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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

Coal-based synthetic natural gas (CBSNG) is a natural gas substitute. It refers to a natural gas-like mixture
that is synthesized from coal. After gasification or coking, the coal releases gas that mainly contains CO, CO,
and H,. Then after the gas cleaning, the water gas shift and methanation process consecutively, the final
product is coal based synthetic natural gas.

During the production process, the sulphur, CO,, particle and NO, emission can be controlled to a very low
level compared to the direct utilization of coal. So the CBSNG can be considered as a clean energy resource.

At present, the production of CBSNG is mainly in the United States and China. There are plans of CBSNG

ro'ects Alcn i Coith Woraa Tlleyaing and Dol
proj lse-inr-Seuth-KereaYraineand Brazi-

Typical CBSNG contains more than 90 % methane and up to 5 % hydrogen, as well as a small’pprtion of
nitrogen|and carbon dioxide, minor ethane, propane and traces of ammonia. This document ainis to|promote
communlication and coordination among countries, and to support the smooth progress of natural gas
substitufe development, production and custody transfer.

© IS0 2024 - All rights reserved
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Natural gas — Coal-based synthetic natural gas quality
designation and the applicability of ISO/TC 193 standards

1 Scope

This dogumentintroduces—theproductionprocess—thedistributien—andqualitydesignatienroefeqal-based
syntheti¢ natural gas (CBSNG) in many places around the world, and examines whether156/TC 193
standards for sampling, test and calculation methods are applicable to the CBSNG product.

2 Nornmative references

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

[SO 14532, Natural gas — Vocabulary

3 Terms and definitions

For the gurposes of this document, the terms and definitions’given in ISO 14532 and the following dpply.
[SO and ]JEC maintain terminological databases for use inistandardization at the following addresses:

— ISO Dnline browsing platform: available at httpst//www.iso.org/obp

— IEC Electropedia: available at https://wwwrelectropedia.org/

31

natural gas

NG

complex|gaseous mixture of hydrgcarbons, primarily methane, but generally includes ethane, propane and
higher hydrocarbons, and some fhon-combustible gases such as nitrogen and carbon dioxide

Note 1 to| entry: Natural gas_Caialso contain components or containments such as sulfur compounds and/or other
chemical gpecies.

[SOURCH: I1SO 14532:26014, 2.1.1.1]

3.2

indirect{sampling

sampling in Situations where there is no direct connection between the natural gas to be sampled and the
analyticalunit

[SOURCE: ISO 14532:2014, 2.3.1.2]

3.3

representative sample
sample having the same composition as the natural gas sample when the latter is considered as a
homogeneous whole

[SOURCE: ISO 14532:2014, 2.3.4.2]

© IS0 2024 - All rights reserved
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3.4

electrochemical detector

ED

detector consisting of an electrochemical cell that responds to certain substances contained in the carrier
gas eluting from the column

Note 1 to entry: The electrochemical process can be an oxidation, reduction, or a change in conductivity. The detection
can be very specific depending on the electrochemical process involved.

[SOURCE: ISO 14532:2014, 2.4.7]

3.5

main Compnhnnf

major C(meonent

compongnt whose content influences physical properties

[SOURCH: 1SO 14532:2014, 2.5.2.2.1]

3.6
minor component
compongnt whose content does not significantly influence the calculation of physical properties

[SOURCH: ISO 14532:2014, 2.5.2.2.2]

3.7
trace copstituent
compongnt present at very low levels

[SOURCH: I1SO 14532:2014, 2.5.2.2.3]

3.8
total sulfur
total ampunt of sulfur found in coal bed methane

[SOURCH: ISO 14532:2014, 2.5.2.3.14]

3.9
compression factor
ratio of the volume of an arbitrary mass of gas at a specified pressure and temperature to the voluine of the
same mdss of gas under the same ¢onditions as calculated from the ideal-gas law

[SOURCH: 1SO 14532:2014, 2.6:2.2]

3.10
density
mass of gas divided by its volume at specified conditions of pressure and temperature

[SOURCH: 1SO 14582:2014, 2.6.3.1]

3.11
relativel|density
ratio of the mass of a gas contained within an arbitrary volume to the mass of dry air of standard composition
that would be contained in the same volume at the same reference conditions

[SOURCE: ISO 14532:2014, 2.6.3.2]

Note 1 to entry: The dry air of standard composition is defined in ISO 6976.

© IS0 2024 - All rights reserved
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Wobbe index
calorific value on a volumetric basis at specified reference conditions, divided by the square root of the
relative density at the same specified metering reference conditions

[SOURCE: ISO 14532:2014, 2.6.4.3]

3.13

water dew point
temperature at a specified pressure at which water vapour condensation initiates

Note 1 to entry: For any pressure lower than the specified pressure, there is no condensation of water vapours at this

water dev

I pnointtemperature
r r

[SOURCH

3.14
water c(
mass cof

Note 1 to

Note 2 to
above thd

Note 3 to
[SOURCH
3.15

:1SO 14532:2014, 2.6.5.1.1]

ntent
centration of the total amount of water contained in a gas

entry: Water content is expressed in units of mass per unit volume.

entry: For gas below the water dew point, this means water in the form of both liquid and vapour; b
water dew point, this means only water vapour.

entry: Water content can be also expressed as mole or volume fraction.

