

Note 2 to entr]

Note 3 to ent
equivalent of

Note 4 to entr]
(101 325) - (0,

This value is,

i

perature, t1, and pressure, p1, at which the fuel is notionally burned

ference conditions
hperature, tz, and pressure, p, at which the volume of fuel to be bunned is noti

: There is no a priorireason for the metering reference conditions to be the same as the comb
litions (see Figure 1).

y: A range of reference conditions is in use throughout the world:

y: Throughout this document, the use of 15,55 °C is intended as shorthand for the exact (
h0 °F, i.e. 155/9 or 15,55 (recurring) °C.

y: The exact equivalent of 101,325 kPa in psi can bg\calculated from
304 8/12)2 / (0,453 592 37) - (9,806 65) = 14,-695 949 ...

n practice, normally rounded to 14,696-psi and the rounded value deemed equal to 101,325 }

Water as vapour -

bnally

Lstion

elsius

tPa.

Ogygen | Net calorific
value (Hv),
Combustion

Products of

Mdtering == Gas + Oxygen A — 3| combustion
at t1' P, att, p,

A
Gas at | L J Water as liquid -
ty P, Gross calorific

value (Hv),

Heat released
= Calorific value Hv

Metered volume of gas

Figure 1 — Calorific value on a volume basis — Metering and combustion reference conditions
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4 Symbols and units

4.1 Quantities

Symbol Meaning Unit

A atomic mass kg-kmol-1

a atomic index for carbon in the generalized molecular species —
CqHpNO4Se

b atomic index for hydrogen in the generalized molecular species +
CqHpNO4Se

c atomic index for nitrogen in the generalized molecular species -+
CqHpNO4Se

D density kg:m-3
atomic index for oxygen in the generalized molecular speties -+
CqHpNO4Se

e atomic index for sulfur in the generalized molecular'species -
CqHpNO4Se

F function that generates property Y +

G relative density +

Hc molar-basis calorific value KJ-mol-1

Hm mass-basis calorific value MJ-kg-1

Hv volume-basis calorific value M]J-m-3

k coverage factor +

L molar enthalpy of vaporization of water KJ-nol-1

M molar mass kg-kmol-1

N numbeér of components in a mixture +

n number of determinations in a set of values -+

p pressure (absolute) kPa
exact input quantity for calculation of Y (varies)

R molar gas constant J-mol-1.K-1

r correlation coefficient —

s summation factor —

T thermodynamic (absolute) temperature K

t Celsius temperature °C

Uu(y) expanded uncertainty of Y (varies)

© IS0 2016 - All rights reserved 5
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u(Y) standard uncertainty of Y (varies)
%4 molar volume m3-mol-1
w Wobbe index MJ-m-3
X mole fraction —

Y general (unspecified) physical property (varies)
y inexact input quantity for calculation of Y (varies)
Z fompression factor —

4.2 Subscripts

Symbol Meaning
G gross (calorific value or Wobbe index)

i serial counter
component identifier

j serial counter
component identifier

k serial counter
serial counter

net (calorific value or Wobbe index)

n serial counter

air for air

0 reference (base) value (of pressure)
1 combustion referenhce state

2 metering refefence state

4.3 Superscript

Symbol Meaning

0 for the ideal gas state

5 Principles

Methods are provided for the calculation of the calorific values (gross and net), density, relative density
and Wobbe indices (gross and net) of any natural gas, natural gas substitute or other combustible
gaseous fuel from a known molar composition.

For calorific values, these methods use formulae in which, for all individual molecular species of the
gas mixture, the tabulated ideal-gas molar-basis gross calorific value is weighted in accordance with its
mole fraction, all terms then being added together to obtain the mole fraction average of this quantity
for the ideal gas mixture on a molar basis. Further formulae are given that convert this quantity into

6 © IS0 2016 - All rights reserved
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the ideal-gas net calorific value, and then into the ideal-gas gross and net calorific values on either a
mass basis or a volume basis.

Likewise, for density and relative density, the methods use formulae in which, for all individual
molecular species of the gas mixture, the tabulated value of molar mass is weighted in accordance
with its mole fraction, all terms then being added together to obtain the mole fraction average of this
quantity. Formulae are given that convert this mole fraction average molar mass into the ideal-gas
density or relative density.

Values of the density and relative density for the real gas are then obtained by the application of a
volumetric correction factor (compression factor), a prescription for the calculation of which is given.

For calorific values, conversion from the ideal-gas state to the real-gas state is in principlé
simple. The application should first be made of a small enthalpic correction (residual’ent
calorific value (gross or net) of the ideal gas on the molar basis, so as to obtain the calerifi
real gas on the molar basis. For the purposes of this document, however, this enthalpic cc
been pstimated as so small as to be justifiably negligible (see ISO/TR 29922).

e slightly less
halpy) to the
C value of the
rrection has

In co
mass
real-g
howe

sequence of neglecting the enthalpic correction, the real-gas calofific values on the molar and
bases are in effect set as equal to the corresponding ideal-gas values. To obtain the [values of the
as calorific values (gross or net) on the volume basis from thé.corresponding idedl-gas values,
ver, the volumetric correction factor (compression factor) méntioned above is appliedl.

Finall
the of

y, formulae are given for the calculation of Wobbe indices; for either the ideal gas or 1
her properties considered herein.

eal gas, from

the methods
1 estimate of

For e4
presc
assoc

ich of the natural gas properties for which formula€are provided as described above,
ribed in GUMIS! have been applied so as to provide further formulae that enable aj
jated uncertainty.

The derivation of each such uncertainty formula is presented fully in ISO/TR 29922. In ¢ssence, each

resulf
the r¢
comp
assoc
mole
mola

For e
contr
taken

In Cld
unce|
Auxil

s from the analytical derivation of sensitivity coefficients, by means of partial diffdg
levant mixture-property formula:with respect to each of the input quantities (nam
pnent physical properties and ‘component mole fractions) with which an uncerta
jated. The derivations also take into account the unavoidable correlations between th
fractions and the likewise unavoidable, but less obvious, correlations between th
masses (see also Clausé'11).

ich property, the tetalvariance (squared uncertainty) is obtained by addition of the
butions to the variance from each source of uncertainty and the overall uncerta
as the square@oot of this quantity. The formulae to be used are given in Annex B.

huse 12, tabulated values are given for the relevant physical properties and the
tainties'ofthe pure components of natural gas for each of the commonly used referend
ary.data, including uncertainties, are given in Annex A. Example calculations are give

rentiation of
ely the pure-
inty may be
e component
e component

independent
nty result is

r associated
e conditions.
nin AnnexD.

6 Behaviour of ideal and real gases

6.1

Enthalpy of combustion

The most fundamental physical quantities required in the calculation of calorific values from first
principles are the ideal-gas (standard) molar enthalpies of combustion (ideal molar-basis calorific
values) for the pure component gases. These quantities are complex functions of temperature; thus, the
values required depend upon the combustion reference temperature t1. For practical reasons, it is not
intended that the user should carry out calculations that give the appropriate values at any arbitrary
combustion reference temperature. Instead, tabulations are given for the temperatures t1 = 25 °C, 20 °C,
15,55 °C (60 °F, see 3.12, Note 3 to entry), 15 °C (59 °F) and 0 °C. The derivations of the values listed in
Table 3 are discussed in ISO/TR 29922; the important point is that all five values for any substance are
mutually consistent from a thermodynamic perspective.
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6.2 Calculation of compression factor

For any volume-basis calorific value, a real-gas correction is required to account for the deviation of the
real gas from volumetric ideality. This correction is not negligible and is also required in the calculation
of density, relative density and Wobbe index. ISO/TR 29922 discusses the background to the way in
which corrections for volumetric non-ideality shall be applied, the principles involved and justifies the
simplifications employed that enable tractable calculations, as detailed in Formula (1), to be made.

This correction for volumetric non-ideality is made through the use of the compression factor Z of the
mixture. The formulation to be used for Z at the metering reference conditions, as required for the
calculations described in Clauses 9 and 10, is (see ISO/TR 29922)

Z(t,,p,

where pg = 1
units. The sy
range 90 < [
are given in
components
these values

NOTE Fol
will not neces
values for the
the higher hy
the fitness-foj
values of com|

7 Calculg

7.1 Gross

2

p N

2

2o ) 2.%;5;(t2.po)
0 j=1

=1-

01,325 kPa (14,696 psi) and the metering reference pressure p; is expressed in the
mmation is taken over all N components of the mixture and the formula is valid f
2/kPa < 110 (13,05 < p2/psi < 15,95). Values of the so-called summation factor s;
Table 2 at the four metering reference temperatures of common interest for all

of natural gas and substitute natural gas considered in this document. The derivati
are detailed in ISO/TR 29922.

mula (1) can also be used to calculate values of compressien factor of pure components, b
carily give the most accurate result possible. In particulap, the formula will not provide acce
compression factors of hydrogen, helium or neon, for which Z > 1, nor for any components, s
rocarbons, that are not gaseous at the metering reference conditions. The user should co
-purpose of any such calculation before its use oufside of the context of this document. Def

ition of calorific value on a nielar basis

calorific value

M

same
br the
t2,00)
bf the
bns of

1t this
ptable
uch as
nsider
nitive

pression factor for several pure components, namely the so-called permanent gases, are given in
ISO/TR 29922.

