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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 1SO 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 ISQ,_also take part in the work 1SO collaborates closely with the International Electrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part3.

Draft Internagional Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication alk an International Standard requires approval by at least 75 % of the member bodies casting|a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights{ ISO shall not be held responsible for identifying any or all such patent rights.

International |Standard ISO 15403 was prepared by Technical Committee ISO/TC 193, Natural gas.

Annexes A tg E of this International Standard are for information only.
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Introduction

Natural gas has been used to some extent as a fuel for internal combustion engines in compressor stations, co-
generation systems, and vehicles of various types for many years now. However, the prerequisites for growth, i.e.
economic viability and fuel availability, were generally not satisfied. Now, with the natural gas industry well
established, supplying 20 % of the world's primary energy, and the need for alternative, low-emission fuels, the

situation h

s improved considerably During the past decade natural gas vehicles have hecome a via
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million units now in use around the world. Growth is continuing as many governments_act|
burning fuel with its environmental benefits. Many fleet operators are converting their
lnufacturers are developing and marketing dedicated natural gas equipment.

ext of this standard, natural gas vehicles (NGVSs) utilize compressed natural gas-stored "o
f the gas stored in multiple containers is up to a maximum 25 000 kPa. Although the press
pfore combustion, compression and storage gives NGVs an adequate range. While NGVs
Wwith converted gasoline or diesel engines, high-performance, dedicated~“natural gas engi
nsively developed and produced. Liquefied natural gas (LNG) may. alSo be stored in the
5 vehicles. This, however, will be the subject of a separate International Standard.

national Standard for the quality designation of compressed ‘\natural gas is designed to
al requirements placed on the natural gas used as a motar.fuel. Engine and vehicle manufa
b requirements so they can develop high-performance equipment which runs on compresseq

| report giving detailed data on the gas compositions used in ISO 15403 has been drafted
as an addendum.
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Natural gas — Designation of the quality of natural gas for use as a
compressed fuel for vehicles
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f this International Standard is to provide manufacturers, vehicle operators, fuelling station @
blved in the compressed-natural-gas vehicle industry with information on the fuel guality fo
NG Vs) required to develop and operate compressed-natural-gas vehicle equipment’'successf
ng the requirements of this International Standard should:

e for the safe operation of the vehicle and associated equipment neéded for its fuelling and
t the fuel system from the detrimental effects of corrosion, poisofing, and liquid or solid depg

e satisfactory vehicle performance under any and all conditiens of climate and driving demar

ects of this International Standard may also be .applicable for the use of natural gas
N engines.

native references

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate|

pferences, the latest edition of the normative document referred to applies. Members of

pgisters of currently valid) International Standards.

1:1989, Natural gas— Determination of sulfur compounds — Part 1: General introduction.

p:—1), Natural gas — Determination of sulfur compounds — Part 2: Gas chromatographic
chemical'detector.

perators and
r natural gas

lly.

haintenance;
sition;
ds.

in stationary

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

nethod using

mercaptar

Sulfur and carbony! sulfide sulfur by potentiometry.

3:1989, Natural gas — Determination of sulfur compounds — Part 3: Determination of hydflogen sulfide,

ISO 6326-4:1994, Natural gas — Determination of sulfur compounds — Part 4: Gas chromatographic method using
a flame photometric detector for the determination of hydrogen sulfide, carbonyl sulfide and sulfur-containing

odorants.

ISO 6326-5:1989, Natural gas — Determination of sulfur compounds — Part 5: Lingener combustion method.

ISO 6327:1981, Gas analysis — Determination of the water dew point of natural gas — Cooled surface
condensation hygrometers.

1) To be published. (Revision of ISO 6326-2:1981)
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ISO 6570-1:1983, Natural gas — Determination of potential hydrocarbon liquid content — Part 1: Principles and
general requirements.

ISO 6570-2:1984, Natural gas — Determination of potential hydrocarbon liquid content — Part 2: Weighing method.
ISO 6974 (all parts), Natural gas — Determination of composition with defined uncertainty by gas chromatography.

ISO 6976:1995, Natural gas — Calculation of calorific values, density, relative density and Wobbe index from
composition.

ISO 10101-1:1993, Natural gas — Determination of water by the Karl Fischer method — Part 1. Introduction.

ISO 10101-2}1993, Natural gas — Determination of water by the Karl Fischer method — Part 2: Titration J?rocedure.