:1SO 14532:2014, 2.6.5.1.2]

hydrocarbon dew point

HCDP
tempera

Note 1 td
pressure
reductior]
occurs. A
detect th
dew poin
detection
mirror in
point.

[SOURCH

3.16
potentid
PHLC
property
p, and te

fure at a specified pressure at which hydrocarbon vapour condensation initiates

entry: In chemical thermodynamics, thec“true” hydrocarbon dew point is the temperature (af
of the system temperature, this equatésto the temperature at which the first appearance of the liq|
[ this point, the quantity of liquid phase is infinitesimally small. Since no instrument or observer
s infinitesimally small amount, the measured value by a chilled mirror instrument (measured hyd

) differs from the “true” hydrecarbon dew point. Depending on the gas composition and the sensitiy
system of the automatic hydrocarbon-dew-point chilled-mirror instrument or the observer (many

:1SO 14532:2014,2.6.5.2.1]

1 hydrocarbon liquid content

mperature, T, per unit volume of gas at normal conditions, that is, at a temperature of 0

ut for gas

a stated

at which the fugacity of the gas and liquid'phases is identical. Since measurement of the dew poinf involves

uid phase
is able to
rocarbon
Fity of the
al chilled

strument), the measured hydrocarbon dew point can be considerably lower than the “true” hydrocarbon dew

ofnatural gas defined as the amount of the condensable liquid (in milligrams) at the pressure,

°C and a

pressure o1 1U1,545 KFa obtained by passing a representative sample oI the gas through an apparat

itis first

brought to the pressure, p, and then cooled to the temperature, T

us where

Note 1 to entry: It is necessary to take care that only gas, not a two-phase mixture, has been withdrawn from the

pipeline.

[SOURCE: ISO 14532:2014, 2.6.5.2.3]

© IS0 2024 - All rights reserved
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interchangeability
measure of the degree to which the combustion characteristics of one gas resemble those of another gas

Note 1 to entry: Two gases are said to be interchangeable when one gas may be substituted for the other without
affecting the operation of gas burning appliances or equipment.

[SOURCE: ISO 14532:2014, 2.7.1]

3.18
coal bas
CBSNG

ed synthetic natural gas

hane and

gaseous
some no

ixture sunthesized from coal nrimarilumethane and hudracen bhut generallvincludes ot
J 4 J J o 4 o J

h-combustible gases such as nitrogen and carbon dioxide

4 Symbols and units

Symbol Meaning and units

D Density (kg/m3)

G Relative density

H, Molar basis calorific valuge’(k]/mol)
H, Mass basis calorificivalue (M]/kg)

H, Volumetric basis galérific value (MJ/m3)
M molar mass (kg/kmol)

p (Absohite) pressure (kPa)

t Celsius temperature (°C)

T Thermodynamic (absolute) temperature (K)
|4 (Gas) volume (m3)

w Wobbe index (M]/m3)

Z Compression factor

5 Brig¢

5.1 Th

CBSNG i
water gal

pf introduction to CBSNG

e production progress of CBSNG

a natural gas (NGJ-substitute, the main component of which is methane. Through gasificz
s shift, gas cleaning and methanation, CBSNG can be produced from coal and water.

The progluction pracess of CBSNG is shown in Figure 1 and as follows: after the raw coal is brg

screened
the med
cleaning
the gas

, it entersthe coal gasification unit to produce raw syngas. The vaporizing agent in the g
um presstre steam and oxygen produced by the air separation unit. After passing throug
unit to remove particulate and tar, the raw syngas then enters into the water-gas shift un

meet the H,/CO ratio requirement of the methanation process, and a stream of steam i

tion, the

ken and
asifier is
h the gas
t to shift
b used to

recover the reaction energy ol water-gas shift process.

The shift syngas exiting the water-gas shift unit goes into the gas cleaning unit to remove most of the acid
gas. The clean shift gas from the gas cleaning unit is mainly CO and H,, which enters into the methanation
unit to produce synthetic natural gas. After the dehydration and compression, the final gas is the CBSNG

product.

The typical mole fraction of intermediate gases in the CBSNG production process is listed in Table 2.

© IS0 2024 - All rights reserved
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0 Particulate, H,S,CO,
l 2 Tar removal T removal
Coal | Gasfier 1: Gas cleaning > Wast}firf-tgas 2= Gas cleaning 3: Methanation » Dehydration | CBSNG
T Steam T Steam
Key

1  raw syngas

2 shift syngas

3 clear

NOTE

shift syngas

1,2,3 represent intermediate gases in Table 1.