The gross calorific value on a molar basis, at a temperature t1, of a mixture of known compositior] shall
be calculated from
N
(HC)G(fl):(HC)g(f1)= ZX]. '[(Hc)?;]j(tl) (2)
j=1
where
[Hc)g (tl ) 1s the 1deal-gas gross molar-basis calorific value of the mixture;
(He), (ty) is the real-gas gross molar-basis calorific value of the mixture;
[(He)% ] (ty) is the ideal gross molar-basis calorific value of component j;
J
X; is the mole fraction of component .

NOTE 1

isirrelevant a

nd is omitted from the nomenclature adopted.

Values of [(Hc)g ]]. are independent of pressure; consequently, the combustion reference pressure p1
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NOTE 2 The ideal-gas molar-basis calorific value of a gas or gas mixture is defined in this document
as a positive quantity. The values given in Table 3 are numerically equal to the standard molar enthalpies of
combustion, which are, however, conventionally expressed as negative quantities (see 3.7).

Numerical values of [(Hc)g ]j(tl) for t1 = 25 °C are given in Table 3. These values for [(Hc)g]j (25) are

taken from the original literature sources cited in ISO/TR 29922. Values for [(Hc)g]j(tl) for other
temperatures (t1 = 20 °C, 15,55 °C, 15 °C and 0 °C) are also given in Table 3. These values have been
derived from the 25 °C values in accordance with the methods described in ISO/TR 29922.

7.2 Net calorific value

The nlet calorific value on a molar basis, at a temperature t1, of a mixture of known composlition shall be
calculated from

b

N .
(HC)N(t1) = (HC)IOV(tl) = (Hc)g(tl)— ZX]' 7]

j=1

LO(ty) (3)
wher¢

(He)$, (t,) is the ideal-gas net molar-basis calorific value ¢f'the mixture;

(He)  (t,) is the real-gas net molar-basis calorific value of the mixture;
Lp(t1) is the standard enthalpy of vaporization of water at £1;
bj is the number of hydrogen atoms-present in each molecule of componentJ (hydrogen

atomic index).

Valuep of Lo(t1) are given in Annex A for5°C, 20 °C, 15,55 °C (60 °F), 15 °C and 0 °C. Vallues of bj are
given|in Table 1.

8 (alculation of calorific value on a mass basis

8.1 |Gross calorific value

The gross calorific value on a mass basis, at a temperature t1, of a mixture of known composition shall
be calculated from

(Hm)g(tl) = (Hm)g(t1) = (4)

where
(Hm)2(t,) is the ideal-gas gross mass-basis calorific value of the mixture;

(Hm) (t,) is the real-gas gross mass-basis calorific value of the mixture;

M is the molar mass of the mixture, which shall be calculated from

N
M:Z;xj-Mj (5)
j=
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where

M; is the molar mass of component .
The value of molar mass for each component considered in this document is given in Table 1.

8.2 Net calorific value

The net calorific value on a mass basis, at a temperature t1, of a mixture of known composition shall be
calculated from

(Hm)N(tl) = (Hm);]v (t1) = M (6)

where

(Hm)% (§,) is the ideal-gas net mass-basis calorific value of the mixture;

(Hm), (¢,) 1is the real-gas net mass-basis calorific value of the mixture.

9 (Calculation of calorific value on a volume basis

9.1 Ideal-gas gross calorific value

The gross calorific value on an ideal-gas volume basis, for’a combustion temperature t1, of a mixtpre of
known complosition, metered at a temperature t; and. pressure py, shall be calculated from

(He)g(ty)
(HV)G(tyfity,py) = — 1 (7)
V

where

(Hv)‘(); (t}:t,,py) is the ideal-gas gross volume-basis calorific value of the mixture;

o is thie ideal molar volume of the mixture, which shall be calculated from

Vo=R-Tp/p2 (8)
where

R  isthe gas constant (see A.1);

T, isthe absolute temperature.

9.2 Ideal-gas net calorific value

The net calorific value on an ideal-gas volume basis, for a combustion temperature ¢t1, of a mixture of
known composition, metered at a temperature t; and pressure py, shall be calculated from

(He)y (¢1)
VO

(Hv)fv(tﬂtztpz) = 9

10 © IS0 2016 - All rights reserved
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where

(Hv) (t,5t,,p,) 1S the ideal-gas net volume-basis calorific value of the mixture.

9.3

Real-gas gross calorific value

The gross calorific value on a real-gas volume basis, for a combustion temperature t1, of a mixture of
known composition, metered at a temperature ¢tz and pressure pp, shall be calculated from

(He)g (t)
(Brrttrtp—— (10)
|4

wher¢

(Hv); (ty5t,,p,) is the real-gas gross volume-basis calorific value;

V is the real-gas molar volume of the mixture, whieh shall be calculated from

VE Z(t2,p2) - R~ T2/p2 (11)
wher¢

Z[t2,p2) isthe compression factor at the metering reference conditions.

The c
indiv
for Z
9.4

The 1
know

wher

(HV)N(tl;tz'pz) =

pmpression factor Z(t2,p2) shall be calculatedfrom Formula (1), using values of sj(t>
dual pure substances in Table 2. For the purposes of this document, this calculation
> 0,9.

Real-gas net calorific value

et calorific value on a real-gas:volume basis, for a combustion temperature t1, of
n composition, metered atatemperature t; and pressure py, shall be calculated from

(Hoy (ty)
%4

V) (6555, p,) 1S the real-gas net volume-basis calorific value.

po) given for
is only valid

a mixture of

(12)

10

10.1

alculation of associated properties

Ideal-gas relative density

The relative density of an ideal gas is independent of any reference state and shall be calculated from

M

GO=——

M

air

© ISO 2016 - All rights reserved
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where

Go
M

is the relative density of the ideal gas;

is the molar mass of the mixture calculated according to Formula (5);

Mair is the molar mass of dry air of reference composition.

The composition of reference air

Mair = (28,96

is discussed in
546 + 0,000 17) kg-kmol-1 is derived (see also A.3).

10.2 Ideal-

The density
D°(t,,p,
where

Do(t2,p2)
M

Vo

10.3 Ideal-
The gross W

(Hv)g (t

10.4 Ideal-
The net Wob

| L.
dd> UTIISIlY

fanideal gas depends upon its temperature, t, and pressure, p, and shall be calctalated

y=M/V°

is the density of the ideal gas at the metering reference conditions;
is the molar mass of the mixture calculated accordingte\Eormula (5);

is the ideal molar volume of the mixture calculated-according to Formula (8).

pas gross Wobbe index

pbbe index of the ideal gas shall be calculated’from

(Hv)g (t15t,,py)

prPy) = \/GT’
5.Dy) is the gross Wobbe index of the ideal gas;
B2y pz) is calculated as described in 9.1.

gas netWobbe index

be iidex of the ideal gas shall be calculated from

Wy(E5ty,py) =

where

Wy(ty5ty,py)

(Hv)3 (t;

12

(HV)X/ (tl;tz ;Pz)

oo

is the net Wobbe index of the ideal gas;

e pz) is calculated as described in 9.2.

ISO/TR 29922, where the value for

from

(14)

(15)

(16)
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Real-gas relative density

The relative density of the real gas at the metering reference conditions (t2,p2) shall be calculated from

G(tzrpz) =

G° 'Zair(tZ'pZ)
Z(ty,py)

where

G

(t2,p2) istherelative density of the real gas;

(17)

NN

[t2,p2)  is the compression factor of the gas;

Lir(t2,p2) is the compression factor of dry air of reference composition.

The compression factor Z(t2,p2) shall be calculated from Formula (1), using values for th

factoi
be ca

Z

wher
and (s

NN NN

sj(t2,po) given for individual pure substances in Table 2. The compression factor Z,
culated from

P,
1ir(t2'p2)zl_p_'[l_Zair(tZ'pO)]
0

e po = 101,325 kPa (14,696 psi), the metering reference préssure py is expressed in th
ee A.3)

Lhir(t2 = 0 °C, po) = 0,999 419;
Lir(t2 = 15 °C, po) = 0,999 595;
Lir(t2 = 15,55 °C, po) = 0,999 601;
ir(t2 = 20 °C, po) = 0,999 645.

11a (18) is valid for the range 90 <’p/kPa < 110 (13,05 < p2/psi < 15,95).

10.6

Real-gas density

The density of the real gas\at metering reference conditions shall be calculated from

D

wher¢

Do(tz,pz)

t,,p,)=
2P~ )

h

P summation
r(t2,p2) shall

(18)

e same units,

(19)

D(tzp2) is the density of the real gas.