ISO 10101-3}1993, Natural gas — Determination of water by the Karl Fischer method — PRart’ 3: doulometric
procedure.

ISO 11541:1p97, Natural gas — Determination of water content at high pressure.
ISO 13734:1p98, Natural gas — Organic sulfur compounds used as odorants — Requirements and test methods.

ISO 14532:12), Natural gas — Terminology.

3 Termsland definitions

For the purppses of this International Standard, the following terms and definitions apply. Definitions Were taken
from ISO 14%32 whenever possible.

3.1

natural gas
complex mixture of hydrocarbons, primarily methane, but generally also including ethane, propane and higher
hydrocarbon$ in much smaller amounts and some*non-combustible gases, such as nitrogen and carbon dioxide

NOTE 1 Najural gas generally also includestminor amounts of trace constituents.

NOTE 2  Najural gas is produced and processed from the raw gas or liquefied natural gas and, if required, blepded to the
extent suitablg for direct use (for example as gaseous fuel).

NOTE 3 Najural gas remains-inihe gaseous state under the temperature and pressure conditions normally found|in service.

NOTE 4  Najural gas congists predominantly of methane (mole fraction greater than 0,70), and has a superior caglorific value
normally withif the rangé 30 MJ/m3 to 45 MJ/m3. It contains also ethane (typically up to 0,10 mole fraction), propahe, butanes
and higher dlkanes Sin™ steadily decreasing amounts. Nitrogen and carbon dioxide are the principal non-¢gombustible
components, ¢ach(present at levels which typically vary from less than 0,01 mole fraction to 0,20 mole fraction.

Natural gas isprocessed—fromtherawgas—soastobe—suitabteforuse—as—industriatcommercialresidentiatfuel or as a
chemical feedstock. The processing is intended to reduce the contents of potentially corrosive components, such as hydrogen
sulfide and carbon dioxide, and of other components, such as water and higher hydrocarbons, potentially condensable in the
transmission and distribution of the gas. Hydrogen sulfide, organic sulfur compounds and water are then reduced to trace
amounts, and high carbon dioxide contents are likely to be reduced to below 0,05 mole fraction.

Natural gas is normally technically free from aerosol, liquid and particulate matter.

2) To be published.
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In some circumstances natural gas may be blended with town gas or coke oven gas, in which case hydrogen and carbon
monoxide will be present in amounts up to 0,10 mole fraction and 0,03 mole fraction respectively. In this case, small amounts

of ethylene

may also be present.

Natural gas may also be blended with LPG3)/air mixtures, in which case oxygen will be present, and the levels of propane and

butanes wil

NOTE 5

| be considerably enhanced.

commercial, residential fuel or as a chemical feed stock.

Pipeline quality natural gas is one which has been processed so as to be suitable for direct use as industrial,

The processing is intended to reduce the corrosive and toxicity effects of certain components, and to avoid condensation of

water or hy
Hydrogen 4
[ISO 1453

3.2
substitute
manufactu

NOTE
[ISO 1453

3.3
compresst
natural ga

NOTE

3.4
gas quality
attribute o

35
normal ref
reference

drocarbonsin-thetransmisstorand-distributionof the-gas:

ulfide and water should only be present in trace amounts, and high carbon dioxide content is likely-to
D]
hatural gas

red or blended gas which is interchangeable in its properties with natural_gas
Manufactured gas is sometimes called synthetic natural gas.

(]

bd natural gas
5 used as a fuel for vehicles, typically compressedwup to 20 000 kPa in the gaseous state [IS(

The maximum pressure for natural gas stored in-a\container is 25 000 kPa.

natural gas defined by its composition and its physical properties [ISO 14532]

brence conditions
conditions of pressure; ‘temperature and humidity (state of saturation) equal to: 101,

273,15 K fpr a real, dry gas

3.6
standard r
reference

eference conditions
conditiods )of pressure, temperature and humidity (state of saturation) equal to: 101,

288,15 K fpr a real;dry gas

NOTE 1

(S5ood practice requires that the reference conditions are incorporated as part of the symbol, and not

be reduced.