Figure 1 — The CBSNG production process diagram

Typical thethanation process has four reactors. The CH, mole fraction in cleaning syngas gradually ipcreases
han 90 percent when the gas is moving forward in these methanation xeactors.

to more

Table 1| — Typical mole fraction of intermediate gases and CBSNG in the CBSNG production process

5.2 Th

There an
per year,
US.A.M

There an
billion cu
that has

Mole fraction
Component %
1 2 3 CBSNG
0, 0,20 0,06 0,09 0,012
N, 0,06 0,04 0,06 0,13
CH, 12,51 11,54 18,05 98,37
Co, 34,60 36,10 1,06 0,60
Cco 14,70 12,98 20,34 —
C,H, 0/43 0,07 0,11 —
C3Hg 0,10 0,01 0,01 —
H, 37,50 39,20 61,30 0,88
e distribution of GBSNG

e five CBSNG projects in production globally which have a production of 6,867 billion cubjc meters
These projects are mainly distributed in Neimenggu and Xinjiang in China and North Dakg
bre detailed.information of these five projects is as follows.

ta in the

e four production lines that have been put into use in China. The designed production is apout two
Ibicaméters a year per project, and are being put to use step-by-step. Until 2020, the total prpduction
beenput to use is 5,12 billion cubic meters per year in China.

There is a CBSNG project in the USA which has been working since 1984 and has a production of 1,76 billion
cubic meters a year.

All the CBSNG product from the five projects in production enter pipelines to mix with natural gas to be
transported and consumed.

© IS0 2024 - All rights reserved
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Table 2 — Information of five projects in production globally

Location Production since Designed production Real production
1,335 billion m3/y
. . s 3 )
Neimenggu, China 2013 4,0 billion m3/y (first step)
1,375 billion m3/y
- e - . 0 3 y
Xinjiang, China 2013 5,5 billion m3/y (first step)
0,4 billion m3/y
= = - . 3 )
Neimenggu, China 2014 2,0 billion m3/y (first step)
Xinjiang, China 2017 2,0 billion m3/y 2,0 billion m3/y
North-Baketa; United-States 1984 Zo-mithenmild 1757 bilkien m3/y
There aile also four projects under construction with a total capacity about 6,5 billion cubicimg¢ters per
year. There are 18 planned CBSNG projects with a total capacity about 72,3 billion cubic meters per year.
Except ohe project under construction from South Korea and one project in the planningfrom Mongolia, the
projects Junder construction and in planning are mainly in China.
5.3 Cdmponents and composition range of typical CBSNG
The CBSNG composition from the five projects in production has been studied. The results are ghown in

Table 3.

Table 3 — Components and range of composition of CBSNG-product of 5 projects in operation

Components and.range of composition
Location mol%
CH, H, €5 N, co 0, || C,H
Qinghud, Xinjiang, China 98,10 1,16 0,64 0,10 — — 0,012 9
Datang, Neimenggu, 97,86 0,83 0,7 0,18 — — —
China
Xingtiar), Xinjiang, China <94 <2,2 <2 <2 <0,01 <0,2 —
Hu‘“e”géﬂi‘;“e“gg“' 95,4~98,6 | 0,2652,07 | 0,036~0,319 — 0,001~0,143 | — —
The Grdat Plains, North
Dakot4, United States 94,8~964 (" 2,4~3,98 0,41~1,26 0,03~0,35 0~0,03 — —
The threfe conclusions that cah be drawn on the gas quality of CBSNG from Table 3 are:
1) Therte will be more than 90 % CH, and small percentage of H, in CBSNG. The content of CO, in LBSNG is
similar to that innatural gas.
2) TheCO in CBSNG is at trace level.
3) Thete isnohydrocarbon higher than ethane in CBSNG.

6 Applicability of sampling standard

ISO 10715 provides concise guidelines for the collection, conditioning and handling of representative
samples of processed natural gas streams. It also contains guidelines for sampling strategy, probing the
location and the handling and designing of the sampling equipment. According to ISO 10715, the factors
affecting sampling representativeness include: sampling material and equipment, sample containers,
sampling method, heavy hydrocarbon condensate and flow characteristics of gas sources.

For the final product, CBSNG is a kind of synthetic natural gas, which falls into the category of a natural
gas substitute in the scope of ISO/TC 193. It is basically free of heavy hydrocarbon and organic sulfur
compounds. The composition of CBSNG is simpler than that of natural gas.

© IS0 2024 - All rights reserved
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Therefore, ISO 10715 is applicable to the direct and indirect sampling of CBSNG.

7 Applicability of test and calculation standard

7.1 Ge

neral

This clause deals with the various parameters which may be referred to in the designation of the quality of
CBSNG according to ISO 13686. The parameters actually selected will depend upon the purpose for which
the designation is required and it is unlikely that all the parameters listed in this technical report will be

used.

7.2 Ga

7.2.1

CBSNG i
noncom}
in Table

and whe

This dog
standard

S composition

Feneral

5 composed primarily of methane and hydrogen with smaller amounts of-ethane an
ustible gases carbon dioxide and nitrogen - the approximate content of each component
1. The relevant ISO/TC 193 test standards for major and minor components and trace cons
Lher these standards are applicable to CBSNG, are shown in

ument does not give requirements of CBSNG. For requirements, one can refer to Chinese
GB/T 33445[34] (see Annex A).