10.7
The g

We(tyity,py) =

Real-gas gross Wobbe index
ross Wobbe index of the real gas shall be calculated from
(HV)G (tl ity Dy )

G(tz Dy )

© ISO 2016 - All rights reserved
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where

w is the gross Wobbe index of the real gas;

¢(t15ty,p;)

(Hv).(ty;t,,p,) iscalculated as described in 9.3.

10.8 Real-gas net Wobbe index

The net Wobbe index of the real gas shall be calculated from

(1v)y (E13t,,P,)
Wy (t:th,py)= (21)
G(tz » Dy )
where
Wy (t13t5,0,) is the net Wobbe index of the real gas;
(Hv)y (¢} 5t,,p,) iscalculated as described in 9.4.
NOTE Some care in the use of units is required for the calculations deseribed in this clause, particulajrly for
calculations of density, D. With R expressed in units of joules per mole kelwin;p in kilopascals and M in kilograms
per kilomole, the value of D is obtained automatically in kilograms per cubic metre.
11 Uncertpinty of calculation
11.1 Principles
In accordande with the general principles of metrology, as summarized in GUM,[53] every calcujation
result shall formally be reported with an attached estimate of uncertainty.
Three distin¢t techniques are known to bepossible for the estimation of the uncertainties in propgrties
that may be ¢alculated by use of this document, namely
a) a technigue that uses sensitivity coefficients derived analytically as partial derivatives ¢f the
quantitylin question with reSpect to each of the input quantities (this is here termed the analytical
method)
b) a technifjue that likewise uses sensitivity coefficients, but where these are derived using|finite
differen¢e methods,'and
c) anumerjcalt¢echnique based on Monte Carlo methods.
Methods b) ande}maybeappheableandacceptable foruse-with-this-decument butareneteensidered

further in this clause. In general, any method that is compliant with the principles set out in GUMI3] is
acceptable, and some of the possible options, including techniques b) and c), are discussed further in
ISO/TR 29922.

Methods a) to c) are intended as means to provide an estimate of uncertainty specific to a single
independent result. GUMIS] does, however, acknowledge that in many routine operations, it may be
impractical or inappropriate to require an independent uncertainty for every result. A good example in
the present context might be continual online process gas-chromatographic analysis.

In such cases, GUM suggests that sufficient information for a reasonable general estimate of uncertainty
may often be estimated or inferred from relevant calibration, compliance, legal inspection and/or
accreditation records etc. (this is here termed the generic method).
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11.2 Formulae for the analytical method

The value of any physical property, Y, may be expressed as a function, F, of the relevant input variables
y;and g as follows

Y=F(y, Y, Y3V 81,9293+ ) (22)
where

yi isaninput variable quantity with an associated uncertainty u(y;);

qk is an input parameter that is specified without uncertainty (i.e. is deemed to beeyact).

The dombined standard uncertainty, u(Y), in property, ¥, may be calculated according t¢ the general
expréssion given in GUMI3I for correlated input quantities y; and y; as follows

0-E 5[5l o) @
i=1j=1\ Y Y
where
oY : : _— L - .
. is the partial derivative (sensitivity coefficient) of Y with respect to y;;
Vi

r{yiyj) is the correlation coefficient betweeny;and y;.

Annek B gives the formulae for the calculation of uncertainty that result from the application of
Formpla (23) to each of the properties that are the subject of this document. The input quantities
requifed are the mixture composition ahd the pure component (or mixture) physical properties,
together with all of their associated uncertainties and the relevant correlation coefficient yalues.

11.3 (Inputs for the analytical method

11.3.1 Composition and eompositional uncertainties

For the purpose of estimating the contribution from uncertainties in the molar compositign analysis to
the oyerall uncertainty-in property calculation, the following assumptions shall normally be made.

a) That a complete molar composition (as required by Clause 1) is available, and that for each
cpmpongentthe value of mole fraction has associated with it an estimate of uncertainty, and either

b) ttat a.complete description of the correlations between the known mole fractions is gvailable as a
cpvariance matrix, i.e. as a mole fraction correlation coefficient (normalization) matrix, or

c) that there are no correlations between component mole fractions, i.e. that the component mole
fractions are all mutually independent.

The most complete and rigorous estimate of uncertainty results from the application of assumptions
a) and b) to the formulae given in Annex B but, in very many instances, the complete mole fraction
correlation coefficient matrix r(x;x;) is unavailable. In this case, it is generally acceptable instead to
apply assumptions a) and c), but this is not without implications for the status of the final result.

If sufficient raw analytical information is available, then the complete mole fraction correlation
coefficient matrix r(x;x;) is calculable by use of ISO 14912:2003, 8.5.2.3, Formula (69), and the use of
assumptions a) and b) for the estimation of uncertainty is optimal.
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However, in the absence of sufficient information to enable derivation of the complete mole fraction
correlation coefficient matrix, then the use of assumptions a) and c) for the estimation of uncertainty
is instead acceptable. In this case, the correlation coefficients r(x;x;) shall be taken as the elements of
an identity matrix, i.e. a matrix in which all on-diagonal elements have the value of unity and all off-
diagonal elements are zero.

NOTE Because of the way in which the composition of a mixture is normally determined, assumption c)
cannot ever be strictly valid. The compositions x;x; are always significantly correlated because (in addition to
any pre-normalization correlations) the data processing (normalization) required to determine mole fractions
from the raw data will introduce correlation. Consequently, the assumption that the r(x;x;) are elements of an
identity matrix will in general not hold. However, for a typical natural gas analysis (including uncertainties), the
uncertainty in each calculated property obtained by using the assumption of an identity matrix is considered

“safe” (i.e. wil

If the compg
fractions in
will have un

Strategies en
that differe

n|
for the r(x,-,xjﬁ

See Annex Il

instead of th

11.3.2 Non

Estimates of
masses) are
in Annex A.
masses) sha
elements of
assumption.

For molar m
summation (
matrix is giv

usually over-estimate the uncertainty in each property, although this is not fully guarantee

sition of the gas is known by volume fractions, these should first be converted to
hccordance with 1SO 14912:2003, 5.1.2. Note, however, that these derived mole fra
ertainties greater than those of the original volume fractions.

ployed for normalization may vary significantly. Users of this document should be §
approaches may lead to different degrees to which the assumptionof an identity n
is invalid. For a discussion of normalization procedures, see IS@ 6974-1 and ISO 697

e assumption of an identity matrix.

compositional inputs

standard uncertainties for the non-compesitional (property) inputs (except for
brovided in the tables of component-specific data given in Clause 12 and for auxiliar}
n the absence of more specific information, all of these data (again except for the
| be taken as uncorrelated, i.e. the ¢orrelation coefficients r(y;y;) shall be taken :
in identity matrix. The formulae-given in Annex B have been derived on the basis ¢

f common values of the'relevant atomic masses. Each element r(M;,M;) of the corre
en by

).

mole
Ctions

yware
hatrix
4-2.

), Example 3 for a guide to the differences that may result from the use of complete
knowledge df the elements r(x;x;) of the mole fraction correlation ¢oefficient (normalization) n

hatrix

molar
y data
molar
s the
f this

hsses, the values listed are-inevitably highly correlated because they are evaluated By the

lation

r(MI.,M]):
{la; -a; |u?(Ag)]+[B=B; -u® (Ay)] +[e; ¢ -u (Ag)]+
: : (24
[di-dj-l (AO)]+[el e;-u (AS)]}
u(MI)-u(M])
where

aj, bj, ¢j, dj and e;

are the atomic indices of C, H, N, O and S in the j-th molecular

species C4HpN-04Se, values for which are given in Table 1;

u(Ac), u(4n), u(An), u(Ao) and u(As) are the standard uncertainties of the atomic masses of C, H, N,

u(M;)

16

0 and S, values for which are given in A.2;

\/[aj ufag)] b, -u(ag)] +[e;-u(ag)] +[d, u(a0)] +[e; -ulas)]

(25)
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Expanded uncertainty

The expanded uncertainty, U(Y), of the calculated property, Y, shall be calculated by multiplying the
combined standard uncertainty, u(Y), by an appropriate coverage factor, k, (the value of which shall be
stated), as follows

U(Y)=k-u(Y) (26)
NOTE A coverage factor of k = 2 generally provides a level of confidence of approximately 95 %.
11.5 Expression of results
11.5.1 General
Wherpe sufficient data are available, the inclusion of an estimate of uncertainty isstrongly recommended

as a fiindamental part of the full and proper expression of a result. Results shall’be express

ed according

to ong¢ of the following schemes, given here in order of preference.
11.5.2 Analytical method
For ap estimate of uncertainty made using the analytical method, i.e. using the formulae given in

Anne

of royinding (i.e. round half-up, see ISO 80000-1:2009, Annex B). The numerical value

roung
Repol
This g

Forb
of the
are ki

11.5.

Whern
shall
Y sha
the in

k B, the expanded uncertainty shall be rounded to two significant figures, using the

ed to the least (second) significant figure in the rourided value of the expanded unce
t the value of the calculated quantity in the form.Y + U(Y) (including units).
cheme represents the proper definitive fully*GUM-compliant procedure.

pst practice, reporting of the result shotild also include a statement of whether the ele
mole fraction correlation coefficient-(normalization) matrix used in estimating th¢
lown or instead are assumed to bethose of an identity matrix.