D 14532]

B25 kPa and

B25 kPa and

of the unit, for

the physic

EXAMPLE

where

Hs

guantity TEpresemed:

Hs [ pchrTchvV( Prre) Tmrc)]

superior calorific value on volumetric basis;

3) LPG=

liquefied petroleum gas

© ISO 2000 — All rights reserved
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TC rc

pC rc

V(pm rcs Tm I’C)

NOTE 2

temperature of the combustion reference conditions;
pressure of the combustion reference conditions;

volume at temperature and pressure of the metering reference conditions.

Standard reference conditions are also referred to as metric standard conditions.

NOTE 3 The abbreviation s.t.p. (standard temperature and pressure) replaces the abbreviation N.T.P. (Normal Temperature
and Pressure), as formerly used, and is defined as the condition of pressure and temperature equal to: 101,325 kPa and
288,15 K. No restriction is given on the state of saturation.

[1ISO 14532]

3.7
superior caloj
energy relea

pressure p; &t which the reaction takes place remains constant, and all the products of cembustion are

the same sp
for water forr

NOTE1l W

Hs(py1
On a mass ba
Hs(pyT
Where the qu
Hs [ P1]
where p, and

The volumetri

rific value

ecified temperature T, as that of the reactants, all of these products being in the gaseous st
ned by combustion, which is condensed to the liquid state at T, [ISO 14532]

ere the quantity of gas is specified on a molar basis, the calorific valuesexpressed in MJ/mol, is desig

1)
5is the calorific value, expressed in MJ/Kg, is designated as;
1)
intity of gas is specified on a volumetric basis, the calorific value, expressed in MJ/m3, is designated &
1V ( P2 )]

[, are the gas volume (metering).reference conditions.

based calorific value should_be specified to normal or standard reference conditions.

e terms gross, higher;_upper and total calorific value, or heating value, are synonymous with supe

e calorific value should be specified to the combustion conditions.

e calorific'value is normally stated as dry.

5ed as heat by the complete combustion in air of a specified quantity of gas, In such a way that the

eturned to
ate except

hated as:

ior calorific

Il reference

NOTE2 TH
value.

NOTE3 Th
NOTE4 TH
EXAMPLE H

Syw(psrC,Tsrc) designates the superior calorific value, specified on a volumetric basis, at standar

conditions and stated as wet. For simplicity, the combustion conditions are not specified.

3.8

inferior calorific value
energy released as heat by the complete combustion in air of a specified quantity of gas, in such a way that the
pressure p; at which the reaction takes place remains constant, and all the products of combustion are returned to
the same specified temperature T, as that of the reactants, all of these products being in the gaseous state

© 1SO 2000 — All rights reserved
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NOTE 1 Superior calorific value differs from inferior calorific value by the heat of condensation of water formed by

combustion

NOTE 2 Where the quantity of gas is specified on a molar basis, the calorific value, expressed in MJ/mol, is designated as:

Hi(p1Th)

On a mass

basis the calorific value, expressed in MJ/kg, is designated as:

|:||(P1:T1)

Where the

Hl[p

juantity of gas is specified on a volumetric basis, the calorific value, expressed in MJ/m3, is designate

TuV( P2 )]

where p, and T, are the gas volume (metering) reference conditions.

NOTE 3

NOTE 4
the water v

The effectq
1ISO 6976:1]

NOTE 5
standard re

[ISO 1453

3.9
density

The terms net and lower calorific value, or heating value, are synonymous with,inferior calorific value.

Superior and inferior calorific values can also be stated as dry or wet (depoted by the subscript "w")
hpour content of the gas prior to combustion.

of water vapour on the calorific values, either directly measured or calculated, are described
005,

ference conditions.

2]

mass of gas divided by its volume at specified_¢onditions of pressure and temperature

NOTE
p(p1

[ISO 1453

3.10
relative de
quotient of

n a mathematical representatien‘the density is given by:

nsity

(defined in

ISO 6976:1995) which would be contained in the same volume at the same reference condi

thesmass of a gas, contained within an arbitrary volume, and the mass of dry air of standarg

1 as:

depending on

in annex F of

Normally the calorific value is expressed as the superior~dry value specified on volumetric basis upder normal or

composition
ions

NOTE 1

P

An equivalent definition is given by the ratio of the density of the gas py to the density of dry air of standard
composition p, at the same reference conditions.

g (psrc strc)

Pa ( psrc'Tsrc)

NOTE 2  Density can be expressed in terms of the real gas law:
__M-p
P=ZRT

© ISO 2000 — All rights reserved
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With this relation the relative density, when both gas and air are considered as real fluids, becomes:

Mg Psrc

d= Zg(

psroTsrc)' R T _ Mg Za( Rrc: -Erc)

Za(

Ma - Psrc - Ma'zg(psrchsrC)
psrCrTsrc)' R Tgrc

For ideal gas behaviour of the gases, when both gas and air are considered as fluids which obey the ideal gas law, the relative
density becomes:

NOTE 3 In
relative densit
gravity.