Table 4 — Approximate content of each component of CBSNG

Tables 5,40 and 14.

Component Unit Approximate content range
Methane cmol/mol >90,0
Hydrogen cmol/mol 0to5,0
Nitrogen cmol/mol 0to 3,0

Carbon dioxide cmolymol 0,1to0 2,0
Ethane ¢mel/mol 0to0,2
Propane cmol/mol 0to0,1
Oxygen cmol/mol 0to0,2
Carbon monoxide cmol/mol 0to0,1
Argon cmol/mol 0to0,1
Ammonia mg/m3 0to 50,0
Stlfur hydrogen mg/m3 0to 20,0
Total sulfur mg/m3 0to 50,0

7.2.2 Major components

Table 5 — Major components of CBSNG

d of the
s shown
tituents,

national

Component Relevant ISO/TC 193 standards Whettl:) e{:;gglécable
Methane ISO 6974-1 to ISO 6974-6, ISO 23978 Yes
Hydrogen ISO 6974-3,1S0 6974-6, 1SO 6975 Not exactly
Nitrogen [SO 6974-1 to ISO 6974-6, 1SO 23978 Yes

Carbon dioxide ISO 6974-1 to ISO 6974-6,1S0 6975, ISO 23978 Yes

© IS0 2024 - All rights reserved
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ISO 6974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of methane in the
range of 75 % to 100 %, 34 % to 100 %, 40 % to 100 %, and 50 % to 100 %, respectively, see Table 6.

Generally, the methane content in CBSNG is basically above 90 %.

Therefore, ISO 6974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are applicable to the determination of
methane content in CBSNG. ISO 6974-1, ISO 6974-2, and ISO 6974-3 are also applicable in the determination

of methane content in CBSNG.

Table 6 — Summary of determination range of CH, by relevant ISO/TC 193 standards

ConLent in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicable to
standards range CBSNG
ISO 6974-4 75 % to 100 % Yes
ISO 6974-5 34 % to 100 % Yes
>90 %
ISO 6974-6 40 % to 100 % Yes
[SO 23978 50 % to 100 % Yes
7.2.2.2 | Hydrogen
The scopes of ISO 6974-4 and ISO 6974-5 do not include the determination of hydrogen. ISQ 6974-3,
ISO 6974-6 and ISO 6975 are suitable for the determination of hydregeén in the range of 0,001 % to 0,5 %, see
Table 7.
Generally, the hydrogen content in CBSNG is 0,1 % to 5,0 %.
Thereforle, when the hydrogen content in CBSNG exceeds0,5 %, ISO 6974-3, ISO 6974-6 and 1SO 697 are not
applicable to the determination of hydrogen content int€BSNG.
Three rdlevant standard hydrogen test methods from other countries or organizations can be referred to
Annex B Two of these standards are applicabléfer the determination of hydrogen in the range of (,01 % to
10,0 % ahd one standard is applicable for the ‘determination of hydrogen in the range of 0,03 % to 100 %.
Table 7 — Summary of determination range of H, by relevant ISO/TC 193 standards
Content in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicable to
standards range CBSNG
ISO 6974-3 0,001 % to 0,5 % Not exactly
%to5 % ISO 6974-6 0,001 % to 0,5 % Not exactly
ISO 6975 0,001 % to 0,5 % Not exactly
7.2.2.3 | Nitrogen
[SO 6974-4; 1SO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of nitrog¢n in the
ranges o 9 9 9 9 9 9 9 i ble 8.

Nitrogen content in CBSNG is commonly below 2 %. Therefore, ISO 6974-4, 1SO 6974-5, 1SO 6974-6 and
[SO 23978 are basically applicable to the determination of nitrogen content in CBSNG.

© IS0 2024 - All rights reserved
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Table 8 — Summary of determination range of N, by relevant ISO/TC 193 standards

Content in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicable to
standards range CBSNG
[SO 6974-4 0,001 % to 15 % Yes
ISO 6974-5 0,1%to22% Yes
0%to2%
ISO 6974-6 0,007 % to 40 % Yes
ISO 23978 0,02 % to 10 % Yes