B Generic method

an estimate of uncertainty is made by means of the generic method, the expanded
be rounded to two significant figures, using the normal rules of rounding. The nume
1 be rounded and reported (including units) to the least significant figure in the roui
ferred expandéd uncertainty, U(Y).

It sha

normal rules
bf Y shall be
rtainty, U(Y).

ments r(x;Xx;)
uncertainty

uncertainty
rical value of
nded value of

1 be the responsibility of the user to decide whether the application requires the value of U(Y) to
be reported explicitly with every result. In many applications, a general statement encomg
simil3r results may suffice.

assing many

11.5.4€ontingenrcy mrethod

There remain situations where, for example, because of insufficient analytical uncertainty data or
inadequate computing arrangements, it is impossible to carry out any proper GUM-compliant estimates
of property uncertainties.

In such cases, and in the absence of any evidence to suggest that the analytical input data are of
insufficient accuracy for the purpose, the user of this document shall report results for each calculated
property rounded as follows.
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Calorific value - molar basis  to 0,01 kJ-mol-1

Calorific value - mass basis to 0,01 MJ-kg-1

Calorific value - volume basis to 0,01 MJ-m-3

Relative density to 0,000 1
Density to 0,000 1 kg:m-3
Wobbe index to 0,01 MJ-m-3

For each property, it is the responsibility of the user to assess whether quoting this number of

after the dec
The number

11.6 Applig

The earlier {
uncertainty
“stand-alone

However, th
context in w
distinct case

mal pointis justified and, if not, the number of digits reported shall be reduced accerd
pf digits reported shall not be increased.

fation of uncertainty

ext of this clause provides the means by which to calculate a yalue for the exp
Lo be associated with the corresponding calculated value of a¢physical property. §
" analytical method result may satisfy fully a user’s requirement

e usefulness and applicability of an uncertainty estimate/ may often depend upo
hich the calculation is to be made. In this respect, it:is ‘possible to identify a num
5. These include, but are not limited to, the following:

a) Fitness-

performp within its specification of (property) uncertainty for a variety of test gases of K
(propertly) uncertainty, then the relevant quantify to test this is the complete uncer
as calcuflated in accordance with this clause, i-e: including both the compositional and|

composi

b) Analytic
between
test gasd
each set
achieved
formulag

c) External
set of an
test gase
uncertai
uncertai

fional components of uncertainty.

hl compatibility: If the requirementis to demonstrate the concordance (within uncert
the results from two (or more) sets of identical (or similar) analytical equipment on the

of equipment, i.e. the nontcompositional (component property) uncertainties. This m]
by setting each of the noh-compositional uncertainties to zero in the relevant uncer
, so that the only difference between results arises from the compositional terms.

compatibility;Ifthe requirement is to test the concordance between results achieve
plytical equipment and results achieved by direct measurement of a property on the

ty, i.e~again including both the compositional and non-compositional compone
ty.

digits
ingly.

inded
uch a

n the
ber of

or-purpose: If the requirement is to demonstgate that a piece of analytical equipment

nown
fainty
non-

hinty)
same

s, then it is necessary first to\exclude those components of uncertainty that are comnpon to

ay be
Fainty

d by a
same

s, then theérelevant measure of uncertainty for the analytical equipment is the conpplete

hts of

d) Repeata

pitity: If the requirement is to test the performance of a single piece of analytical equipment

under repeatability conditions as defined in GUM,[2] then the repeatability of any (property)
result may be evaluated directly from the set of calculated property values. Alternatively, it is
also possible to determine the (property) uncertainty by determining the repeatability of each
composition and then using these values as input to the relevant uncertainty formula. In this case,
it is again necessary, since they are common throughout, to set the non-compositional uncertainty

terms to

18

Zero.
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Table 1 — Molar mass and atomic indices for components of natural gas

Atomic index

J) Component Moli;klrzzf-sl‘ M; aj b; Cj d; €j
1 |methane 16,042 46 1 4 0 0 0
2 |ethane 30,069 04 2 6 0 0 0
3 |propane 44,095 62 3 8 0 0 0
4 |n-butane 58,122 20 4 10 0 0 0
5 |2-methylpropane 58,122 20 4 10 0 0 0
6 |n-pentane 72,148 78 5 12 0 0 0
7 |2-methylbutane 72,148 78 5 12 0 0 0
8 |2,2-dimethylpropane 72,148 78 5 12 0 0 0
9 |n-hexane 86,175 36 6 14 0 0 0
10 |2-methylpentane 86,175 36 6 14 0 0 0
11 |3-methylpentane 86,175 36 6 14 0 0 0
12 |2,2-dimethylbutane 86,175 36 6 14 0 0 0
13 |2,3-dimethylbutane 86,175 36 6 14 0 0 0
14 |n-heptane 100,201 94 7 16 0 0 0
15 |n-octane 114,228'52 8 18 0 0 0
16 |n-nonane 1285255 10 9 20 0 0 0
17 |n-decane 142,281 68 10 22 0 0 0
56 |[n-undecane 156,308 26 11 24 0 0 0
57 |n-dodecane 170,334 84 12 26 0 0 0
58 [n-tridecane 184,361 42 13 28 0 0 0
59 |n-tetradecane 198,388 00 14 30 0 0 0
60 [n-pentadecane 212,414 58 15 32 0 0 0
18 |ethene 28,053 16 2 4 0 0 0
19 |propené 42,079 74 3 6 0 0 0
20 |1-butene 56,106 32 4 8 0 0 0
21 |¢éis=2-butene 56,106 32 4 8 0 0 0
22 \trans-2-butene 56,106 32 4 8 0 0 0
23 | 2-methylpropene 56,106 32 4 8 0 0 0
24 |1-pentene 70,132 90 5 10 0 0 0
25— propadiene 40,063 86 3 7% vj v v
26 |1,2-butadiene 54,090 44 4 6 0 0 0
27 |1,3-butadiene 54,090 44 4 6 0 0 0
28 |ethyne 26,037 28 2 2 0 0 0
29 |cyclopentane 70,132 90 5 10 0 0 0
30 |methylcyclopentane 84,159 48 6 12 0 0 0
31 |ethylcyclopentane 98,186 06 7 14 0 0 0
NOTE The values of the molar mass given above have been obtained by weighted summation
of the atomic masses (atomic weights) of the elements involved, as listed in Table A.1 and in
ISO/TR 29922. All decimal digits have been retained in this table, i.e. no rounding to a fixed
number of decimal places has been applied (except for air). Values of standard uncertainty
for molar masses are not included in this table. Where required, they are calculated using
Formula (25).

© ISO 2016 - All rights reserved

19


https://standardsiso.com/api/?name=7b372ac304eedd3ace3de9efaf115326

ISO 6976:2016(E)

20

Table 1 (continued)

Atomic index
Ji Component Moll(?km?)f—sl’ M; aj b; Cj d; ej
32 |cyclohexane 84,159 48 6 12 0 0 0
33 |methylcyclohexane 98,186 06 7 14 0 0 0
34 |ethylcyclohexane 112,212 64 8 16 0 0 0
35 |benzene 78,111 84 6 6 0 0 0
36 |toluene 92,138 42 7 8 0 0 0
B7 |ethylbenzene 106,165 00 8 10 0 0 0
B8 |o0-xylene 106,165 00 8 10 0 0 0
B9 |methanol 32,041 86 1 4 0 1 0
10 |methanethiol 48,107 46 1 4 0 0 1
41 |hydrogen 2,015 88 0 2 0 0 0
1?2 |water 18,015 28 0 2 0 1 0
13 |hydrogen sulfide 34,080 88 0 2 0 0 1
14 |ammonia 17,030 52 0 3 1 0 0
15 |hydrogen cyanide 27,025 34 1 1 1 0 0
6 |carbon monoxide 28,010 1 1 0 0 1 0
17 |carbonyl sulfide 60,0751 1 0 0 1 1
18 |carbon disulfide 76,140 7 1 0 0 0 2
19  |helium 4,002 602 0 0 0 0 0
50 |neon 20,179\7 0 0 0 0 0
61 |argon 39,948 0 0 0 0 0
b2 |nitrogen 28,013 4 0 0 2 0 0
b3 |oxygen 31,9988 0 0 0 2 0
54 | carbon dioxide 44,0095 1 0 0] 2 0
55 | sulfur dioxide 64,063 8 0 0 0 2 1
air 28,965 46
NPTE The values of themolar mass given above have been obtained by weighted summation
of the atomic masses{atomic weights) of the elements involved, as listed in Table A.1 and in
I40/TR 29922. AlKdecimal digits have been retained in this table, i.e. no rounding to a fixed
nyumber of decifpalplaces has been applied (except for air). Values of standard uncertainty
fdr molar masses are not included in this table. Where required, they are calculated using
Formula (25).
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Table 2 — Summation factors for components of natural gas at various metering reference