[1ISO 14532]

3.11
Wobbe index
calorific valu
density at the

NOTE1 Th
NOTE2  Th
depending on
corresponding
EXAMPLE

Wobbe index,
supscript "w")

WS ( Psrc

NOTE 3 TH
different natur|
(see ISO 6974

[1SO 14532]

3.12

former times, the above ratio Mg/M, was called specific gravity of a gas, which has the. same v,
y if ideal behaviour of the gases is assumed. The term relative density should now replate the tg

b, on a volumetric basis, at specified reference conditions, divided by the square root of t
same specified metering reference conditions

e volume is stated at normal or standard reference conditions:

e Wobbe index is specified as superior (denoted thé\subscript "S") or inferior (denoted the su
the calorific value, and as dry or wet (denoted by the subscript "w") depending on the calorific va
density.

superior, specified on a volumetric basis, at standard reference conditions and stated as wet (den

T ) _ H S,w (psroTsrc)
> dW ( Psrc: Tsrc)

e Wobbe index is.a-measure of heat input to gas appliances derived from the orifice flow equation. H
Al gas compositions is the same if they have the same Wobbe index, and operate under the same g

).

hlue as the
rm specific

he relative

pscript "I"),
ue and the

bted by the

pat input for
hs pressure

compression

TacClor

quotient of the actual (real) volume of an arbitrary mass of gas, at a specified pressure and temperature, and the
volume of the same gas, under the same conditions, as calculated from the ideal gas law

NOTE 1

NOTE 2

The terms compressibility factor and Z-factor are synonymous with compression factor.

The formula for the compression factor is as follows:

_ Vp(real)
Vp,(ideal)

© 1SO 2000 — All rights reserved
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where
Vp, (ideal) = RT
p
Thus
-,
Z(pT,y=E0lY
where
p absolute pressure;
T thermodynamic temperature;
y set of parameters which uniquely characterizes the gas;
Vi molar volume;
R molar gas constant in coherent units;
z compression factor.
In principle| y may be the complete molar composition (see 1SO 12213-2, reference [1] in the Bibliography) or a

of dependept physico-chemical properties (see 1ISO 12213-3, reference [2]).

NOTE 3
Within the
from unity.

NOTE 4

conditions o the compression factor of the same gas(at'the conditions of interest:

f \[L
(P T,y
where
Z compression factor at base conditions of pressure and temperature.

Base condi
transfer. In

gas propeIies, forcsimplicity, tables of pure compounds can be prepared for use in calculating gas prop

compositio

ange of pressures and temperatures encountered df1*gas transmission, compression factor can sig

The supercompressibility factor is defined, as ‘the square root of the ratio of the compression factd

ions are tempgrature and pressure conditions at which natural gas volumes are determined for purp
natural gas measurements the properties of interest are temperature, pressure and composition. A

atbase conditions". These "base conditions" are chosen near ambient.

distinctive set

Compression factor is a dimensionless quantity usually, close to unity near standard or normal refererce conditions.

nificantly differ

r at reference

bse of custody
ssuming ideal
erties for any

In the IGU

DICTionary or the Gas Industry the supercompressIpIlity TaCtor IS detined as:

1

VZ(p. T Y)

The supercompressibility factor is used with measurements made by flow instruments. The volume obtained with a flow meter
must be multiplied by "f" to obtain the corrected volume.

The compression factor is used with measurements made by displacement methods. In this case the volume must be
multiplied by "1/Z" to obtain the correct volume.

© ISO 2000 — All rights reserved
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3.13

water dew point
temperature above which no condensation of water occurs at a specified pressure

NOTE
[1SO 14532]

3.14
hydrocarbon

dew point

temperature above which no condensation of hydrocarbons occurs at a specified pressure

For any pressure lower than the specified pressure there is no condensation at this dew-point temperature.