7.2.2.4 Carbon dioxide

ISO 6974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of carbon.dfioxide in
the rangg of 0,001 % to 10 %, 0,05 % to 15 %, 0,001 % to 10 % and 0,02 % to 3,0 %, respectively,|se¢ Table 9.
Carbon dioxide content in CBSNG is commonly below 3,0 %.
Thereforfe, ISO 6974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are applicable to the detefmination ¢f carbon
dioxide dontent in CBSNG.
Fable 9 — Summary of determination range of CO, by relevant ISO/TC 193 standardy
Contlent in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicgble to
standards range CBSNG
ISO 6974-4 0,001 %1te"10 % Yes
ISO 6974-5 0,05 % to 15 % Yes
) % to3 %
1SO 6974-6 0:001 % to 10 % Yes
1SO 23978 0,02 % to 30 % Yes
7.2.3 Minor components
Table 10 — Minor components of CBSNG
Component Relevant ISO/TC 193 standards Whethegggggcable to
Ethane [SO 6974-1 to ISO 6974-6 Yes
Propane ISO 6974-1 to ISO 6974-6 Yes
Oxygen ISO 6974-6, ISO 6975 Yes
Carbon monoXxide ISO 6974-6 Yes
Argon ISO 6975 Yes
7.2.3.1 | Ethane
ISO 6974-4,1S0°6974-5, ISO 6974-6 and 1SO 23978 are suitable for the determination of ethane in the range
of 0,001 P6te 10 %, 0,1 % to 23 %, 0,002 % to 15 %, and 0,02 % to 20 %, respectively, see Table 11.

Generally, the ethane content in CBSNG is basically lower than 0,2 %.

Therefore, ISO 6974-4, ISO 6974-5, ISO 6974-6 and 1SO 23978 are applicable to the determination of ethane

content in CBSNG.
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Table 11 — Summary of determination range of C,H, by relevant ISO/TC 193 standards

Content in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicable to
standards range CBSNG
ISO 6974-4 0,001 % to 10 % Yes
ISO 6974-5 0,1%to 23 % Yes
0%1t00,2%
ISO 6974-6 0,002 % to 15 % Yes
ISO 23978 0,02 % to 20 % Yes

7.2.3.2 Propane

[SO 6974-4, 1SO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of propane in the range
0of 0,001 Po to 3 %, 0,05 % to 10 %, 0,001 % to 5 % and 0,02 % to 10 %, respectively, see Table 12}

Generally, the propane content in CBSNG is basically lower than 0,1 %.

Thereforle, [SO 6974-4, ISO 6974-5, I1SO 6974-6 and ISO 23978 are applicable to the detérmination of|propane
content in CBSNG.

Thable 12 — Summary of determination range of C;Hg by relevant4S0/TC 193 standards

Conkent in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicable to
standards range CBSNG
ISO 6974-4 0,001 %to 3% Yes
ISO 6974-5 0,05% to 10 % Yes
0% to 0,1 %
ISO 6974-6 0,001 % to 5% Yes
ISO 23978 0,02 % to 10 % Yes

7.2.3.3 | Oxygen

The scopes of ISO 6974-4 and ISO 6974-5 do. ot include the determination of oxygen. ISO 6974-6 and
ISO 697§ are suitable for the determination of-oxygen in the range of 0,007 % to 5 %, and 0,001 % ko 0,5 %,
respectiyely, see Table 13.

Generally, the oxygen content in CBSNG is not higher than 0,2 %.
Therefore, ISO 6974-6 and ISO 6975/are applicable to the determination of oxygen content in CBSNG.

lable 13 — Summary of determination range of O, by relevant ISO/TC 193 standards

Conkent in CBSNG Relevant ISO/TC 193 Suitable determination Whether applicable to
standards range CBSNG
1SO 6974-6 0,007 % to 5% Yes
( % to 0,2:%
ISO 6975 0,001 % to 0,5 % Yes

Carbonmonoxide

7.2.3.4

The scopes of ISO 6974-4 and I1SO 6974-5 do not include the determination of carbon monoxide. ISO 6974-6
is suitable for the determination of carbon monoxide in the range of 0,001 % to 1 %.

A small amount of CBSNG contains carbon monoxide which is less than 0,1 %.

Therefore, ISO 6974-6 is applicable to the determination of carbon monoxide content in CBSNG.

7.2.3.5 Argon

The scopes of ISO 6974-4 and I1SO 6974-5 do not include the determination of argon. ISO 6975 is suitable for
the determination of argon in the range of 0,001 % to 0,5 %.
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Generally, the argon content in CBSNG is less than 0,1 %.

Therefore, ISO 6975 is applicable to the determination of argon content in CBSNG.

7.2.4 Trace constituents

7.2.4.1

There a
[SO 1973

Table 14 — Trace constituents of CBSNG

Component Relevant ISO/TC 193 standards Whethezglsnll\)llcilcable to
Hydrogen sulfide IS0 19739, ISO 23978 Yes
lU[d‘l 5u11ur ISU 1070V, 15U ZU7 27 1ES
Ammonia None No
Hydrogen sulfide

in the rajnge of 0,5 mg/m3 to 600 mg/m3. Annex D and Annex E are both suitable for the determi

hydroge
the dete

[SO 2397

Generall

1 sulfide in the range of 0,1 mg/m3 to 100 mg/m3. Annex F, Annex G dnd'Annex I are all app
mination of hydrogen sulfide, but do not specify the detection ranges.