ISO 6976:2016(E)

temperatures
Summation factor s; at various metering reference
temperatures u(sy)

j Component 0°C 15°C 15,55 °C 20 °C

1 |methane 0,048 86 0,044 52 0,044 37 0,043 17 0,0005
2 |ethane 0,099 7 0,0919 0,0916 0,0895 0,0011
3 |propane 0,146 5 0,134 4 0,134 0 0,1308 0,001 6
4 |n-butane 0,202 2 0,184 0 0,183 4 0,178 5 0,003 9
5 [|2-methylpropane 0,1885 0,172 2 0,1717 0,167 3 0,003 1
6 ||n-pentane 0,258 6 0,2361 0,235 4 0,229 5 0,010 7
7 ||2-methylbutane 0,245 8 0,2251 0,224 4 0,218 9 0,0088
8 ||2,2-dimethylpropane 0,224 5 0,204 0 0,203 3 0,197 9 0,006 0
9 ||n-hexane 0,3319 0,3001 0,299 0 0,290 7 0,027 1
10 ||2-methylpentane 0,311 4 0,282 6 0,2816 0,274 0 0,022 1
11 | |3-methylpentane 0,299 7 0,276 2 0,2754 0,269 0 0,023 4
12 ||2,2-dimethylbutane 0,253 0 0,2350 02344 0,2295 0,017 3
13 ||2,3-dimethylbutane 0,283 6 0,263 2 0,262 5 0,256 9 0,020 7
14 | |n-heptane 0,407 6 0,366 8 0,365 4 0,354 7 0,100 1
15 | |n-octane 0,484 5 0,434 6 0,4329 0,419 8 0,100 2
16 | |[n-nonane 0,561 7 0,5030 0,501 0 0,485 6 0,100 6
17 | |n-decane 0,671 3 05599 1 0,596 7 0,577 8 0,100 6
56 | |n-undecane 0,722 8 0,640 2 0,637 4 0,6159 0,100 6
57 | In-dodecane 0,856 7 0,761 5 0,758 3 0,733 5 0,100 6
58 | |n-tridecane 0,9129 0,806 1 0,802 6 0,774 8 0,100 6
59 | |n-tetradecane 1,013 5 0,894 0 0,890 0 0,8589 0,100 6
60 | |[n-pentadecane 1,117 6 0,984 9 0,980 4 0,945 9 0,100 6
18 | |ethene 0,086 8 0,079 9 0,079 7 0,077 8 0,0010
19 | |propene 0,1381 0,126 7 0,126 3 0,123 2 0,001 6
20 | |1-butene 0,196 4 0,177 6 0,177 0 0,172 1 0,0041
21 [ |cis-2-butene 0,207 5 0,187 0 0,186 3 0,181 0 0,004 5
22 [ |trans-2-but€ne 0,207 2 0,186 8 0,186 2 0,1809 0,004 3
23 | | 2-methylpriopene 0,196 6 0,177 7 0,177 0 0,172 1 0,003 7
24 | |1-pentene 0,262 2 0,229 7 0,228 7 0,220 8 0,010 2
25 | |propadiene 0,1417 0,131 3 0,131 0 0,1282 0,002 5
26 L2-butadiene 08,2063 01862 84855 08,1803 0,011 0
27 |1,3-butadiene 0,199 3 0,173 9 0,173 1 0,167 3 0,003 8
28 |ethyne 0,093 6 0,083 6 0,083 3 0,0808 0,002 4
29 |cyclopentane 0,2409 0,2221 0,2215 0,216 4 0,0137
30 |methylcyclopentane 0,2817 0,261 2 0,2605 0,254 8 0,026 2
31 |ethylcyclopentane 0,422 7 0,368 4 0,366 6 0,3531 0,100 6
32 |cyclohexane 0,293 9 0,268 6 0,267 7 0,261 0 0,0325
33 |methylcyclohexane 0,366 7 0,3317 0,3305 0,3213 0,066 8
34 |ethylcyclohexane 0,527 5 0,454 7 0,452 4 0,434 5 0,100 6
35 |benzene 0,275 2 0,2527 0,252 0 0,246 0 0,027 4

NOTE The values of sj and u(s;) given above have all been derived by the methods described in ISO/TR 29922. All values

refer to a pressure po of 101,325 kPa (14,696 psi).

© ISO 2016 - All rights reserved
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Table 2 (continued)

Summation factor s; at various metering reference
temperatures u(sy)

j Component 0°C 15°C 15,55 °C 20°C

36 |toluene 0,372 6 0,3359 0,3347 0,3251 0,100 2
37 |ethylbenzene 0,412 9 0,379 7 0,378 5 0,369 4 0,100 2
38 |o-xylene 0,485 2 04411 0,4396 0,427 7 0,100 4
39 |methanol 0,580 6 0,446 4 0,442 3 04117 0,023 3
40 |methanethiol 0,1909 0,170 0 0,169 3 0,164 0 0,011 7
41 |hydrogen -0,01 -0,01 -0,01 -0,01 0,023 0
42 |water 0,309 3 0,256 2 0,254 6 0,2419 0,015 0
43 |hydrogen sulfide 0,100 6 0,092 3 0,092 0 0,089 8 0,003 3
44 |ammopnia 0,123 0 0,1100 0,109 6 0,106 2 0,001
45 |hydrogen cyanide 0,317 5 0,276 5 0,2751 0,264%. 0,007 6
46 |carbon monoxide 0,025 8 0,0217 0,0215 0,020 3 0,001 0
47 |carbonyl sulfide 0,1211 0,111 4 0,111 0 0,108 4 0,005 4
48 |carbon disulfide 0,218 2 0,195 8 0,1951 0,189 4 0,009 8
49 |heliu -0,01 -0,01 -0,01 -0,01 0,020
50 |neon -0,01 -0,01 -0;01 -0,01 0,02530
51 |argon 0,030 7 0,027 3 0,027 2 0,026 2 0,001 0
52 |nitrogen 0,021 4 0,017 0 0,016 9 0,0156 0,001 0
53 |oxygen 0,0311 0,027 6 0,027 5 0,026 5 0,001 0
54 |carbon dioxide 0,082 1 0,075 0,074 9 0,073 0 0,004 0
55 |sulfur|dioxide 0,1579 05140 6 0,140 0 0,1356 0,003 5

NOTE The vdlues of sj and u(sj) given above have all heényderived by the methods described in ISO/TR 29922. All yalues
refer to a presqure po of 101,325 kPa (14,696 psi).
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Table 3 — Gross calorific values on a molar basis for components of natural gas in the ideal gas
state at various combustion reference temperatures

Gross calorific value l:(Hc);:l (tl ) kJ-mol-1 of the ideal gas
j u(Hc)
at various reference temperatures
j Component 0°C 15°C 15,55°C 20°C 25°C
1 |methane 892,92 891,51 891,46 891,05 890,58 0,19
2 |ethane 1564,35 1562,14 1562,06 1561,42 1560,69 0,51
3 |lpropane 2 224,03 2 221,10 2 220,99 2 220,13 2 219,17, 0,51
4 |n-butane 2 883,35 2879,76 2 879,63 2 878,58 2 877,40 0,72
5 |[2-methylpropane 2 874,21 2 870,58 2 870,45 2 869,39 2.868,20 0,72
6 |In-pentane 354291 3538,60 3538,45 353719 3 535,77 0,23
7 ||2-methylbutane 3536,01 3531,68 3531,52 3530,25 3528,83 0,23
8 |[2,2-dimethylpropane 3521,75 3517,44 3517,28 3 516;02 3514,61 0,25
9 |n-hexane 4 203,24 4 198,24 4 198,06 4<196,60 4 194,95 0,32
10 ||2-methylpentane 4 195,64 4 190,62 4 190,44 4188,97 4 187,32 0,53
11 (3-methylpentane 4 198,27 4 193,22 4 193,04 4 191,56 4 189,90 0,53
12 |2,2-dimethylbutane 4 185,86 4 180,83 4 180,65 4 179,17 4 177,52 0,48
13 ||2,3-dimethylbutane 4 193,68 4 188,61 4 188,43 4 186,94 4 185,28 0,46
14 |In-heptane 4 862,88 4 857,18 4 856,98 4 855,31 4 853,43 0,67
15 |n-octane 5522,41 5516,0% 5515,78 5513,90 5511,80 0,76
16 |[n-nonane 6 182,92 6 175,82 6 175,56 6173,48 6171,15 0,81
17 |[n-decane 6 842,69 6.834,90 6 834,62 6 832,33 6 829,77 0,87
56 |[n-undecane 7 502,22 7 493,73 7 493,42 7 490,93 7 488,14 1,54
57 |[n-dodecane 8 162,43 8 153,24 8 152,91 8 150,21 8 147,19 1,13
58 |[n-tridecane 8.821,88 8811,99 8 811,63 8 808,73 8 805,48 1,21
59 |n-tetradecane 9/481,71 9471,12 9 470,73 9 467,63 9 464,15 1,32
60 |[n-pentadecane 10 141,65 10 130,23 | 10129,82 | 10126,52 | 10 122,82 1,44
18 |lethene 1 413,55 1412,12 1412,07 1411,65 1411,18 0,21
19 |([propene 2 061,57 2 059,43 2 059,35 2 058,73 2 058,02 0,34
20 [[1-butene 2 721,57 2718,71 2 718,60 271776 2716,82 0,39
21 |[cis-2-buténg 2 714,88 271194 2711,83 271097 2 710,00 0,50
22 |transs2:butene 2711,09 2708,26 2708,16 270733 2706,40 0,47
23 |[2smethylpropene 2704,88 2702,06 2701,96 2701,13 2700,20 0,42
NOTE 1 Allvalues of (Hc)z (tl ) for t1 = 25 °C are taken from Reference [6] except for methane (j = 1), which is discussed
in detail as a special case in I]SO/TR 29922, water (see Note 3) and the C11 to C15 n-alkanes (see ISO/TR 29922). Values of
(Hc)z (tl ) for t1 =20 °C, 15,55 °C, 15 °C and 0 °C have been obtained from the corresponding values at 25 °C by means of

j
prescribed calculations of the type described in ISO/TR 29922.