NOTE1l A

NOTE 2 TH
gas-hydrocarh

3.15
molar compo
proportion of

NOTE1 Th
moles of the
stance which
in ISO 6976:1

NOTE 2 Fd
relationship ca

3.16

gas composi
fractions or
components

3.17

odorization
addition of
allow the re
concentratio

3.18
methane nur
rating indicat

NOTE It

!

retrograde befaviour. The cricondentherm defines the maximum temperature at which condensation can occur:

o%orants, normally intensively smelling organic sulfur compounds, to natural gas (normally od

a given dew point temperature there is a pressure range within which condensation occurs

e dew point line is the locus of pressure and temperature points which separate the single)phase g
on liquid region.

sition
each component expressed as a molar (or mole) fraction, or molar (fole) percentage, of the

because of

s from the

whole

is the mole fraction, x;, of component i is the quotient of the number-of‘moles of component i and thg¢ number of

vhole mixture present in the same arbitrary volume. One mole of Jany chemical species is the amd
has the relative molecular mass in grams. A table of recommended*values of relative molecular mas
DO5.

r an ideal gas, the mole fraction (or percentage) issidentical to the volume fraction (percentag

nnot in general be assumed to apply to real gas behaviour.

ion
percentages of the main components, associated components, trace components
determined from natural gas analysisS\[ISO 14532]

gnition of gas leaks by) smell at very low concentration (before a build up to a dangeroug
can occur) [ISO 14532]

hber
ng the kogcking characteristics of a fuel gas

s comparable to the octane number for petrol. The methane number expresses the mole fraction exp

unt of sub-
es is given

B), but this

And  other

purless) to
gas in air

essed as a

percentage of

meéthane in a methane/hydrogen mixture which, in a test engine under standard conditions, ha

the same

tendency to knock as the fuel gas to be examined.

[1SO 14532]

© 1SO 2000 — All rights reserved
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4 Symbols and abbreviations

Quantity Symbol Units

Relative density d

Calorific value H
Calorific value, molar basis H megajoules per mole (MJ/mol)
Calorifievaluemass-basis H megajeutes-perkiogram-Mdikeg)
Calorific value, volumetric basis A megajoules per cubic metre (MJ(M3)
Inferior calorific value H,
Superigr calorific value Hg

Gas presgure p kilopascals (kRa)

Gas tempegrature T kelvins (K)

Gas volume \ cubi¢metres (m3)

Wobbe inglex, volumetric basis w megajoules per cubic metre (MJ/m3)

Gas comgpression factor, z

(Compressibility factor)

Density P kilograms per cubic metre (kg/m3)
Subscript

m quantity per mole

n relates ta~*normal reference conditions"

crc relatesto “combustion reference conditions”

mrc relates to “metering reference conditions”

src relates to "standard reference conditions"

W states the parameter as "wet"

S superior

I inferior

© ISO 2000 — All rights reserved 9
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5 Gas composition requirements

5.1 Water

The single most important safety requirement of compressed natural gas (CNG) fuel is a very low water dew-point
temperature to preclude the formation of liquid water at any time. Liquid water is a precursor to the formation of
corrosive compounds through combination with components in natural gas, namely carbon dioxide and hydrogen
sulfide. The combination of corrosive agents, and the pressure cycling, caused by fuel consumption and
subsequent refilling of the fuel storage container, can result in crack growth in metals and ultimately damage and
failure. Also, liquid water itself can be detrimental as it may cause blockages, both liquid and solid, in the fuel

system.

Thus, the ther dew-point of the fuel gas at the fuelling station outlet shall be sufficiently below the_Jowe

temperature

5.2 Hydro

While hydrog
systems, the
composition

performance

In cases whq
shaving ope
relatively low|

n which fuelling stations and vehicles will operate.

carbons

arbon components contained in natural gas normally remain in the gaseOus state in local

pressures and temperatures experienced by CNG may cause gondensation. Chang
due to revaporization of this liquid condensate at reduced tank pressures may affect t
unless a self-adaptive system is applied.

re the natural gas contains significant quantities of propane<and butane, for example cause
ations, a liquid phase can be formed at elevated pressures and low temperatures becau
vapour pressure (see annex A).