, the hydrogen sulfide content in CBSNG is less than 6 mgm?, and about 20 mg/m3 when it

e several methods for the determination of sulfur compounds described in the anpexes of
9:2004, of which Annex C and Annex H are both suitable for the determination of hydrogen sulfide

hation of
icable to

8 is suitable for the determination of hydrogen sulfide in the'range of 0,02 % to 10 %, see Table 15.

s higher.

Thereforle, ISO 19739 is applicable to the determination of hydrogen sulfide in CBSNG.
Table 15 — Summary of determination range of H,S by relevant ISO/TC 193 standards
Content in CBSNG Relevant ISO/TC 193 Méthod Sultal?le determina- | Whether applicable
standards tion range to CBSNG
- 3
1SO 19739 GC-FPD 0,5 mg/mmt;) 600 mg/ Yes
- 3
1SO 19739 GC-SCD 0,5 mg/mmt;) 600 mg/ Yes
b 3 - 3
0 mg/m t30 1SO 19739 GC-ED 0,1 mg/m t?f) 100 mg/ Yes
20 mg/m m
- 3
1$0°19739 GC-MSD 0,1 mg/mmt?f) 100 mg/ Yes
150 23978 Laser Raman spec- 0,02 % to 10 % No
troscopy
7.2.4.2 | Total'sulfur

ISO 1696

0Cand ISO 20729 are suitable for the determination of total sulfur content in CBSNG in the

range of

1 mg/m?3

to 200 mg/m>and I mg/m> to 150 mg/m>, respectively, see Table 16.

Generally, the total sulfur content in CBSNG is less than 6 mg/m3, and about 50 mg/m3 when it is higher.

Therefore, ISO 16960 and ISO 20729 are both applicable to the determination of total sulfur in CBSNG.
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Table 16 — Summary of determination range of total sulfur by relevant ISO/TC 193 standards

Content in CBSNG Relevant ISO/TC 193 stand-| Suitable determination Whether applicable to
ards range CBSNG
1SO 16960 1 mg/m3 to 200 mg/m3 Yes
0 mg/m3 to 50 mg/m3 g/ g/
1SO 20729 1 mg/m3 to 150 mg/m3 Yes

7.2.4.3 Ammonia
There are no relevant standard methods for determination of ammonia content in ISO/TC 193 standards.

G is less
than 50

Some relevant standard test methods for ammonia can be referred to Annex C[31I371[381[39]»The|analysis
of ammgnia by Fourier transform infrared (FTIR) spectroscopy and optical feedback cavity gnhanced
absorptipn spectroscopy (OF-CEAS) are also reported in some research works[39l. [SO* 26121 describes
suitable falibration and measurement strategies to quantify ammonia in (bio)methane.up to 10 mg/m-3

7.3 Gds properties

7.3.1 General

Physical|properties and whether the relevant ISO/TC 193 standards<are applicable to CBSNG are shown in
Table 17]For interchangeability, CBSNG is taken as an example ta‘evaluate the applicability of four different
methodgin ISO 13686. Annex D gives the detailed information;

7.3.2 Physical properties
Table 17 — Physicalproperties of CBSNG
Properties Unit Relevant ISO/TC 193 standards Whether applicaple to
CBSNG

Molar bysis ‘;’“O”flc value, MJ/mol 1S0 6976, 1S0 15971 Yes

C
Mass bdsis (;?lorlflc value, MRS 1SO 6976, 1SO 15971 Yes

m
Volumefric basis calorific MJ/m3 1SO 6976, 1SO 15971 Yes

value, H,

Relgtive density, 4 - ISO 6976, ISO 15970 Yes
Wgbbe index, M]J/m3 ISO 6976, 1SO 15971 Yes
Walter dew peint °C[K] IS0 6327,1S0O 18453 Yes

[SO 10101-1, ISO 18453
Watericontent mg/m3 ISO 10101-2,1S0O 10101-3 Yes
ISO 11541
Hydrocarbon dew point o
(HCDP) C[K] ISO 23874 Yes
Liquid hydrocarbon content mg,/m3 ISO 6570 Yes

7.3.2.1 Calorific value, relative density and Wobbe index

ISO 6976 specifies methods for the calculation of gross calorific value, net calorific value, density, relative
density, gross Wobbe index and net Wobbe index of natural gases, natural gas substitutes and other

1)  Under preparation. Stage at the time of publication: ISO/FDIS 2612:2023.
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combustible gaseous fuels when the composition of the gas by mole fraction is known. The methods specified
provide the means of calculating the properties of the gas mixture at commonly used reference conditions.

Mole fractions by definition sum up to unity. Guidance on the achievement of this requirement by a
chromatographic analysis is available in ISO 6974-1 and ISO 6974-2.

The methods of calculation require values for various physical properties of the pure components; these
values, together with associated uncertainties, are provided in tables and their sources are identified.

Methods are given for estimating the standard uncertainties of calculated properties.

The methods of calculation of the values of properties on either a molar, mass or volume basis are applicable
to any natural gas, natural gas substitute or other combustible fuel that is normally gaseous, except that for
propertigs on the volume basis the method is restricted to mixtures for which the compression [factor at
referencg conditions is greater than 0,9.