NOTE 2 The value of u(Hc) for methane is taken from ISO/TR 29922:—, 8.1.5. For every other component, the value of
u(Hc) has been estimated according to the methods described elsewhere in ISO/TR 29922.

NOTE 3 The non-zero calorific value of water vapour (j = 42) derives formally from the definition of gross calorific value,
which requires condensation to the liquid state of all water vapour in the products of combustion. Thus, any water vapour
present in a gas contributes its latent heat of vaporization to the gross calorific value of the mixture. The values given are
taken from A.4. See ISO/TR 29922 for a fuller explanation.
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Table 3 (continued)

Gross calorific value |:(HC)Z } (t1 ) Kk]-mol-1 of the ideal gas
j u(Hc)
at various reference temperatures
j Component 0°C 15°C 15,55 °C 20°C 25°C
24 |1-pentene 3381,32 337776 337763 3376,59 337542 0,73
25 |propadiene 1 945,26 1 943,97 1943,92 1943,54 1943,11 0,60
26 |1,2-butadiene 259715 2595,12 2 595,05 2 594,46 2 593,79 0,40
27 |1,3-butfdiene 2 544,14 2542,11 2 542,03 2 541,44 2 540,77 0,41
28 |ethyne 1301,86 1301,37 1301,35 1301,21 1301,05 0,32
29 |cyclopeptane 3 326,14 3322,19 3322,05 3320,89 3319,59 0,36
30 |methylgyclopentane 397705 3972,46 3972,29 3970,95 396944 0,36
31 |ethylcyflopentane 4 637,20 4 631,93 4 631,74 4 630,20 4-628,47 0,11
32 |cyclohekane 3960,68 3956,02 3 955,85 3954,49 3952,96 0,32
33 |methyl¢yclohexane 4 609,33 4 604,08 4 603,89 4 602,36 4 600,64 0,11
34 |ethylcyflohexane 5272,76 5266,90 5266,69 526497 5263,05 0,95
35 |benzeng¢ 3305,12 330290 3302,81 3.302,16 3301,43 0,47
36 |toluene 3952,77 3949,83 3949,72 3 948,86 394789 0,41
37 |ethylbehzene 4 613,16 4 609,54 4 609,40 4 608,34 4 607,15 0,46
38 |o-xylenp 4 602,18 4 598,64 4 598,52 4 597,48 4 596,31 0,16
39 |methanjol 766,60 765,09 765,03 764,59 764,09 0,13
40 |methanjethiol 1241,64 1 240,28 1240,23 1239,84 1 239,39 0,32
41 |hydrog¢n 286,64 286,15 286,13 285,99 285,83 0,42
42 |water (§ee note 3) 45,064 44431 44,408 44,222 44,013 0,0p4
43 |hydrogen sulfide 562,93 562,38 562,36 562,19 562,01 0,43
44 |ammonfa 384,57 383,51 383,47 383,16 382,81 0,18
45 |hydrogén cyanide 671,92 671,67 671,66 671,58 671,50 1,46
46 |carbon monoxide 282,80 28291 28291 282,95 282,98 0,96
47 |carbonyl sulfide 548,01 548,14 548,15 548,19 548,23 0,44
48 |carbon disulfide 1 104,05 1104,32 1104,33 1104,40 1104,49 0,43
NOTE 1 Allvdlues of (Hc)z (tl ) for t1 = 25 °C are taken from Reference [6] except for methane (j = 1), which is disqussed
in detail as a special ‘case in I]SO/TR 29922, water (see Note 3) and the C11 to C15 n-alkanes (see ISO/TR 29922). Values of
(HC)Z (tl ) fpi¢7= 20 °C, 15,55 °C, 15 °C and 0 °C have been obtained from the corresponding values at 25 °C by mdans of

J

prescribed calculations of the type described in ISO/TR 29922.

NOTE 2 The value of u(Hc) for methane is taken from ISO/TR 29922:—, 8.1.5. For every other component, the value of
u(Hc) has been estimated according to the methods described elsewhere in ISO/TR 29922.

NOTE 3 The non-zero calorific value of water vapour (j = 42) derives formally from the definition of gross calorific value,
which requires condensation to the liquid state of all water vapour in the products of combustion. Thus, any water vapour
present in a gas contributes its latent heat of vaporization to the gross calorific value of the mixture. The values given are
taken from A.4. See ISO/TR 29922 for a fuller explanation.
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A.1 Gas constant

Annex A

(normative)

Values of auxiliary constants

ISO 6976:2016(E)

The v
curre

A2

The 4
sulfuy

1S0/1

alue of the molar gas constant R (including the standard uncertainty) shall be tal
nt CODATA recommendation[Z] as given in Table A.1.

Table A.1 — Molar gas constant

ken from the

Molar gas constant

R/]-mol-1.K-1

Standard uncertainty

u(R)/]-mol=FK-1

8,314 462 1

0,000,007 5

R 29922,

Atomic weights of the elements

itomic mass in kg-kmol-1 of each of the elements;”carbon, hydrogen, nitrogen,
, is required for the evaluation of Formula (25)./The values shall be taken from thd
recomqmendations(8] as given in Table A.2. A more, detailed discussion of atomic massg

Table A.2 — Atomiic weights of the elements

Atomic Standard
Element weight uncertainty
A/kg-kmol-1 | u(A4)/kg-kmol-1

carbon C 12,0107 0,000 4
hydregen H 1,007 94 0,000 035
hitrogen N 14,006 7 0,000 1
oxygen 0 15,999 4 0,000 15
sulfur S 32,065 0,002 5
helium He 4,002 602 0,000 001
neon Ne 20,1797 0,000 3
argon Ar 39,948 0,000 5

oxygen and
2007 IUPAC
s is given in

A.3 Properties of dry air

The value for the molar mass of dry air of fixed reference composition rounded to the fifth decimal
place shall be taken as given in Table A.3[31[2].

Table A.3 — Molar mass of dry air

Molar mass
Mair/kg-kmol-1

Standard uncertainty
u(Majr)/kg-kmol-1

28,965 46

0,000 17

© ISO 2016 - All rights reserved
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The standard uncertainty quoted is that which derives solely from the known uncertainties in the
molar masses of the constituents. No allowance has been made for uncertainties of composition, i.e. the
composition of air is taken, for present purposes, as exact.

The value of the compression factor of dry air of reference composition at each of the four commonly
used metering reference conditions shall be taken as given in Table A.4.

Table A.4 — Compression factor of dry air at various reference conditions

Each of thes
References [}
more recent
valid at 0 °C.

A.4 Stand

The standar
combustion
gas gross ca
values given
References []

Compression Standard
Reference condition factor uncertainty
Lo 11(7 i)
0°C, 101,325 kPa 0,999 419 0,000 015
15°C, 101,325 kPa 0,999 595 0,000 015
15,55 °C, 101,325 kPa 0,999 601 0,000 015
20°C, 101,325 kPa 0,999 645 0,000 015

e values has been calculated in accordance with the GERG-2004 fermula as presen

red in

[] and [10]. For the three highest temperatures, the values agreewith those given by the

CIPM-2007 formulation[9] to within 2 to 3 parts per million, byt that formulation
The values of standard uncertainty are taken directly fromReference [9].

ard enthalpy of vaporization of water

l molar enthalpy of vaporization of water is regired at each of the five commonly
eference conditions in order to facilitate calculations of the difference between the
Jorific value and the ideal-gas net calorific@alue (molar basis) for each componen
in Table A.5, which have been calculated from the IAPWS-1995 formulation giy

| 1] and [12] shall be used.