5t ambient

Histribution
es in fuel
he vehicle

0 by peak-
se of their

Thus, to mipimize such occurrences, the composition of compressed natural gas shall be such, that at any
pressure, legs than 1 % of a liquid condensate is formed at-the lowest ambient temperatures and undef the worst
gas storage ppressure conditions (see ISO 6570-1). Maximunt condensation occurs at pressures between|2 500 kPa
to 4 500 kPa

5.3 Potential corrosive components

5.3.1 Sulfuf-containing components

Some sulfur components are corrosive; the total sulfur content may have an adverse impact on exhaust gas

cleaning dev

5.3.2  Hydrg

ces and should be taken into consideration.

gen sulfide

Given that the corrosive “environment is controlled by the lack of liquid water in accordance with 5.1, no

extraordinary
oxygen may

limitations“are required on the concentration of hydrogen sulfide. Hydrogen sulfide in combi
Cause powdering, especially on copper, which can have detrimental effects on the system.

hation with

5.3.3 Carbondioxide

Given that the corrosive environment is controlled by the lack of liquid water in accordance with 5.1, no
extraordinary limitations are required on the concentration of carbon dioxide.

5.3.4 Oxygen

Given that the corrosive environment is controlled by the lack of liquid water in accordance with 5.1, no
extraordinary limitations are required on the concentration of oxygen.
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5.3.5 Methanol

Methanol can cause corrosion of natural gas containers and deterioration of fuel system components. Methanol is
not needed if the water dew-point temperature is maintained in accordance with 5.1. No methanol shall be added to
natural gas at the CNG fuelling station.

5.4 Particulate material

The CNG fuel delivered shall be technically free from dust. The possible oil content of natural gas shall have no
adverse effect on the safe operation of the vehicle. For this purpose, filters and separators may be used if
necessary.

NOTE A small amount of oil may be helpful for the protection of containers and lubrication of injectors.

5.5 Odaur

Natural gas delivered to any natural gas vehicles should be odorized similar to a level found in the locgl distribution
system (s¢e 1ISO 13734).

6 Gas [properties

6.1 Wobbe index

A change|in Wobbe index may affect the power output and performance of the engine. Most presert natural gas
engine magtering systems utilize orifices, and therefore variations in the Wobbe index will produce simf|lar variations
in the air-fuel ratio. Variations of this parameter most significantly affect engines that are not equipped with closed-
loop (self-adaptive) control (see annex B).

6.2 Kndck rating

6.2.1 Ggdneral

The ability] of a fuel to resist auto-ignition, also known as detonation or combustion knock (see annex ), is a basic
fuel charafteristic. Long used to rate ;gasoline by standard test procedures, there have been numerous studies to
identify, cqrrelate, and describe natural gas knock ratings. To date, however, no generally accepted ptandard test
procedure|has emerged. Briefly-the work can be summarized as follows:

6.2.2 Mdthane number

Knock resjstance of natural gas changes with composition. Methane is the major component of natiyiral gas, and
has a high knock resistance. Increasing amounts of heavier hydrocarbons like ethane and propane Ipwer the fuel
knock resistance. This has given rise to a criterion known as methane number, which can be calculated from the
gas compgsition analysis (see annex D).

6.2.3 Octane number

The octane number methodology (see annex D) is used to compare liquid fuels as to their knocking tendency. It
determines the knocking intensity between the test fuel and a reference fuel of known octane number. Reference
fuels for the octane scale are octane (2,3,4-trimethylpentane) rated at 100, and n-heptane rated at 0. Mixtures of
these fuels are used to create other octane number fuels to be compared with the test fuel.

The octane scale is not as appropriate for use with high octane natural gas (in excess of 100) as with lower octane
number liquid fuels. Thus, there is a need for a standard test method for determining an equivalent octane number
of natural gas. The work done to date puts this equivalent octane number of natural gas in the range of 115 to 135.
The octane number of pure methane is in the order of 140+.
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7 Driveability

Any transportation fuel shall have the attributes of providing satisfactory performance of the vehicle under any and
all conditions of climate, road surface, and driving demands. Natural gas is ideally suited to provide such
performance provided it is kept free of liquid and/or particulate matter. This International Standard's requirement to
preclude any condensation of water vapour in the fuel system is expected to adequately eliminate such operational
problems. If water vapour is permitted to enter the vehicle fuel system, even in small amounts, liquid water may be
created and interfere with consistently smooth natural gas flow and result in driveability problems such as clogging
or freezing of gas lines, fittings, valves, regulators, fuel injectors and similar items.