ISO 697§ is applicable to the calculation of calorific value, relative density and Wobbe indéxyof CBSNG.

In addition, ISO 15970 is applicable to the measurement of relative density of CBSNG, and ISO (15971 is
applicable to the measurement of calorific value and the Wobbe index of CBSNG.

7.3.2.2 | Water dew point and water content

ISO 632} describes a method for determination of water dew point*of natural gas by cooled surface
condensation hygrometers, which is applicable to the determination/of'water dew point of natural gas and
similar gases. The water dew point of processed natural gases in transmission lines normally lies [between
-25 °C anpd +5 °C, which corresponds to water volume fraction 0f50 cm3/m3 to 200 cm3/m3, depehding on
gas pressure.

[SO 6327, 1SO 18453, 1SO 10101 (all parts), and ISO 11541.are'all able to be applied for the determingtion and
conversipn of water dew point and water content.

The Chinese experts detecting water dew point in\r¥ecent years found that the results of water dgw point
determination of natural gas treated by triethylene glycol dehydration process are not accurate, egpecially
by the %illed mirror method which is often disturbed by triethylene glycol droplets, causing a large
deviatiof in measurement results.

7.3.2.3 | Hydrocarbon dew point aitd hydrocarbon liquid content

[SO 23874 describes the performance requirements for analysis of treated natural gas of transmjission or
pipeline jquality in sufficient detail so that the hydrocarbon dewpoint temperature can be calculated using
an apprgpriate equation of-state. It can be applied to gases that have maximum dewpoint temperatures
(cricond¢ntherms) betwéen'0 °C and -50 °C. The pressures at which these maximum dewpoint temperatures
are calcylated are inthe’range 2 MPa (20 bar) to 5 MPa (50 bar). Major components are measurled using
[SO 6974 (all parts)and the ranges of components that can be measured are as defined in ISO 69741.

The profeduresgiven in ISO 23874 covers the measurement of hydrocarbons in the range CY to C12.
n-Pentarle, which is quantitatively measured using ISO 6974 (all parts), is used as a bridge component and all
C6 and hjgher hydrocarbons are measured relative to n-pentane.

CBSNG basically does not contain C6 and C6*. Therefore, ISO 23874 is applicable to CBSNG.

ISO 6570 describes the principles of, and general requirements for, two gravimetric methods for the
determination of the potential hydrocarbon liquid content (PHLC) of natural gas, or similar gas, at a given
pressure and temperature. Two methods are specified in ISO 6570 to determine the amount of condensate
in a sample gas:

— Method A: a manual weighing method;

— Method B: an indirect automatic weighing method based on the indication of the pressure difference
caused by the accumulation of condensate in a vertical tube.
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The manual weighing method is a reference method for the indirect automatic method. The indirect

automati

ISO 6570

c method is suitable for semi-continuous control.

is applicable to CBSNG.

ISO/TR 11150 describes three means of estimating hydrocarbon dew point and hydrocarbon content of
natural gas and they are:

a) thecooled mirror method which determines hydrocarbon dew point and hydrocarbon content, including
visual method and automatic measurement method;

b) the gas chromatography method, by which the composition of gas is analyzed and used to calculate the

hydracarhon dew point; and

3) the gravimetric method is used to determine the potential hydrocarbon liquid content.

At prese
automat
cooled n
standard

ISO/TR 1

7.4 Solid particulate matter

The soliq
gas mete

The solig
GB/T 33

China ha
particle
0,1 MPa
entire s3
be incred

ISO/TC 1

ht, commercial instruments for hydrocarbon dew point determination of naturakgds by

irror method to determine the hydrocarbon dew point of natural gas. There i$'no correspor
. Itis recommended to develop an ISO standard for the determination of hydrocarbon dew

1150 is applicable to CBSNG.

ring. It is necessary to accurately determine the solid patticulate matter in CBSNG and nat

| particulate matter in CBSNG is limited to not moré‘than 1 mg/m3 in Chinese national s
1.45[34], for coal-based synthetic natural gas.

s developed the national standard GB/T 27893832, which specifies the method for determi
fontent in natural gas by membrane weighing’method. The measurement pressure range is
and 6 MPa. The measurement range is-0,1 mg/m3 to 100 mg/m3. If the membrane trap
mpling and trapping system can withstand higher pressures, the measurement pressure
1sed to the corresponding pressure!

93 has no corresponding standard method.

visual or

c measurement methods have been widely used. The Chinese national standard-GB/T 2789%[33] uses

ding ISO
point.

particulate matter in CBSNG has an impact on the safe transportation, utilization and ac¢uracy of

ural gas.

tandard,

nation of
between
and the
can also
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Annex A
(informative)

Technical requirements and test methods for CBSNG

This annex gives the quality designations as well as the test methods on CBSNG components or properties

according to the Chinese national standard GB/T 33445.