Table A.5 — Standard enthalpy of vaporization of water

Temperature/ °C Enthal;g/ol:ﬁ/r?lgl(ill'ization Stan;i(a;(;;i/lll{?rc:;‘lt_?inty
0 45,064 0,004
15 44,431 0,004
15,55 (60,°F) 44,408 0,004
20 44,222 0,004
25 44,013 0,004

is not

used
ideal-
L. The
en in
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B.1
The fi

ISO 6976:2016(E)

Annex B
(normative)

Formulae for uncertainty calculations

General

rmulae given in this annex shall be used in calculations of uncertainty for those prpperties that

may be calculated by use of this document. Because the properties of the ideal gasare unlikely to be

requi
real g

In the
obtai

B.2

<=

B.3

<=

B.4

<

B.5

UZ((Hc)G)=§ﬂ(”C)Zl ) ()|

as.

event that the uncertainty associated with a property of the ideal-gas’is required
hed by setting s = 0 and u(s) = 0 in the appropriate formula.

Molar mass

2(M): iiMi -Mj-u(xl.)-u(xj)-r(xi,xj) +

i=1j=1

%ixi "X -u(Mi)-u(Mj)-r(Mi,Mj)

i=1j=1
Summation factor

()= 23 ul) (o), ulx,) |+

i=1j=1

N

2 2
in u (Si)
i=1

Compressionfactor

2(Z)=4-52 X i%si ~u(x1.)-r(xi,xj)-sj ~u(xj) +§:xi2 -uz(si)
i=1j=1 i=1

Molar-basis gross calorific value

—
T
a

~—

D ©
| IS
—.
<
—
>

-

S
J’_

i=1 j=1

éxf u? H(HC)ZU
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Fed as a final result, with an associated uncertainty, the formulae given applyspecifically to the

this may be

(B.1)

(B.2)

(B.3)

(B:4)
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B.6 Mass-basis gross calorific value

{“((”’")G)Jz_ii M Y | () or (o)) [(Hc)(;l " ufx,)+

(Hm)G

Zan (B.5)

B.7 Volume-basis gross calorific value

u ((HV
()

S—
~—~—

D

{(Hc)zl 25,5 | §X,-2~u2 H(He)il] (B.6)

+— u(x )+ =L +

(He), 7 () (e

2 < 2
4.5 S. 2

;‘x, u (1)+[H(R)}
72 R
where
1/2
s = {(1 H2)x p—ZJ (B.7)
Py

B.8 Molar-basis net calorific value

(e ) S5l ] <t s [0 <58 )

o] - o |l
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B.9 Mass-basis net calorific value

{u((gm),v)} :i ﬁl

(Hm)N

(o] 5] o | Ste(fimr]
[ (He), MJ TG o g (B9)
55 i) (M])+é . k

B.10/Volume-basis net calorific value

( qu mz 2 ﬁ(m)(gjci):bl]*z'? (e o)
o) S, L] S
|[ (HC)N ] ZI .u(xj) (HC)IZV (B.10)
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B.11 Density

(B.11)

B.12 Relatjve density

7 s

B.12)

30
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B.13 Gross Wobbe index
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(B.13)
(o) :
U J
N N
inz ‘u®[(He)?], s lez u? (si)
i=1 + i=1 +
(Hc)z z?
N N
Z;Z{Xz ”(Mi)’r(Mz M]) u(M}) Xj
=1 j= n
2 4-M? 2 2
u(R) . U(Mair) . u(Zair)
R 2'1\/1;;111‘ 2'Zair
B.14{Net Wobbe index
o]
2 (Hc)o} ST,
(W) _NN[[ i ks JSS M, . . |
o y (B.14)
(4]
T IR I R
J yJ_J |, i= L
(te), Z M (He),
N N N
¢2~VY2 llz((‘\ V?X.-U(M\F(M M.\I-u M\X
Z=1 Cr)2=2= 1t v 17\t J7 \ 17 7
i1 L ==t N
z2 4-M? ,
N
2 2 2 -b,
(R (ule) | (o(za) || ET o
R 2 Mair 2 Zair 2 (HC)N
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Annex C
(informative)

Conversion factors

C.1 General
In several krjown applications, the value of quantities covered by this document are required‘in|units
other than the SI units used in the main body. In such cases, the following numerical factors shall
be used to cpnvert quantities from the SI units given in the main body to the same quantities |n the
required nor}-SI units.
In the follow|ng tables, to obtain the value of a quantity in the non-SI unit from the-value of the quantity
in the SI unit} divide by the conversion factor given and, using the normal rules of.rounding, exprefs the
result to the rounding precision indicated.
Conversion factors given in normal typeface are approximate but of suffi¢iént accuracy for the purjposes
of this docurment when values in SI units, obtained by use of the contingency method (11.5.4), arg to be
converted tol non-SI units and quoted to the rounding precision indicated. Conversion factors giyen in
italic are exalct.
Conversion factors for volume-basis properties apply only wien the property expressed in SI unifs and
non-SI units fefers to the same pressure and temperature.
C.2 Molar-basis calorific values
Table C.1
SI ynit Non-SI unit Conversion factor Rounding precisipn
KkJ-mjol-1 Btuypibh-mol-1 0,002 326 1
C.3 Masstibasis calorifie values
Table C.2
SI ynit Non-SI unit Conversion factor Rounding precisipn
MJ-kg-1 Bturlb-1 0,002 326 1
C.4 Volume-basis calorific values and Wobbe indices
Table C.3
SI unit Non-SI unit Conversion factor Rounding precision
MJ-m-3 kWh:m-3 3,6 0,001
Btur-ft=3 0,037 2589 0,1

32
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C.5 Density
Table C.4
SI unit Non-SI unit Conversion factor Rounding precision
kg-m-3 lb-ft=3 16,018 46 0,000 01
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Annex D
(informative)

Example calculations

D.1 General

This annex g
provide vali
assist in the
final results
necessary.

ives example calculations for the properties included in this document. These exa
lated results that may be used to verify implementations of the methods. I, or¢
verification of any implementation and to ensure that no rounding errors compromi
more decimal places have been retained at each intermediate step than'\may stric

in greater n
adjunct to th

Further to ti*}

merical detail, is available for download at http://standards.isoxtrg/iso/ as an op
s document.

D.2 Exampple 1: A simple mixture of five components

D.2.1 Gen¢

bral

In this exa

le calculation, results of the intermediate steps in the calculation of a limited selg

of propertieg are provided for a simple five-component'inixture. The mixture is necessarily simy
so as to resffrict the size of the matrices containing-the values of r(x;x;) and r(M;M;). Propertit
calculated fgr combustion reference conditions, of*15 °C and 101,325 kPa, and metering refs
conditions of 15 °C and 101,325 kPa (ISO Standakd Reference Conditions).

D.2.2 Comlpositional analysis

The mole-frg
normalized ¢

ction analysis report of-a-natural gas sample provided the following information f
omposition (rounded-to.5ix decimal places) and associated uncertainties:

mples
ler to
e the
tly be

is, an Excel® spreadsheet IS06976examples.xlsx, with which the examples may be examined

tional

ection
lified
PS are
rence

br the

Component Xj u(x;)
methane 0,933 212 0,000 346
ethane 0,025 656 0,000 243
propane 0,015 368 0,000 148
nitrogen 0,010 350 0,000 195
carbon dioxide 0,015 414 0,000111

sum 1,000 000

D.2.3 Calculation of molar mass

34

Component Xi M; Xj - M;
methane 0,933212 | 16,042 46 14,971 016 2
ethane 0,025 656 | 30,069 04 0,771 451 3
propane 0,015 368 | 44,095 62 0,677 661 5
nitrogen 0,010 350 | 28,013 40 0,2899387
carbon dioxide 0,015 414 44,009 50 0,678 362 4

sum 1,000 000 17,388430 1
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from Formula (5) — molar mass M = 17,388 430 kg-kmol-1

D.2.4 Calculation of real-gas molar volume

Component Xi Si Xj* S
methane 0,933 212 0,044 52 0,041 546 6
ethane 0,025 656 0,091 90 0,002 357 8
propane 0,015 368 0,134 40 0,002 0655
nitrogen 0,010 350 0,017 00 0,000176 0
carbon dioxide 0,015 414 0,075 20 0,0011591

sum 1,000 000 0,047 3050

p2 = 101,325 kPa
po = 101,325 kPa

from Formula (1) — compression factor Z = 0,997 762 24
from Formula (B.7) — summation factor s,= 0,047 305
T =288,15K
from A.1 — gas constant\R = 8,314 462 1 J-mol-1.K-1
from Formula (11) — molar volume V= 0,023 591 917 m3-mol-1

D.2.§ Calculation of molar-basis gross calerific value

]

Component Xi ((Hc)cl X, .((HC)OGJI.
methane 0,933 212 891,51 831,967 8301
ethane 0,025 656 1562,14 40,078 263 8
propane 0,015 368 2 221,10 34,133 864 8
nitrogen 0,010 350 0,00 0,000
carbon dioxide 0,015 414 0,00 0,000

sum 1,000 000 906,179 958 8

frommFormula (2) — molar-basis gross calorific value (Hc)g = 906,179 959 kJ-mojl-1

D.2.q4 Calculation of uncertainty in molar-basis gross calorific value

© IS0 2016 - All rights reserved 35


https://standardsiso.com/api/?name=7b372ac304eedd3ace3de9efaf115326

:2016(E)