8 Testm

8.1 Gener

Having given
guidance as
equipment nf
that some reg
provide the g

8.2 Gasc

8.2.1 Wate

Any of the In
These are,
commercially
Standards m

Since measyirements are to be taken at temperature and pressure conditions different from those ¢

International
operating pr
annex E for

in the systen.

8.2.2 Hydrq

Since butane
part(s) of IS
ambient tem
maximum all
can be used

ethods

al considerations

requirements for gas composition (clause 5) and gas properties (clause 6), it iscnecessary
to how these requirements can be measured. Fuelling station operators)regulatory age
anufacturers will have vital interests in the measurement of NGV gas quality. It should be
quirements are not yet included in International Standards. The Bibliegraphy references &
tatus of development of such situations.

bmposition measurement

[

ternational Standards listed in the Normative references clause for water determination ca
namely, ISO 6327, ISO 10101-1, ISO 10101-2, ISO 10101-3 and ISO 11541. In add
suitable instruments which can be proven te'{rovide results comparable to the above In
py be used.

Standards, it is most essential that a-satisfactory method be used to calculate dew point at
ssure of the container, and lowest  ambient temperature of the fuelling station. See the i
ethodology and examples. The. frequency of testing should assure that no liquid water will

carbons

and propane are,the hydrocarbons of concern, they can be monitored in accordance with &

D 6974. Agait~it will be necessary to calculate values from measurement conditions to
perature and~worst gas storage pressure conditions. Annex A should be used as a gu
pwable_mole fractions of propane and butane expressed as a percentage. ISO 6570-1 and |
for determination of the potential hydrocarbon liquid content in natural gas.

to provide
hcies, and
nderstood
e used to

N be used.
ition, any
ternational

ted in the
maximum
hformative
be formed

ppropriate
the lowest
ide to the
50 6570-2

8.2.3 Poter

TS | x. HW) AR
uar CuUrTuoive bUIll'JU 1ICTIOS

No limits are set on the concentrations of hydrogen sulfide, carbon dioxide, oxygen, and methanol other than values
normally found in natural gas. Thus, testing for these components is not normally required. If for any reason it is
deemed necessary to test for these components, ISO 6326-1, ISO 6326-2, ISO 6326-3, ISO 6326-4 or ISO 6326-5

can be used

for sulfur compounds, and the appropriate part(s) of ISO 6974 for the others.

8.2.4 OQil and particulate matter

No standardized test methods are available for these items at present.
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8.2.5 Odour

Tests for odour, when required, should be the same as those currently performed on the local distribution system

servicing the refuelling station.
There are no tests described in International Standards for odour.

NOTE Attention is drawn to national standards or other regulations in this regard.

8.3 Gas property determination

8.3.1 Wabbe index

Use ISO §976 to determine the Wobbe index.

8.3.2 Knpck rating

No International Standards exist for the determination of the knock rating of CNG at present. IS
ISO 5164 fre available for determination of the motor octane number (MON) an@-research octane nu
These Intgrnational Standards apply to liquid fuels. However, EN 589 contains ‘a method for calculatior
octane number from the compositional analysis of LPG and is presented in clause D.4.

9 Sampling

Compressed natural gas for on-board vehicle storage shall .be-sampled at agreed points and routin
establishef good practice shall be used for the purpose of applying the test methods required.

5O 5163 and
mber (RON).
of the motor

es based on
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Annex A
(informative)

Propane and butane content

Figures A.1 and A.2 show the maximum allowable mole fractions of propane (see SAE J1616) and butane
expressed as a percentage that corresponds to 1 % of the original gaseous volume as liquid condensation volume
for various low ambient temperatures and worst-case gas storage pressure conditions. The amount of propane and

butane should be compatible with the climatic conditions under which the vehicle will operate.

12

Mole fraction, %

10

-30 -20

Figure A.1 — Maximum propane content (pressure range: 6 MPa to 10 MPa)

0 10
Temperature, °C
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Figure A.2 — Maximum butane content (pressure ranges/6 MPa to 10 MPa)
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Annex B
(informative)

Wobbe index range

Some countries, notably in Europe, operate within well defined ranges of Wobbe index on their local distribution
systems. These stem from appliance certification standards and are as follows:

a) the Wolbbe index ranges given in Table B.1 are taken from the German Code of Practice DVGW G~2p0/I;

Table B.1 — Wobbe index range 2 taken from German Code of Practice DVGW G-260/I
Designation Abb. Unit Group L Group H
Relative density d 0,550 0,70
Gross calorific value Hs n kWh/m3 8,4't0 13,1