Tahle A.1 — Quality designations and test methods for CBSNG in Chinese national standlalrd

GB/T 33445
Items Class1 Class Il Class I1I Rt or caltulation
methods
ISO 6976
i ifi a 3 > > >
Superior|calorific value 3, MJ/m >35,0 >31,4 >31,4 GB/T 11062
Hydrogeh mole fraction, % <3,5 <5,0 To be agreed Yetween
supplier.and user
Carbon dioxide mole fraction, % <2,0 <3,0 Tobe agreed between
supplier and user
GB/T 11p60.2
Hydrogen sulfide mass concentration 2, mg/m3 <150 GB/T 18p05.2
GB/T 11061

Carbon nmponoxide mole fraction, % <0,15
Ammonig mole fraction, micromol/mol <50,0
Particle mass concentration?, mg/m3 <1,0 GB/T 27893

Underthe pressure of the custody transfer point,
Water ddw point b<, °C the water dew point is recommended to be 5 °C GB/T 17283

lewer than the minimum ambient temperature

under the transportation condition.

a  The rpference conditions of gas volume in this standard is 101,325 kPa, 20 °C.

not to be higher than -5 °C.

¢ The dew point temperature préssure is the maximum transmission pressure.

b Undef the transportation condition, when the ground temperature at the pipe top is 0 °C, the water dew point is recommended
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Annex B
(informative)

Test methods for hydrogen

B.1 General

This ann|
national

B.2 Ch
Chinese
0of 0,01 9
B.3 AS
ASTM D]
chromat
B.4 AS

ASTM D7
chromat

ex gives a brief description of three test methods for hydrogen concentration, one is from 4
standard and two are from ASTM.

linese national standard GB/T 13610

hational standard GB/T 13610[31] is suitable for the determination of hydrogen content in t
to 10 % by gas chromatography.

TM D1945

[945[35] is suitable for the determination of hydrogen contertin the range of 0,01 % to 10
bgraphy.

TM D7833

1833[3¢] is suitable for the determination of hydrogen content in the range of 0,03 % to 100
bgraphy:.

Chinese

he range

Do by gas

Do by gas
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Annex C
(informative)

Test methods for ammonia

C.1 General

This anrlex gives a brief description of three ammonia test methods, which are from a Chinese
standard, a Dutch standard and an ISO standard, respectively.

C.2 Chinese national standard GB/T 33445

Itis reco
national
heating
to form

standard GB/T 33445[34], The principle of this method is that in the présence of ascorbic
95 °C), ammonia and ninhydrin react in a weak acidic acetic acid-sedium acetate buffer

spectroghotometer.

C.3 Dutch standard NEN 2826

BSI/EN 16723[38] refers to NEN 2826[34], which is suitable for’ammonia content from 0,1 to 3 00Q mg/m3,
as the athmonia content determination method to detect ammonia content which is limited to 10 mg/m3 in

biometh

C4 IS

ne.

D 2612

I1SO 26121l describes suitable calibration and‘measurement strategies to quantify ammonia in (bio)

around t

he 10 mg/m3.

national

immended to use spectrophotometer to detect ammonia content in CBSNG aceording to thg Chinese

acid and
medium

a blue-purple compound, the colorimetry was carried out at the-wavelength of 568 nin with a

[methane
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Annex D
(informative)

Applicability of interchangeability

D.1 General

Intercha

the need|for adjustment at the customer’s equipment. ISO 13686 gives four different methodsto prj

intercha

Hydroge

natural gas. One typical CBSNG that has the richest hydrogen content from the composition range
from Tahle D.1 was taken as an example to evaluate the interchangeability of CBSNG.

D.2 A(

Intercha

tipping (
values of

Table

hgeability is defined as the ability of a distributed natural gas to be substituted by anothej

hgeability between two gases.

h content in CBSNG is the main factor which will influence its interchangeability to cony

Table D.1 — Composition of typical CBSNG for interchangeability evaluation

Component Mole foraction
%

Methane 94,60
Hydrogen 3,98
Nitrogen 0,30
Carbon dioxide 0,90
Ethane 0,10
Oxygen 0,10
Carbon monoxidé 0,02

A index method
hgeability in the AGA program is determined by calculating indexes for lifting, flashback, ay

complete combustion). The’limit values of the three indices and corresponding calculate
the typical CBSNG are\listed in Table D.2.

D.2 — Three AGA interchangeability indices limits and calculated values of typical (

Index Limit Calculated value Interchangeability
Lifting index <1,126 0,983 Yes
Flashback index >1,021 1,056 Yes
Yellow tip index <1,177 1,043 Yes

The calculated indices values of the typical CBSNG are all located in the interchangeable range. So the CBSNG

is interchangeable according to AGA index method.

D.3 British gas hydrocarbon equivalence method

According to British gas hydrocarbon equivalence method, interchangeability can be visually displayed on
a plot of Wobbe index and the sum of the mole fractions of propane and nitrogen in the equivalent mixture.
This is shown in Figure D.1. The typical CBSNG mixture lies within the area permitted for normal operation
and is therefore interchangeable.
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