ISO 6976

(seangry 3ued1y1U81s 0m) 03 3[NSal AYY'3UISSaIdxa pue g =y Jo 1030e) 9319400 B JUISN) [_[OW-[ 7T = ©CHIN
1-[0wW-[3 228 609 S19°0 = (OGH)In
€IS GL68LED =
0LS TL9 T€0'0 + €76 €0E LbE0=  (PHzn — (¥"d) enurIoy wo.y
0LSTZ9TE00 000 000T wns
0000000000 00000 000 16S L£Z 00Q0 1% ST00 9PIXO0Ip U0q.Jaed
0000000000 00000 000 €21 L0T 0090 0S€ 0100 usgonu
627 190 0000 10920 150 GLT9€2 00Q0 89€ G100 suedo.ud
902 141 0000 10920 150 0£2 859 0000 959 G200 ouella
GE68EY TE00 T9€0°0 610 L€9¥88 0,40 212 €€60 aueylsw
1 I I
D) 1 ) ) I
eAutv S X oAumV N cAumv n X Ix juauoduo)
€¥6 €0€ LYE0 wns
T 0 0 0 0 20D 000000 0000 000000000 TIT 0000 000 9PIXO0Ip uoq.Jed
0 T 0 0 0 N 0000000000 00000 0000 S6T 0000 000 usgoau
0 0 T 0 0 8HED 6.9 8508010 08722, 8Z£0 8#1,0000 01'rzz e suedo.ad
0 0 0 T 0 9H?D SL1 960 ¥¥1°0 20009 6LE0 €v74000°0 ¥1‘29G 1 oueyls
0 0 0 0 T YHD 680 671 5600 9% 79% 80£°0 9¥%€ 00050 15768 aueylaW
! ‘(0 'y 'y
‘x)n- o) ! .
20D | N | 8HED | 9HTDY | YHD A v eA Ev A xv: eAumv (*x)n aAumv juauodwo)
(x1x)4

© ISO 2016 - All rights reserved

36


https://standardsiso.com/api/?name=7b372ac304eedd3ace3de9efaf115326

ISO 6976:2016(E)

D.2.7 Calculation of mass-basis gross calorific value

from D.2.5 — (Hc)g = 906,179 959 Kk]-mol-1
from D.2.3 — M = 17,388 430 kg-kmol-1
from Formula (4) — mass-basis gross calorific value (Hm) = 52,113 961 M]-kg-1

D.2.8 Calculation of uncertainty in mass-basis gross calorific value
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D.2.9 Calculation of real-gas volume-basis gross calorific value

from D.2.5 — (Hc)g =906,179 959 k]-mol-1
fromD.24 —V =0,023 591 917 m3-mol-1
from Formula (10) — (Hv)s  =38,410 611 M]-m-3

D.2.10 Calculation of uncertainty in volume-basis gross calorific value

40 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=7b372ac304eedd3ace3de9efaf115326

:2016(E)

ISO 6976

126 958°€ 0LS TL9TE00 0000007 wns
0000000 000000 0000 00000 000 16S LEZ 0000 ¥1¥ ST0°0 9pIX0Ip uoq.Ies
000 0000 000000 0000 0000 000 €21 LOT 0000 0S€0T00 uagonru
18% L00°0 6% 190 000°0 10920 150 SLT 9€Z 0000 89€ S10°0 auedoud
6%8 0200 90Z TLT 0000 10920 150 0€Z859 0000 959 5200 aueyla
165 878°€ S€6 8¢V 1€0°0 19€00 610 LE9 ¥88 080 21T €£60 Queljow
I 1
o o)1 (o) |- | (2| (Som) e () S wauoduor
6.6 80LZ¥ ‘977" uI e awes a3 st (x7x). XL11eWw uoe[a.L10d Surunssy  4LON wns
€900000 16 000 0000 1110000 90€T L00°0 90€T L00°0 00000000 9pIXOIp uoq.Ies
010 0000 ¥1€ 000 0000 S61.000°0 02191000 0 ZT9 1000 0000 0000 uadonyu
SEV 967°€T €79 ¥9€ 0000 8%1 0000 S 708 £9%C T%YL 2100 ¥ 850 1S¥'C auedoad
769 STLLY 610 IZ¥ 0000 €¥Z 0000 1885 ZELT Z¥¥L800°0 6 EL8ETLT auey1d
6LL989T1 658 1+€ 0000 9%€ 0000 L T€0 8860 S 122 %000 Z118 €860 aueyIawW
mwﬁcﬁmﬁﬂw\, ?VFATI. f&%u?&\ f?&:v (x)n [275 5]+ ﬁﬁi\ T?QL 7/s s 7 QADmV\ Auﬁiv jusuodwor)

41

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=7b372ac304eedd3ace3de9efaf115326

:2016(E)

ISO 6976

(sean81y juedyyrugdis om) 03 I(Nsal ay3 Suissa.adxa pue g = ¥ Jo 1030eJ 98e19400 e Sulsny¢-w-[N €500 = 2(aH)n

z/1lz(TT9 01¥'8€) x g-0T x 676 €929¥%] = 2(ag)n

e-W-[IN'£9Z 9200 =

8-0T x 676 €9LIY =

g-0T x [T80 0000 + 896 L6T'0 + 126 9S8°E + 6,6 80L‘TH}-= Zl@(aH) / 3(ap)n] —
g-0T x ¥ 180 000°0 = gy Qnl —

896 L61°0 000 000°T wns
¥58 0000 L£0 5600 02000 ¥1¥ ST0°0 apIXaIp uoq.Ied
960 0000 Z1L 0100 01000 0S€ 0T0°0 uadoanu
%S 0000 19% 0900 91000 89€ ST00 suedo.d
91Z 0000 9%9 6,00 11000 959 5200 ouByld
8SL G610 212 TLLTT 50000 712 €€6'0 aueyIAW

g0 .7/ A .va N mx. S°¥ | 0T xA_mv M N.Nx (s)n Ix jusuodwon

9°q) B[MUILIO,] WO.1J
TV wo.y

© ISO 2016 - All rights reserved

42


https://standardsiso.com/api/?name=7b372ac304eedd3ace3de9efaf115326

ISO 6976:2016(E)

D.3 Example 2: A simple mixture containing water vapour

D.3.1 General

This example follows the same procedures and is in the same presentational style as for example 1,
but differs in that the simple five-component mixture now excludes propane and, in its place, contains
water vapour at a known mole fraction. In addition, the combustion reference conditions and metering
reference conditions are both changed to 15,55 °C (60 °F) and 101,325 kPa (14,696 psi).

D.3.2 Compositional analysis

The nofe-fraction analysis Teport of a natural gas sampie provided the fottowing information for the
normplized composition (rounded to six decimal places) and associated uncertainties:

Component Xj u(x;)
methane 0,931 819 0,000 350
ethane 0,025 618 0,000 243
nitrogen 0,010 335 0,000-195
carbon dioxide 0,015 391 0,000~111
water 0,016 837 05000 162

sum 1,000 000

D.3.3 Calculation of molar mass

Component Xi M; Xi* M;j
methane 0,931.819 | 16,042 46 | 14948 669 0
ethane 0,025 618 | 30,069 04 | 0,770 3087
nitrogen 0,010 335 | 28,01340 | 0,2895185
carbon dioxide.)| 0,015 391 | 44,00950 | 0,677 350 2
water 0,016 837 | 18,01528 | 0,303 3233

siim 1,000 000 16,989 169 7

from Formula (7) — molar mass M = 16,989 170 kg-kmol-1

D.3.4 Calculationofreal-gas molar volume

Component Xi Si Xj*Si
methane 0,931 819 0,044 37 0,041 344 8
ethane 0,025 618 0,091 60 0,002 346 6
TItTOgET ;016335 6,016 50 0;000-1t747
carbon dioxide | 0,015 391 0,074 90 0,001 1528
water 0,016 837 0,254 60 0,004 286 7

sum 1,000 000 0,049 3056

p2 = 101,325 kPa
po = 101,325 kPa

from Formula (1) — compression factor Z = 0,997 569 0
from Formula (B.7) — summation factor s = 0,049 306
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T, =288,706 K
from A.1 — gas constant R = 8,314 462 1 ]-mol-1-K-1
from Formula (11) — molar volume V= 0,023 632 824 m3-mol-1

D.3.5 Calculation of molar-basis gross calorific value

D.3.6 Calc

44

frgm Formula (2) — molar-basis gross calorific value (HC)Z‘ =.871,443 916 k]-mol-1

o [

Component X ((HC)G]'. X; .((Hc)Gl
methane 0,931 819 891,460 830,679 365 7
ethane 0,025 618 1562,060 40,016 853 1
nitrogen 0,010 335 0,000 0,000
carbon dioxide 0,015 391 0,000 0,000
water 0,016 837 44,408 0,747 697 5

sum 1,000 000 871,443 9163

nlation of uncertainty in molar-basis gross calorific value
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