MJ/m3 30,210 47,2
Wobbe index Ws
Total range kWh/m3 10,5t0 13,0 12,8 to 15,7
MJ/m3 37,8 t0 46,8 46,1 to 56,5
Rated value KWh/m3 12,4 15,0
Fluctuation range in KWh/me +0,6 +0,7
local supply area -1,2 -1,4
a  Copnditions: T,=273,15K; p, = 101,325 kPa

b) Wobbe index ranges given in Table B.2\are taken from the EN 437:1993 certification standard for appliances;

Table B.2 — Wobbe indexwtange 2 taken from EN 437 certification standard for appliances

Second family — Natural gas

Wobbe index range

16

Group Ws ,
MJ/m
L 39,110 44,8
Ll QA,A i7a) AA,R
E, 40,9 to 44,8
E 40,9 to 54,7
Es 44,8 t0 54,7
H 45,6 to 54,7

& Conditions: T,

= 288,15 K; py, = 101,325 kPa

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f136937c414a595349816c4a71d2ef1b

ISO 15403:2000(E)

c) in North America there are no such standards, although individual local distribution systems seek to maintain a
more or less uniform Wobbe index on their systems. The predominant range is between 48,5 MJ/m3 and
52,2 MJ/m3, but significant volumes exist in the range of 44,7 MJ/m3 to 46,6 MJ/m3.

Other areas of the world may have other ranges of Wobbe index with local production often being well above or
below the predominant range.
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Annex C
(informative)

Engine knock

C.1 General

The thermal efficiency of a standard spark ignition engine increases with compression ratio. There is, h(l>wever, an

upper limit tg the compression ratio which is due, primarily, to the fact that the fluid compressed in the-cy

mixture of f

compression| ratio is too high, it is possible for the phenomenon of detonation to occur. This)conditig
commonly kpown as "engine knock" and can lead to a serious loss in power and damage {o.'the engine

more dema

power, and changes in fuel composition resulting in changes to the knock resistance of the fuel,

operational

Several phepomena are involved and the nature of the problem is complex.ih simple terms, engine

detonation c

Under normg
spark, and th
is small and

Further energy is released at an accelerating rate by the reagtion until a proper flame front develops.

Combustion
This usually
as the "end
compared to

The customs
exhaust gas

The danger
fuel with imp

Some petrol
the tendencyj

C.2 Knock

| vapour and air. The temperature of the combustible mixture increases on compression,

inders is a
and if the
n is more
. To meet

ing vehicle and emission regulations, optimized engines tend to operate kclese to the kngck limited

roblems.

n be explained as follows.
| conditions, combustion begins near the spark plug, aftera short delay following the formg

e flame spreads through the mixture with a rapid, but finite, velocity. The energy released by
t sets off a relatively slow flameless reaction.

knock occurs when the pressure rise becames uncontrolled and propagates near the speec

gas", is already highly compressed.and at a high temperature. Knock causes high press
normal combustion, which can damage pistons, seals and the cylinder head.

ry practice of retarding ignition;*in order to eliminate combustion knock, can cause problem
femperatures. It is therefore~necessary to reliably detect and avoid knock.

bf combustion knockZin-a petrol-fuelled engine is more usually reduced by fuel additives, @
oved knock resistance.

fuels permit_ the-use of higher compression ratios than others, depending on the additives t(
to knock:

rating

Can cause
knock or
tion of the

the spark

of sound.

bcecurs towards the end of the combustion process when the unburnt part of the air-fuel mixtdire, known

ire peaks,

5 with high

r by using

suppress

To measure the detonating or knock tendency of a fuel, one method is to compare the performance of the fuel with
that of a heptane-octane mixture in a special variable compression ratio engine. n-Heptane is liable to knock at low
compression ratios, whilst iso-octane knocks at much higher ratios; different mixtures of the two provide a
continuous "octane number" scale, from 0 to 100.

To test a particular fuel, the compression ratio of the special engine is raised until the fuel under test knocks, and
the highest percentage of octane in a heptane-octane mixture that produces knock at the same compression ratio is
called the octane number or knock rating of the fuel. Two different procedures are used internationally: the research
method produces the research octane number (RON) ISO 5164 and the motor method which provides the motor
octane number (MON) ISO 5163. MON values are lower than RON numbers.
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